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EXPANDED SUMMARY

EXPANDED SUMMARY
Key words: climate change | climate simulations | Croatia | coastal area | tourism | impacts |
vulnerability | adaptation.
After the performed research on a study of climate change (CC) associated impacts,
vulnerability and adaptation (IVA) of Croatian coastal area and tourism sector by the end of
the 21st century, several main points have been determined.
Climate modelling has reached sufficient level of trust that projected temperature and
precipitation pattern changes, among other data, worldwide and for Croatia, should be taken
with deserved attention along with increasing frequency and severity of extreme weather
events. This has been backed up with results from modelling with an up-to-date variation of
National Aeronautics and Space Administration (NASA) – Goddard Institute for Space
Studies (GISS) global coupled atmosphere-ocean model ModelE. Results of observed vs.
simulated data for surface temperature (Ts) and precipitation (P) patterns were compared
(anomalies of Ts for the period 2001-2011 and anomalies of P for the period 1990-2000 both
relative to 1961-1990 base period, plus Ts and P trends for the period 1901-2011 and 19902000, respectively). Then, projections of surface temperature and precipitation anomalies for
the period 2070-2100 relative to 1961-1990 were performed as well as surface temperature
and precipitations trends from 2012 until year 2100. It was concluded that climate is changing
and many sectors of human activities will be severely affected especially in countries with
modest economic power and those that heavily rely on climate sensitive sector such as
tourism. Currently, according to results of field and desktop study, Croatia has insufficient
capacity for sufficient adaptation planning. Primarily, there is inadequate research capacity (in
terms of technology equipment and funding) and inadequate research scope (in terms of
preferred focus of research) for the long term (end of 21st century) climate projections.
Climate change projections are necessary for the assessment of spectrum of CC impacts
which are then required for the policy making sector, long-term development and megastructure projects. Also, tourism sector has an increasing need for more accurate seasonal
forecasting which would greatly support preparation of programmes for the upcoming season.
This may be true for other sectors of economy as well, e.g. agriculture. Even short term
forecasting has improvement potentials especially in relation to prediction of extreme weather
events which is important for array of sectors. Due to limited country capacities, this study
has suggested for further international cooperation especially on European level with the main
XII
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purpose of extending coverage and scope of climate research at lower costs and more benefits
for all involved.
Further, it is suggested by this research that present institutional setup in the country can bear
additional adaptation-related activities but only in case if they are initiated, programmed and
coordinated from one central and integrating body. That body, e.g. a “Climate Change Group
(CCG)” is a think-tank made of interdisciplinary scientists, environmental managers and
development experts with licence to initialise, suggest and monitor adaptation actions (either
policy wise or project implementation wise). The CCG would at the same time bridge the gap
among top-down and bottom-up adaptation approaches and would serve as a hub to all
stakeholders from local communities to top-ministerial levels. The cost of forming and
running the CCG would be negligible in comparison to potential gains.
Before any adaptation implementation step is taken, it is necessary to assess vulnerability
from projected climate change impacts. A new methodology for quick and easy-to-follow
vulnerability evaluation has been suggested by this study. Vulnerability potential (VP) is
observed as the function of impact likelihood (IL) and impact stress potential (ISP): VP= f (IL,
ISP). Resulting matrix with VP solutions reveals areas with high, medium or low vulnerability
potential which can be used as a direct guide to decision makers, at all levels, for weighing
priorities and type of adaptation measures necessary.
In addition, an analysis of Croatian coastal area has been performed resulting in selection of
high vulnerability areas. Special attention was given to larger urban areas and endangered
ecosystems of higher importance lying in close proximity to the sea and with altitude of 1m
above sea level (a.s.l.) or lower. Results have been displayed through coastal map with
marked areas of high vulnerability potentials and associated list of vulnerable localities along
the coast.
Adaptation can be long and costly and therefore it should be mainstreamed into development
on local, regional and national level. Adaptation through development is the cheapest and the
most cost effective no-regret approach which would, due to CC time span, also allow
“learning by doing” style.
Apparently, one of the first policies to be delivered are National Adaptation Strategy and
Adaptation Action Plan. Since they are of great importance they should not be rushed before
CC related information and knowledge capacity are improved. As an example, even basic
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high resolution Digital Elevation Maps (DEM) are not available for the greater part of the
Croatian coastline, while they should be available for IVA analyses, especially when
analysing consequences and possible solutions for future sea level changes. In addition,
implementation of Integrated Coastal Zone Management (ICZM) principles is the absolute
necessity and it should be formalised through a national Act. Similarly, there is a noticeable
absence of series of CC related economic models which would help to formulate costs and
benefits of particular adaptation measures.
Croatian economy has high dependence on tourism sector and, therefore, that is also the main
source of vulnerability. Despite many CC associated risks, tourism sector may - at certain
period in time - use the given “window of opportunity” and extend tourism season from early
spring and especially into late autumn. Still, on the longer run, Croatia should revise its
dependence upon vulnerable service oriented tourism industry in favour of stronger
development of other industries.
Threats to eco-systems and their protection would require set of mitigation-adaptation
measures such as development of eco-system friendlier tourism programmes which would
allow involvement of tourists into the implementation process. The final goal is to develop
several new programmes for endangered ecosystems that would shift tourists from being part
of the problem into being part of the solution.
Although CC related impacts may be similar in many cases, there would be hardly unique
solution for all of them. Each case is specific and solutions should be tailored accordingly –
adaptation is best served locally.
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PROŠIRENI SAŽETAK
Ključne riječi: klimatske promjene | klimatsko modeliranje | Hrvatska | obalno područje |
turizam | utjecaji | ranjivosti | prilagodbe.
Iz istraživanja provedenog za ovu studiju utjecaja, ranjivosti i prilagodbe (URP) hrvatskog
priobalja i turističkog sektora, a vezano na klimatske promjene (KP) do kraja XXI. stoljeća,
utvrđeno je nekoliko glavnih točaka.
Klimatsko modeliranje doseglo je dovoljnu razinu povjerenja da se projekcije promjena
temperatura i uzoraka oborina (između ostalih podataka), širom svijeta i za Hrvatsku, trebaju
razmatrati sa zasluženom pozornošću, zajedno s povećanjem učestalosti i štetnosti ekstremnih
vremenskih događaja. U ovoj studiji to je poduprijeto s rezultatima modeliranja s najnovijom
varijacijom dvojnog atmosfersko-oceanskog klimatskog modela, ModelE, kojeg je razvio
Goddard institut za svemirske studije (GISS) koji je dio američke Nacionalne administracije
za aeronautiku i svemir (NASA). Rezultati modeliranja površinske temperature (Ts) i oborina
(P) napravljeni sa simuliranim podacima (anomalije Ts za period 2001-2011 i anomalije P za
period 1990-2000 oboje u odnosu na referentni period 1961-1990, te trend Ts za period 19012011 i trend P za period 1901-2000), uspoređeni su s rezultatima modeliranja sa stvarnim
promatranim podacima u istim periodima te je među njima dokazana relativno visoka
podudarnost. Nakon toga napravljene su projekcije anomalija površinskih temperatura i
oborina za razdoblje 2070-2100 u odnosu na period 1961-1990 te projekcije trendova
površinske temperature i oborina od 2012 do 2100. godine. Zaključeno je da se klima mijenja
i mnogi će sektori ljudskih aktivnosti biti teško pogođeni, osobito u zemljama skromnije
gospodarske moći te onima koje se snažno oslanjaju na klimatski osjetljive sektore, kao što je
to npr. turizam. Rezultati terenskog istraživanja te istraživanja literature pokazala su da
Hrvatska u ovom trenutku ima nedovoljne kapacitete za uspješno planiranje prilagodbi na
klimatske promjene. Prije svega radi se o nedovoljnim istraživačkim kapacitetima (u smislu
tehnološke opremljenosti i finaciranja) i nedovoljnoj širini istraživanja (u smislu željenog
fokusa istraživanja) dugoročnih klimatskih projekcija (kraj 21. stoljeća) koje su potrebne za
procjenu spektra utjecaja KP na razne sektore. Poznavanje mogućih utjecaja KP potrebno je
zbog razvoja sektorskih politika i regulative, dugoročni razvoj i mega-strukturne projekte. Isto
tako, unutar turističkog sektora postoji sve veća potreba za preciznijm sezonskim prognozama
koje bi uvelike pomogle pripremi programa poslovanja za nadolazeće sezone. Takve
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prognoze bi nedvojbeno pomogle i drugim poslovnim sektorima (npr. raznim poljoprivrednim
granama). Čak i kratkoročno prognoziranje ima potencijala za poboljšanje posebno vezano na
prognozu ekstremnih vremenskih događaja, što je važno za niz sektora. Zbog ograničenih
kapaciteta u zemlji preporučeno je da se nastavi i proširi međunarodna suradnja s glavnim
ciljem veće pokrivenosti i opsega klimatskih istraživanja uz niže troškove i puno više
prednosti za svaku od uključenih zemalja.
Nadalje, ovim je istraživanjem sugerirano da bi sadašnja institucionalna struktura u zemlji
mogla podnijeti dodatne aktivnosti vezane uz prilagodbu na klimatske promjene i vezane
aktivnosti, ali samo u slučaju ako su aktivnosti pokrenute, programirane i koordinirane iz
jednog središnjeg i integrirajućeg tijela. To tijelo, koju možemo zvati "Grupa za klimatske
promjene" (eng. climate change group, CCG) bio bi trust mozgova (eng. think-tank)
sastavljen od interdisciplinarnih znanstvenika, menadžera zaštite okoliša i razvojnih
stručnjaka s dozvolom za sugeriranje, pokretanje te praćenje i kontrolu provedbe projekata
prilagodbe (vezano i na regulativu i na projekte na terenu). CCG bi u isto vrijeme premostio
jaz između dvaju različitih pristupa prema procesu prilagodbe, s vrha na niže (eng. top-down)
i s nižeg na više (eng. bottom-up). Poslužio bi i kao čvorište između svih dionika: od lokalnih
zajednica do najviših ministarskim razinama. Trošak formiranja i održavanja CCG bio bi
zasigurno zanemariv u odnosu na potencijalnu korist.
Prije bilo kakvog koraka prema provedbenim mjerama prilagodbe, potrebno je procijeniti
ranjivost od predviđenih utjecaja klimatskih promjena. U ovoj je studiji predložena nova brza
i lako slijediva metodologija u kojoj se potencijal ranjivosti (RP) promatra kao funkcija
vjerojatnosti klimatskog utjecaja (UV) i stresnog potencijala tog istog utjecaja (USP): RP = f
(UV, USP). Rezultirajuća matrica s rezultatima potencijalne ranjivosti otkriva područja s
visokim, srednjim ili niskim potencijalom ranjivosti što se može izravno koristiti kao vodič za
donosioce odluka na svim razinama, prilikom vaganja prioriteta i vrsta potrebnih mjera
prilagodbe.
Osim toga, izvršena je i analiza hrvatskog priobalja, na terenu i pomoću karata, što je
rezultiralo odabirom područja potencijalno visoke ranjivosti. Posebna je pažnja bila
posvećena većim urbanim područjima i ugroženim ekosustavima visoke važnosti koji leže u
neposrednoj blizini mora i na visini do 1 m nadmorske visine. Rezultati su prikazani na karti
obale s označenim područjima potencijalno visoke ranjivosti te kroz popis ugroženih
lokaliteta duž obale.
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Adaptacija može biti duga i skupa te je stoga treba ugraditi u razvojne projekte na lokalnoj,
regionalnoj i nacionalnoj razini. Adaptacija kroz razvoj je cjenovno najjeftiniji i
najučinkovitiji pristup procesima prilagodbe koji će s tzv. “neupitnim mjerama”, s obzirom na
vremenski raspon klimatskih promjena, također omogućiti i „učenje kroz djelovanje“ (eng.
learning by doing).
Vjerojatno, neki od prvih regulatornih akata koje treba donijeti su Nacionalna strategija
prilagodbe i Akcijski plan prilagodbe, ali budući da su to dokumenti od velike važnosti
nikako ne bi trebalo brzati u njihovu realizaciju sve dok se ne poboljšaju kapaciteti i kvaliteta
klimatskih informacija i znanja. Kao primjer, trenutno za veći dio hrvatske obale ne postoje
čak ni osnovni digitalni zemljovidi visoke rezolucije, tzv. Digital Elevation Models (DEM), a
koji bi trebali biti dostupni za analize URP, posebno za analizu posljedica i mogućih rješenja
za buduće promjene morske razine. Osim toga, provedba principa Integriranog upravljanja
obalnim područjem (ICZM) je apsolutna nužnost koja bi što hitnije trebala biti regulirana
vjerojatno kroz nacionalni zakonodavni akt. Slično tome, u zemlji očigledno nedostaju serije
ekonomskih modela vezanih uz KP, koji bi pomogli u formuliraju troškova i koristi pojedinih
mjera prilagodbe.
Hrvatsko gospodarstvo je visoko ovisno o turizmu i stoga je to i njegova glavna ranjivost.
Unatoč mnogim rizicima vezanih uz KP, turistički sektor može - u određenom vremenskom
razdoblju - iskoristiti dobiveni "prozor mogućnosti" te produljiti trajanje turističke sezone od
ranog proljeća i naročito do duboke jeseni. Ipak, na dulje staze, Hrvatska bi trebala preispitati
svoju ovisnost o ranjivoj servisno orijentiranoj industriji turizma, a u korist jačeg razvoja
drugih industrija.
Prijetnje eko-sustavima i njihova zaštita zahtijevat će niz kombiniranih mjera ublažavanja i
mjera prilagodbe, kao što je razvoj turističkih programa prijateljskijih za eko-sustave, kojima
bi se omogućilo uključivanje turista u procese prilagodbe. Konačni cilj je razviti niz novih
programa za ugrožene ekosustave kojima bi se turiste iz poimanja u kojem su oni dio
problema prebacilo u poimanje u kojem su turisti dio rješenja.
Iako utjecaji KP mogu u mnogim slučajevima biti slični, teško da će postojati jedinstveno
rješenje za sve njih. Svaki je slučaj specifičan i s tim u skladu i rješenja trebaju biti krojena za
svaki slučaj posebno –adaptacijske aktivnosti započinju lokalno.
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1 INTRODUCTION
There is an increasing number of evidences that climate variability and climate change (CC)
have accelerated its speed since the first Industrial revolution in the 19th century, due to
anthropogenic influences. Primary evidences of intensified pace of climate change are
increases of near surface temperature over land and oceans as well as changes in precipitation
(quantities and frequencies of it) which are documented around the globe. The results are
increases in average sea level, inundation and increased coastal erosion, and increased
frequency of extreme weather events including wildfires. All this events were recorded
globally (inundation and coastal erosion is already threatening countries such as Kiribati,
Maldives or Bangladesh (Church et al., 2006), in the Mediterranean region (decreased
precipitation, increased droughts (Ulbrich et al., 2012)) and in Croatia as part of it (increased
frequency of extreme weather patterns - flooding, precipitation, droughts, energy and fresh
water shortages, increased wild fires patterns, increased occurrences and severity of twisters,
introduction of harmful alien species that are threatening ecosystems and various sectors of
economy, etc. (UNDP, 2009; MZOPU, 2001; MZOPUG, 2006; MZOPUG, 2010; Zaninović,
2006).
Changing climate and weather patterns already affects and will increasingly affect various
sectors of economy, society and natural ecosystems. And as this research will indicate, by the
end of the 21st century Croatia will be affected as well and changes may be significant and
affecting two important sectors of Croatian society, its Adriatic coastal area (and society and
business developed there) and tourism sector which is mostly (89% visits, 96% overnights
(Institut za turizam, 2011) concentrated around the coast as well. Tourism sector has great and
increasing importance to Croatian economy each year participating with 15 - 20% in GDP of
the country (Institut za turizam, 2011). Most of tourism in Croatia is taking place on the coast
and most of tourists are coming to Croatia attracted by natural beauties of ecosystems and
landscapes, pleasant weather during major European holiday season and high quality of the
sea for water related activities. All these are threatened by the changes of climate that are
inevitable.
Response to climate change has two major directions: mitigation, which has a primary goal to
reduce emissions of greenhouse gasses (GHGs) and thus reverse or slow down a climate
change processes, and adaptation, which aims to take measures towards unavoidable impacts
and vulnerabilities to climate change. While adaptation to climate change will be in many
1
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cases autonomous process of adjustment to the new conditions, several studies (e.g. Dietz &
Stern, 2008; EEA, 2007) have already concluded that the cost of adaptation is always lesser
than the cost of inaction. Vulnerability to climate change is narrowly connected to potential
impact of climate change and adaptive capacity of the system. Adaptation is aiming to reduce
vulnerability by either minimizing negative climate change impacts and/or to increase
adaptive capacity of the system(s).
Coastal systems are especially vulnerable due to dual exposure coming from the sea (sea level
rise as the most important) and land (high socio-economic and ecosystem importance of the
coastal area). This is especially true for Croatia with long and highly indented coastline with
over 1000 islands, islets and cliffs, spectrum of economic activities placed on or near the
coastline and with generally low adaptive capacity on individual or state level due to weak
economic system struggling to bring country from the least developed into developed
countries group. The tourism sector depends heavily on natural and climate aspects of Croatia
as destination and therefore it is essential that new products should develop for the future that
would be both, climate-proof and sustainable.
Planned adaptation (in contrast to autonomous adaptation) entails adjustments and changes at
every level: from local community to state level, from policy to technology level and from
sectoral to integrated measures approach. In all cases adaptation has to be mainstreamed into
the policy and it should be understood as a process of development. If that is the case than we
talk about no-regret adaptation measures – measures that would bring good to the society
even if climate change would not have major impact as projected.
Adaptation to climate change has two general approaches: from localised set of adaptation
measures fighting directly towards observed changes (bottom-up approach) to policy first
approach that would mainstream adaptation into development and would give base and
context for adaptation measures on local community level (top-down approach).
Impacts, vulnerabilities and adaptation (IVA) of the coastal area and tourism sector to climate
change are merely covering just one narrow spectrum of societal issues, while other sectors
and approaches are yet to be studied.
Objectives
This research has been concentrated to impacts, vulnerabilities and adaptation on climate
change influences to Croatian coast and to tourism sector after finding out how temperature
and precipitation may change in five observed areas of Croatia by the end of the 21st century.
2
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Although mitigation issue has already taken significant position in the Croatian public, policy,
scientific and awareness rising circles, adaptation subject is practically non-existent and its
processes are by great unknown (UNDP, 2009; MZOPU, 2001; MZOPUG, 2006; MZOPUG,
2010). This research will try to change that with objectives:
 To ascertain that CC will have a major impact on Croatia until the end of the 21st
century;


To indicate the vulnerability of Croatia to CC with special emphasis to the tourism
industry and related activities and issues on the Adriatic coastal area; and



To propose set of no-regret adaptation measures that can substantially contribute to
palliate CC effects, and by its very nature they would improve development of society
and economy - even if CC would not happen. In other words to put adaptation in
service of development.

Hypotheses
Therefore working hypotheses at the beginning of the research were:
 There are significant quantities of measurable indicators that the climate is changing,
globally and over Croatia, especially the last 150 years, and that this trend will
continue throughout 21st century;
 CC will affect Croatia’s nature and population in a number of ways – mostly
harmfully;
 It is possible to estimate impacts of CC, vulnerability of certain sectors (emphasis is
given to the coastal area and the tourism sector) and to adapt to these changes in our
domestic context;
 With application of no-regret adaptation measures, an optimum can be achieved
between:
a) uncertainty of estimation of future climate trends,
b) defining necessary adaptation measures, and
c) progress of the local and regional communities by putting the proposed measures
in function of development – regardless of whether climate will significantly
change or not.
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Methodology
This study aimed to combine existing knowledge on climate modelling and impacts,
vulnerability and adaptation to climate change in order to come out with new knowledge on
climate change impacts, vulnerabilities and adaptation needs and possibilities for Croatia,
with emphasis on the tourism and coastal zone.
For the purpose of processing climate trends and anomalies from the past over present and
into the future, it was necessary to find how climate model simulates known data. From
occurred discrepancies between observed and simulated we can learn how to better interpret
future projections of climate development and we can also see if projections of the models are
reliable to a certain degree.
Climate modelling and map-making of global observed, simulated and projected surface
temperatures and precipitation has been performed on-line by use of up-to-date GISS’ series
variation of coupled atmosphere-ocean model, called ModelE (NASA-GISS GCM ModelE,
n.d.). Datasets and derived material in the study were also obtained from the National
Aeronautics and Space Administration-Goddard Institute for Space Studies (NASA-GISS)
web source (NASA–GISS, n.d.). The Goddard Institute for Space Studies (GISS) is a
laboratory in the Earth Sciences Division (ESD) of National Aeronautics and Space
Administration's (NASA) Goddard Space Flight Center (GSFC). The ESD is part of GSFC's
Sciences and Exploration Directorate. NASA-GISS was chosen as a source of material greatly
due to readily available and free-of-charge scientific articles, accessibility of datasets and
possibility for online manipulations with a climate model.
Global climate analyses performed by GISS’ ModelE employs three input data sets: Global
Historical Climatology Network meteorological station measurements (GHCN), satellite
measurements of ocean surface temperature, and Antarctic Research Station (ARS)
measurements. The data illustrated by Hansen et al. (2010) used GHCN version 2
(GHCN.v2). The GISS data since November 2011, for the entire period 1880 to present, has
been based on GHCN.v3 which, according to the authors, corrects a number of errors in
GHCN.v2. Nevertheless, global mean temperature anomalies from the GHCN.v2 and
GHCN.v3 data sets differ by at most a few hundredths of a degree Celsius, which is less than
the error estimate for the global temperature anomaly (NASA, GISS Surface Temperature
Analysis, 2012). As discussed in electronic communication with one of the main GISS
scientists, Dr. Reto A. Ruedy (affiliation: Trinnovim LLC Programme Manager, NASA
GISS), modelling data offered for use to external scientists are available only for “certain
4
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monthly time series of various fields (which are saved) on disk” and what happens in real
time when the input menu parameters are selected, is the computation of the chosen trends or
anomalies from monthly time series available to public. This limits research to only preapproved time series but it has been sufficient for modelling research purposes performed in
this study.
For further clarification and due to observed inconsistency of some climate groups in
understanding terms ‘anomaly’ and ‘trend’, terms anomaly and trend as used in this study
have meaning:
- Anomaly is a change of mean temperature or precipitation for the chosen time period
(e.g. 2001-2011) compared to the mean temperature or precipitation of the chosen
base (reference) period. Anomalies simply indicate how much warmer or colder it is
in the chosen time period than “normal” (base period). Hence if a temperature
increases by 2°C, then so does the anomaly. Base period used in this study is 19611990.
- Trend is a change of mean temperature or precipitation over the chosen time period (e.g.
1901-2011). Base period is not used for trends. A straight line is drawn through the
series of all annual means of the chosen time period to get the mean difference or
change, thereby using all available data rather than just beginning and end of the
chosen time period.
Methodology of obtaining data projections for surface temperature (Ts [°C]) and precipitation
(P [mm/day]) in the period 2070-2100 for Croatia included:
• Extrapolating values of Ts and P from maps of Ts and P projections found in consulted
studies (majority of data),
• Adopting already given (table) temperature and precipitation data values from consulted
studies,
• All obtained Ts and P data were put in comparison with data from reference period (19611990) (Zaninović et al., 2008),
• Other climate related data found in observed studies (e.g. projections of extreme weather
events, changes of wind patterns, climate related health issues, etc.) were used as
knowledgebase for work on construction of possible solutions to observed problems and
building up of own results and conclusions.
Surface temperature and precipitation projections of values given for each of five observed
Croatian regions are results of consulted studies that itself were using global climate models
5
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(GCMs) or regional climate models (RCMs) for projections. Names and explanations of five
observed Croatian regions are given in section: 2.5 EVALUATING THE CROATIAN
CLIMATE IN THE PAST AND PRESENT. Each projected temperature or precipitation value
for Croatia in 2070-2100 is combined value (arithmetic mean) made of average temperature
and precipitation values of all models and all studies for studied regions. Since very few data
in consulted studies were given in table format, most of projected values were read out
directly from resulting maps of Ts and P. Each consulted study (from where data were used)
have used A2 emission scenario (see Box 1, page 22). Since results of observed studies were
comparable (no extreme differences in projections of GCMs and RCMs) method was
sustainable. Climate seasons observed were winter (December-January-February), spring
(March-April-May),

summer

(June-July-August)

and

autumn

(September-October-

November). This approach have some obvious limitations (only several studies available for
observed time period and observed region) and weaknesses (mostly value precision issue due
to possibility of error in reading values from maps) but it should be noted that this research
was not interested in absolute precision of data values but in trends and lower and upper
boundaries (magnitudes) of projections. A list and further insight of consulted studies are
given in section: 2.5.2.3 End of the 21st century (2070-2100) projections for Croatia with A2
scenario.
Values of surface temperature and precipitation data for the base period (1961-1990) for each
of the five observed Croatian regions were obtained from the “Climate atlas of Croatia: 19611990, 1971-2000” (Zaninović et al., 2008). Ts and P data for each region observed is an
average value (arithmetic mean) of Ts and P for the observed period as documented by major
meteorological stations in that region. Number of major meteorological stations and their
names were given for each observed region, for Ts and P, in Table 1 and Table 2,
respectively.
The initial research for this study started in 2008 under framework of project developed by
the United Nations Development Programme in Croatia (UNDP Croatia) named: “Human
Development Report Croatia 2008: Climate change and its impacts on society and economy
in Croatia” (UNDP, 2009). For the purpose of that UNDP’s umbrella project and for the
purpose of this study, a series of meetings with tourism stakeholders and number of scientific
institutions, governmental and non-governmental organisations were performed in the period
April to November 2008. Outcomes and information gathered from those meetings have
served as a knowledge base for this research as well.
6
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In addition, in the period March to June 2012 another series of meetings took place with
tourism stakeholders from governmental, over local to business sector as a field research for
the climate information dissemination related project: “CLIM-RUN: Climate Local
Information in the Mediterranean region Responding to User Needs”. CLIM-RUN is being
funded (project timeframe is 2011-2014) under the European Commission’s Seventh
Framework Programme (FP7); it encompasses number of Mediterranean countries including
Croatia. Croatian representatives are national Meteorological and Hydrological Service
(DHMZ) and UNDP Croatia.
Under auspices of both projects, several field trips took place, mostly on localities of
projected high vulnerability potential sites along the Croatian Adriatic Sea coast, including:
Neretva River delta, City of Dubrovnik, Mali Ston bay and Pelješac peninsula, Island of Cres
(Vrana Lake reservoir), Plitvice Lakes National Park, and mountain municipality of Fužine,
Medvednica mountain in Zagreb vicinity, coastal towns of Opatija and Mali Lošinj, and
number of other trips, including a sail boat trip to investigate islands from Split to Dubrovnik.
All meetings performed have been structured, interviewees have been part of higher
management and/or of decision-making level (technical directors, management board
members, deputy minister, and mayors) to ensure relevancy of retrieved information.
Last but not least, most of this research has been a product of intense desktop study where upto-date literature has been reviewed and the most recent research results were consulted. Also,
personal communication was established with some of the top climate researchers globally.
However, the subject of this research (end of the 21st century climate of Croatia and its
impacts, vulnerability and adaptation to the coastal area and tourism) is one of a first of its
kind in Croatia (besides e.g. UNDP (2009) and partly Barić et al. (2008)). This study may
also serve as a base for the new research in observed areas which will go deeper into studied
but also other sectors of society.
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2 CLIMATE OF THE EARTH AND CLIMATE OF CROATIA – ANOMALIES AND
TRENDS UNTIL PRESENT AND FUTURE PROJECTIONS
Climate is directly linked to citizen’s wellbeing and the way a whole society develops.
Various places on the planet are already affected with the climate change and Croatia will
arguably be affected as well. Although there are records of climate variables (primary
temperature and precipitation – directly or indirectly) even from earlier times (e.g. weather
records from England extend back over 350 years ago (Manley, 1974)), a global data set
begins in 1880 since organised observations were established in most of the European
countries and observations did not have sufficient global coverage prior to that time.
Meteorological observations in Croatia have long tradition as well. They started in middle
ages on several locations but always as an effort of individual persons (not organised
measures). One of the more known observes was a physician Santorio Santorio, who was
performing observations with self-constructed instruments in Senj, Novi Vinodolski, Ozalj
and Karlovac. In early 19th century such measurements also existed in other Croatian cities
(e.g. Dubrovnik, Zadar, Hvar, Osijek, Mali Lošinj) (Zaninović et al., 2008; Katušin, 2011).
Besides natural processes in the troposphere and stratosphere, land surface, oceans, sea ice
and vegetation, climate is directly influenced by anthropogenic induced warming. For
example, the National Aeronautics and Space Administration (NASA) of USA, has now
verified that 2000-2009 was in terms of global mean temperatures the warmest decade on
record since 1880 (NASA-GISS, 2010).
In examining the vulnerability of Croatia to climate change it is necessary to have a basic
understanding of the current climatic conditions within the country, recently observed trends,
as well as projections for the future climate change under various emission scenarios.
Climate modelling (simulations of Earth's climate system with climate model software) that
was done with real, observed statistical data of climate variables will show global trends that
have occurred over the last 100 years and then it will look at the existing available climate
models information for projections of climate conditions in studied Croatian regions during
the various seasons (spring, summer, autumn, and winter). If we were to trust climate models
the best way to proceed is to test them with known values. The most important purpose of
running modelling software of NASA GISS was to test how well available modern global
climate models (in this case GISS’s ModelE) can simulate surface temperatures, Ts [°C], and
precipitation, P [mm/day], values in comparison to observed P and Ts data. If the results of
8
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both analyses (observed vs. simulated) are comparable then we can have confidence that
projections of Ts and P until the end of 21st century can be trustworthy too providing that the
assumptions put forward in climate scenarios are going to be likely in the future.
The primary questions which will be attempted to be answered in this chapter are: What were
global anomalies and trends since 1901 until present (2012) and what are future (2070-2100)
projections of climate development?
2.1 CLIMATE OF THE EARTH
Earth climate has been changing through history and geological past of the planet. Going
1000 years into the past, as it was reconstructed from historical and geological records,
climate was cooler than at present, and then in the Middle age it was even cooler (so called
“little ice-age” (Jones & Briffa, 2001)) and then from the time of Industrial revolution and
until present there was steep climb towards warmer world (Figure 1) (CRU-UEA, 2000).
Nevertheless, 130 000 years further in the past (last Pleistocene interglacial) temperature was
warmer than today. As observed by Milanković (2008) warming and cooling are natural
planet’s climate cycles. The problem is high steep of temperature rise since late 19th century,
which as such was not documented in the Earth’s history. The valid assumption is that human
activities since the Industrial Revolution are somehow connected this sudden warming. This
assumption is strongly backed up with research of IPCC (IPCC, 2007a,d) and also Crowley
(2000) whose models indicated that without increased anthropogenic sourced GHGs as
climate forcings, it is not possible to push the model to explain warming of the last century
(also Figure 2).

Figure 1 Millennial Earth temperature changes as reconstructed from historical and geological records.
Source: CRU-UEA, (2000).
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Three main aspects of climate, and their changes, can affect human development:
1. Surface temperature, which appear to be increasing in the Mediterranean region in a
way consistent with global trends;
2. Precipitation, which appears to be decreasing in Mediterranean region, although in a
less pronounced way than global temperature trends (seasonally dependent);
3. Extreme weather events, such as storms, heat waves and droughts which have been
evident in recent years along with increasing frequency and intensity, locally and
globally. Forest fires have been closely connected with extreme weather events as well
and Mediterranean region is especially affected.
Temperature affects both human health and economic development. Average temperatures
and precipitation are critical to several Croatian industries. For example, current climate
conditions (referring to reference period 1961-1990) have made agricultural practices possible
even without irrigation, though in recent years with more droughts (UNDP, 2009; Znaor &
Calaway, 2009b). The tourism industry is also determined by a climate and it is of uttermost
importance to Croatian economy especially those placed along the Adriatic coast. Therefore,
increases in temperature and changes in precipitation affects this sector as well.
Precipitation influences our lives and economic development in several ways. Clean,
abundant, and affordable drinking water is essential for human health. Decreases in
precipitation and changes in precipitation patterns may lead to reductions in fresh surface
water availability which affects many sectors of the economy and human health as a whole.
Water in general is an important input in certain industries, including agriculture, hydropower, tourism, fisheries, and more. Around 51% of electricity in Croatia is produced by
sixteen hydro-power plants while the rest is produced in thermo-power plants (coal and gas),
nuclear power plant or imported (Granić & Antešević, 2010). Drought can also lead to
decreased soil moisture content and increased incidence of wildfires, which both may
generate significant damages to human health, the environment and the economy.
Extreme weather events such as droughts, heat waves, storm-surges, twisters, floods and
wildfires can also lead to property damages and threats to human health and well-being, but
are also a direct threat to tourism industry.
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Climate forcings and feedbacks
There are numerous factors that may influence Earth’s climate. From the scientific point of
view factors that affect climate change can be broadly divided into two main categories:
 climate forcings, and
 feedbacks.
Climate forcings are the primary drivers of a climate change. The forcings that were
probably the most important during the last millennium were: changes in the output of energy
from the sun (solar radiation), volcanic eruptions (discharge of aerosols), and changes in the
concentration of greenhouse gases in the atmosphere (as a natural process or human caused
last 150 years since the Industrial revolution) (Crowley, 2000). The size of these forcings is
expressed in terms of Watts (a flux of energy) per square meter of the Earth's surface [W/m 2].
Positive values of forcing warms the Earth, while negative values forcing cools the Earth.
Various proxies can be used to deduce how these forcings have changed over time. For
example, the concentration of the isotopes 14C and 10Be, which are preserved in tree rings and
ice cores, respectively, depends on solar activity and provide a measurement of these forcings.
Volcanic eruptions are preserved as layers of sulphates (SO42-) in ice cores. The concentration
of greenhouse gases, such as CO2, can be measured in air bubbles trapped in ice cores. Proxies
do not record these forcings perfectly, so the time series are not known exactly. However,
models that use these forcing time series are able to closely match the paleoclimate record of
temperature for the last 1000 years (e.g. Crowely, 2000). When CO2 is excluded, the models

Figure 2 Climate forcings over last 1000 years. If CO2 is excluded from observation then model fails to
explain warming of the 20th century despite generally successful interpretation of the rest of the time
Source: Crowely, (2000).
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fail to simulate all of the warming of the 20th century, despite the generally successful
simulation of the preceding centuries using only natural forcings (i.e., solar and volcanic
variations) (Figure 2). Model results of Crowley (2000) clearly indicate that greenhouse gas
forcing is necessary for explaining the global warming of the 20th century. Without taking
GHGs into consideration global warming simply cannot be explained.
Changes in climate forcing are determined by physical influences on the atmosphere such as
orbital and axial changes as well as the amount of greenhouse gas in our atmosphere. Forcings
caused by the Milanković cycles are the general regulators of climate forcing over 100.000
year time periods (ice ages and interglacial periods) (Milanković, 2008). That combined with
terrestrial components, such as greenhouse gases, aerosols, and changes in land use comprise
the major factors that determine climate forcing.
Some of the processes that influence the total positive or negative forcing of the Earth climate
system include:
1. Solar irradiance (if the sun generates more energy, the Earth will warm up),
2. Surface reflectivity (albedo – if albedo effect is stronger, more energy will reflect back
to space and Earth will cool),
3. Greenhouse gases (GHG) concentrations
4. Atmospheric aerosols, dust, smoke, and soot (e.g. natural volcanic sulphates, human
induced industrial output).
5. Land use changes/land cover (human caused but could also be natural changes, such
as desertification processes over large areas and longer periods of time).
More detailed presentation of changes in climate forcings in the period 1750-2000 is given
by Hansen et al. (2005b) in Figure 3 (a and b). Agents were categorised into three areas:
GHGs, other man-made (anthropogenic) forcings, and natural forcings.
The greenhouse gases consist of carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O)
and chlorofluorocarbons (CFCs).
Other anthropogenic forcings consist of black carbon (BC) (soot, formed by incomplete
combustion), reflective aerosols, soil or dust, land cover changes, and forced cloud changes.
Natural forcings include changes of the sun's energy.
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Figure 3 (a) A specific estimate of climate forcings for 1750-2000, and (b) same as (a) but the effective forcings
are partially sorted by sources. "Fa" - the adjusted forcing, is the flux change at the top of the atmosphere
(and throughout the stratosphere) after the stratosphere is allowed to adjust radiatively to the presence of the
forcing agent. "Fs"- computed alternative to “Fi” (instantaneous forcing) and “Fa” (fixed sea surface
temperature (SST) forcing), is a combination of the flux change at the top of (and throughout) the atmosphere
and of the global surface air temperature change after the forcing and with observed SST and sea ice (SI) held
fixed. “Fe”- effective forcings which are product of the forcing and its efficacy; “AIE”- aerosol indirect effects
due to an imposed change of aerosol amount and presented as change in cloud albedo (AIECldAlb) and/or
change in cloud area (AIECldCvr); “BC”- black carbon aerosols; “OC”- organic carbon aerosols; “VOCs”volatile organic compounds; “CFCs”- chlorofluorocarbons; “NOx”- nitrogen oxides; “CO”- carbon
monoxide; “CO2”- carbon dioxide; “CH4”- methane; “N2O”- nitrous oxide.
Source: Hansen et al., (2005b).

The upper panel (Figure 3a) shows the direct effects of the individual components, while the
second panel (Figure 3b) points various indirect factors (associated with atmospheric
chemistry, aerosol cloud interactions (AIE) and albedo effects) and includes a model estimate
of the ‘efficacy’ of the forcing that depends on its spatial distribution. (Hansen et al., 2005b).
Further, Hansen et al. (2007a,b) show effective global climate forcings employed in our
current climate situation relative to their values in 1880 (Figure 4 (a) and (b)). Factors causing
warming are red, cooling factors are blue.
Some authors support an idea of “first-order” forcings which would be those without which
is impossible to reliably assess global climate change. Such, Hansen et al. (2007b) indicate
well-mixed GHGs (with CO2 providing about half of the total GHGs) and the
counterbalancing reflective aerosol effects as the most important variables. Without GHGs
13
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there is no appreciable warming signal (see Figure 4), and without the aerosols, the warming
from GHGs is excessive and important changes in the diurnal cycle and cloudiness are not
captured. Everything else (apart from volcanos, which are a special case) is almost in the
noise. Besides CO2 other strong forcings are given by CH4 and sulphates (the main non-soot
aerosol).
Climate feedbacks are processes that change as a result of a change in forcing, and may
cause additional climate change. An example of this is the "ice-albedo feedback." As the
atmosphere warms, sea
ice will melt. Ice is
highly reflective and
has high albedo, while
the underlying ocean
surface

is

far

less

reflective (and darker)
and

has

very

low

albedo. Therefore, the
darker

ocean

will

absorb more heat and
making

the

Earth

warmer

overall.

A

feedback that increases
an initial warming is
often called a "positive
feedback". A feedback
that reduces an initial
warming

is

a

"negative feedback".
Things can be more
complex,

climate

mechanisms
feedbacks

can
on

be

some

Figure 4 (a) Radiative forcings influencing today’s climate. Well-mixed

timescales while being GHGs are major contributor to warming effect, while stratospheric aerosols
forcings

on

are major contributor to cooling effect.

other (b) If all forcings are normalised we will get net forcing curve.
Sources: Hansen et al., (2007a); Hansen et al., (2007b).
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timescales. For example, the area of ice sheets is a climate feedback on millennial timescales,
while the change in ice sheet area (on a smaller time scales) is a forcing. The concept of ice
sheets as a forcing has proved very useful for empirically deducing the climate sensitivity
relevant to century or shorter timescales (Hansen et al., 1984, 1993; Hoffert & Covey, 1992).
Other feedbacks to climate forcings include:
 “Clouds. Clouds have a big impact on Earth's climate acting as negative or positive
feedback. They reflect back into space about one third of the total amount of
sunlight that hits the Earth's atmosphere and thus acting as negative feedback.
Clouds can also have positive feedback as the atmosphere warms, cloud patterns
change, altering the amount of reflected radiation back to space from Earth. Even
small changes in average cloud amounts, locations and type, could speed warming,
slow it, or even reverse it. Unfortunately, current climate models do not represent
cloud physics sufficiently well, so the Intergovernmental Panel on Climate Change
has rated clouds among its highest research priorities. NASA and its research
partners and few other nations have a number of spacecraft and aircrafts studying
clouds and the closely related phenomenon of aerosols (Naud et al., 2012; Chen et
al., 2011).
 Carbon cycle. Currently, natural processes remove about half of each year's human
carbon dioxide emissions from the atmosphere. It is not well understood where
this carbon dioxide goes, the most important major carbon sinks probably are the
oceans while the other major repository are land biota. There is also some
evidence that the ability of the Earth system to continue absorbing it may decline
as the world warms, leading to faster accumulation in the atmosphere. But this
possibility isn't well understood either” (NASA, n.d.).
Recent studies have suggested that in the same pattern as oceans today absorb the
carbon they may expel it back to the atmosphere if saturation point is reached.
That of course would cause sudden change of climate into more extreme direction.
This may be better understood knowing carbon-cycle feedback processes. Carbon
cycle feedbacks are processes that respond directly to increasing atmospheric
CO2, resulting in a change of the net land–air or sea–air exchange of CO2. For
example, the efficiency with which the ocean can absorb CO2 at the surface is
related to how much CO2 can be converted to dissolved inorganic carbon (DIC).
The measure of this is called the Revelle factor (RF) (Sabine & Feely, 2007).
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Sabine & Feely (2007) further say: “The RF of surface ocean waters varies from
8–9 in the subtropical gyres to 13–15 in the higher latitudes. Figure 5 shows the
change in DIC concentration of the modern surface ocean in response to a uniform
increase in pCO2 of 10 ppm, plotted as a function of RF. It also shows that waters
with low RF (~9 or less) are four times more efficient at taking up CO2 (∆DIC)
than waters with very high RF (~15). The RF of ocean waters is controlled by the
distribution of the DIC species, including the pH of the ocean. As the ocean takes
up anthropogenic CO2, the pH of the water decreases (water becomes more acidic)
and the RF increases. With the anthropogenic CO2 estimates of Sabine & Feely
(2007), the global average RF of surface waters today appears about one unit
higher than the pre-industrial values. Thus, the surface ocean today is less efficient
at taking up CO2 than the preindustrial ocean providing a positive feedback.
According to Figure 5, the significance of this effect will vary depending on
locations. Changing the RF by one unit in the high latitudes will have less effect
than changes in the subtropics with relatively low RF. A further insight of these
processes and their proper representation in ocean carbon models is important for
understanding the ultimate long-term storage of anthropogenic CO2 in the ocean.”

Figure 5 Plot of the change in dissolved inorganic carbon for a 10 ppm change in pCO2 as a function of
Revelle factor for surface waters (<60 m) from the GLODAP bottle data-set. Inset shows a map of surface
Revelle factor from the same data-set.
Source: Sabine & Feely, (2007).
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For example, the Orbiting Carbon Observatory mission marks NASA's first
attempt to answer some of these questions via space observations (Crisp et al.,
2004).
 Precipitation. Global climate models show that due to increased warming average
annual precipitation may even generally (on global level) increase, but that will
not be true for all regions and seasons (seasonally and regionally dependent).
Some regions will become drier instead. This is especially true for the whole
Mediterranean region. Increased precipitation (in average) is actually sign of
positive water vapour feedback.
 Water vapour. Water vapour is the most dominant greenhouse gas. The greenhouse
effect, or a radiative flux, for water is around 75 W/m2 while for carbon dioxide is
around 32 W/m2 (Kiehl & Trenberth, 1997; Trenberth et al., 2009). As water
vapour is directly related to temperature (higher the temperature more water
vapours in the atmosphere), it's also a positive feedback - actually, it is the
strongest positive feedback in the climate system (Soden & Held, 2006). The water
vapour positive feedback approximately doubles the amount of CO2 warming. It
means that if certain amount of CO2 warms the atmosphere for 1°C then doubling
effect of water vapour would increase warming to 2°C. But then, when other
feedbacks are included (e.g. changes of albedo due to melting of ice), the total
warming would be around 3°C. Nevertheless, CO2 keeps the atmosphere warm
enough to have a substantial water vapour effect in the first place. Natural cycle of
water vapour is short (several days to weeks until it precipitates from the
atmosphere) compared to CO2 (years to centuries) (Held & Soden, 2000). In
conclusion, water vapour is very important GHG but due to dependence on CO2
and short life in the atmosphere, CO2 has more decisive and higher importance as
GHG. Still, it seems like present climate models (e.g. ModelE from GISS (Schmidt
et al., 2006)) are not taking water vapour into significant consideration for climate
projections - probably due to understanding that “water vapor is the only
radiatively important atmospheric constituent that is sufficiently short‐lived and
abundant in the atmosphere so as to be essentially under purely natural control”
(Sherwood et al., 2010). That, of course, may prove wrong.
 Ocean circulation. Global ocean data only extend back to the early 1990s, when the
first ocean altimetry satellite went into orbit. Before that oceanography could only
make use of relatively isolated data (considering vast areas of oceans) from ships
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and buoys to project the global patterns of waves and currents, surface heights,
salinity and temperatures, although in-situ measurements are highly valuable,
among others as calibration points for satellite measurements (EUMETSAT,
2008). So there are large uncertainties in feedback mechanism of ocean circulation
but for sure ocean circulation is somehow affected by global ocean warming.
Ocean circulation is potentially a very strong positive feedback factor which may
influence the climate of the entire planet.
 Sea ice/ Sea level rise. In its 2007’ Fourth Assessment Report (4AR) (IPCC,
2007a,b,c,d), the Intergovernmental Panel on Climate Change (IPCC) used new
satellite data to conclude that shrinkage of ice sheets may contribute more to sea
level rise (SLR) than it had thought as recently as 2001. The panel concluded that
“it could not provide a best estimate or an upper bound for sea level rise" over the
next century due to their lack of knowledge about Earth's ice. There are 5-6 meters
worth of sea level in the Greenland ice sheet, and 6-7 meters in the West Antarctic
Ice Sheet (WAIS), while the much larger East Antarctic Ice Sheet (EAIS) due to
its thickness (ca. 2200 m in average (NERC-BAS, 2005)) is probably not
vulnerable to widespread melting in the next century. Therefore melting of sea
ice/sea level rise provides a positive feedback to climate change.
2.2 CLIMATE MODELS
With advance of computing technology and possibility to process a high number of relevant
data in relatively short time, a number of Earth’s climate system models have been developed.
Climate models are trying to simulate development of natural conditions using a number of
climate and climate related input variables and to simulate possible development of those
variables in the future based on presupposed emission scenarios. These models attempt to
simulate the Earth’s past-, present- and, the most importantly, future-climate with changes in
greenhouse gas levels along with many other variables such as sea ice, the carbon cycle,
evaporation rates, etc. Climate models attempt to predict future values for various climate
variables in the future – such as precipitation, temperature, cloud cover, etc.
In general, climate models have been categorised into Global Climate Models (GCM) - also
called General Climate (or Circulation) Models – which cover the entire globe in less detail
(lower resolution) – and Regional Climate Models (RCMs) – which cover a smaller area in
more detail (higher resolution).
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There are both atmospheric GCMs (AGCMs) and oceanic GCMs (OGCMs). An AGCM and
an OGCM can be coupled together to form an Atmosphere-Ocean coupled General
Circulation Model (AOGCM). With the addition of other components (e.g. land surface, seaice, evaporation, biosphere, carbon cycle, atmospheric chemistry), the AOGCM becomes the
starting point for a full climate model (Sun and Hansen, 2003). For example, the latest
Hadley Centre model, Met Office Hadley centre global environment model version 2-ES
(HadGEM2-ES) is one of the current state-of-the-art coupled Atmosphere-Ocean GCM. It
uses 135km grid boxes with 38 levels of atmosphere and 40 levels in ocean (until 5km depth).
Due to coarse global coverage grid, GCMs are not able to take into consideration local
climate characteristics caused, for example, by high and steep mountains. This means that, in
the case of for example HadGEM2-ES model, variations within an area 135 km by 135 km
will not be estimated. This could mean that e.g. the climate in Karlovac may be estimated the
same as climate in Rijeka. That is why Regional Climate Models (RCMs) have been
developed with higher resolution grid (usually 50x50km or higher) (Figure 6).
The RCMs work by increasing the resolution (downscaling) of the GCM in a small, limited
area of interest. The RCM uses the climate (temperature, wind etc.) calculated by the GCM as
input at the boundaries of the RCM, however RCMs and GCMs are separate group of models
(Feser et al., 2011; Rummukainen, 2010; AMAP, 2007). Downscaling methodologies have
two broad and markedly different approaches to resolve climate parameters at substantially
finer (higher) resolutions than global-scale GCMs provide.
The first category is a ‘dynamic downscaling’ or sometimes called ‘mesoscale simulation’
with high resolution grid (e.g., 10 km by 10 km grid) and implies forcing of a RCM by a
GCM results at the boundaries but over chosen region. A substantial advantage of dynamic
downscaling is the wide range of parameters, which is available within a GCM (e.g.,
temperature, precipitation, soil moisture, wind direction and strength, etc.), is also available
within the nested finer-scale grid. However, dynamic downscaling in most cases requires
supercomputer systems to run the simulations. Limitations to that are limited number and
availability of supercomputer run times. As supercomputer capabilities increase in resolution
capabilities and availability, dynamic downscaling will become more available.
The second category, called ‘statistical or empirical downscaling’ has become more fully
developed and more widely used. Statistical downscaling relies on the availability of a multidecadal data set (e.g., 25-30 years) of past climate change parameters (e.g., weather station
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data from a number of stations across the region) and the GCM data sets for the same
parameters for the same past time period. To project climatic conditions for some time in the
future, the GCM data for desired future time period is used while at the same time combining
previously established statistical relationship for each of the weather station locations for that
region as presented in the Figure 6. Usually statistically downscaled RCMs require less
computational power and could be run on better PCs.
Besides various climatic data and other parameters, for future projections climate models
require some type of prediction of how global society will continue to develop in terms of
energy use (type and quantity), population growth and economic growth – all this parameters
are important for projection of GHGs emissions which have direct influence on climate
change. Those projections are usually named as different emission scenarios.

Figure 6 A graphical descriptions of the major characteristics of
downscaling, which in essence provide more detailed information
within the grid and area of interest.
Source: AMAP (2007).

The most known (and the most used) emission scenarios are those developed by the IPCC
(see Box 1), but there are also other scenarios developed by other projects such as scenarios
of EU funded project ADAM.
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Figure 7 Global GHG emissions (in Gt CO2-eq per year): six illustrative SRES scenarios (coloured lines)
and 80th percentile range of recent scenarios published since SRES (post SRES) (grey area). Dashed lines
show the full range of post SRES scenarios. The emissions include CO 2, CH4, N2O and F-gasses.
Source: IPCC (2007d).

A model can be run from the same initial data for various scenarios and the results will be
various climate change projections. The same will be true if various models are run with the
same scenario. The level of difference represents uncertainties in climate scenarios shows the
range of uncertainties of GHGs emissions expressed in Gt (Giga tone) of CO2 equivalent per
year. Coloured lines represent different IPCC’s emission scenarios as described in the Special
Report on Emission Scenarios (SRES) developed by Nakičenovič et al. (2000) (Box 1). Grey
area represents statistical coverage of scenarios represented as 80th percentile of published
research since SRES scenarios have been presented (“post SRES”), while dashed line shows
the full range of published studies. Up to date IPCC SRES emission scenarios have been the
most utilised scenarios by various climate related projects and study groups.
While downscaling using regional climate models is valuable, there is also a need for higherresolution global grid scale to more accurately capture the regional patterns that are an
integral part of weather and climate forming process. This will probably require the
cooperation of many modelling groups to build the next generation of higher resolution
(global) climate prediction models – due to complexity of the task, but also the associated
costs.
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A Box 1 has a short explanation for all SRES scenarios as used by the IPCC:
Box 1. IPCC Climate Change Emissions Scenarios Terminology
SRES scenarios are emission scenarios developed by Nakičenovič et al. (2000) and used,
among others, as a basis for some of the climate projections used in the Fourth Assessment
Report (4AR). The following terms are relevant for a better understanding of the structure and
use of the set of SRES scenarios:
Model: A formal representation of a system that allows quantification of relevant system
variables.
Scenario: A description of a potential future, based on a clear logic and a quantified storyline.
Storyline: A narrative description of a scenario (or a family of scenarios) highlighting the main
scenario characteristics, relationships between a key driving forces, and the dynamics of the
scenarios. The following storylines exists:
A1 - Rapid convergent growth: The A1 scenario describes a future world of very rapid
economic growth and global population that peaks in mid-century and declines afterwards,
along with the rapid introduction of new and more efficient technologies. The major underlying
themes are convergence among regions, capacity building, and increased cultural and social
interactions, with a substantial reduction in regional differences in per capita income. The
difference between the A1FI, A1B, A1T and scenarios are mainly in the source of energy used
to drive this expanding economy.
A1FI - Fossil-fuel Intensive: fossil fuels continue to dominate the energy supply for the
foreseeable future.
A1B - Balance between fossil fuels and other energy sources
A1T - Emphasis on new Technology using renewable energy rather than fossil fuel.
A2 - Fragmented world: The A2 emissions scenario describes a very heterogeneous world.
The underlying theme is self-reliance and preservation of local identities. Fertility patterns
across regions converge very slowly, which results in a continuously increasing global
population. Economic development is primarily regionally oriented and per capita economic
growth and technological change is more fragmented and slower than in other storylines.
B1 - Convergence with global environmental emphasis: The B1 storyline and scenario
family describes a convergent world with the same global population that peaks in mid-century
and declines thereafter, as in the A1 storyline, but with rapid changes in economic structures
toward a service and information economy, with reductions in material intensity, and the
introduction of clean and resource-efficient technologies. The emphasis is on global solutions
to economic, social, and environmental sustainability, including improved equity, but without
additional climate initiatives.
B2 - Local sustainability: The B2 storyline and scenario family describes a world in which the
emphasis is on local solutions to economic, social, and environmental sustainability. It is a
world with continuously increasing global population at a rate lower than A2, intermediate
levels of economic development, and less rapid and more diverse technological change than in
the B1 and A1 storylines. While the scenario is also oriented toward environmental protection
and social equity, it focuses on local and regional levels.
Scenario Family: Scenarios that have a similar demographic, societal, economic, and
technical-change storyline. Four scenario families comprise the SRES: A1, A2, B1, and B2.
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Scenario Group: Scenarios within a family that reflect a variation of the storyline. The A1
scenario family includes three groups designated by A1T, A1FI, and A1B that explore
alternative structures of future energy systems. The other three scenario families consist of one
group each.
Scenario Category: Scenarios are grouped into four categories of cumulative CO2 emissions
between 1990 and 2100: low, medium–low, medium–high, and high emissions. Each category
contains scenarios with a range of different driving forces yet similar cumulative emissions.
Scenario Marker: A scenario that was originally posted in draft form on the SRES website to
represent a given scenario family. A marker is not necessarily the median or mean scenario.
The choice of markers was based on which of the initial quantifications best reflected the
storyline, and the features of specific models. Markers are no more likely than other scenarios,
but are considered by the SRES writing team as illustrative of a particular storyline. These
scenarios received the closest scrutiny of the entire writing team and via the SRES open
process. Scenarios were also selected to illustrate the other two scenario groups.
Illustrative Scenario: A scenario that is illustrative for each of the six scenario groups
reflected in the Summary for Policymakers of this report. They include four revised “scenario
markers” for the scenario groups A1B, A2, B1, and B2, and two additional illustrative
scenarios for the A1FI and AIT groups. See also “Scenario Groups” and “Scenario Markers”.
Harmonized Scenario: Harmonized scenarios within a family share common assumptions for
global population and GDP while fully harmonized scenarios are within 5% of the population
projections specified for the respective marker scenario, within 10% of the GDP and within
10% of the marker scenario’s final energy consumption.
Standardized Scenario: Emissions for 1990 and 2000 are indexed to have the same values.
Other scenarios: Scenarios that are not harmonized.

2.3 GENERAL CHARACTERISTICS OF EARTH CLIMATE FROM 1901 UNTIL
PRESENT – OBSERVATIONS AND SIMULATIONS
Global mean surface temperatures have risen by 0.74°C when estimated by a linear trend over
the last 100 years (1906–2005). Moreover, the rate of warming over the last 50 years is almost
double that over the last 100 years (0.13°C vs. 0.07°C per decade) (IPCC, 2007a, Ch. 3, p.
237). The same has been confirmed by an on-going temperature analysis conducted by
scientists at NASA’s Goddard Institute for Space Studies, they found that the average global
temperature on Earth has increased by about 0.8°C since 1880 (Hansen et al., 2010). Twothirds of the warming has occurred since 1975, at a rate of roughly 0.15-0.20°C per decade.
Utilizing the available simulated and observed climate data, retrieved from the Goddard
Institute for Space Studies and shown in series of modelled maps (Figure 7 – Figure 26);
several characteristics of Earth’s climate change were perceived globally and thus allowing
making conclusions of climate development since 1901 until present and into the future until
the end of 21st century. Hansen et al., (2012) have commented that summer is probably a
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season when climate change will have its biggest impact on humanity. Also, global warming
causes spring warmth to come earlier and cooler conditions that initiate autumn to be delayed.
Thus global warming not only increases summer warmth, it also protracts summer-like
conditions, shortening both spring and autumn.
2.3.1 Modelling Earth Surface Temperature and Precipitation Anomalies and Trends –
Earth’s Observations
Two climate variables have been followed by all observation and simulation analyses:
surface temperature (Ts [°C], temperature measured up to two meters above ground (often
abbreviated as Ts2m) and precipitation (P [mm/day], basically rainfall and snow). A
reinterpretation of global recent climate history since 1901 (beginning of the 20th century)
until present (2011) has been simulated with base (reference) period 1961 – 1990 as it is used
by the IPCC. Using the same model, projections of Ts and P from 2012 until the end of this
century (2100) were made. All of the global land and sea temperature anomaly series used by
the IPCC are created with reference to a base period of 1961 - 1990 as well as all of the major
temperature series produced by the University of East Anglia Climate Research Unit and
England's Met Office - Hadley Centre (such as in climate models “HadCRUT3”, “HadSST2”,
and “CRUTEM3”). Actually out of major climate research centres, NASA GISS is the only
centre to produce major temperature anomaly series using 1951 - 1980 as a default base
period (even though they exceptionally produced results for IPCC reports with 1961-1990
base period). The period of 1951-1980 was chosen by GISS largely because the U.S. National
Weather Service uses a three-decade period to define “normal” or average temperature. The
GISS temperature analysis effort began around 1980, so the most recent 30 years was 19511980. According to their reasoning, it is also a period when many of today’s adults grew up,
so it is a common reference that many people can remember.
Arguably, it is questionable if 1961-1990 is the best base period to be used. Pros for that
period is that most of countries have data since that period, but cons would be that GHG
emissions at that period were already influenced by the emissions of GHGs with
anthropogenic origin and therefore not an ideal base for comparison. Arguably, state-of-theenvironment-wise the best would be to use pre-industrial era period (e.g. 1851-1880) while
atmosphere was not under industrial anthropogenic influence – but that is not possible due to
lack of global data, while data-coverage-wise the best would be to use satellite era period (e.g.
1971-2000) due to global coverage of data.
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2.3.1.1 Analysis of observed surface air temperature anomalies and trends
Analyses further on will be using GISS Surface Temperature Analysis (GISSTEMP) scheme
(Hansen et al., 1981; Hansen & Lebedef, 1987; Hansen et al., 1999; Hansen et al., 2001; and
Hansen et al., 2010) given for observed Ts anomalies for the period 2001-2011 (relative to
1961-1990 period) and Ts trends for the period 1901-2011. The period chosen for the
anomalies (2001-2011) was chosen because, according to WMO (2011a), globally, 2001–
2010 was the warmest decade since instrumental global average surface temperatures first
became available in 1850. Nine of the ten years in the decade were among the ten warmest
years on record.
2.3.1.1.1 Observed surface temperature anomalies in period 2001-2011 relative
to 1961-1990 period
Figure 7 shows observed Earth surface temperature anomalies, Ts [°C], for the period
beginning of 2001 until end of 2011 compared to base period 1961-1990. Since 2001-2010
was the warmest decade documented it would be interesting to know if anomalies in chosen
period 2001-2011 were the highest in comparison to the reference period; and what is the
average value of global anomaly (in °C) for the observed period. There are only limited
possibilities for choice of parameters that are offered for public use of model run. Majority of
options are default values. Chosen model elements were:


Data Sources:

o
o

Land: GISS analysis (Hansen et al. (2010) and updates to Analysis)
Ocean - ERSST/Reyn_v2:SST 1880-present
1880-11/1981: ERSST_v3b, ship and buoy data (Smith et al., 2008),
12/1981-present: ERSST-adjusted oisst v2, satellite data (Reynolds et al., 2002)



Map type: Anomalies - Mean temperature (°C) averaged over a specified mean period and time
interval relative to a given base period.



Mean period: Annual mean. Period is declared missing, unless >50% of data are available.



Time interval: Years over which temperatures are averaged: 2001-2011. 'Means' are not reported
unless >50% of the needed records are available,



Base period: Time interval to which anomalies are relative: 1961-1990.



Smoothing radius: 1200 km (model default).
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Figure 7 Analysis of surface air temperature (Ts [°C]) anomalies for observed data over land and ocean
made according to GISS Surface Temperature Analysis (TEMP) scheme. Period modelled is 2001-2011
compared to the base period 1961-1990. Grey colour represents zones with <50% availability of data
Number in upper right hand corner of global maps (+0.5°C) is the mean over areas with available data.
Graph bellow shows zonal means (in [°C]) of anomalies according to Earth’s latitudes (-90° to +90°).

Most of the positive surface temperature anomalies were observed in high northern latitudes
(Arctic), N Atlantic, northern parts of N America, N Africa, Central Asia and Central China.
Also, very important is to notice strong positive Ts anomalies over Western Antarctica (Ross
Ice Shelf, Victoria Land and Oates Land) since stability (or instability) of ice sheets is closely
related to the global climate change (e.g. Maksym et al., 2012; Turner & Overland, 2009).
According to Screen & Simmonds (2012), extreme Ts increase shown over western
Antarctica could be related to influence of tropical ocean warming.
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Negative Ts anomalies are observed only over E Antarctica. In general, most of the warming
anomalies were observed over high Northern Hemisphere latitudes and the global value of
relative anomaly of Ts in the last decade was 0.5°C warming compared to 1961-1990 period.
2.3.1.1.2 Observed surface temperature trends in period 1901-2011
Figure 8 shows observed Earth surface temperature trends, Ts [°C], for the period beginning
of 1901 until end of 2011 and thus effectively showing century trend of Ts. Input elements
were:


Data Sources: Land: GISS analysis (updated each month) (Hansen et al. (2010) and updates to
Analysis (NASA-GISS Surface Temperature Analysis, (n.d.)).



Data Sources: Ocean: 1880-11/1981: Hadley HadISST1, ship and buoy data (Rayner, 2000), and
12/1981-present: oisst v2, satellite data (Reynolds et al., 2002)



Map type: Trends: Temperature change (°C) of a specified mean period over a specified time interval
based on local linear trends.
o Mean period: Annual mean (JAN-DEC); period is declared missing unless >50% of data are

o

available.
Time interval: Years over which temperatures are averaged or trends are found: 1901-2011.
'Means' are not reported unless>50% of the needed records are available.



Smoothing radius: Distance over which a station influences regional temperature: 1200 km (default).



The number at the top right-hand corner is an estimate for the global mean. Missing data are replaced
by the zonal mean to find that estimate.



The end points of the colour bar are either -4.1 or +4.1 or the minimum or maximum value of the data if it
is outside that range

In line with observed relative anomalies (means) for the last decade (Figure 7), temperature
trends in the period 1900-end of 2011 was also positive with global average of 0.85°C of
warming. This trend is visible practically on entire planet with some exceptions in North
Atlantic and Central Africa and perhaps no major change occurred over larger parts of
Antarctica (please note that data are missing for the chosen period for most the territory while
modern data mostly support slight warming just over Western Antarctica).
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Figure 8 Analysis of surface air temperature (Ts [°C]) trends for observed data over land and ocean made
according to GISS Surface Temperature Analysis (TEMP) scheme. Period modelled is 1901-2011. Grey
colour represents zones with <50% availability of data. Number in upper right hand corner of global maps
(0.85°C) is the mean over areas with available data. Graph bellow shows zonal means (in [°C]) of Ts trends
according to Earth’s latitudes (-90° to +90°).

Again, there is significant amount of data missing over some land and sea surfaces (including
poles) and probably, coverage wise, it would be more beneficial to use analysis for the
periods after satellite era (late seventies) due to global data coverage. Nonetheless this was not
used in study for the reason to be in concordance with IPCC studies.
2.3.1.2 Analyses of observed land surface precipitation anomalies and trends
Analysis was done using GISS ModelE map making on-line tool but original source of data
for analysis is the “CRU TS 2.0 dataset” of the Climatic Research Unit and Tyndall Centre for
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Climate Change Research (TCCCR) both at the University of East Anglia (UK). Data given
are for observed precipitation (P [mm/day]) anomalies (means) and trends in the period 19012000 (data for period after 2000 were not available at the time used by GISS). Base
(reference) period for analyses will be again 1961-1990. Ideally anomalies exercise should be
at the same period as Ts exercise, 2001-2011, but since precipitation data were not available
for use for the period after 2000, exceptionally for this case an earlier decade (1990-2000)
was used for comparison to the base period 1961-1990. The source CRU TS 2.0 dataset
comprises 1200 monthly grids of observed climate, for the period 1901-2000, and it covers
the global land surface at 2° × 2° resolution (re-gridded from finer original 0.5° x 0.5°
resolution). Original data have five climatic variables available: cloud cover, diurnal
temperature range (DTR), precipitation, temperature, vapour pressure (Mitchel et al., 2003).
2.3.1.2.1 Observed precipitation anomalies in period 1990-2000 relative to 19611990 period
Figure 9 shows observed global annual precipitation anomalies (mean), P [mm/day], for the
period beginning of 1990 until end of 2000 compared to base period 1961-1990. Input
Elements were:


Map type: Anomalies (mean): Average over a specified mean period and time interval and relative to a
given base period.



Mean period: Annual means (JAN-DEC).



Time interval: Years over which data means are averaged or trends are found: 1990-2000.



Base period: Time interval to which anomalies are relative: 1961-1990.

In general, most of the Earth’s land masses have experienced negative precipitation anomalies
(-0.03 mm/day) in the period 1990-2000 relative to 1961-1990 period. Positive precipitation
anomalies were observed only in Northern Europe, parts of SE Asia, Southern South America
(with most of Amazonia experiencing less rains), Central North America, Western coasts of
Alaska, Western Africa and coastal China. Most of the land masses did not experience
changes in precipitation while the amount of negative precipitation anomalies observed
everywhere else (e.g. Mediterranean, Central Africa, most of SE Asia, Far East and Arctic)
was strong enough to move global average (where stations exists) into negative values.
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Figure 9 Analysis of precipitation (P [mm/day]) anomalies (means) for observed data originally coming
from the “CRU TS 2.0 dataset” of the Tyndall Centre for Climate Change Research, University of East
Anglia, U.K. Period modelled is 1990-2000 compared to the base period 1961-1990. Grey colour represents
zones with missing data. Number in upper right hand corner (-0.03 mm/day) of global map is the mean over
areas with available data. Graph bellow shows zonal means (in [mm/day]) of anomalies according to Earth’s
latitudes (-90° to +90°).

It is of course, important to note that most of data over oceans are not available and therefore
anomalies over oceans are not known for this time period.
2.3.1.2.2 Observed precipitation trends in period 1901-2000
Figure 10 shows observed global precipitation trends, P [mm/day], for the period beginning of
1901 until end of 2011. Input elements were:


Map type: Trends: Change of a specified mean period over a specified time interval based on local
linear trends.



Mean period: Annual (JAN-DEC) mean.
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Time interval: Years over which data means are averaged or trends are found: 1901-2000.

Contrary to anomalies for the time period observed (1990-2000), overall precipitation trends
on centurial time scale were positive for most of the observed stations globally. Though with
exception of Western pacific, East China, parts of SE Asia Western and Central Africa,
Mediterranean (Croatia included), Caribbean, and W South America. In general, global
precipitation trend over Earth’s land masses in the period 1901-2000 was positive (0.9
mm/day) but that is not true for all of the regions, including Croatia. Again, care must be

Figure 10 Analysis of precipitation (P [mm/day]) trends for observed data originally coming from the
“CRU TS 2.0 dataset” of the Tyndall Centre for Climate Change Research, University of East Anglia, U.K.
Period modelled is 1901-2000. Grey colour represents zones with missing data. Number in upper right hand
corner of global maps (0.09 mm/day) is the mean over areas with available data. Graph bellow shows zonal
means (in [mm/day]) of anomalies according to Earth’s latitudes (-90° to +90°).

31

Vladimir Kalinski: Doctoral Thesis

CLIMATE OF THE EARTH AND CROATIA

taken when interpreting these data since observations over most of ocean surfaces are missing
and that may completely change to global picture.
2.3.2 Modelling Earth Surface Temperature and Precipitation Anomalies and Trends Climate Change Simulations with GISS ModelE
Models’ simulations of observed climate are necessary in order to ascertain to what extent
models are able to reproduce current climate. If successful, then we may have (more)
confidence in the models to simulate future climate for the given scenarios.
Data used for climate change simulation experiments are related to research described in
"Earth's energy imbalance: Confirmation and implications" by Hansen et al., (2005a). ModelE
provides the ability to simulate many different configurations of Earth System Models
Framework (ESMF) – open source software for building and coupling weather, climate, and
related models, sponsored by the Department of Defense (USA), NASA, the National Science
Foundation (USA), and NOAA. Different configurations include: interactive atmospheric
chemistry, aerosols, carbon cycle and other tracers, as well as the standard atmosphere, ocean,
sea ice and land surface components.
Earth's energy imbalance
Earth's energy imbalance is the most crucial measure of the status of Earth's climate, but it
defines expectations for future climate change as well. Earth's energy imbalance is the
difference between the amount of solar energy absorbed by Earth (how much energy we get
form the sun) and the amount of energy the planet radiates (back) to space as a heat (Hansen
et al., 2005b). Energy absorption and energy radiation are part of the climate system.
According the Stefan Boltzmann Law, Earth receives on an average of 236 W/m2 and about
the same should radiate back to space (Kaas & Langen, 2009; Hansen, 2005; Hansen et al.,
2011). If that is not the case (e.g. more is absorbed than emitted) then there is an energy
imbalance. Basically, energy imbalance arises because of changes of the climate forcings
acting on the planet in combination with the planet's thermal inertia.
Natural origin forcings include change of the Sun's brightness and volcanic eruptions that
deposit aerosols in the stratosphere, thus cooling Earth by reflecting sunlight back to space.
Principal human originating climate forcings are GHGs (mainly CO2), which cause warming
by trapping Earth's heat radiation, and human-made aerosols, which reflect sunlight and have
cooling effect (thus having similar effects like natural volcanic aerosols). If the imbalance
value is positive it means that more energy coming in than going out. Consequently we can
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expect Earth to become warmer in the future — and opposite; if the imbalance is negative we
can expect Earth to be cooler in the future (Hansen et al., 2011).
2.3.2.1 Simulated surface temperature anomalies for period 2001-2011 relative to
1961-1990 period
Figure 11 shows modelled Earth energy imbalance described through anomalies of surface
temperature (mean) for the period beginning of 2001 until end of 2011 compared to base
period 1961-1990. Modelled input elements were:


Map type: Anomalies (ensemble mean): Average over a specified mean period and time
interval and relative to a given base period



Run A: E3f8oM20_b: E3oE20A + ptv (prescribed time varying) forcings (ozone uncorrected)
(1880-2300).



Run B: Appropriate control if available.



Quantity: Surface air temperature (Ts) (mean), °C.



Mean period: Annual mean (JAN-DEC)



Time interval (years over which data means are averaged): 2001-2011.



Base period: (time interval to which anomalies are relative):1961-1990.

Simulated run for the Ts relative anomalies for the given period (2001-2011 relative to 19611990) shows strong latitude differences. Positive anomalies in Ts (warming) are the strongest
in the Northern Hemisphere, and in particular in Canadian Arctic, Northern and Central
Siberia, Central Asia and Western Mediterranean with Western (Saharan) Africa. Southern
latitudes also experience warming of Ts although not as pronounced as in the Northern
hemisphere.
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The only area that experienced cooling Ts anomaly is Eastern Antarctica. Alterations of
model simulated Ts anomalies can be seen even more clearly on Figure 12 which displays
areas of extreme values. It especially indicative an extreme increase of Ts over regions with
cold climates such as Arctic region and Central Siberia, but also, West Africa and East
Turkey, Armenia, Azerbaijan, Iraq and Iran.

Figure 11 Simulated Earth energy imbalance described through anomalies (mean) of Ts [°C] made with
GISS ModelE. Period modelled is 2001-2011 compared to the base period 1961-1990. Graph bellow shows
zonal means (in [°C]) according to Earth’s latitude (-90° to +90°). Number in upper right hand corner of
global maps (0.47°C) is the mean for all data.
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Figure 12 Map emphasizing locations of extreme values of simulated surface temperature anomalies in the
period 2001-2011 compared to 1961-1990 period. Number in upper right hand corner of global maps
(0.47°C) is the mean over areas with available data.

2.3.2.2 Simulated surface temperature trends for period 1901-2011
Figure 13 shows modelled simulation of Earth energy imbalance for surface temperature
trends, Ts [°C], in the period beginning of 1901 until end of 2011. Modelled input elements
were:


Map type: Trends: Change of a specified mean period over a specified time interval based on
local linear trends



Run A: E3f8oM20_b: E3oE20A + ptv forcings (ozone uncorrected) (1880-2300) (ptv means
prescribed time varying).



Run B: Appropriate control if available.



Quantity: Surface air temperature (Ts) (mean), °C.



Mean period: Annual mean (JAN-DEC)



Time interval (years over which data means are averaged): 1901-2011.



Base period (time interval to which anomalies are relative): Not used for trends.
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Figure 13 Simulated Earth energy imbalance described through trends of Ts [°C] made with GISS ModelE.
Period modelled is 1901-2011. Graph bellow shows zonal means (in [°C]) according to Earth’s latitude (-90°
to +90°). Number in upper right hand corner of the map (0.62°C) is the mean over areas with available data.

Map and associated graph of simulated mean surface temperature trends, Ts [°C], on Figure
13, presents increasing (positive) trend since 1901, with high positive changes (Ts warming)
in almost all latitudes. Cooling trends are found only NW Atlantic and parts of South Ocean
and E Antarctica. This is quite realistic in comparison with observed trends and data (see
Figure 8 for comparison). Zonal mean distribution graph (Figure 13 lower part) is mostly
characterised with warming over higher northern latitudes.
Figure 14 presents locations of extreme values of simulated Ts trends, for the period 19012011. Extreme changes of positive trends are noticeable mostly over Arctic polar region with
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Ts rising. Areas of NW Atlantic show negative trends, as well as Eastern Antarctica, which is
somewhat consistent with observed data (see Figure 8).

Figure 14 Locations of extreme values of simulated surface temperature trends in the period 1901-2011.
Number in upper right hand corner of global maps (0.62°C) is the mean over areas with available data.

2.3.2.3 Simulated precipitation anomalies for period 1990-2000 relative to 19611990 period
Figure 15 shows modelled simulation for global precipitation anomalies (ensemble mean), P
[mm/day], for the period beginning of 1990 until end of 2000 compared to base period 19611990. Modelled input elements were:


Map type: Anomalies (ensemble mean): Average over a specified mean period and time
interval and relative to a given base period



Run A: E3Af8[a,cf-i]oM20A -- E3oM20A + ptv forcings (ozone uncorrected) (1880-2300) (ptv
means prescribed time varying).



Run B: Appropriate control if available.



Quantity: Precipitation, P [mm/day].



Mean period: Annual mean (JAN-DEC)



Time interval (years over which data means are averaged): 1990-2000.

Map and associated graph of simulated precipitation anomalies, P [mm/day], on Figure 15,
show that precipitation anomalies form a several distinguished belts: higher increase of
precipitation in equatorial area, then decrease of precipitation in mid-latitudes and again
increase of precipitation in high-latitudes. That can be also clearly seen on the zonal graph
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Figure 15 Simulated Earth energy imbalance described through anomalies (mean) of precipitation, P
[mm/day], made with GISS ModelE. Period modelled is 1990-2000 compared to the base period 1961-1990.
Graph bellow shows zonal means (in °C) according to Earth’s latitude (-90° to +90°). Number in upper
right hand corner of the map (0.00°C) is the mean over areas with available data (in this case positive and
negative values diminished each other).

bellow (Figure 15 lower part). From Croatian perspective it is interesting that models show
considerable decrease of precipitation over all Mediterranean regions, including Croatia.
Further look of the map with extreme values (Figure 16) again confirms that the highest
positive P anomalies (precipitation increase) are in the equator region while negative values
(precipitation drop) are in mid-latitudes.
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Figure 16 Locations of extreme values of simulated precipitation anomalies, P (mm/day) (ensemble mean)
in period 1990-2000 and relative to base period 1961-1990. Number in upper right hand corner of the map
(0.00°C) is the mean over areas with available data (in this case positive and negative values diminished
each other).

2.3.2.4 Simulated precipitation trends for period 1901-2000
Figure 17 shows modelled simulations of Earth energy imbalance of precipitation trends, P
[mm/day], for the period beginning of 1901 until end of 2000.
Modelled input elements were:


Map type: Trends (ensemble) (change of a specified mean period over a specified time
interval based on local linear trends),



Run A: E3Af8[a,cf-i]oM20A -- E3oM20A + ptv forcings (ozone uncorrected) (1880-2300) (ptv
means prescribed time varying).



Run B: Appropriate control if available.



Quantity: Precipitation, P [mm/day].



Mean period: Annual mean (JAN-DEC)



Time interval (years over which data means are averaged): 1901-2000.



Base period: Not used for trends.

Most like with anomalies, simulated precipitation trends, P [mm/day], show tendency of
precipitation increase mostly in the equator zone and zones of very low latitudes, but also
decrease of precipitation in mid-latitudes (both northern and southern Hemisphere, including
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Figure 17 Modelled Earth energy imbalance described through simulated trends of P [mm/day] made
with GISS ModelE. Period modelled is 1901-2000. Graph bellow shows zonal means (in mm/day)
according to Earth’s latitude (-90° to +90°). Number in upper right hand corner of the map (-0.01
mm/day) is the mean over all area.

Mediterranean and Croatia). Interestingly, increasing P trend had been noticed over the most
of Central and Northern Australia. The disastrous flooding from last several years (e.g. in
2010 in East Australia, (WMO, 2011b)), may be a consequence of climate change over
Australia. Similar conditions were reflected on zonal mean graph with very distinct peaks of
decreasing and increasing trends. Nevertheless, overall global simulated precipitation trend is
negative (-0.01 mm/day).
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Tracing extreme values of these more than century long trends (Figure 18) we can, indeed,
confirm that equatorial zone (especially over Atlantic) shows increased precipitation trends –

Figure 18 Locations of extreme values of precipitation trends, P [mm/day], in period 1901-2000. Number
in upper right hand corner of the map (-0.01 mm/day) is the mean over areas with available data.

as well as South China/North Burma (Myanmar) and Western Pacific (around Papua New
Guiney). Decreasing trends are pronounced in Eastern Brazil, Central America, sub-equatorial
Africa, Spain, Albania, Greece and most of SE Asia (possible climate change impact were
onset of monsoons and then extreme flooding, e.g. in 2010, (WMO, 2011b)).
As with all of the above simulations dose of caution is necessary, as much as simulated
anomalies and trends show similarity with observed anomalies and trends (Figure 15 and
Figure 9, and , Figure 17 and Figure 10 respectively), there is sufficient place for errors
especially on the future time scales (next section, 2.4) where chosen emission scenarios for
the future may be plausible but not certain.
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2.4 PROJECTIONS OF EARTH CLIMATE UNTIL 2100 WITH GISS ModelE
For the projections of future global climate up to 2100 GISS ModelE was used as well – in its
variations of data which were used for the contribution to the IPCC Third Assessment ReportTAR (IPCC-TAR, n.d.). Similarly to projections used by Hansen et al., (2007a) for various
future periods and with base period 1951-1980, the same structure was used here but with a
different time interval and base period (1961-1990). Emission scenario for all projections is
IPCC SRES A2. An A2 scenario family lie near the upper limit of future greenhouse gas
emissions as projected in different emissions scenarios and, arguably, is among the most
utilised scenarios by many climate modelling groups. The A2 scenario assumes continuously
increasing population growth, slower adoption of non-fossil fuel sources, and slower
technological change than other scenarios. The observed climate variables were anomalies of
surface temperature (Ts) and precipitation (P) for the period 2070-2100, relative to 1961-1990
period, and trends of Ts and P for the period 2012-2100.
Given too many uncertainties, global mean Ts and P values (for anomalies and trends alike)
that will follow, are product of model’s algorithms and under no circumstances should be
understood as an exact two decimal point prediction.
2.4.1 Projections of surface temperature anomalies for period 2070-2100, relative to
1961-1990
Figure 19 shows modelled projections of surface temperature anomalies, Ts [°C], (single run)
for the period 2070-2100 compared to base period 1961-1990 under IPCC SRES A2 scenario.
Modelled input elements were:


Map type: Anomalies (Ensemble Mean): Average over a specified mean period and time interval
and relative to a given base period



Detrend: Yes



Quantity: Surface Air Temperature, mean (°C)



Mean period: Annual (Jan-Dec)



Time interval : Years over which data means are averaged: 2070-2100



Base period (used for anomalies only): Time interval to which anomalies are relative: 1961-1990

Projections of Ts anomalies for the end of 21st century (2070-2100) and relative to 1961-1990
period, show positive increase of Ts basically all over the Earth with three areas that may stay
neutral: Northern Atlantic, and parts of Southern Ocean. What are especially important are
strong Ts anomalies in high Northern latitudes – Arctic region, which may become a catalyst
of climate change over the entire planet due to high positive feedback potential (decrease of
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Figure 19 Modelled projections (simulation) of surface temperature (Ts [°C]) anomalies with GISS
ModelE, using IPCC A2 scenario. Period modelled is 2070-2100 relative to 1961-1990 base period. Graph
bellow shows zonal means (in °C) according to Earth’s latitude (-90° to +90°). Number in upper right
hand corner of the map (2.52°C) is the mean over all areas.

ice albedo, release of methane from permafrost, melting of fresh water ice and etc.) (e.g.
Turner & Overland (2009); ACIA (2005)).
Figure 20 presents map with locations of extreme end-of-century Ts anomalies compared to
1961-1990 period and basically supporting that observed Ts trends (Figure 8) will continue
into the future as well.
Total global Ts anomaly is projected to be 2.52°C relative to 1961-1990 base period.
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Figure 20 Map emphasizing locations of extreme values of Ts anomalies in the period 2070-2100 relative
to 1961-1990 period. Number in upper right hand corner of the map (2.52°C) is the mean over all area.

2.4.2 Projections of surface temperature trends for period 2012-2100 under A2 scenario
Figure 21 shows modelled projections of surface temperature trends, Ts [°C], for the period
2012-2100 under IPCC SRES A2 scenario.
Modelled input elements were:


Map type: Trends: Change of a specified mean period over a specified time interval based on local
linear trends,



Detrend: Yes



Quantity: Choose from available diagnostics: Surface Air Temperature, (mean, °C)



Mean period: Annual (JAN-DEC)



Time interval: Years over which trends are found: 2012-2100.

Map of projected Ts trends (Figure 21) suggests that most of the warming is projected in the
high latitude of Arctic region and Northern Europe, but also over central land masses of all
continents. The only areas spared of extreme Ts trends were Eastern Antarctica and Northern
Atlantic.
Overall global Ts warming trend is projected to reach +2.57°C.
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The same pattern can be noticed with map of extreme Ts trends values (Figure 22). Area over
Croatia, especially coastal area, has been marked with up to 4.5°C increase of surface
temperature increase.

Figure 21 Modelled projections (simulation) of surface temperature, Ts [°C], trends with GISS ModelE,
using IPCC A2 scenario. Period modelled is 2012-2100. Graph bellow shows zonal means (in °C) according to
Earth’s latitude (-90° to +90°). Number in upper right hand corner of the map (2.57°C) is the mean over all
areas.
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Figure 22 Locations of extreme values of surface temperature (Ts [°C]), trends in period 2012-2100.
Number in upper right hand corner of the map (2.57°C) is the mean over all areas.

2.4.3 Projections of precipitation anomalies for period 2070-2100, relative to 1961-1990
Figure 23 shows modelled projections of precipitation anomalies, P [mm/day], for the period
2070-2100 compared to base period 1961-1990 under IPCC A2 SRES scenario. Modelled
input elements were:


Map type: Anomalies: Average over a specified mean period and time interval and relative to a given
base period



Detrend: Yes,



Quantity: Precipitation (mm/day)



Mean period: Annual (Jan-Dec)



Time interval : Years over which data means are averaged: 2070-2100



Base period: 1961-1990.

Precipitation analyses are the trickiest to model due to high spatial and seasonal variabilities.
Spatial and seasonal variability of rainfall is much greater than for the surface temperature.
Regional and local details of changes are highly uncertain. Yet, the outcome of projected P
anomalies for the end of 21st century shows that global precipitation anomaly will be
slightly positive (more precipitation projected as it can be expected after warming surface
temperatures) with increase of 0.13 mm/day. The highest increase of positive precipitation
anomalies is projected around equator while most of precipitation anomalies decrease will be
in low- and mid-latitudes (including Croatia).
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Figure 23 Modelled projections of precipitation (P [mm/day]) anomalies with GISS ModelE, using
IPCC SRES A2 emission scenario. Period modelled is 2070-2100 relative to 1961-1990 period. Graph
bellow shows zonal means (in mm/day) according to Earth’s latitude (-90° to +90°). Number in upper
right hand corner of the map (0.13 mm/day) is the mean over all areas.

Similar projection is reflected on the map of projected extreme values (Figure 24). The
anomalies of precipitation in the area around equator have been marked to be the highest
globally, while the mid-latitudes are projected to experience the highest anomalies of
precipitation drop.
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Figure 24 Map emphasizing locations of extreme values of projected precipitation anomalies, P [mm/day],
in the period 2070-2100 relative to 1961-1990 period, using IPCC SRES A2 emission scenario. Number in
upper right hand corner of the map (0.13 mm/day) is the mean over all areas.

2.4.4 Projections of precipitation trends for period 2012-2100
Figure 25 shows modelled projections of precipitation trends, P [mm/day], for the period
2012-2100, using IPCC SRES A2 emission scenario. Modelled input elements were:


Map type: Trends: Change of a specified mean period over a specified time interval based on local
linear trends



Detrend: Yes



Quantity: Precipitation (mm/day)



Mean period: Annual (JAN-DEC)



Time interval: Years over which data trends are found.: 2012-2100,

Modelled projections of P trends for the end of 21st century (Figure 25) are again highly
coinciding with projected P anomalies (Figure 23 and Figure 24). There are high positive P
trends in the equatorial areas and high positive trends in areas around poles.
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Figure 25 Modelled projections of precipitation, P [mm/day], trends with GISS ModelE, using IPCC A2
emission scenario. Period modelled is 2012-2100. Graph bellow shows zonal means (in mm/day) according
to Earth’s latitudes (-90° to +90°). Number in upper right hand corner of the map (0.13 mm/day) is the
mean over all areas.

Trend of negative precipitation (less rainfall) is projected for mid-latitudes (Croatia included).
Area of equatorial Central Pacific shows extreme drop of precipitation – but this has to be
approached with caution since that is the area of ENSO effects and it is more demanding for
modelling projections since the main sources of ENSO irregularity are not completely
understood (e.g. Bejarano & Jin, 2008).
Similarly Figure 26 points out to the same zones that are going to be characterised with
extreme changes of precipitation trends until the end of this century.
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Figure 26 Map emphasizing locations of extreme values of projected precipitation (P [mm/day]) trends in
the period 2012-2100. Number in upper right hand corner of the map (0.13 mm/day) is the mean over all
areas.

Overall global precipitation trend projected increase of precipitation equal to 0.13
mm/day until 2070-2100 period.
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2.5 EVALUATING THE CROATIAN CLIMATE IN THE PAST AND PRESENT
Croatia's climate is determined by its geographic location in the northern mid-latitudes and its
topography. For the purposes of this research, an analysis of climate has been performed for
five geographical regions of Croatia (Figure 27):
 Northern Adriatic Coastal Area (roughly Istria, Hrvatsko Primorje/Kvarner sensu lato,
and northern Adriatic islands): Activities in this area include high scale tourism
operations, home of the biggest Croatian port Rijeka, agricultural activities (fishery,
vineyards, olives and vegetable production, livestock-sheep), high maritime
commercial and non-commercial activities and ship-building. Building of large LNG
terminal on island of Krk has been planned. Climate is mostly Mediterranean with
some local specifics (such as very strong bora wind) (Bilen & Bučar Perić, 2002).
 Southern Adriatic Coastal Area (the whole Dalmatia and its hinterland, including
Central and Southern Adriatic islands): Activities in this area are mostly grouped
around tourism sector, but traditionally important are also agricultural production
(fishery and mariculture, vegetables, fruits (tangerine and mandarin orange,
watermelon, figs and olives) and livestock-sheep) and ship-building (in decline).
Home of the second largest Croatian port Ploče. Climate is Mediterranean type (Bilen
& Bučar Perić, 2002).
 Mountainous Area (the Dinarides mountain belt, including Učka Mountain, Gorski
Kotar, Velebit Mountain, highland Lika areas): Activities in this area are mostly
oriented to agriculture, forestry, and lately tourism. Croatian mountain belt is
relatively narrow but it has strong influence on adjacent coastal and continental
climate (and vice versa) and is also an origin of strong local-specific “bora” wind.
Climate type is mountainous to continental, but often clashing with Mediterranean
climate in border areas (which is significant e.g. for snow resort Olympic Centre
Bjelolasica in winter for fast melting of snow under warm southern currents) (Bilen &
Bučar Perić, 2002).
 Pannonia is the area of eastern Croatia (Slavonia sensu lato) where a significant amount
of the agricultural production takes place. Geomorphologically, great plains are
disrupted with several isolated mountains (Psunj, Papuk, Krndija, Požeška gora, Dilj
gora) once being southern islands of the Pannonian Sea (ca. 16 mil. years ago), which
is also the main cause oil and gas reservoirs. Colloquially this area is often termed as
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the

central geographic and
historic region in the
east of the country).
Climate

type

is

continental

(Bilen

&

Bučar Perić, 2002).
 Central

Croatia

(from

Karlovac to Međimurje,
with Zagreb included): is
a mixture of agricultural
plains,

forested

hills,

vineyards and several
larger cities including
Figure 27 For the purposes of this study Croatia has been divided

capital Zagreb (ca. 1 mil. into five geographical regions for observations of climate
characteristics at present and at the end of 21 st century. Borders
inhabitants with ring between the regions are not strictly defined as shown since they
settlements). Climate is represent areas with different climatic characteristics.
typically continental with cold winters and hot summers (Bilen & Bučar Perić, 2002).
The reason for such division is geomorphological similarity of each area which leads to
similar climatic condition within such units. As an addition, chosen areas are geographically
and historically known to wider community and therefore it is easy to correlate them in the
space as well.
2.5.1 Croatian climate in the present and past
In Croatia, climatological/meteorological data (such as surface temperature and precipitation)
have been continuously monitored and recorded on some weather monitoring stations since
1851 (e.g. Dubrovnik meteorological station) (Katušin, 2011). This and other century old data
are of uttermost importance for analysing past and present climate, and making projections for
the future.
Examining the available records from weather stations in these areas can yield basic
information about climate in five regions studied by this work and differentiated through
various climatic seasons (spring, summer, autumn and winter). It is important to note that the
surface temperatures (Ts) as used in this study represent seasonal averages and therefore do
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not capture extreme weather events such as heat waves or polar fronts. Additionally,
precipitation (P) is highly variable from year to year, so averages must be taken over the
course of long periods of time (arguably at least a decade, though perhaps more) to spot
trends (Trenberth et al., 2007). Because of this, changes in precipitation are put in terms of
percentages of change rather than actual amounts.
Reference period 1961-1990 have been used for all 2070-2100 temperature and precipitation
projections of Croatia’s five regions. Numerical values of seasonal averages for the reference
period are originating from DHMZ (Zaninović et al., 2008).
Mountainous Area (the Dinarides mountain range) has had the coldest temperatures, over
the thirty years of the base period 1961-1990. Average winter temperatures have been below
zero (-1.2°C), and summers at 15.5°C. Precipitation rates in the mountains were the highest in
the Croatia (with 1372 mm on annual average from 1961-1990), with the wettest period in the
autumn and the driest period in the summer.
Pannonia is region with winter and summer averages at 0.5°C and 20.1°C respectively.
Precipitation rates in this area are the lowest in Croatia, (a total of 650 mm per year) with the
wettest season being summer (211 mm) and the driest being winter (139 mm).
In Central Croatia average temperatures are similar to those in Pannonia with 0.4°C in
winter and 19.2°C in summer. Annual surface temperature average is 10.1°C. Precipitation
levels have been highest in the summer (280 mm per year) and lowest in winter (163 mm per
year). Annual average precipitation level is 884mm, making it the second driest region in
Croatia (after Pannonia).
The coastal regions are the warmest in Croatia. Northern Adriatic is cooler (5.7°C in winter
and 21.3°C in summer, 13.3°C annual average) than Southern Adriatic (7.8°C in winter and
23.1°C in summer, 15.2°C annual average). Northern Adriatic precipitation (364mm in
autumn and 1134mm total per year) is considerably higher than the Southern Adriatic (with
950mm total per year peaking at 301mm in autumn).
Table 1 is showing averages of temperatures for studied regions in the period 1961-1990
which is taken as base period for comparisons (period of “normal” climate characteristics).
Besides name of the region, first column in Table 1 and Table 2 encompasses number and
names of major meteorological stations in the region.
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Table 1 Surface temperature averages of the base period (1961-1990) on chosen climatic regions of
Croatia. Source: Zaninović et al., 2008.
TEMPERATURE
AVERAGES –
BASE
PERIOD:
CLIMATIC REGION
SEASON

Northern Adriatic Coastal Area
(Istria and Hrvatsko Primorje)
(4 major meteorological stations: Rovinj,
Pazin, Rijeka, Mali Lošinj)

Winter (Dec–Feb)

1961-1990
(°C)
5,7

Spring (Mar–May)

11,9

Summer (Jun–Aug)

21,3

Autumn (Sep–Nov)

14,1

Per annum average:
Southern Adriatic Coastal Area
(Dalmatia)
(5 major meteorological stations: Zadar,
Split-Marjan, Knin, Hvar, Dubrovnik)

Winter (Dec–Feb)

7,8

Spring (Mar–May)

13,7

Summer (Jun–Aug)

23,1

Autumn (Sep–Nov)

16,2

Per annum average:
Mountainous Area
(Gorski Kotar and Lika)
(4 major meteorological stations: Parg,
Ogulin, Gospić, Zavižan)

-1,2

Spring (Mar–May)

6,4

Summer (Jun–Aug)

15,5

Autumn (Sep–Nov)

8,0
7,2

Winter (Dec–Feb)

0,5

Spring (Mar–May)

11,2

Summer (Jun–Aug)

20,1

Autumn (Sep–Nov)

10,9

Per annum average:
Central Croatia
(5 major meteorological stations: Đurđevac,
Križevci, Varaždin, Zagreb-Maksimir,
Sisak)

15,2

Winter (Dec–Feb)

Per annum average:
Pannonia
(Slavonia s.l.)
(2 major meteorological stations: Osijek,
Slavonski Brod)

13,3

10,6

Winter (Dec–Feb)

0,4

Spring (Mar–May)

10,4

Summer (Jun–Aug)

19,2

Autumn (Sep–Nov)

10,3

Per annum average:

10,1

Similarly, Table 2 is showing seasonal precipitation averages for the same base period (19611990).
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Table 2 Precipitation averages at present (1961-1990) on chosen climatic regions of Croatia.
Source: Zaninović et al., 2008.
PRECIPITATION
AVERAGE –
BASE
PERIOD:
CLIMATIC REGION
SEASON
1961-1990
(mm)
Northern Adriatic Coastal Area
Winter (Dec–Feb)
282,9
(Istria and Hrvatsko primorje)
(4 major meteorological stations: Rovinj,
Spring (Mar–May)
250,5
Pazin, Rijeka, Mali Lošinj)
Summer (Jun–Aug)
235,6

Southern Adriatic Coastal Area
(Dalmatia)
(5 major meteorological stations: Zadar,
Split-Marjan, Knin, Hvar, Dubrovnik)

Mountainous Area
(Gorski Kotar and Lika)
(4 major meteorological stations: Parg,
Ogulin, Gospić, Zavižan)

Pannonia
(Slavonia s.l.)
(2 major meteorological stations: Osijek,
Slavonski Brod)

Central Croatia
(5 major meteorological stations: Đurđevac,
Križevci, Varaždin, Zagreb-Maksimir,
Sisak)

Autumn (Sep–Nov)

364,5

Per annum:

1133,6

Winter (Dec–Feb)

278,8

Spring (Mar–May)

216,8

Summer (Jun–Aug)

153,6

Autumn (Sep–Nov)

301

Per annum:

950,2

Winter (Dec–Feb)

360,2

Spring (Mar–May)

319,3

Summer (Jun–Aug)

259

Autumn (Sep–Nov)

433,6

Per annum:

1372,1

Winter (Dec–Feb)

138,5

Spring (Mar–May)

157,1

Summer (Jun–Aug)

211,2

Autumn (Sep–Nov)

143,4

Per annum:

650,2

Winter (Dec–Feb)

162,8

Spring (Mar–May)

205,7

Summer (Jun–Aug)

279,6

Autumn (Sep–Nov)

235,6

Per annum:

883,7

It is not possible to distinguish how much of these changes in temperature and precipitation
averages are due to human induced climate change and how much belongs to normal Earth
climatic processes but it is significant to notice patterns (temperature increases; precipitation
decreases). Moreover, models of the climate future for Croatia point to significant changes in
the climatic conditions which are going to be described in the next section.
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2.5.2 Projected changes of Croatian climate in the future
Values of seasonal temperature and precipitation averages for Croatia in the reference period
(1961-1990) are documented and tangible. In contrary, climate projections for the future are
significantly less reliable and more uncertain.
There has been very limited number of studies and climate models that would specifically
cover Croatia in long term (end of 21st century) climate modelling (e.g. Bruci, 2007, 2008;
Ciscar, 2009; Ciscar et al., 2011). However, Croatia has been incorporated into a number of
studies which were using regional and/or global climate models for climate projections until
the end of century. It is important to understand that single climate models are not sufficient
to quantify future climate characteristics. By looking at a number of models we may see the
most probable projections of climate change trends for a given scenario – based on scientific
analysis of available data. A matrix of studies and models can help us to understand the main
direction of climate change for Croatia – differing in climatic seasons and through studied
Croatian regions. The two main variables of climate to be analysed are temperature (surface
temperature, Ts [°C], up to two meters above ground – Ts2m) and precipitation (P [mm/day],
basically rainfall and snow).
For the purposes of this research, several climate projection studies have been analysed in
order to assess climate trends projections for Croatia. The analysis is divided into climate
modelling that investigated a short term period (until 2025) (Coşkun et al., 2008), a mid-term
(2041-2070) (Branković et al., 2008 and Branković et al., 2012) and in a long term (20702100) time-frame. While climate projections for Croatia for the periods until 2025 and period
2041-2070 are only review of results from available studies (for the purpose of temporal
completeness), climate projection for researched Croatian regions at the end of century (20702100) is a genuine research of Ts and P changes.
Obtained results should not be understood as downright values but should rather indicate Ts
and P trend range for the future. Basically, the intention of this exercise was to see if the
temperature anomalies and trends are increasing or decreasing and what is the likely scale of
change, and the same for the precipitation.
2.5.2.1 Climate projection for Croatia until 2025 – under a low emissions (B1)
scenario
For the short term period until 2025, study of Coşkun et al. 2008 was accessed. A group of
authors (Coşkun, M., Demir, İ. and Kiliç, G.) from the Turkish State Meteorological Service,
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Department of Research and Data Processing, Kalaba, Ankara, has performed climate change
study based on the B1 emission scenario (i.e. rapid reductions of emissions) for projections
until 2025 using a Regional Climate Model (RegCM3) forced by ECHAM global model. The
study projects the following climate changes:


The winter temperature change was projected to be between 0° and 1°C with less
change along the coast and hinterland and more changes in northwest and northern
Croatia. Winter precipitation is expected to change from -1.5% (coastal area and Istria)
to 0.5% (most of the country).



Spring temperature changes are expected to be from -0.5°C (i.e. it would get colder), in
northern and eastern Croatia and parts of central Croatia, and up to 0.5°C along the
coast, including the islands and northwest Croatia. The model also implies that spring
precipitation changes could be from -1% (in the far western parts of Gorski Kotar,
northern parts of Istria, Cres-Lošinj-Krk island group, and the central Dalmatian coast)
to +1% (in Eastern Croatia).



Sumer temperature changes would be more-less uniform across Croatia – from 0°C to
1°C increase. Summer precipitation will mostly decrease along the coast (-1%) but
could increase in the rest of country up to 0.5%.



Autumn temperatures changes would be uniform across Croatia as well with
temperature increases from 0.5°C to 1°C. The most drastic decrease in precipitation
until 2025 will occur in autumn along the coast with -2.5% and it gradually increases
landward up to 0.5%.

In other words, according to Coşkun et al., (2008), average temperatures in Croatia by 2025
would increase for a maximum of 1°C (winter, summer and autumn) and spring would remain
the same. The expectations for precipitation are that no significant difference is likely in most
of regions (with a maximum change of -2.5% along the coast in autumn). Nonetheless, it is
important to note that these are projections for an ‘optimistic’ B1 emissions scenario which is,
under pace of planned world economic development, unlikely probable.
2.5.2.2 Period 2041-2070 – Ensemble of models with A2 scenario
Estimates of the likely climate change for Croatia for the period of 2041-2070, has been done
by Croatian Meteorological and Hydrological Service (Branković et al., 2008 for A2 scenario,
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and Branković et al., 2012 for ensemble of models with A2 scenario). Branković et al. (2008)
results were derived from the three-member ensemble integrations of the global EH5OM
model, from the Max-Planck Institute for Meteorology, Hamburg, Germany. The horizontal
resolution is approximately 200 km. The period 1961-1990 (hereby referred as the “present”
climate) and the period 2041-2070 (the future climate) under the IPCC A2 scenario are
analysed and compared. Branković et al. (2008) estimates the following:


In winter, Northern Croatia would experience a warming of 2.5°C while the rest of
Croatia would warm by between 2° and 2.5°C. This will be more important for inland
rather than coastal Croatia. Winter is the only season which does not show a significant
difference in precipitation, though there may be a negligible increase in the north and a
negligible decrease in the south.



During spring, Croatia would be 1.5°C warmer throughout the country and at sea. There is
a slight drying trend in southern and western Croatia during spring (-0.1 mm per day –
which means 9 mm less for the season).



Summer temperatures would increase by 3.5°C in northern Adriatic and in other parts the
temperature would increase between 3° and 3.5°C. This would probably lead to more heat
waves (Barnett et al., 2006; Clark et al., 2006; Tebaldi et al., 2006). During summer, there
would be 9 mm less rain per month in the east (0.3 mm/day – 27 mm for the season). This
represents more than 10% reduction. In the rest of the country, there would be a drop of
0.2 mm/day in precipitation (18 mm less for the season).



Autumn temperatures would increase by 2.5°C mostly uniformly throughout Croatia.
Precipitation levels would drop -0.3 mm/day in the south on the coast (i.e. 27 mm for the
season), -0.2 mm/day moving northward along the coast (18 mm for the season), then -0.1
mm/day (9 mm for the season) in the northern part of the country (including Istria and
most of the north-eastern part of Croatia (Slavonia s.l.).



Additionally, surface snow in northern Croatia would become uncertain in the future
(Figure 28). Snow is important for soil moisture. The reduction or lack of snow cover in
future winters would affect the availability of soil moisture required for the succeeding
growing season.
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A statistically significant reduction in the spring (March, April, May) soil moisture over
Croatia is expected (here, due to a low model resolution, the contour covers parts of the
Adriatic) (Figure 29). In addition, inter-annual variation in soil moisture would increase.

Figure 28 Changes in winter snow precipitation projected for 20412070. Source: Branković et al., 2010; Branković et al., 2008.



Convective precipitation (from storms) is important for supply of water and (soil)
moisture, in particular in summer. Summer convective precipitation is usually associated
with rapidly moving fronts passing over Croatia or with the development of local
instabilities and storms. In the event of storms, intense precipitation coupled with strong
winds can cause economic damage. Figure 30 indicates a reduction in the summer
convective precipitation over many parts of Croatia; this amounts to about one third to one
half of the reduction in total precipitation. The change in convective precipitation is
statistically significant. Since convective precipitation in summer is mostly associated
with relatively short-lived showers, some parts of Croatia (in particular the coastal
regions) would be, in future climate, deprived of even such an erratic way to replenish
their water resources. Branković et al. (2012) observed larger warming amplitudes in the
warmer part of the year (summer and autumn) than in the colder seasons (winter and
spring) in southern and central Europe. In addition, simulations of Branković et al. (2012)
have noticed that warming patterns are quite similar and hence primary patterns of climate
change over Europe have been established and will maintain throughout 21st century –
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implying that GHGs concentrations will be the prime source of future climate change over
Europe and Mediterranean – irrespective of time period covered and model considered.
This is important hypothesis that should support approach taken into this work where
ensemble of studies and models were analysed and results as a common average were
constructed.

Figure 29 Spring soil moisture changes projected for 2041-2070
Source: Branković et al., 2010; Branković et al., 2008.



In their simulations of extreme weather events, in particular cold days (T2min<0°C) and
warm days (T2max>25°C) they noticed significant discrepancies among observed weather
station’s data and modelled data (where both number of cold and warm days was largely
underestimated by the model), therefore projections of decrease of cold days by 10% in
the north and 5% in the coastal region, and increase of warm days between 10 to 15% in
the north and coast respectively should be also taken with caution since those modelled
values for 2011-2040 period may be underestimated as well (in reality resulting in even
less cold days and more warm days). Similarly, for extreme precipitation (>= 20 mm/day)
the same discrepancies occurred, model underestimated actual stations data – especially in
winter, while it was compared well for autumn period (winter and autumn are most
significant for maximum of precipitations in Croatia – winter for northern Croatia and
autumn for Adriatic and mountainous region). The average number of days with snowfall
for winter was captured reasonably well compared to stations data and therefore a future
model projection should be also reliable. Model results show that overall winter reduction
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of snow precipitation over southern Europe in the future period (2011-2040) is almost
negligible (less of 1mm of water equivalent). As authors observed, this is substantially
different than findings of other studies (e.g. Räisänen, 2008). This is especially true for the
warmer climates like Mediterranean, while in the colder climates snow precipitation may
even increase. The shortening of snow season and less snow precipitation would highly
probably be true even for Croatian Mountainous Area – as the altitude is strongly
connected with snow precipitation as observed by Beniston (1997), Rikiishi et al. (2006)
or Rangwala & Miller (2012).

Figure 30 Changes in summer convective precipitation (heavy rains
in storms) projected for 2041-2070
Source: Branković et al., 2010; Branković et al., 2008.

2.5.2.3 End of the 21st century (2070-2100) projections for Croatia with A2 scenario
There are studies available – that use global models and regional climate models for analysing
the likelihood of climate change towards the end of the 21st century based on various emission
scenarios and that geographically cover Croatia (but not focused on it). For the purpose of this
study, results of several studies (TCCCR, n.d.; Bruci, 2007; Bruci, 2008; IPCC-TAR, n.d.;
IPCC, n.d.; IPCC 2007a,b,c,d; van der Linden & Mitchell, 2009; MICE, 2005; PRUDENCE,
2010; PESETA, 2007a,b; Ciscar, 2009; Ciscar et al., 2011; STARDEX, 2005) each using
global or regional model for climate projections over South East Europe (SEE), were analysed
and an averages of projected values for temperature and precipitation changes for the end of
21st were constructed. Surface temperature (in the human zone, measured two meters above
ground as standardised by the World Meteorological Organisation) and precipitation
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(rainfall, snow) are the two main and the most obvious aspects of climate. Both factors are
utmost important for human wellbeing on this planet. The main attempt of the research was to
differentiate projected values of temperature and precipitation for each of the observed
regions (Central Croatia, Pannonia, Mountainous Area, North Adriatic Coastal Area, South
Adriatic Coastal Area) and each climatic season (spring, summer, autumn, winter).
Assumingly-knowing climate model’s various limitations, as discussed previously (Chapter
2.2), this study argues that one model and one emissions scenario alone, are not adequate (less
likely) to give a close-to-real picture of what the Croatian climate (or any other for that
matter) would be like. Arguably, using findings of several different studies/models that were
run with the same scenario (multi-model approach) should outcome with more plausible
projections of climate trends within observed model boundaries. Results of such approach
(scale of projected change in temperature and precipitation) are sufficient for the second part
of this study – assessing what will be climate change impacts and vulnerabilities and
consequently, how to adapt to those changes in coastal area and tourism sector.
Almost all assessed studies/models were using IPCC SRES scenarios, while only the
European Union’s ADAM project was using its own scenarios (TCCCR, n.d.). For that
purpose results of ADAM project were not directly used in final analysis even though
resulting temperatures and precipitation values were comparable with those studies that used
IPCC scenarios.
The chosen scenario and associated storyline was A2 since it was the most utilised scenario in
all studies consulted. Arguably this scenario is probable the most used by climate modellers.
The resulting averages of temperatures and precipitations constructed for each region are in
the main function of showing the likely trends and not the absolute values and shall be
understood as such. For this reason all results will be rounded to a full number since
projections cannot be taken with such certainty for results with decimal values to be used.
The studies analysed include (alphabetically and with a note on type of use):
- ADAM project results (TCCCR, n.d.): consulted
- Climate Change Projection for SE Europe (Bruci, 2007; Bruci, 2008): consulted and data
extraction
- IPCC Third Assessment Report (TAR) (IPCC-TAR, n.d.): consulted
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- IPCC Fourth Assessment Report (4AR) (IPCC 2007a,b,c,d; IPCC, n.d.): consulted and
data extraction
- ENSEMBLES project, (van der Linden & Mitchell, 2009): consulted
- MICE project, (MICE, 2005): consulted
- PRUDENCE project (PRUDENCE, 2010): consulted and data extraction
- PESETA project and associated papers (PESETA, 2007a,b; Ciscar, 2009; Ciscar et al.,
2011): consulted and data extraction
- STARDEX project (STARDEX, 2005): consulted
Each study will be shortly introduced in order to present a scope of the study, models used
and results obtained by the research:
 Results of the IPCC Fourth Assessment Report (IPCC 4AR) (IPCC, n.d.; IPCC
2007a,b,c,d) are essentially already a matrix of several studies and projects using AOGCMs
and RCMs, and are probably the very best representation of what might happen to the climate
from now until the end of century. It was not possible to isolate climate changes specifically
for Croatia, but in terms of temperature above Southern Europe and Mediterranean region
(SEM) at the end of 21st century, IPCC 4AR has given several values according to different
emission scenarios used (see Box 1). Such, A1 scenario has given mean annual temperature
increase for Croatia from 2.2°C to 5.1°C (region dependent), A2 scenario has given, 3.2°C to
6.1°C, and B1 scenario has given 1.9°C to 3.8°C increase. In terms of seasonal changes and
based on both GCM and RCM simulations, warming would be largest in summer and less
prominent in winter (the magnitude of change will be lesser). Still winter snow would be
drastically reduced and in summer heat waves are very likely to increase in frequency,
intensity and duration. The IPCC 4AR suggest decrease of summer precipitation in southeastern Europe for 2070s mainly associated to thermodynamic factors (reduced relative
humidity due to larger continental warming compared to surrounding sea area, and also
reduced soil moisture mainly due to spring warming causing earlier snowmelt). The reliability
of the simulated drying patterns was assessed as being high. Gradation of possibility of events
in IPCC 4AR has been explained in IPCC (2007a). However, changes in precipitation would
also be varying considerably in areas of complex topography. Local microclimatic conditions
may differ from the regional trend. The results based on A2 scenario for two RCMs but with
data from GCM shows, that with using boundary data from Hadley Centre, precipitation may
differ from decrease of -10% (most of Croatia) to increase of 10% (especially western
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Croatia: Istria, Primorje and Gorski Kotar). Incidents of increased precipitation may occur in
form of extreme short-term events due to increased water vapour capacity of warmer
atmosphere. Using GCM boundary data with coupled AOGCM model (ECHAM4/OPYC 3)
developed together from Max-Planck-Institute for Meteorology (MPI) and Deutsches
Klimarechenzentrum (DKRZ) precipitation results are much different for the same A2
scenario (Modelle & Daten, 2003). Mean annual precipitations would decrease -20% to -40%.
In addition, several model studies have indicated that the risk of drought is likely to increase
as well as number of precipitation days. One of the most affected regions could be the eastern
Adriatic coast. Snow depth until the end of century is likely to decrease from 50% (higher
mountains) to 100% (lower plains). However, these numbers do not indicate regional or
seasonal variabilities. Croatia is a small country in comparison, but with significant
orographic and climatic differentiation, and therefore higher resolution regional models are
necessary to estimate changes in climate through different regions.
 A recent study made by the Albanian Hydrometeorological Institute and Albanian
Institute for Energy, Water and Environment, University of Polytechnics from Tirana,
Climate Change Projection for SE Europe (Bruci, 2007; Bruci, 2008), has presented very
interesting set of low (use of GCM) and high resolution (use of RCM) climate change results
for 2070s. It specifically covers south-eastern European countries Croatia, Bosnia and
Herzegovina (B&H), Serbia, Montenegro, Albania and the Republic of Macedonia. Low- and
high-resolution projections of future climate were analysed in order to understand the level of
detail and variation among them. According to Bruci (2007, 2008), the MAGICC/SCENGEN
model (UCAR, 2007) has following characteristics: “the low-resolution projections (5x5
degrees) of future global-mean temperature are produced by using MAGICC/SCENGEN v.
4.1. MAGICC/SCENGEN is a coupled gas-cycle/climate model (MAGICC) that drives a
spatial climate-change scenario generator (SCENGEN). High-resolution regional data (with
horizontal resolutions of 50 km) for actual climate and climate change projections were
provided by the Hadley Centre. The Hadley Centre’s version of the RCM used (HadRM3P) is
based on HadAM3H, an improved version of the atmospheric component of the Hadley
Centre coupled AOGCM, HadCM3 (run under SRES A2 emission scenario). The Hadley
Centre’s RCM uses the same formulation of the climate system as in the Hadley Centre’s
GCM which helped to ensure that the RCM provides high-resolution regional climate change
projections generally consistent with the continental scale climate change projected by the
GCM.
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o GCM-low resolution results (A1, A2, B1, B2 scenarios): According to Bruci
(2007, 2008), low resolution GCM (MAGICC HAD300) results indicate mean annual
temperatures projections for Croatia with A1 scenario family are to increase from 3.5°C to
5°C; for A2 scenario family from 2°C to 5°C; for B1 scenario family from 3°C to 4.5°C and
for B2 scenario family from 3°C to 4.5°C. Seasonally, low resolution seasonal GCM
temperature data entered for A2 scenario family showed that winter temperature may increase
from 3°C to 5°C, spring temperature from 2.5°C to 4.5°C, summer temperature from 4.5°C to
5°C and autumn temperature from 3.5°C to 5°C. Mean annual precipitation projections of low
resolution GCM suggests decrease of precipitation with all emission scenarios: with A1
decrease of -6% to -12%; and with A2, B1 and B2 decrease of -3% to -12%. Seasonal
precipitation projections of low resolution GCM suggest precipitation ranges for winter from 12% decrease to 6% increase (as more eastward and southward the less precipitation
occurring) in winter to -12% decrease and 15% (!) increase in spring. Summer and autumn
would experience decrease from -12% to -9%.
o Mean annual temperature under high resolution RCM (HadRM3P, A2
scenario) would increase from 3 to 6°C. Higher increase would be noticeable above N-NW
Croatia (from Istria over central Croatia until Međimurje) with 5°C to 6°C increase, lesser
mean annual increase would be noticeable in Eastern (Slavonia) and southern continental
Croatia (Lika, partly Dalmatinska zagora) with 4.5°C to 5°C increase and least of mean
annual temperature increase would be noticeable in the coastal zone and islands with 3°C to
4.5°C increase. In terms of seasonal temperature projections of high resolution RCM, model
has shown warmer winters with temperature increase from 4.5°C to 5°C on the continent and
2°C to maximum 4.5°C along the coast and with winter precipitation drop from 4 to 16%
from W to E of the country. Spring has temperature increase of 4.3°C and precipitation
decrease of -12% on the North of Croatia and -25 to -10% along the coast (moving from SE to
NW). Summer experiences most of extremes with temperature increase of 7.3°C, and
precipitation decrease from -60% on the North and NW Croatia, -67 to -62% along the coast
(moving SE to NW). Autumn would have receive temperature increase from 4.8 to 5.2°C in
Northern Croatia, while precipitation would experience very slight increase in NW Croatia,
otherwise decrease (-10 to -4.5% from North to the South; and -17% along the coast).
o Mean annual precipitation projections of high resolution RCM (HadRM3P)
suggests decrease of from -20% to -16% in N Croatia, -15% in Istra and Kvarner, and -16% to
-13% at the rest of the coastal area. Seasonally, total precipitation rate for Croatia may
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increase only in winter varying from 4% (in the most of the coastal Croatia) to 16% (NW
Croatia: Istria, Primorje and Gorski Kotar) increase. For spring from -12% decrease at N
Croatia and up to -25% decrease along the coast (more decrease occurs southward). For
summer, projected precipitation decrease is down to -60% at the continent and all the way to 67% decrease at the coast (again more decrease southward). At autumn precipitation is
projected to very slightly increase in NW Croatia, otherwise it would decrease in other parts
from -10 to -4.5 at the continent and to -17% along the coast (also more decrease southward).
o In addition, the likely impact of the future changes is evaluated qualitatively
taking into account modelled results and their mutual interactions. On mean annual level it
was concluded that reduction of total soil moisture content (TSMC) may be around 5-10% in
the Northern Croatia and 8-11% along the coast. Decreased precipitation would effect in
runoff decrease, as well as in increased demand for water in summer. Probable hydropower
energy production problems and forest fires, both also connected to precipitation decrease.
Wind speed increase up to 6%, and that is one of the factors that would also contribute to the
evaporation change: 74% on the North of Croatia; and 90% along the coast, and consequently,
air humidity would increase up to 10%.
o In winter earlier snow melts are expected. Snow and ice decrease in mountain
areas resulting in change of runoff timing and that may have consequences for the winter
tourism. On the positive side there would be reduction of damaging frosts and expansion of
winter crops. Precipitation may slightly increase but in form of rain rather than snow and this
would result in seasonal increase of soil moisture and runoff, but that is connected with
increased soil erosion risks. Total soil moisture content (TSMC) is expected to have a low
increase over Croatia – from 3 to 6% in Northern Croatia and around 7% along the coast. Air
humidity could experience more distinct increase than other seasons.
o In spring increased snow melt (if any present) would lead to increased flooding.
Faster warming would accelerate soil temperature increase in shorter time. That may help in
enlargement of suitable areas for summer crops and also the lengthening of summer crops
growth season. Slight seasonal air humidity increase is expected as well.
o Summer would be characterised by increase of the incidents of forest fires,
possible water shortages, health problems due to humidity decrease (slightly increase over
coast is possible, otherwise decrease), and increased frequency of heat waves. Prolonged
summer droughts over most Croatia are projected and TSMC decrease may reach around
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35%; from 10% (N) to 40% (S). Further, wind speed increase is expected from 8 to 10% in N
Croatia and the rest ca. 4 to 8%. High probability of increased frequency of heat waves is also
expected.
o Autumn would be characterised as well with up to 4% wind speed increase.
Slight increase of air humidity is possible.
 Project PRUDENCE (Prediction of Regional scenarios and Uncertainties for Defining
EuropeaN Climate change risks and Effects) (PRUDENCE, 2010) is part of a co-operative
cluster of projects exploring future changes in extreme events in response to global warming.
The other members of the cluster are MICE (Modelling the Impact of Climate Extremes)
(MICE, 2005) and STARDEX (Statistical and Regional Dynamic downscaling of Extremes
for European regions) (STARDEX, 2005). PRUDENCE ended in 2004. The next EUfinanced major effort in regional climate modelling was the ENSEMBLES project, financed
under Framework Programme 6. While other cluster projects were consulted nonetheless only
the outcomes of the PRUDENCE were combined in this work with other studies since
considerable amount of data analysed by ENSEMBLES project are outcomes of PRUDENCE
project (ENSEMBLES used PRUDENCE’s modelling results for further study of likely
effects of climate change across Europe), while other cluster projects had different focus.
PRUDENCE project itself has compiled results of 11 regional models (for 2071 – 2100 for
Europe) independently of emission scenarios. According to PRUDENCE a mean annual
temperature in Croatia might rise for 1.4°C, while precipitation might decrease 1.8% by the
end of 21st century. Seasonally, projections look like: winter temperature might increase
1.3°C, nonetheless precipitation might also increase 7.7%; spring temperature might increase
1.1°C, but precipitation might decrease 2.1%; summer temperature might increase 1.8°C,
while precipitation might decrease respectable 11.5%. Finally, autumn temperature might
increase 1.4°C, and precipitation might decrease 2.1%.
 The three-year research project MICE (Modelling the Impacts of Climate Extremes)
(MICE, 2005) is part of a cluster of three projects funded under the EU Framework 5
Programme, all related to European climate change and its impacts. The project MICE looked
at the future impacts of climate change on human activities in Europe by 2070-2100
compared to 1961-1990. In particular, it concentrated on the impacts of changing intensities
and occurrences of extreme events (heat waves, drought and flood, snow, climates of
mountain regions, and storms). MICE did not focus on Croatia but it has results for Southern
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Europe and Mediterranean region where coastal Croatian climate belongs. The analysis of
temperature extremes suggests that Southern Europe and Mediterranean would experience
considerable future warming under both the A2 and B2 scenarios, with the greatest warming
occurring with A2 emissions. The number of freezing days in winter (warmest daytime
temperatures below 0°C) is likely to decrease across Europe. The number of frost days in
winter (lowest night time temperature below 0°C) may decrease across Europe (leading to
snow reductions). The number of tropical summer nights (minimum night time temperatures
above 20°C) would increase in regions such as the Mediterranean by up to 60 days per year
by 2070-2099 in comparison to 1961-1990 period. In short, heat waves would become hotter
and last longer and the cold winter season could be much shorter.
 A STARDEX project (STARDEX, 2005) is focused on the two most common climate
variables: temperature and rainfall by means of the statistical downscaling of extreme events.
In order to properly project frequencies of the future extreme events STARDEX analysed
downscaling methods by comparing trends over the last 40 years. To summarise, general shift
to warmer conditions with more hot and fewer cold extremes (e.g., fewer frost days) and
longer heat-wave duration was noticed, and that was valid for the whole Europe. STARDEX
has developed improved statistical downscaling methods which, together with output from
regional climate models (dynamical downscaling), have been used to construct scenarios of
extremes for 2070-2100 for the A2 and B2 emissions scenarios for the case-study regions and
Europe as a whole. In general, temperature means and extremes are projected to increase.
 The objective of the PESETA project (Projection of Economic impacts of climate
change in Sectors of the European Union based on boTtom-up Analysis) (PESETA, 2007a,b;
Ciscar, 2009; Ciscar et al., 2011) is to make a multi-sectoral assessment of the impacts of
climate change in Europe (EU25, Romania, Bulgaria and Turkey, and some calculations were
done for Croatia as well) for the 2011-2040 and 2071-2100 time horizons, including monetary
estimates, based on bottom-up physical methodologies. PESETA project focused on the
following sectoral impacts: coastal systems, energy demand, human health, agriculture,
tourism, and floods. The project benefited largely from past European Commission,
Directorate-General for Research (EU DG Research) projects that have developed impact
modelling capabilities, e.g. the DIVA model (DINAS COAST, 2003) and high-resolution
climate scenarios for Europe (the PRUDENCE project (PRUDENCE, 2010)). The DIVA
model is an integrated, global model of coastal systems that assesses biophysical and socioeconomic consequences of sea-level rise and socio-economic development taking into
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account coastal erosion (both direct and indirect), coastal flooding (including rivers), wetland
change and salinity intrusion into deltas and estuaries as well as adaptation in terms of rising
dikes and nourishing beaches. The first version of the DIVA model was developed as part of
the DIVA Tool in the EC-funded project DINAS-COAST (Dynamic and Interactive
Vulnerability Assessment of National, Regional and Global Coastal Zones to Climate Change
and Sea-Level Rise. PESETA estimates were based on some of the PRUDENCE outcomes
and it projected that mean annual temperature would increase for 2.5 until 4°C, while
precipitation would vary from 20% decrease to 10% increase (season and region dependent).
Other results of this project will be further discussed in the section on CC IVA in Tourism,
since tourism was one of the main research targets of the PESETA project.
Summary of data from above studies (TCCCR, n.d.; Bruci, 2007; Bruci, 2008; IPCC-TAR,
(n.d.); IPCC, n.d.; IPCC 2007 a,b,c,d; van der Linden & Mitchell, 2009; MICE, 2005;
PRUDENCE, 2010; PESETA, 2007 a,b; Ciscar, 2009; Ciscar et al., 2011; STARDEX, 2005)
which were directly used for the construction of Ts and P projections, are given in the table of
ANNEX 1 (Temperature-Table A and Precipitation-Table B).
One of the new studies of Branković et al. (2013 in press) that has been in press in the time
when this study was near completion, has studied the surface temperature and precipitation
from five regional climate models (RCMs), which participated in the ENSEMBLES project
and data were compared with observed climatological data from 13 stations located in the
Croatian coastal zone. The conclusion of the study regarding Ts and P was that “future eastern
Adriatic climate is characterised by a warming, up to 5°C towards the end of the twenty-first
century”; while “reduction in precipitation during summer prevails in the second half” of the
century. In addition they speculated that orography of the land has lesser influence on smallscale data variability than land surface processes and soil hydrology, especially at those
stations that are placed on larger fraction of land. This should not be valid for stations located
at the Adriatic islands.
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3 CROATIAN COAST AND SEA LEVEL RISE
One of the effects of climate change, which is often referred to, is that of sea level rise (SLR).
This chapter analyses the possible implications of SLR to the Croatian coast as well as
impacts and vulnerability issues resulting from it.
Third Assessment Report (TAR) of IPCC (IPCC-TAR, n.d.) has estimated global sea level
rise between 9 cm to 88 cm by 2100 (depending upon emission scenario). Fourth Assessment
Report of IPCC (4AR) report (IPCC, 2007a) has estimated sea level rise from 18 to 59 cm for
the same period. Facing an accelerated melting of ice caps and polar ice caps (Box 2)
scientists who have been working on 4AR hesitated to agree upon extent of SLR due to high
degree of uncertainties related to it (basically if Greenland and East Antarctica ice would
melt). What has been agreed upon is that estimated SLR of 18-59 cm will occur with high
degree of certainty simply due to thermal expansion of water molecules after warming of the
ocean surfaces and melting the rest of the glaciers. 4AR did not account melting of ice sheets
– in which case sea level could rise up several meters of today’s levels. This estimates means
that the sea level would raise at rates approximately at least 2 to 4 times faster than today.
Some studies (such as Overpeck et al., 2006; Harris & Stonehouse, 1991) have estimated that
the Earth will be warm enough in less than 150 years (assuming no reduction in greenhouse
gas emissions – business as usual scenario (B.A.S.)) to completely melt the Greenland Ice
Cap. This change could lead to four to six meters of sea level rise at rate of two to five
centimetres per year. So far, it appears that Antarctica is not contributing substantially to
SLR, since the rate of snow fall and formation of new ice is still greater than the rate of ice
melting. This is due probably to increased precipitation over that region which is, ironically,
caused by the increased evaporation due to global atmospheric warming (e.g. Picard et al.,
2012). In regions of coastal relative high tectonic and seismic activity, which is the case with
the Croatian coast (Kastelic & Carafa, 2012; Kastelic et al., 2012 in press; Prelogović et al.,
2003; Herak et al. 1996; GFZ, n.d.), climate change driven sea level rise could be even more
complex to prognosticate. In examining the amount and type of area that may be covered by
SLR in Croatia, it appears that there may be profound impact anyway.
3.1 THE IMPORTANCE OF THE COAST TO CROATIA
The Croatian territorial sea occupies an area of 31,067 km2, which is roughly one third of the
total Croatian territory (87,661 km2). The length of a coastline is 5835.3 km and there are
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1246 islands and islets, out of which only 47 are inhabited (DZS, 2011b; Roglić, 2006). The
Adriatic and its coasts are very important to Croatia and its citizens. The Adriatic is directly
responsible for the well-being of Croatians – not only those living on the coast, but also to
those living inland. Most tourism occurs on the Adriatic coast (and tourism represents roughly
15-25% of Croatian GDP – see Chapter 4.1.2). Additionally, fishing, maritime transport, offshore gas production, shipbuilding, mariculture, agriculture, Salinas, etc. are all important
economic activities that occur either on the coast or near to it. All of these are considered to
be economic sectors of high relevance to the Croatian economy in general, and responsible
for well-being of hundreds of thousands of households (Bilan & Bučar Perić, 2002).
However, successful economic development is only one part of sustainable human
development. Sustainable development includes the protection of natural resources,
biodiversity and aesthetic landscapes, as well as the inclusion of the public and stakeholders
in the process of planning and development (Bačun et al., 2012).
Recent documents on this subject (e.g. PAP/RAC, 2008) suggest that, despite the importance
of natural ecosystems along the coast to Croatia’s economy, actual protection measures are
not as strong as it would be necessary to protect these fragile ecosystems from the adverse
impacts of economic development. PAP/RAC (2008) reports that the major issues in the
terrestrial zones of the Croatian Adriatic coastal area include:
 Urbanisation of the coastal belt;
 Tourism development which is major pressure factor on existing infrastructure, but more
significantly:
 Deterioration of landscapes and natural qualities of coastal regions;
 The abandonment of agriculture and farming grounds in favour of housing and urbanisation;
 Conflict between nature and landscape protection vs. further economic development.
Box 2 Glacier; Ice cap; Ice sheet

Glacier is a moving body of ice that forms on land from the accumulation and compaction of
snow, and it flows downslope or outward due to gravity and the pressure of its own weight. An ice
cap is a dome-shaped mass of glacier ice that spreads out in all directions; usually larger than an
ice field but less than 50 000 km2.
An ice sheet is a dome-shaped mass of glacier ice that covers surrounding terrain and is greater
than 50 000 km2, such as the Greenland and Antarctic ice sheets. A polar ice cap, also called
polar ice sheet, is a high-latitude region of land or water covered in ice.
(Source: Geology Dictionary, 2006)
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Since quite entire Croatian coast lies on carbonate rocks and karst habitats (Pikelj & Juračić,
2012) – which are relatively rare (in global terms) and extremely vulnerable to physical
changes – the management of those ecosystems (which are also connected to fresh water
reservoirs) is a top priority for nature protection. PAP/RAC (2008) also suggests that one of
the major issues in the aquatic zones of the Croatian Adriatic would include:
 Maritime traffic (private and commercial) which is becoming more and more dense –
especially in the north of Adriatic (due to the port of Rijeka but also foreign ports of
Trieste, Venice and Koper, Figure 31). Even more traffic is expected after the opening of
the LNG terminal in Omišalj (on the island of Krk).
 Another great hazard to seawater quality is the lack or insufficient wastewater treatment
from the industrial facilities and settlements along the Adriatic coast. This problem
should be mainly solved after implementation of the “Coastal Cities Water Pollution
Control” project which is under implementation in many coastal cities and islands
(Hrvatske vode, 2012). Besides domestically produced pollution, a large contribution
comes from the Italian Po River. Seawater pollution has adverse effects on water based
tourism and marine
ecosystems.
 Poor
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is
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Adriatic

–

reduction of fishing
grounds
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overfishing
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ecosystems)

to
and

marine
is

reducing capabilities
of many families for
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subsequently its share Figure 31 Intense maritime traffic in Adriatic at any time of a day. At
in country’s economy 23:00h, 12. 11. 2012, when real-time traffic is recorded, Adriatic Sea was
is constantly dropping

cruised by 21 oil tanker (red dots), over 60 cargo ships (green) and almost
30 passenger ships (blue) and numerous other smaller vessels. Main cargo
and tanker destinations are ports of Venice, Trieste, Koper and Rijeka.
Source: Marine traffic project, (n.d.).
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while indicators of biomass are indicating decline as well (Juren & Kalinski, 2005).
However, Adriatic is extremely important development generator of Croatian society, not
only because of the economic opportunities it provides, but also because of the diversity of its
natural ecosystems that Croatia is well-known for (DZZP, 2009; AZO, 2005). These
ecosystems, in turn, provide services that help support the local economies. Still, economic
development is currently placing a great deal of pressure on the viability of these natural
ecosystems and due to economic hardship and projected sea level rise, stresses will further
rise.
3.2 POTENTIAL IMPACTS OF FUTURE CLIMATE CHANGE ON THE CROATIAN
COASTAL ZONE
Talking about a “sea level” in climate change context, we are basically referring to a “relative
mean sea level” which is simply the average height of the sea between high and low tide
relative to the permanent point (bedrock, coastline). Sea level rise is then a change (rise) of
average height of the ocean observed through the long period of time. It is one of the physical
parameters that has been monitored worldwide (including Croatia) – from various institutions
and for various reasons.
3.2.1 Sea level through the past
Recently, monitoring (and re-assessing historical sea level data) has become more important
due to changes of sea level triggered by the climate change. According to the IPCC (Bindoff
et al., 2007), global seas continued to rise at an average rate of 1.7 ± 0.5 mm per year since
the beginning of the 20th century. This increase, however, has not happened at a constant rate.
The first noted accelerated increase in 20th century was over the period of 1961 to 2003, when
the average rate of sea level rise was 1.8 ± 0.5 mm per year (Church et al., 2007; Church and
White, 2006; Bindoff et al., 2007). Global mean sea level measurements have started even at
larger scale since 1993 due to use of satellite altimetry. According to the IPCC, the rate of
SLR estimated from observations with satellite altimetry was 3.1 mm/y for the period 1993
to 2003.
The global mean sea level has changed significantly throughout Earth's history. During the
last glacial maximum (LGM) about 20.000 years ago (geological period of Würm) when the
average global temperature was 4° to 7°C colder, sea level was 120 m lower than it is
currently (Waelbroeck et al., 2002; Schneider von Deimling, et al., 2006; Rahmstorf, 2007).
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In contrast, during the Pliocene, three million years ago, the climate was 2° to 3°C
warmer and the seas were 25–35 m higher than today (Dowsett et al., 1994; Rahmstorf,
2007).
In addition to experiencing variability of sea level rise over time, sea level is not the same
everywhere on the globe. Changes in sea level are also not uniform everywhere. Despite the
worldwide trend of rising sea levels, in some places the sea level is currently even falling –
probably due to tectonic activity or glacial isostatic rebound (Zervas, 2009). This may be the
case with parts of the Adriatic as well – assumingly due to local up-lifting caused by tectonic
processes (Kastelic & Carafa, 2012; Kastelic et al., 2012 in press; Prelogović et al., 2003,
Tomljenović et al., 2010 a, b). Nevertheless, at the current rate of rise, ca. 3 mm/year (ESA,
2012) and in case of further acceleration, the rate of global SLR would precede the rate of
local uplifting and Adriatic Sea level would not be able to “resist” much longer.
Sea level rise and its effects on Croatian coastal areas are potentially among the most costly
impacts of climate change, along with effects of warmer, drier climate on tourism and
increased frequency and severity of extreme weather events (e.g. storms, floods, heat waves
droughts and wild fires resulting from droughts).
Figure 32 shows change of global sea level from the past, through present and projections into
the future (Bindoff et al., 2007). The basis is the period in which sea levels were empirically
observed (1880 to 1999). From that point palaeoclimatologists have estimated levels from the
past and climate models have projected levels for the future. Shaded areas (grey and blue)
represent the range of the possible error. Shaded red is the spread of observed values, while
red line is the reconstruction of mean sea level from various tide gauges.
As mentioned earlier, there are two basic causes why sea level rises:
 The total volume of seawater is increasing because of the thermal expansion of seawater due
to surface warming (e.g. Cazenave & Nerem, 2004; Church et al., 2001; Levitus et al.,
2000). According to IPCC (2007a,d), in the period 1993 – 2003 thermal expansion of the
oceans has contributed about 57% of the sum of the estimated individual contributions to
the sea level rise,
 Warming of the Earth’s atmosphere is causing accelerated melting of Earth’s ice caps and
alpine glaciers contributing to increase of total volume of seawater with about 28%, while
melting from the polar ice sheets (Greenland and Antarctica) contributes to the rest.
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This positions thermal expansion of water as the most important factor of sea level rise. Since
IPCC (2007a,d) assumes global temperature rise to continue, the only question remaining is
how much it will rise until the end of the century?
Both factors (ice melting and thermal expansion of seawater) are leading to global mean sea
level rise which will consequently affect Adriatic Sea as well. The measures of global sea
levels from the last decade (Figure 33) show steady rise, but from the observation for such
short time period it is difficult to say if that is a part of overall trend or just decadal variation
of sea level.

Figure 32 Time series of global mean sea level (deviation from the 1980-1999 mean) in the past and as
projected for the future. The shaded areas shows the uncertainty in the estimated long-term rate of sea
level change (grey) and the range of model projections for the SRES A1B scenario for the 21st century
relative to the 1980 to 1999 mean (blue). Future projections have been calculated independently from the
observations. The red shading denotes the range of variations from a smooth curve (red line) which is a
reconstruction of global mean sea level from tide gauges. The green line shows global mean sea level
observed from satellite altimetry. Beyond 2100, the projections are increasingly dependent on the
emissions scenario. Over many centuries or millennia, sea level could rise by several metres.
Source: Bindoff et al., 2007.

Croatian coast is tectonically and seismically active zone characterised by the local uplifting,
subsidence and horizontal movements (Kastelic & Carafa, 2012; Prelogović et al., 2003;
Tomljenović et al., 2010 a, b; Herak et al. 1996; GFZ, n.d..) and therefore monitoring of mean
sea level should observe those factors when estimating sea level changes. The analysis of the
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tide gauge stations at four points in Croatian Adriatic (Rovinj, Bakar, Split and Dubrovnik)
over several decades (from 1956 to 1991) showed very different trends. For example, at
Rovinj and Split sea level is falling relative to the land by rate of -0.50 mm/y and -0.82mm/y
respectively, while in Bakar and Dubrovnik sea level is rising relative to the land by rate of
+0.53mm/y and +0.96mm/y respectively (Barić et al., 2008).

Figure 33 Variations in global mean sea level over last decade (difference to the mean 1993 to mid-2001)
computed from satellite altimetry from January 1993 to October 2005, averaged over 65°S to 65°N. Dots
are 10-day estimates (from the TOPEX/Poseidon satellite in red and from the Jason satellite in green).
The blue solid curve corresponds to 60-day smoothing.
Source: Bindoff et al., 2007.

Fatorić (2009) also refer to SLR of 2.2 mm/y measured on station Trieste in the period 19942005. In the period 1890-2000 observed rise was 139 mm, and in the period 1890-2005 total
observed rise was 146 mm measured at station in Koper (Slovenia). Čupić et al. (2011) have
observed statistically significant trend of SLR on gauge stations in Split in Dubrovnik, while
in Rovinj SLR was also observed but within long term statistical movements. Rising of the
middle and south Adriatic coast relatively to the north Adriatic coast at a 1 mm/y speed, with
the Bakar area being characterized by anomalous crustal motions (Orlić & Pasarić, 2000), will
significantly mask subtle SLR.
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The inconsistencies in observations (ranging from -0.82 mm/y to 2.2 mm/y) may be caused by
several factors (e.g. including faulty gauges whose major update did not happen until 2000
(Vilibić et al., 2005)) but still it seems that overall global trend of SLR is in Adriatic heavily
masked by the up-lift tectonic activities of the area. Similar was noted by Surić and Korbar
(2012) as well. They observed that (cited) “present-day tidal notches near Lokrum Islet
(Dubrovnik, South Dalmatia) might have been formed by local tectonic uplift which
suppressed the glacio-hydro-isostatic subsidence in order to be equal to the eustatic sea level
rise”. Their conclusion is in concordance with conclusions of Orlić & Pasarić (2000) who
presented that SLR trend is ca. +1 mm/y in the Northern Adriatic to be zero at the Southern
Adriatic. Obviously tectonics of eastern Adriatic have significant role in sea level variations
of the Croatian littoral.
3.2.2 Coastline retreat
Coastline retreat can be caused by elements other than SLR, but in combination with SLR it
can reach even more dangerous and economically devastating proportions. Such elements that
will be further discussed include, among others:
-

Seismotectonic activities, as already mentioned in the section above,

-

Storm surges, Alta Aqua, storm tides, meteorological tsunamis.

-

Seasonal wave variations.

Seismotectonic activity
Adriatic zone and especially East Adriatic coast is prone to relatively high tectonic (Kastelic
& Carafa, 2012; Prelogović et al., 2003; Tomljenović et al., 2010 a, b) and seismic activity as
mentioned in the section above, and as supported by the ‘Seismic map of Croatia’ with
significant seismic activities in Croatia and surrounding territories from BC to 2008 (Herak et
al., 1996; GFZ, n.d.). Figure 34 presents epicentres of ca. 30.000 earthquakes. Presented area
is in average annually receiving an earthquake of magnitude (M) 6 of Richter scale and ca. 65
earthquakes can be felt annually. Zones of high seismic activities are basically zones of faults
and thus indirectly they mark areas of high tectonic activities (such as revers faulting,
subduction zones). This is all in concordance with observed oscillations in sea level rise (or
fall) which is in the area of east Adriatic highly under influence of regional tectonics as seen
on Figure 35. Overlap of seismic (Figure 34) and tectonic map (Figure 35) quite precisely
correlates higher earthquake activity zones (dense red dots area on Figure 34) and zones of
reverse fault lines along which intensified tectonic movements are recorded (Kastelic &
Carafa, 2012; Prelogović et al., 2003; Tomljenović et al., 2010 a, b). Kastelić et al. (2012) has
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Figure 34 Seismic map of Croatia with epicentres of ca. 30.000 earthquakes observed from BC to 2008.
Earthquake of magnitude 6 (Richter scale) can be felt in average at least once annually, while in average
65 earthquakes can be felt annually. Source: GFZ, (n.d.).

presented joint seismotectonic map of Adriatic domain with active deformation areas (Figure
36).

Newly obtained and combined structural and seismic data characterize active tectonics in the
Adriatic offshore (Adriatic foreland on Figure 35) and the External Dinarides (Dinarides on
Figure 35) as seismically the most active parts of Croatia (Tomljenović et al. 2010b). The
reason of existing seismicity and tectonic activity of the area is subduction of Adriatic
microplate towards north and its subduction under Dinarides mountain chain (Devoti et al.,
2008; Prelogović et al., 2004). Adriatic microplate motion has been interpreted as the
combination of two blocks (i.e., north Adriatic and south Adriatic) with independent
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kinematics (Battaglia et al., 2004) or as
the relative motions of two blocks
attached to the major plates (Oldow et
al., 2002).
Storm surges, Alta Aqua, storm
tides, meteorological tsunamis.
The Adriatic Sea lies in a long semienclosed basin. The northern part is
occupied by a flat shelf with a mean
depth of 50 m. South-East “Sirocco”
wind and North-East “Bora” wind are
35 Simplified tectonic map of Adriatic area.
wind Figure
Source: Surić & Korbar, (2012).
direction in the Northern Adriatic and also characterizing storminess in the Northern Adriatic

two

main

contributions

to

(Lionello et al., 2012; Orlić et al., 1994).
The meteorological conditions that contribute to higher than expected sea levels at the coast
of the northern Adriatic are usually characterised by the passage of low pressure systems or
cyclones. These are often associated with strong sirocco winds, as the cyclone approaches
from the west, and with cold katabatic winds, bora, blowing from the northeast, as the cyclone
travels eastwards (Wakelin & Proctor, 2002). Cyclones, which frequently pass along the
Adriatic from autumn to spring, force variations of the sea surface (traditionally called storm
surges) and these are often accompanied by free basin-wide oscillations (seiches) (Pasarić &
Orlić, 2001). Flooding of the North Adriatic coast was examined by Pasarić & Orlić (2001)
through 14 years of hourly sea-level data, recorded at Bakar gauge station. Synoptic
meteorological forcing, associated with the travelling cyclones, is the major contributor to
flooding. The relative phases of the storm surge, the pre-existing fundamental Adriatic seiche
and the astronomical tide are also significant factors. However, combination of the lowerfrequency disturbances of air pressure and wind, associated with planetary atmospheric
waves, account for one third of total sea-level variability. They can give rise to sea-level
changes in the range of 70 cm, thus posing strong, days lasting preconditions for flooding.
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According to Cerovečki et al. (1997) frequent occurrence of energetic seiches of period about
21h is noticeable feature of the Adriatic Sea. Once excited by a sudden wind event, such
seiches often persist for days. They lose energy either to friction within the Adriatic, or by
radiation through Otranto Strait into the Mediterranean. Storm surges are an abnormal rises
of water caused by the forcing of long-lasting and strong winds or pronounced air pressure
disturbances (e.g. cyclone activity in case of the Adriatic Sea or during hurricane activity,
Figure 37, in case of tropical cyclones), over and above the predicted astronomical tides
(Vilibić et al., 2005). Acqua alta in Adriatic is occasional occurrence of extremely high sea
levels which cause flooding of the North Adriatic coast and causes great damage to towns in
the area with Venice being the most vulnerable. Acqua alta is primarily caused by strong
southerly sirocco wind blowing over the shallow sea (Pasarić & Orlić, 2001). Storm tide is
combination of storm surge and astronomical tide and thus resulting in exceptionally high
levels of water – higher then several meters from normal level. Such case was recorded on 21
June 1979 when 6 m high tsunami-like waves hit Vela Luka (Island of Korčula, Croatia) in
the Adriatic Sea on (Vučetić et al., 2009) and which caused 7 million US dollar damage at
that time (equalling a quarter of the annual income of the whole Korčula Island municipality)
(Šepić and Vilibić, 2011). Vela Luka storm tide and those alike, are in the literature often
known as “meteorological or meteo-tsunamis” (Šepić et al., 2012) thus giving in its name
resemblance in appearance to real tsunamis but actually with completely different origin
(tsunamis are big and often destructive
waves caused by the earthquakes or
landslides).
In origin of meteorological tsunamis,
storm surges and storm tides, great
importance is given to pronounced
resonant properties and shape of a
specific bay or harbour. The needed
coincidence of several resonant factors
(resonant

properties

of

a

specific

location and resonant interaction of
atmospheric

disturbance

with

Figure 36 Seismotectonic sketch of the active deformation

open in the Adriatic domain. 1: External Dinarides, SW
ocean waves) and shape of the location, verging active thrusting; 2: Apennines, NE verging active
thrusting; 3: Southern Alps, S verging active thrusting; 4:

significantly reduces the possibility of dextral strike-slip domains; 5: average maximum
horizontal stress axis. Source: Kastelić et al.., (2012).
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occurrence of such events, which is the main reason why these phenomena are relatively rare
and restricted to specific locations.

Figure 37 Area of low pressure under storm “eye” is causing lifting of sea water aided by the strong
winds. Source: NHC, (2012).

Unfortunately, eastern Adriatic coast, probably due to jagged coastline, seems to be more than
average prone to such meteo-tsunamis phenomena – besides those from 1978 in Vela Luka,
were also documented on Island of Ist (October 1984, and August 2007), Stari Grad on Hvar
island (June 2003 and February 2009), Vrboska on Hvar island (April 2008), Mali Lošinj on
Lošinj island (August 2008) (Prlić, 2011) and the most recent one of 2012 on many Adriatic
locations (next Para.).
Seasonal wave variations may be also important for the eastern Adriatic coast. Higher
intensity and magnitude of waves caused by Sirroco and Bora winds can be often observed in
winter but they also vary annually and semi-annually (Vilibić, 2006).
The coincidence of all or some of the elements above (storm surge/aqua alta, storm tide,
meteo-tsunami, seasonal wave variation) seemed to on 31.10/01.11.2012. The East Adriatic
coast from Venice till Dubrovnik was hit by extreme sirocco which was a consequence of
cyclone that developed over Northern Italy and Northern Adriatic. Sirocco was blowing up to
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133 km/h (measured on Vis, Split 112 km/h; Lastovo 119 km/h; Mljet 116 km/h; Palagruža
115 km/h): The result were broken trees, damaged cars, termination of ship and ferry lines in
Split and Rijeka region (apart from storm sirocco and high waves, a simple problem was that
all ports were flooded so loading and unloading was impossible), suspension of air
connections with the islands and apart from flooded roads, common sight were sunken boats
in the harbour. Storm sirocco in combination with low pressure zone in front of the cyclone
have caused extremely high temporary sea level rise up to 1.4m. That caused that practically
all towns and cities on the coast were partly flooded – from Venice in Italy, over low coast of
west and south Istria until Dubrovnik (with slightly worse situation on the north of Adriatic).
In addition, Barban area in Istria was ravaged by a twister. In just three minutes, the twister
committed great damage (but no casualties) in the villages of Sugar, Filini and Baretuni.
Twister (which preceded the violent storm with rain and thunder) was also sweeping through
Stradun (Dubrovnik) resulting in injures of four foreign tourists. High sea level and waves
with up to 3 m resulted in damages to many coastline promenades and roads, while many
other coastline roads were closed for traffic (personal coverage of daily public TV, internet
and newspaper media on 1st of November 2012, e.g. Marković, 2012). Figure 38 reveals the
effect of only ca. 0.5 m SLR caused by the same cyclone in the City of Cres – this is how it
would look like by the end of 21st century if sea level rises by 0.5 m. At the 1st of November
2012, Bakar tide gauge has registered sea level of 122 cm above mean sea level which is
maximum ever registered (Marković, 2012).
3.2.3 Particularly vulnerable areas
There have been only a limited number of studies in Croatia related to geological (most of
existing literature), historical, present and future sea level. One of the most recent ones
covering future sea level, is the study of Barić et al. (2008), Juračić et al. (2009) and Pikelj &
Juračić (2012 in press). Juračić et al. (2009) have studied vulnerability of limestone (karst)
and siliciclastic coasts of Kvarner area (NE Adriatic, Croatia) with conclusion that natural
rock composition of majority of Kvarner area is karstic and has low vulnerability to sea level
rise, while the most vulnerable are less common flisch type (siliciclastic) coasts as found on
23% of island of Rab. Barić et al. (2008) provide an overview, not only of the risks of SLR
along the Croatian coast, but also an assessment of coastal vulnerability and the adaptation
options available to reduce this vulnerability.
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The study of Barić et al. (2008) identifies eight
particularly vulnerable areas on the Croatian
Coast, namely: the West Istria coast, the Raša
River, Vrana Lake on the Island of Cres (the
freshwater reservoir), Zrmanja River, the Town
of Nin, the City of Zadar, Vrana Lake Nature
Park near Biograd, the small but densely
inhabited Island of Krapanj, the City of Split, the
Cetina River mouth, the Neretva River delta and
the City of Dubrovnik. According to further
analysis for this research the list can be expanded
to practically all low lying coastal settlements
and zones of economic activity. Just to name
additional few those are also cities of Metković,

Figure 38 SLR in the City of Cres 01 November,

Vela Luka, Korčula, Stari Grad on Hvar, Cres, 2012, caused by the cyclone storm surge and

sirocco wind – revealing how sea level may look

Mali Lošinj, the Krka River area, Šibenik City like by the end of 21st century in case of SLR ca.
0.5 m.

area, Dubrovnik old harbour, plus numerous Photo credit: Karvin, I., 01. NOV 2012, Cres
others locations could also be at risk. They are all
characterized by the low laying coastal zone (less than 100cm above sea level) that is often
flooded during high water level events even at present sea level. In addition, all southern
bound settlements and infrastructures are exposed to even higher risk due to Adriatic Sea
wind “Sirocco” which is often followed by high sea levels (see above on events in east
Adriatic caused by cyclone at 31.10./01.11.2012).
Natural and climate change-related fluctuations in runoff, plus future economic development
may intensify the negative effects of sea-level rise all along the Croatian coast. At the same
time, some point areas with only local importance may be severely directly affected by sealevel rise as well. Such example was already mentioned, a small Island of Krapanj in the
Šibenik archipelago, which highest point is only at 1.5m above sea level. By the end of
century complete evacuation may be necessary in the case of close to 1m SLR (Figure 39) but
probably even in the case of only 50 cm rise (or less) due to integrated damaging effects on
infrastructure.
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Figure 39 Representation of the flooded area of the island of Krapanj with ca. 1 meter of
sea level rise.
Source (with changes): Flood Maps, (2007a).

Another potential “hot spot” for sea level are coastal economic areas, such as commercial
ports, sport harbours, shipyards, coastal agricultural areas and similar. For example, such area
is agriculturally highly developed Neretva River delta, where significant production losses
of high-cash crops (mostly tangerine) could occur due to coastal flooding and salinization of
the highly fertile alluvial land. Znaor & Callaway (2009b) estimates the value of tangerine
production at EUR 6 million per year for the Neretva River delta alone. Figure 40 can help us
visualize the proportions of flooding disaster of the Neretva River delta with even less than 1
m of SLR.
SLR remains a potential threat to numerous other coastal natural or artificial areas as well,
including:
 A number of commercial and fishing ports and fixed marinas would be affected – even
in cases when ports’ walls would stay above projected sea levels, they can still be affected
during stormy weather (storm surges), high waves (for example during south Sirocco
wind) and extreme seawater levels, which would make them all vulnerable to inundation.
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 Coastal erosion would speed up and a number of beaches and sea-walls would be
destroyed or e.g. submerged under the sea. Some new beaches could appear further inland
and some new ones may be created by erosion. There would be a need for artificial beach
repair and replenishment of the beach gravel or sand for which funds would have to be
secured.
 SLR would negatively affect coastal ecosystems – large numbers of plant (including coastal
forests) and animal species.
 Contamination of coastal freshwater springs (by salt water intrusion) effecting
drinking water supply – a great number of coastal settlements in Croatia use coastal or
near-coastal freshwater springs in karst terrain. With higher levels of seawater would
likely displace freshwater from those springs (a process called saltwater intrusion) and
thus cause a collapse of such wells. There is the possibility that new springs would appear.
However, moving wells to a new location or desalinising the water would require
additional funds.
 Wetlands and swamps may be damaged – in particular, one of the newest Croatian Nature
Parks ‘Vrana Lake’ in Biograd area – one of the largest swamps on the Mediterranean
coast – would be directly threatened and assumingly destroyed with a sea level rise of

Figure 40 Flood affected area (blue mash) of Neretva river valley after ca. 1 m of sea level rise. White
line inland is Croatia-Bosnia and Herzegovina state border. Source (with changes): Flood Maps, (2007b).
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only 0.5 meters. Vrana Lake is a special ornithological reserve (habitat of non-migratory
and migratory bird species many of them endangered) with rich biodiversity and
extraordinary scientific and unique ecological value (Park prirode Vransko jezero, 2008).
Seawater flooding would irreversibly destroy sensitive balance of its ecosystem and
severely influence autochthon biota as well as migratory patterns of affected birds.
The tourism and recreational businesses that depend upon coastal areas would be highly
affected. Since a great majority of tourism industry is seaside oriented, SLR would also have
a direct and indirect impact on that sector. Table 3 has summary of direct and indirect impacts
of SLR on Croatian tourism. The most prominent direct impact would be on coastal structures
of touristic (hotels, camps, marinas and other tourist-related objects) and cultural importance
(places of interest for tourist visitation) would be in jeopardy. The most prominent indirect
impact would be the endangering of freshwater springs, water-pipes and sewerage systems.
Table 3 Direct and indirect impacts and vulnerabilities of Croatian tourism industry caused by sea level
rise (SLR).
Type of Impact to Consequences of Impact - Vulnerability
Tourism
SLR impact on coastal Directly affects:
recreational sites and  Cultural aspects of tourist destinations - many historical cores of coastal
cultural sites – direct and
towns are just one or two meters above present sea level, e.g. Poreč, Zadar,
indirect impacts
Trogir, Split, Dubrovnik, Stari Grad and many others would be prone to
flooding, while others would even immerse underwater – Krapanj, Tribunj,
and a number of low islets;
 Low lying touristic structures such as hotels, marinas, camps
 Recreational aspects of the coastline - erosion and/or flooding of beaches –
e.g. the famous and popular Zlatni Rat Beach could be immersed under the
sea; inundation of coastal promenades).
Indirectly affects:
 Allocation of funds by forcing protection of cultural sites and therefore
undermining the development of new recreational sites.
 Urbanisation and infrastructure by forcing reallocation of funds into repair
and re-building of tourist structures
SLR impact through salt Indirectly affects:
water
intrusion
–  Structures and development of coastal aquatic ecosystems and habitats that
indirect
impact
to
influence the supplies of environmental services enjoyed by tourists and
tourism
retreaters (such as Neretva, Krka and Lim river deltas or estuaries)
SLR impacts on coastal Indirectly affects:
freshwater springs and  The drinking water supply due to dysfunction of many coastal wells after
wells
(salt
water
salt water intrusion (drinking water shortage is a problem that is present
intrusion into freshwater
even today – especially on the islands)
wells and springs) –  The functioning of coastal sewer systems due to flooding
indirect
impact
to
tourism

3.2.4 Potential economic damages of SLR
As a part of the UNDP (2009) study (and accordingly Kalinski et al., 2009b), the amount and
types of land, which would be covered by the sea or is at risk, were analysed using two
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different scenarios of SLR: 50cm and 88cm respectively. The GIS based analysis was
technically carried out by OIKON Ltd. Institute for Applied Ecology, Zagreb, as an in-kind
contribution to the UNDP (2009) report. A digital elevation models (DEM) of the coastal
counties necessary for the analysis were provided by the State Geodetic Administration of
Republic of Croatia, Zagreb. A 50cm rise is almost the maximum range in terms of potential
SLR described by the IPCC 4AR (2007a,d), while 88cm represents the maximum amount
predicted by the IPCC TAR (IPCC-TAR, n.d.).
Analysis of all of the coastal counties shows that, with SLR at 50cm, over 100 square
kilometres of various categories would be inundated. The land which may be covered
includes many land-uses including urban areas, roads, agricultural areas, forests, beaches,
ports, and other categories. At 88cm, the amount of area which is covered increases by
additional 12.4 square kilometres. However, the methodology used to obtain these estimates
has several limitations. The elevation model used in the analysis has a horizontal resolution of
25 metres. This means, for example, that if the sea level rises and moves inland 10, 15 or 25
metres, it would not be registered in the analysis. In some places, such as the Makarska
Riviera, this hypothetical 10, 15 or 25m gap could be very valuable and important to the local
economy in terms of the beach area and coastal infrastructure at risk. Thus, the estimates of
land at risk from sea level rise can be thought of as somewhat conservative. Nevertheless,
these estimates are still helpful for identifying the potential trouble spots on the coast and for
showing a sense of scale for the potential economic damage.
Perhaps the most vulnerable coastal resource may be ecosystems of fresh-water and marshes
(Table 4). This is particularly the case with the Krka River, Vrana Lake Nature Park by
Biograd and Neretva River delta. Additionally, urban and agricultural land (e.g. Neretva River
delta, Raša river area) would be at risk.
The estimates of potential land submersion shown in Table 4 are likely to have a significant
impact on development of Croatian coastal communities. While all of the various dimensions
of SLR impacts on community development are hard to measure, the economic losses can be
approximated, if with substantial uncertainty. The European Environment Agency (EEA)
estimates that the economic damage due to sea level rise in Europe would be between EUR 12
and 18 billion in 2080 – though it is unclear if this includes Croatia (EEA, 2008). The same
study estimates that the number of Croatians who are vulnerable to coastal flooding will
increase in rate from less than 2000 per year in 1960-1990 period to 6000-8000 people per
year in the 2080s and onward.
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The economic damage due to increased flooding in Croatia is potentially quite large. To
approximate this economic damage, the area potentially inundated by SLR of 0.5 and 0.88 m
was evaluated using land price estimates (UNDP-COAST, n.d.) (Table 4). Prices per square
metre of land are based upon expert judgment by UNDP Croatia’s “COAST” project
(“Conservation and Sustainable Use of Biodiversity in the Dalmatian Coast”). This valuation
methodology is rather indicative only. It represents an upper bound on approximated damages
in case when land would be protected. But the land could be also allowed to depreciate as the
population moves inland and re-establishes the existing settlements and economic activity on
higher ground. Nevertheless, the drawback is that these estimates do capture only the present
value of the property at risk and its value at the end of century is unknown.
 With a sea level rise of 0.5 meters, (Figure 41) the level of expected value lost due to the
sea covering land (based on approximate lower and upper bounds of 2008 prices for land)
is estimated to be EUR 2.80 – 6.50 billion. If SLR affected land in a linear pattern – which
it does not – the value lost would be in range EUR 30.4 – 70.6 million per year if
averaged out over 92 years (2009-2100)).
 With a sea level rise of 0.88 meters, (Figure 42) the level of expected value lost due to the
sea covering land (based on approximate lower and upper bounds of 2008 prices for land)
is estimated to be EUR 3.22 – 7.18 billion. If sea level rise affected land in a linear pattern
– which it does not – the value lost would be EUR 34.9 – 78.1 million per year.
Even as an approximate measure of climate change damages, the methodology used to obtain
these estimates have some limitations and care should be taken when using results:
- The amount of land covered is not likely to be completely accurate due to poor resolution
of available digital maps.
- The types of land were estimated by using Corine Land Cover Data, which only has
horizontal resolution of 25 meters. Within 25 meters data gap there could be drastic change
in the type of land used. However, the physical plan (with higher resolution) was
unavailable in GIS format.
- The value of the types of land lost is an estimate over the entire coast-line and this
approach does not capture important variations from place to place.
- The value of agricultural land is hard to pin down because it reflects not only the value of
the products grown on it (largely deciduous fruits), but also its value in potential future
highly-valued non-agricultural uses such as coastal infrastructure developments.
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- Moreover, land that would be affected by SLR in the Neretva River delta is important for
agricultural production and it is mostly the only source of income for local communities
and would likely be worth more than simply the 5-30 Euro estimate in this calculation.
Table 4 Total surface area covered by SLR at 0.5 and 0.88 m and values used for economic calculation.
Values of land in the table are relative to market price of land in 2008, as estimated by UNDP CroatiaProject COAST expert.
Source: UNDP (2009)/ Kalinski et al. (2009b).
TYPE OF LAND
Vegetated/ semivegetated
Bare rocks
Forests
Beaches/ Sand
Dunes
Salinas
Freshwater and
marshes
Agricultural land
Sport/ leisure
facilities
Roads/ railways
Urban/ semi urban
Ports/ marine
installations
Industrial activity

Total

TOTAL AREA
COVERED AT 50
2
CM SLR (m )

TOTAL AREA
COVERED AT 88
2
CM SLR (m )

LOWER VALUE PER
SQUARE METER
(EUR)

UPPER VALUE PER
SQUARE METER
(EUR)

14.175.625

15.897.500

0

0

420.625
10.861.875

4.383.750
11.615.000

0
0

0
0

176.250

1.871.875

0

0

4.384.375

4.406.250

0

0

42.124.375

43.815.000

0

0

12.393.750

12.410.000

5

30

2.386.875

2.499.375

50

100

60.625
9.803.125

559.375
10.010.625

50
200

100
500

965.000

2.682.500

200

300

2.303.125

2.308.125

200

300

50 cm: EUR
2.798.594.000

50 cm: EUR
6.498.563.000

88 cm: EUR
3.215.238.000

88 cm: EUR
7.180.675.000
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- Payments for ecosystem services in areas that may be lost – such as forests, beaches, and
fresh water sources (e.g. the Neretva River, the Krka River, or Vrana Lake near Biograd) –
were not calculated though they have rather high direct or indirect economic value (for
tourism, recreation and health among other). The estimation of economic values for
ecosystem services would require significantly more research. While most of the forests
located directly on the coast are not used for timber supply purposes, they have economic
value that can be measured in terms of the ecosystem services they provide.
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Figure 41 Estimated maximum and minimum value of area loss to sea level rises of 0.5 meters, by type.
Source: UNDP (2009)/ Kalinski et al. (2009b).

- Similarly, roads and ports are likely worth significantly more than the estimated value of
50-100 Euro per square meter used. This is the estimated value of road construction and
does not reflect the price of land or how much it would cost to move the road to higher
ground. There are many such values that are questionable, but the given numbers give at
least a sense of the potential scale of impact.
- In calculation of shoreline retreat only SLR was taken into account but not the shoreline
retreat caused by the coastal erosion or retreat coupled by the tectonic movements. Such
process is subduction of Dinaric plate under the Adriatic micro plate (Tomljenović et al.,
2010)
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Figure 42 Estimated maximum and minimum value of area by type lost if sea level rises 0.88 meters.
Source: UNDP (2009); Kalinski et al. (2009b).
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4 TOURISM AND CLIMATE CHANGE
There are many factors that lead tourist to decide whether a location has a satisfactory
collection of products on offer or not, or simply, is it a worthy place to visit or not. Good
service, natural beauties, friendly people and a pleasant climate are among top rated factors
for tourists to be satisfied with the destination and to eventually decide to go back and to keep
the visitors coming (Štifanić, 2005). There is a growing body of literature seeking to explain
how climate influences the supply of, and demand for, recreation and how changes in climate
would affect tourism flows. People care about climate and that very much influences where
they live and where they travel as tourists (Bigano et al. 2005; Bigano et al., 2006; Bigano et
al., 2007; Loomis & Crespi, 1999; Lise & Tol, 2002; Hamilton, 2004; Hamilton & Tol, 2007;
Hamilton et al., 2005a,b; Maddison, 2001; Mendelsohn & Markowski, 1999; Richardson &
Loomis, 2004). Climate is especially important for tourism in Croatia. The Croatian summers,
as noted in section 4, are characterized by mild heat, with very low frequency of rain on the
coast, a lot of sunshine, and infrequent extreme weather events.
In an economic sense tourism can be seen as a collection of products that a host offers to a
visitor. Tourism has long played a significant role within the Croatian economy and culture
(Grgona, 2002; Radnić, 1993). It is primarily centred on the Adriatic coast with a smaller
percentage on inland natural areas (DZS, 2012). This chapter aims to analyse potential risks
and opportunities that may come about due to climate change. It discusses the general
capacity to project the impacts of climate change, vulnerability of the sector and offers
potential options for adaptation to changes and needs for further research and discussion.
4.1 IMPORTANCE OF TOURISM FOR CROATIA
According to Croatian bureau of statistics (DZS, 2012) in 2011 alone, there were more than
60.3 million tourist nights in Croatia (out of those 56.4 million nights on the coast or 93%). In
that same year, tourists spent approximately EUR 6.6 Billion. As a result, tourism directly
generates about 15% of GDP while indirectly that percentage is much higher (WTTC, 2012).
Since 2008 methodology for calculation of direct economical contribution of tourism to GDP
has been changed resulting in lower shares of tourism in GDP (new methodology „boosted“
GDP with e.g. taking into account so called grey economy) then calculated for years prior to
2008. As a consequence results before and after 2008 are not directly comparable. New
calculation of tourism share in GDP is fully consistent with the UN Statistics Division92
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approved 2008 Tourism Satellite Account: Recommended Methodological Framework based
upon Tourism Satellite Account (TSA) (Frechtling, 2010).
Most existing projections of tourism flows in EU show that unpleasantly hot day-time
temperatures along the Adriatic coast would cause a large number of tourists to avoid
Mediterranean destinations in favour of cooler and logistically more convenient northern
Europe destinations (Amelung & Viner, 2006). Because of this, climate change could have
serious adverse economic consequences on many local communities, and, given the important
role of “sun and seaside” tourism, to the national economy.
4.1.1 History of tourism in Croatia
Modern tourism has a long tradition in Croatia. It is traditionally focused on the coastal areas
and oriented towards relaxation, with 75% of tourists arriving for “passive rest and
relaxation” (Institute for Tourism, 2010). Almost all major tourism destinations in 2011 were
on Adriatic coast (85%), with the city of Zagreb as the second major area (6%) (Ministarstvo
turizma, 2012). Some tourist destinations on the coast have already celebrated 100 (Korčula)
and even 160 (Opatija, Cres) years of tourism. Political and economic decentralization in
1965 (with emphasis on building an open economy) particularly stimulated growth in the
tourism industry (Vojnić, 2006).
Before the 1991-1995 independence war, the tourism industry had a particularly strong
influence on a middle class (on both, entrepreneurs from the coast and tourists from inland).
Income growth from tourism was much faster and larger than in the fishing industry,
traditional boat building industry or agriculture. Unfortunately, along with the strengthening
of the middle class and development of tourism, there was a complete shift in the business
structure. Areas that were once oriented towards fishing, vineyards, olive growing and/or
traditional boat building became areas oriented to apartment renting and restaurants. As a
result, the old jobs were slowly forgotten; the industrial structure of coastal communities
became far less dependent on coastal natural resources, land left barren and fishing boats were
converted into tourist vessels. Population, local and national economy became more
dependent on tourist spending. Residents of coastal communities became reliant on two to
three months of income from tourists – enough to sustain them since they were able to earn
enough income for the rest of the year. The war (1991-1995) caused significant damage to the
economic infrastructure of many tourist destinations. According to Puljiz (2008), partly as a
result of the non-existence of tourism from 1989 to 1993, Croatia’s GDP fell 40.5% (with
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tourism making up half of that 40.5%). Tourist visits decreased to below 20% of pre-war level
(Družić, 2010) and nearly half of all hotels were damaged. Some of the most important
destination cities, like Dubrovnik, were subject to sustained shelling, while others were fired
upon more randomly (Ballinger, 2003).
The dramatic decline in tourist visits during 1990s period illustrated an important
vulnerability of the tourism industry and this created an opportunity for public and private
sector decision-makers to consider a new approach for the development of the tourism
industry. The prevailing products of the tourist destinations until the 1990s were services tied
closely to the sea, sun and the coastline. The prevailing idea was a sea-side “mass tourism,”
targeting the working class in Eastern Europe, Germany and Italy. More tourists meant higher
political achievement since it provided more seasonal jobs but not necessarily more revenues
for the state or local community budget (Vojnić, 2006). Because of the low prices, limited
products offered and targeting of lower income classes, increasing of incomes was difficult
for an average provider of goods and services. Due to urgent needs for more national incomes
in late 1990’s a consideration for a new concept of tourism development emerged. The
national strategy stretched out to include development of inland tourist destinations, rural
areas, ecotourism and the development of new products geared towards higher income
tourists. However, seaside “rest and relaxation” still make up the most important part of
tourist activity in Croatia (Institute for Tourism, 2010).
4.1.2 Impact of tourism on the Croatian economy
Following the end of the war in 1995, tourism and Croatia's economy began to recover
slowly. In 2000, the tourism sector started to rebound quickly and the numbers of tourists and
bed-nights started to increase more rapidly coming very close of those of pre-1990s level and
finally achieved in 2007 (DZS, 2011b). Since 2000 Croatian tourism has experienced slow
but steady growth. For example, in the year 2007 tourist arrivals rose by 7.5 % and overnights
by 5.7 % compared to 2006, and surpassed pre-1991 numbers for the first time after the war.
The percentages of foreign tourists in 2011 were still much greater than local tourists in
arrivals (86.6% foreign versus 13.4% domestic) and bed-nights (90.7% foreign versus 9.3%
domestic) (DZS, 2012). The estimated income from tourism for 2011 was EUR 6.6 billion
which was almost 15% of direct share in GDP (Table 5). Those percentages did not change
much since 2011, as it is estimated that income from tourism in 2012 will be ca. 3 – 3.5 %
higher.
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Table 5: Arrivals, bed-nights, GDP and incomes from tourist visits 2001-2011. Due to change of GDP
calculation methodology from 2008 and onward, data in relationship with GDP are not directly
comparable with previous years.
Source DZS (2012); Institut za turizam, (2011).
Year

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

Arrivals (in
million)

7.9

8.3

8.9

9.4

10

10.4

10.3

10.4

10.3

10.6

11.4

Nights (in
million)

43.4

44.7

46.6

47.8

51.4

53

54.6

55.7

55

56.4

60.3

Income from
tourism
(billion EUR)

3.7

4

5.6

5.5

6

6.3

6.7

7.4

6.4

6.2

6.6

GDP (in
billion EUR)

22.2

24.5

26.2

28.7

31.3

34.2

37.4

47.5

44.8

44.9

44.9

Share of
tourism in
GDP (%)

16.7

16.3

21.4

19.2

18.4

18.4

17.9

15.6

14.3

13.8

14.7

According to a 2012 survey by the Ministry of Tourism, expected investment of public and
private sector for 2012 is estimated to be ca. EUR 1.5 billion which is slightly lesser than in
previous years (in period 2007 – 2010 that was around EUR 2 billion per year).
According to WTTC (2012), the total contribution of travel and tourism to GDP (including
wider effects from investment, the supply chain and induced income impacts) in 2011 was
HRK 78,484 million or 26.5% of GDP, and is expected to grow by 5.3% to HRK 82,615
million (27.7% of GDP) in 2012. It is forecast to rise by 4.6% pa to HRK130,048 million by
2022 (31.9% of GDP) (Figure 43). “The total contribution of travel and tourism sector
includes its ‘wider impacts’ (e.g. the indirect and induced impacts) on the economy. The
‘indirect’ contribution includes the GDP and jobs supported by: investment spending from
travel and tourism sector, Government 'collective' spending and domestic purchases of goods
and services by the sectors dealing directly with tourists (e.g. food purchases by hotels, fuel
purchase by airlines or IT services by travel agents).”
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Figure 43 Contribution of travel and tourism to GDP of Croatia. Total (direct, indirect and induced)
share of travel and tourism in GDP in 2011 and 2012 with forecast for 2022 (left). Direct contribution of
travel and tourism to GDP in the period 2002-2012 and forecast for 2022 (right).
Source: WTTC, (2012).

4.1.3 Impact of tourism on employment
Travel and tourism industry generated 135,500 jobs directly in 2011 (12.3% of total
employment) and this is forecasted to be 12.7% of total employment in 2012 (144,000 jobs).
This also includes employment by hotels, travel agents, airlines and other passenger
transportation services (excluding daily or weekly work related commuter services) and
activities of the restaurant and leisure industries which are directly supported by tourists
(WTTC, 2012). It has been estimated by the same source that with such growth rates, by 2022
travel and tourism industry would directly account for 160,000 jobs (which is an yearly
increase of 1.1%)
According to WTTC (2012), “total contribution of travel and tourism to employment
(including wider effects from investment, the supply chain and induced income impacts) was
311,000 jobs in 2011 (28.3% of total employment). This is forecast to raise by 6.4% in 2012
to 331,000 jobs (almost 30% of total employment). By 2022, travel and tourism is forecast to
support 375,000 jobs (more than 31.3% of total employment), an increase of 1.3%” per
annum (Figure 44).
The tourism industry supports many other industries and adverse economic impacts in the
tourism industry would spread throughout the economy as a whole. Workers in tourism sector
support other members of the family so that the number of possibly affected people due to
climate change could be even bigger.
96

Vladimir Kalinski: Doctoral Thesis

TOURISM & CLIMATE CHANGE

Figure 44 Contribution of travel and tourism to employment in Croatia. Direct contribution of travel
and tourism to employment in the period 2002-2012 and forecast for 2022 (left). Total (direct, indirect
and induced) share of travel and tourism in employment in 2011 and 2012 with forecast for 2022 (right).
Source: WTTC, (2012).

According to HZZ (2012) during the tourist season of 2011 there was demand for 16,849
workers in hospitality and restaurants sector. This equals 13.4% of total national demand for
all workers (third position after processing industry (14.7%) and education sector (14.1%).
In 2011 a total of 20,160 workers were employed in tourism sector as seasonal workforce
(11.1% more than in 2010) – mostly in coastal counties (HZZ, 2012). Most of the seasonal
workforce has a high-school or only an elementary school education (later with no official
qualifications under Croatian law). Meanwhile, the tourism industry requires more and more
qualified personnel even for basic jobs. This could mean that in the future, there will be an
even greater shortage of qualified workers.
Besides employees in the hospitality and restaurant sectors, the number of people relying on
tourism is much higher. People working in agriculture, fishing and aquaculture, transportation
personnel, services oriented to tourists (tour-operators, tourist agencies, grocery markets,
bakeries, ice-cream shops, hair and beauty parlours, medical and wellness centres, etc.) and
even unregistered apartment rentals are directly connected and affected by tourism
development. Tens of thousands of families rely on tourism incomes in the grey economy and
they supplement their household budgets with incomes from tourism (including unregistered
apartment rentals, unregistered sales of agricultural, aquaculture or fishery products, etc.). The
value of unregistered bed-nights equals to almost 1% of the entire country’s GDP. According
to some estimates, approximately 50% of overnights are unregistered and no duties are paid
for them (Topić, 2006). Probably because of the seasonal nature of tourism and the grey
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economy, five of seven coastal counties actually have higher levels of unemployment than the
national average (see Figure 45).
However, while there are a tremendous number of jobs created by the tourism sector, there are
structural employment problems within the tourism sector that make it quite vulnerable,
largely due to seasonal nature of employment and low wage jobs that predominate in this part
of the Croatian services sector (Mičić, 2006). Fixed-term contracts and short term contracts,
that are common in the tourism sector, do not provide job security.


Low pay checks and an unofficial “grey economy” workforce are wide-spread. In spite of
high demand for workers in tourism sector, wages in this sector are 13-16 % lower than
the average wages of other sectors in Croatia. Grey economy employment lowers the
salary average due to unfair competition with legal jobs where all state duties and
minimum employee qualifications must be met.



There is inadequate professional (vocational) education and a lack of programs for lifelong-learning and improvement.



There are inadequate public-private partnerships, such as privately funded scholarships to
students of higher education (businesses paying for education for their future employees).



There is often an absence of workplace standards. This is especially prevalent in foreignowned establishments, where unrealistic requirements for staff mean that domestic
personnel are unable to meet the requirements and consequently they are not paid as
expected (Mičić, 2006).

These conditions are only a few areas of concern and fairly typical of a worldwide trend, even
in other social democratic EU countries. The World Tourism Organisation has recognised
many of issues above and has tried to incorporate them into Tourism Code of Ethics
(UNWTO, 2001) – principles of the modern tourism industry that should be followed
worldwide to benefit tourists and hosts equally. In order to ensure that the tourism sector
benefits society development, further investigation and then delivering policies for
encouraging professional development of seasonal workers within the tourism sector could be
very effective tool.
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Figure 45 Registered unemployment rate by counties – annual average for 2011. Out of seven coastal tourism determined and revenues reach counties (blue columns), four of them still have higher
unemployment rate than Croatian average which may have direct link to seasonality of work. Seven far
right counties are largely agricultural counties which are major seasonal workforce givers too.
Source (altered from): HZZ (2012).

4.2 THE ROLE OF CLIMATE IN TOURISM - CLIMATE CHANGE IMPACTS AND
VULNERABILITIES
The characteristic of the Adriatic in terms of temperature and water quality makes it an ideal
place for enjoying the sea and the adjacent environment. The water is clear and warm during
the major European vacation season of June, July and August. Most tourism takes place
outdoors and tourists can rely on a number of days of sun during their vacation that are not
unbearably hot or too often wet. This is also the case inland, where attractions are also related
to outdoor activities – including a substantial amount of ecotourism in places such as Plitvice
National Park and other national and nature reserve parks. All these characteristics that make
up favourable tourist destinations are vulnerable to climate change. Temperature and
precipitation changes alone would cause them to undergo changes – possibly for the worse.
This is not specific for Croatia only, but for Croatia it may have a long term economic
consequence since it is directly connected to tourism. How might climate change influence
the stability of a Croatian economy built on the ‘sun and sea’?
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4.2.1 Projected climate change impacts on tourism in Croatia
How might climate change influence the stability of a Croatian tourism sector built on
outdoor activities? Even if projections from climate change models have a certain degree of
uncertainty (IPCC, 2007, and section 2.5.2), there is general consensus that climate change is
imminent. It is not a question of whether climate would change, but how much will it change?
Chapter 0 already outlined the various projections of climate models for the world and Croatia
until the end of 21st century.
Climate change impacts to the tourism and recreation sector are complicated. There are
various categories of impacts on the tourism sector due to climate change (Scott et al., 2008;
Simpson et al., 2008).
A number of studies have shown that changes in climate would change people’s choice of
destinations by changing the climate-related benefits people enjoy at different locations
relative to the costs of visiting these locations. Yet, it is hard to draw a line between human
natural adaptive responses to climate change impacts from usual change of preferential
choices. This is because, tourists and retreaters (“one-day tourists”) can adapt autonomously,
consciously or unconsciously, to climate change by changing combination of the places they
visit, timing and lengths of their visits, and the recreational activities they engage in. By
adjusting their behaviour in these ways, individual tourists can avoid some of the climate
change impacts and then the impacts are indistinguishable. Ideally, tourists’ behaviour to
climate change should be observed only after adjustments to natural adaptation to impacts.
Scott et al. (2008) and subsequently Simpson et al. (2008) has categorised climate change
impacts on travel and tourism sector in four broad categories:
a) Direct climatic impacts – changes in the length and/or quality of tourism season due to
change of climate (e.g. average temperatures changes, increased frequency and intensity
of storm surges, forest fires, waterspouts, extreme winds, possible appearance of
destructive twisters, heat waves, droughts, torrents, floods) is directly related to the
profitability of tourism sector.
b) Indirect environmental change impacts – environmental (nature and ecosystem)
conditions are a critical resource for tourism and therefore climate-induced environment
changes would have effects on tourism industry at the local and regional destination level.
c) Impacts of mitigation policies on tourist mobility –rigorous mitigation policies
(national or international) may lead potential tourists to choose other destinations over
those (over)protected by the mitigation policies. Example for such mitigation policies are
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imposing of carbon taxes for long haul international flights (Hamilton et al., 2005a,b; Tol,
2007).
d) Indirect societal change impacts – climate change may pose a risk to future economic
growth and political stability of nations with high dependence on tourism industry.
Climate change is in this context considered as a national and international security risk
with tendency to intensify, particularly under greater warming scenarios.
Even if not part of the four categories suggested by the Scott et al., (2008) and Simpson et al.,
(2008) there should be another category of impact and that is:
e) Impacts on tourism multiplier effects - tourism not only creates jobs within its sector, it
also encourages growth in other sectors of national economy. That is a multiplier effect of
tourism sector. Since all industries are interconnected failure of tourism sector due to
climate change would have consequences on other sectors of industry too.
Many of CC impacts are not uniquely part four groups from above. Very often they are
further simplified the way how they act on the sector: direct and indirect climate change
impacts – although there are impacts that belong to both categories and impacts that may be
indirect in one sector but direct in another. Direct impacts would have direct consequences on
tourism sector (in this case), while indirect impacts would influence the sector through some
other factors. The same general categorisation is used in other sectors as well.
4.2.2 Temperature, precipitation, extreme weather events and health issues as impacts
on tourism sector
Increase of temperature averages and daily peaks of surface temperatures (to hotter),
along with changes in average daily precipitation (to lesser) and average daily water
temperatures (to warmer) would probably have the second most important impact on “open
air” tourism in Croatia. Besides damages to ecosystems, increased near surface temperature
coupled by decreased precipitation would increase discomfort of outdoor activities (beach,
walks, sports, games, etc.), worsen fresh water supply system, energy production and may
also cause hygiene related issues. On the positive side, bathing season may start earlier and
spread longer. Author of this study argues that Croatia should probably be much earlier
worried about extreme weather events and frequency of their occurrence.

101

Vladimir Kalinski: Doctoral Thesis

TOURISM & CLIMATE CHANGE

Higher frequency of extreme weather events may become the most immediate and direct
threat to the favourite Croatian climatic conditions. Increased natural hazards such as storm
surges, wildfires and twisters/waterspouts, may ‘scare away’ tourists or impose damages to
the tourist infrastructure. Increased frequency of stormy weather (with storm surges and/or
twisters) is probable due to higher variability of atmospheric circulation conditions and
intensification of atmospheric pressure changes (MICE, 2005; also section 2.5.2.3). With
more extreme weather conditions, the less attractive the country becomes for holidaymakers.
For tourists who would come in any case (and domicile population) development of disaster
relief plans and improvement of such services (especially on islands) will be required.
The term extreme weather events tends to be reserved for events such as heat-waves, hail
storms, rain storms, cyclones, twisters and hurricanes. It cannot be generalised that all those
events are direct influence, or even a proof of climate change, still, many of these events and
their frequency would increase with warming. Figure 46 of temperature anomaly distributions
very clearly presents statistical intensification of frequency and severity of such events
(Hansen et al., 2012).
The temperature anomaly distribution defines
the frequency of occurrence of anomalies (yaxis) in units of the local standard deviation
(x-axis). The standard deviation of local
seasonal mean surface temperature over a
period of years is a measure of the typical
natural year-to-year variability of the seasonal
mean temperature over that period of years. It
is commonly assumed that this variability
(derived

from

observational

long-term

temperature records) can be approximated as a
normal (Gaussian) distribution, the so-called
bell curve. During the normal distribution
(reference period 1951-1980) 68% of the
anomalies are falling within one standard
deviation (1σ) of the mean value. The
probability distribution shifted to the right in
each successive decade in the past 30 years

Figure 46 Sixty year (1951-2011) temperature
deviations (months JUN-AUG) from reference
values (relative to 1951-’80 period) around the
Earth’s surface (each point at 250 km wide cells).
Frequency of occurrence (y axis) of local
temperature anomalies (relative to 1951–1980
mean) divided by local standard deviation (x axis)
obtained by counting gridboxes with anomalies in
each 0.05 interval. Widening, lowering and moving
of the bell rightwards, leads to intensification of
hot extremes.
Source: The Economist, (2012); (original paper:
Hansen et al.., (2012)).
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and the distribution became broader adding to the increase of hot anomalies. A warmer
world is expected to have more extreme rainfall occurrences because the amount of water
vapour that the atmosphere holds increases rapidly with temperature, a tendency confirmed by
observations as noted by Hansen et al., (2012).
Knowledge about the impact of extreme events on tourism is (still) very limited. According to
field study (Kalinski, 2012) there is every reason to believe that tourists do consider such
factors when they plan their vacations and are more interested in avoiding extreme events
than in experiencing them. Thus, for example, increases in floods, droughts, severe storms,
and heat waves – if they do occur in Croatia – would probably cause tourists to avoid the
country even more in favour to places with less severe weather. This is especially important
having in mind availability of destination change in very short time due to possibility of
booking over the Internet. Nonetheless, example of Venice seems to contradict this
assumption. Investigation of available literature did not bring any article about strong
negative influence of acqua alta on tourist visitation of Venice. Nevertheless, the “Venice
Tourism Office” developed an ‘aqua alta information centre’ as an pro-adaptation measure
with aim to inform visitors of state and development of water levels (Becken, 2010). The
fame of Venice may still bring enough tourists from worldwide but a mass tourism negatively
affects its urban environment – which is already under natural stress, and the quality of life of
its inhabitants (Ravera, 2000). The number of inhabitants dropped sharply: “from 184,000
inhabitants in 1950 to less than 90,000 at the beginning of the 1990s. At 2000 the resident
population is reduced to 70,000 inhabitants, with an increasing percentage of old people”
(Ravera, 2000).
Shift of climatic regions caused by the climate change may lead to the increase of health
related issues. Increase of surface air temperatures would lead to increased frequency of heat
waves, for which the touristic areas may be poorly adapted (excluding big cities). In
particular, heat waves can be associated with higher health risks (including heat stroke and
even death), especially among the elderly, who make up a substantial portion of the tourist
population (Institute for Tourism, 2010). On the other side, it is expected that winter polar
waves would become reduced and that may compensate for the increased summer heat wave
related deaths.
4.2.3 Environmental change impacts on tourism sector
According to the recent Institute for Tourism (2010) survey rest and relaxation on the seaside
is number one motive for 74 % of tourists while visiting natural attractions is the main
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motive of 21% of tourists coming to Croatia. Tourists are attracted to a location by the
activities they can take part in, by the goods and services they can consume, and by the
natural beauty of a location, as determined by the aesthetic characteristics of its natural
ecosystems. All of it is indirectly threatened by climate change impacts. Warmer temperatures
can lead to a variety of changes in coastal and inland ecosystems. For example changes in the
species composition of ecosystems (biodiversity decrease), the concentrations of algae
(clouding water and affecting water transparency, also algal blooms), and many other
potential changes. In particular, there is a possibility that a reduction of the attractive
qualitative characteristic of sea water (such as a decrease in transparency, biodiversity loss,
nutrient concentrations etc.) could have negative impacts on tourists. Even if continental
tourism at present contributes with ca. 5% of total tourism income, further development of
continental tourism has been named as one of the high priority areas in the new Croatian
tourism strategy (under development) by 2020 (Institut za turizam, 2012). Continental tourism
among others includes village tourism, watching of animals, golf, fishing, hunting, pilgrimage
tourism and environmental trails, all of which rely on climate as an important factor (directly
or indirectly). For example, Plitvice Lakes National Park received over 1 million visitors in
2011, which accounts for almost 10% of all visitors in Croatia (DZS, 2011b). If Plitvice
natural beauty is gone would tourists leave too?
A reduced visual appeal of several natural tourist sites is likely. The most descriptive
example are changes in environmental conditions in and around Plitvice Lakes NP. A
considerable increase of air pollution could initiate the process of travertine forming to stop
and eventually the cascades of the sixteen lakes would be destroyed (Stilinović, 2008;
Frančišković-Bilinski, 2004). Also, an organic pollution of water can lead to turbidity of lakes
and reduce visual appeal of the lakes. Another already observed negative trend (Kalinski,
2012), and as confirmed by the field visit (October 6, 2012), has been lowering of a ground
water table, causing lowering of lakes level and, again, exposing travertine to atmospheric
erosion (Figure 47). Warming of the climate would in effect have misbalance of biota and
thus causing excessive spread of ecosystem damaging species. Such example is detected
spreading of “bark beetle” (Pityokteines sp.) on part of the Plitvice Lakes National Park forest
system which may cause forest (spruce) depletion. According to Dr. Antonija Dujmović,
Conservation Manager in the Plitvice Lakes National Park, at present only two per cent of
spruce forests around the Lakes is affected but further change of climate (into warmer) may
proof favourable for further bark-beetle spreading (Kalinski, 2012). Forest depletion would
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Figure 47 Exposure of tufa and lowering of lakes due to lowering of the groundwater table. Red dashed
line presents dry cascade while yellow inlet (and enlarged) displays erosion of tufa due to atmospheric
weathering and foliage growth. Photo taken on 06 OCT 2012, two days after several days of intense
rainfall in the area. Black-and-white scale bar is ca. 50 cm.
Photo taken: 06 OCT 2012.

cause an additional soil humidity change (less soil moisture content) which would lead to
further and accelerated forest depletion and, more importantly, to lowering of water levels in
the lakes. All the cases could, approaching the end of the 21st century, result in an end to the
tourist revenues from Plitvice Lakes National Park.
Algal blooms are mostly caused by population explosions of phytoplankton. “Under certain
environmental conditions, canals, lakes, coastal waters and even swimming pools can
experience phytoplankton or algae blooms. A bloom takes place when a species of
phytoplankton reproduces at a rapid rate, multiplying quickly in a short amount of time.
Sometimes more than one species blooms at the same time. Phytoplankton are photosynthetic
organisms that live suspended just beneath the water’s surface. They use energy from sunlight
and raw materials to make their own food through photosynthesis. Microalgae and blue-green
bacteria (called cyanobacteria) are two groups of organisms that belong to the phytoplankton
community” (Diersling, 2009). Algal blooms occasionally cause tourists to avoid effected
areas of Adriatic Sea due to unpleasant bathing conditions and even potential health danger
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(MSTTD, 2004). “A few species of phytoplankton produce poisons or toxins, which can
cause health impacts in humans and animals. These are known as Harmful Algal Blooms, or
HAB” (Diersling, 2009). Some HABs are harmful simply due to their biomass, while others
are capable of producing toxins. Algal toxins can accumulate in predators and organisms
which are higher in the food chain, but toxins may also be present in HAB affected waters,
where toxins containing aerosols can be created (by wave action or some human activities).
Animals and humans can poison themselves eating contaminated seafood, in contact with
contaminated water or inhaling contaminated aerosols (Backer & McGillicuddy, 2006).
Algal blooms are a natural phenomenon but their frequency, duration, extent and density are
all increased in waters where human activities on land increase nutrient runoff. Algal blooms
can also cause damage to the fishing industry (with indirect damage to tourism based on
seafood availability) and can be potentially lethal if molluscs are consumed from algal bloom
area (in case algae are in food chain of molluscs). To author’s knowledge, there are no study
available on direct correlation of algal bloom and fishing industry in Croatia but one such
example is an algal bloom in the sea of Istria County in 2007 that caused damage (in terms of
lost fish) of approximately HRK 925,150 (ca. EUR 127,000 at the time) for 132 fishermen
(Poslovni dnevnik, 2007). This phenomena might be also used by the tourism market
competitors for generating a negative image of the destination through a malicious
advertising.
Warming of the atmosphere is also causing shifts of climatic and ecozones which may result
in increased incidence of epidemics (such as cholera and typhoid) and induced occurrence of
vector-borne diseases (such as malaria, dengue fever, West Nile virus etc.) caused by Asian
“tiger” mosquito (Stegomyia albopicta (Aedes albopictus)) (UNEP-GRID Ardenal, 2008)
While Croatian sea water quality is currently among best in the world (Juren & Kalinski,
2005), it is also vulnerable to multiple stresses, including:
- warmer water temperatures,
- point and non-point sources of pollution from municipal, industrial and agricultural
sources and
- marine transportation (tankers, transport and recreational vessels).
Various pollutants – especially nutrients such as phosphorus (P) and nitrogen (N) – combined
with warm water can lead to a state of eutrophication and algal blooms which then become
“dead zone” with very small oxygen content (Anderson et al., 2002; Scott et al., 2012).
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Increases in surface water temperatures in the Adriatic have the potential not only to
increase the intensity of storms, including those that produce, high winds, waterspouts and
twisters, but also to increase both the frequency and intensity of droughts. Increased
storminess also brings with it the possibility of increased flooding, particularly flash floods on
the coast and inland.
Also, alien species migration into Adriatic can significantly contribute directly and indirectly
to local economy as well (tourists less enjoy the sea e.g. due to macro algae cover of benthos;
fishermen cannot fish due to lesser fish stock; harmful effects to mariculture; etc.). Changes
of seawater characteristics may become fatal and causing dying out of indigenous species due
to (for example seawater becomes warmer and thus convenient for tropical species and less
convenient for autochthonous species) or simply because of occupying indigenous species
habitats. One such example is spreading of alien algae Caulerpa taxifolia and C. racemosa in
the Adriatic Sea. Both algal species are spreading over habitats of autochthon benthos
communities and changing them irreversibly (IOR, n.d.; Kalinski, 2004).
Even CO2 concentration increases in the atmosphere can directly lead to increases in the
acidity of seawaters and dying of corals (Sabine & Feely, 2007; Hoegh-Guldberg et al.,
2007) is only one of known effects while other effects on marine ecosystems are not yet
completely understood. Caldiera & Wicket (2003) found that “oceanic absorption of CO2
from fossil fuels may result in larger pH changes over the next several centuries than any
inferred from the geological record of the past 300 million years”, with exception of extreme
events (e.g. catastrophic methane hydrate degassing). The ecology of a marine area is finely
tuned mechanism and abrupt changes caused by climate change would likely influence it
greatly and, as a chain reaction, it would influence Croatian tourism sector which relies on the
ecosystem so heavily.
Other potentially important climate-related impacts on tourism may be related to the effect of
climate change on river discharges and lake water levels, fresh water temperature quality
and availability, all of which have the potential to influence the flow and value of
environmental services provided by the natural and built environment. Effects may be
especially strong on nature related continental tourism (watching of animals, fishing, hunting,
eco trails and etc.) and sites such as Plitvice Lakes National Park, Kopački Rit National Park,
Lonjsko Polje Nature Park, Vransko Lake Nature Park, Mrežnica river, Kupa river, Zeleni vir,
just to name few).
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Fresh water availability is one of the key indirect impacts of climate change. Climate
models predict that summers will be drier and hotter in Croatia until the end of century, which
would mean an increase of demand for fresh water while supplies are going to decrease. Fresh
water availability is already an issue on some Croatian islands – where only 25% believe they
have solved the water availability problem (UNECE-WHO, 2008) and drinking water must be
pumped or transported by ships from the mainland, especially during tourist season. One fresh
example includes critical water shortage in Istria during summer 2012 tourist season which
was severely affecting normal functioning of tourist infrastructure.
Natural freshwater
reservoir Vrana
Lake – Cres Island
The Vrana Lake is a
particular

natural

phenomenon holding
220 million m3 of
freshwater

in

the

island karst, in the
immediate vicinity of
the sea. The lake is a
cryptodepression
reaching a depth of
79m with the average
water level of ca.
14m a.s.l. Lake is
directly

and

completely satisfying
fresh drinking water
needs

of

Cres,

Lošinj

smaller

and

islands

archipelago:
Ilovik,

islands
in

Susak, Figure 48 Lake measuring gauge showing water table to be 908 cm above sea

Unije

level, which is one of the lowest levels measured. Lowering of water table close

and to sea level (or under it) would provoke salt water intrusion into this natural
fresh water reservoir.
Photo taken, 18. SEP 2012.
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Srakane via ship transport. All together ca. 12.000 permanent inhabitants and ca. 4 times more
during the tourist season (Stražičić, 1980). In the period from 1985 to 1990, a distinctive trend
of lowering of the lake water level was noticed (Ožanić and Rubinić, 1994). The results of
their hydrological investigations have shown that the lake is functioning as a part of the island
karst aquifer, in dynamic balance with the sea.
Precipitation decrease, increased frequency and length of droughts and increased pumping
rates are probable reasons for the summer 2012 very low level as it was in early nineties

Figure 49 Historical Vrana Lake water table levels were ca. 5 m above 18 SEP 2012 lake level (9.09 m –
“present” on the sketch) as it can be seen by dark water marks left in the bare rocks surrounding the lake.
Previous such low water level was recorded in the period 1990-1995 (Bonacci, 1995).
Photo taken: 18. SEP 2012.

(Bonacci, 1995). Water levels in lake already experience negative fluctuations. Average
annual pumping rate, natural evaporation from the lake and loss of water through the karst
system are surpassing lake water recovery. Mr. Ilario Krivičić, expert from Cres-Lošinj Water
Company (“Vodovod i čistoća Cres Mali Lošinj d.o.o.”), has noted (personal communication
on 18 SEP 2012) that in the period 04-12 August 2012 (top tourist occupancy of islands) an
average 12.7m3 of water was pumped daily (or 148 l/s) relative to e.g. March when daily
pumping rate was 3.7m3 or 43 l/s. The difference is large (more than three times).
109

Vladimir Kalinski: Doctoral Thesis

TOURISM & CLIMATE CHANGE

According to Petrik (1957) hydrological investigation, Lake water level should not be
lowered under 3m a.s.l. in order to maintain the balance with saltwater. Water table at 18 SEP
2012 was only 9.09m above sea level (Figure 48) which is ca. 5m lower than average
historical level (14m) (Bonacci, 1995) as sketched on Figure 49, and one of the lowest levels
measured. Several weeks later on 10 OCT 2012, the lowest historical level was measured,
9.07m (electronic communication on 05 FEB 2013 with Mr. Patris Salković, Technical
Director; “Vodovod i čistoća Cres Mali Lošinj d.o.o.”).
If in the future water table drops to the sea level or bellow (in case of further precipitation
decrease combined with high evaporation and increased pumping), intrusion of salt water
through underground karst system is highly probable. This would immediately and strongly
affect population of both islands and bring Cres-Lošinj archipelago into ecological
catastrophe.
Biodiversity loss (animal and plant realm) could severely undermine eco-tourist attractions.
A collapse of the fragile biodiversity of the karst system would lead to decreased visitation of
nature loving tourists and retreaters. Additionally, changes in terms of increased amount of
mosquitoes and other pests could lead to lesser attractiveness of natural areas otherwise
interesting for its biodiversity and the natural attractions. Good examples for this are Kopački
Rit National Park, Vrana Lake Nature Park (by Biograd), Lonjsko Polje Nature Park – all
characterised by high (especially ornithological) biodiversity.
Altered agricultural production could have impacts on food and wine tourism. Gastronomy
tourism is ranked as a fifth reason for foreign tourists to travel to Croatia (TOMAS, 2010).
Example here includes Neretva River delta valley, famous coastal vineyards (on Pelješac
Peninsula, Hvar Island and Krk Island, among the rest) but also an entire continental
agricultural production. Summer 2012 drought has severely decreased all main crops
production (with exception of sunflowers) and especially maize, with production decrease
from 50 – 100 % in Slavonia of normal years and estimated damages of more than HRK 1
billion (Agroportal, 2012).
Additionally, sea level rise, coastal erosion, and inundation could lead to the failure of
various tourism infrastructural systems from beaches to sewers. Also, a nautical tourism
infrastructure (large number of marinas and berths) could be affected by sea level rise.
This is explored more thoroughly in Chapter 3.2.
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Extreme weather conditions, increased temperatures and droughts would also lead to higher
occurrence of wildfires (Morehouse, 2001). Besides the direct recreational purpose and other
environmental services values forest have high economic value – directly or indirectly.
Wildfires are the biggest threat to Croatian forests, especially to the forests on the karst area
(Jurjević et al., 2009). For example, the total damage from forest fires in Croatia for 2007
(year with recent high fire incidence) was approximately EUR 113 million (HRK 826
million), according to “Hrvatske šume” company data. Out of the total figure the estimated
damage in the karst areas (basically the entire coastal zone) was approximately EUR 108
million (HRK 789 million) while the rest was a damage on the continent (approximately EUR
5 million or HRK 37 million) (Hrvatske šume, 2009; Šešo/EPEHA, 2008). Data for year 2012
are not available but, due to high number of reported fires, damages will surely precede those
of recent years. Most of these coastal wildfires occur nearby primary tourist areas. For
example, in 2007, forest fires near Dubrovnik threatened to force the evacuation of part of the
city during the peak tourist month of August and threating to cause high economic losses
(BBC, 2007). These are alarming data knowing that incidence of wildfires with climate
warming may increase significantly. Similar effect was evident in France where in extreme
heat-wave summer of 2003 the cost of fighting forest fires increased almost 50% compared to
normal years (EEA, 2007). Such 50% increase of wildfires would increase Croatian damages
to almost HRK 1.24 billion (almost EUR 170 million). However, there seems to be some
progress in addressing extreme emergency events such as fires near the coast. The 2007
coastal fires have triggered a newly organized structure for dealing with disaster relief, though
it remains to be seen whether this new structure (including a simplified reporting system for
reporting emergencies with number 112) will yield better results. Further work to enhance the
system capabilities for dealing with natural disasters seems necessary.
There may also be an impact on winter tourism associated with reductions in snow
precipitation. Since the average winter temperature for the Croatian mountain areas is -0.6 C,
with only an 1°C increase (increase of average winter temperature is projected by this study to
be 1.85°C in Mountain area) of average temperature in the mountains could result in serious
decline or even the complete failure of snow-related winter tourism and small number of ski
resorts. E.g., such a forecast was projected for the Alps in Stern, N., (2006) (Chapter 4:
Implications of climate change for development, p. 5) as well as for climate models covering
the Croatian mountains. According to Gajić-Čapka & Horak (2007), it appears that snow pack
has been already reduced in recent decades (1950-2005): -1.2 day/10 years of snowfall, and 111
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0.2cm/10 years of snow depth. With projected rise of average winter temperature to 1.9°C
(chapter 6.1.2) by 2100 this would amplify more drastically.
4.2.4 Impacts of climate change mitigation policies on tourist mobility
In exploring the potential risk that mitigation policies could reduce tourism, it is helpful to
look at where the tourists come from. While domestic tourists (from Croatia) made up 13.3%
of all tourists arrivals in Croatia in 2011 (1.529 million), they were by far outnumbered by
foreign tourists (86.7%). Primarily, EU citizens travel to Croatia with the largest portion
coming from Germany (ca. 16.7% in 2011) (DZS, 2011a).
Further carbon taxing is expected in air transportation, especially for the long haul flights.
That should not affect Croatia greatly since tourists are mostly coming by car (ca. 93%) while
number of tourists coming by plane is relatively small (ca. 3%) (Ministarstvo turizma, 2012).
At present they make the smallest share of tourists but according to new trends, that is
changing - a number of tourists from Asian countries may significantly increase in this
century (Institute for Tourism, 2010).
Separate new carbon bills for land transportation are not likely since they are already
incorporated into fuel price and official regular (annual) vehicle technical check-up.
Numbers of nautical tourists coming to Croatia by boat are not high (ca. 2%) in comparison
to other modes of transportation (Ministarstvo turizma, 2012) and, by default, those types of
tourists have higher purchasing power and they would not be as much affected by such tax at
the first place.
Overall, it seems unlikely that new transport related mitigation policies would greatly affect
the tourist visitations in Croatia.
4.2.5 Indirect impacts of climate change on society and multiplier effects
A potential indirect societal impact would be on the seasonal workforce which is mostly
employed by the tourism sector. Affects could be positive and/ or negative. In case of slight
warming (up to 1°C) the tourist season may start earlier and close later and, as a result, the
number of working months would increase (Bigan
o et al., 2005). In case of stronger warming (more than 1°C), summer temperature may pass
the critical threshold and season would be spread from one long into two shorter seasons
(spring and autumn season). It is not known how that would affect seasonal workforce: could
be positively since work period would be spread into two seasons and thus it would better
112

Vladimir Kalinski: Doctoral Thesis

TOURISM & CLIMATE CHANGE

cover (shorten) the idle (no-work) period. But it could be negatively as well since certain
number of seasonal workforce would not be available for two seasons and then both parties,
employer (due to shortage of workforce) and employee (due to loss of additional salary),
would suffer. The seasonal workforce would suffer in case various unfavourable climatic
conditions (high frequency of extreme events for example) would cause harm to the tourism
sector and tourist numbers in general would fall (Stern, 2006).
In addition, changes in the number of tourist visits could dramatically influence numerous
middle class entrepreneurs who are dependent on tourist spending (apartment renters,
family restaurants owners, etc.). At present establishments like these – especially those that
rent out rooms – are dependent upon the peak demand during the two months of high
(summer) season. From the running cost point of view, one peak season is the most cost
effective. Consequently, running cost of apartment for idle or intermediate season (keeping an
apartment in ready-to-accommodate status) is higher. The same could be expected if there are
more than one tourist season. Private accommodation and camp-sites make up 61% of all
capacity for hosting guests (Institute for Tourism, 2010). This group (small renters) does not
operate with large capital and does not have much choice about adapting to climate change
(camps must operate outdoors and private renters cannot re-locate business). If climate change
lengthens the tourist season, but total tourist visits remain constant, larger hotels may earn the
same or more (due to better occupancy if small businesses fail) while secondary, less
attractive family rentals may suffer because of a drop in the peak months. If, on the other
hand, the peak flows are expanded and smaller scale entrepreneurs can capitalize on
eventually increased tourist visits, there may be positive outcomes for middle-class
entrepreneurs as well. In case the climate becomes an extremely antagonistic factor and
tourists stop coming in large numbers, certainly those who are on the fringe of the industry
would suffer the most severe impacts.
This could have impacts on, not only, e.g. apartment or room renters, but other people who
sell goods and services to tourists as well (e.g. crafts shops, local agencies, local agricultural
producers, just to name few). While global resorts and travel agencies have started with
studies of climate change impact and vulnerabilities on their sector, very little is studied and
known about interactions between small scale businesses, seasonal workforce and climate
change in Croatia (e.g. UNDP, 2009).
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Multiplier effects from local impacts
Losses in income and jobs in local tourism-centred communities have the potential to spread
throughout the economy by means of inter-industry flows of goods and services between the
tourist sector and other parts of the economy.
Changes and potential losses to the tourism sector could also affect other sectors of the
economy. This could especially affect Croatia because of its reliance on tourism as a high
proportion of GDP. In this context the long term strategy of relying on tourism as one of the
primary sources of national income may be risky. Croatia generates approximately 15-20% of
its GDP directly from tourism, which is characteristic of economically undeveloped countries
(for example Asian-Pacific countries such as Cambodia, Fiji or Samoa, African countries
Kenya or Egypt, or a number of Caribbean countries) where other industrial sectors are
undeveloped.
Most developed countries have relatively small share of tourism in GDP (for example, Italy
and Austria 6%, Germany 2.9 %, Australia 5%, Spain 7%, France 4%, UK 3.4%, USA 3.8%)
(Dukovac, 2008). Even well-known and branded non-European holiday countries such as
Australia, India, Malaysia, Thailand or Singapore do not rely on tourism substantially
(UNESCAP, 2007). Singapore lowered its percentage of GDP share from tourism sector
roughly from 14% to only 5 % in 1990 to 2005 period (Figure 50). While there are no macroeconomic models for the Croatian economy that can measure what the impact of a drop in
tourism would mean for the economy, it is apparent that the entire economy is vulnerable in
case of tourism failure.
Finally, changes in climate – especially related to increased frequencies of natural disasters –
could have a significant impact on the financial and insurance sector in dealing with
tourism and tourist destinations associated climate change risks (UNEP FI CCWG, 2006).
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The insurance industry perceives climate change as potentially a risk, an opportunity and
somewhere in between. Most often climate change and insurance sector encounter over
property insurance. Insurance companies have been responding very quickly in understanding
climate change issues. Practically all major insurance houses, including Munich Re, Gerling,
Swiss Re, Allianz and Lloyd’s of London, have already initiated their own research and taken
steps towards addressing climate change issues (Allianz Group and WWF, 2006). Examples
of extreme weather events of recent years such as hurricanes and tsunamis has led to impose
of large insurance policy rates or simply refusing to provide coverage altogether (Mills and
Lecomte, 2006). For example, faced with high losses in 2005 many insurers in USA Gulf area
have cancelled more than 600,000 homeowners’ policies or they have been refused for
renewal. In addition, many commercial businesses could not find property insurance at any
price. On the other hand, insurers who continued to issue policies at higher rates have gained
enormous profits in last two years since
no major hurricane has swept the area
(Mills, 2007). Considering Croatian
insurance sector, no major rise of
insurances occurred in tourism sector.
But situation in Croatia is different than
elsewhere - basically all hotels
other

registered

apartment

and

renting

facilities do have colloquially called
“fire insurance” – which in addition to
fire, covers extreme weather events
accidences. In addition, most hotels
have an extra insurance for guests
during their stay (mostly to protect their
business in case of any law-suites
related to injuries) (Kalinski, 2012).
There is also a long tradition of insuring
business assets (in these case buildings)
in Croatia and it is very common. This
was

also

assured

during research

conducted for this study in direct Figure 50 International tourism receipts as a percentage
of GDP in Asia-Pacific countries, 1990 and 2005.
Source: UNESCAP (2007).
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communication with major Croatian insurance company. According to Mr. Krešimir Tomašić
(Deputy Director from “Croatia osiguranje” Sector of property insurance and reinsurance;
electronic communication on 08 SEP, 2008), during last several years no significant increase
of insurance policy contracts were made, mostly due to the fact that high number of private
households and businesses have already taken such insurance. Croatian insurance market is
small but stable. This all may be a reason why there is no significant trend towards higher
insurance demand due to increased natural disasters.
For the banking sector, climate change does not seem to be of great concern as of yet. Due to
massive damages to infrastructure in the US (hurricane Katrina 2004), Europe (floods 2005),
Asia (SE and S Asia tsunami 2004, earthquake and tsunami Japan 2011) central America
(earthquake Haiti 2009) and Oceania (Floods Australia 2008, earthquake New Zealand 2010)
the situation may change. Still, banks feel protected due to reinsurance of customers and bank
itself. However, losses due to natural disasters may overwhelm insurance and banking
markets (Sandhoevel, 2006; UNEP FI CCWG, 2006).
Fund managements are exposed by various degrees to climate change (depending in which
businesses they reinvest) but so far there is no evidence that Fund managements take climate
risk into account when investing in the area’s tourism sector. Climate change per se has no
priority, and is treated rather as mitigation and not an adaptation issue. From their perspective
businesses should adapt to new situations and then Funds would invest in successful
businesses. Thus by choosing successful businesses they actually mitigate possible climate
change related problems. Funds itself do not consider any adaptation steps. Ideally they do
business one step further from where the issue exists and live on successful businesses’
profits. The same as with the banking sector, this may change in the future as well (UNEP FI
CCWG, 2006).
Large commercial businesses may overcome climate related issues at present, but the future
may be more difficult. For example, in one scenario, global disaster losses could reach over
EUR 640 billion in a single year by 2040 (UNEP FI CCWG, 2006). The impacts would be
even much worse in developing countries where capacity to manage climate related disasters
is much lower. That would directly influence millions of people worldwide. In situation as
such, a combination of strong mitigation and adaptation policies seems to be an imperative.
There is no clear understanding to author of this study if there any appreciations of climate
change risks and opportunities among the Croatian financial sector other than insurance. It
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was only during the research with the insurance company that climate change risks were
acknowledged and correlated with extreme weather events policy contracting.
The UNEP FI CCWG (2006) report has come out with key recommendation for the financial
sector, but it is also very relevant for the tourism business sector:


Recognise the reality of climate change and mainstream it into all business processes.
It is a decision factor for business planning and strategies, portfolio management, and
at individual transaction level.



Develop and supply products and services for the new markets which will come with
integrated adaptation e.g. at micro-level in developing countries, and for ecological
services.



Work with policymakers to realise the transition to integrated adaptation.



Ensure that contingency plans consider “worst case” disasters.



There would be need for future public-private cooperation, where public sector would
ensure funding and private sector would ensure technical support and expertise.

4.3 ECONOMIC MODELS FOR CLIMATE CHANGE IMPACTS ON TOURISM
SECTOR– A REVIEW
Changes in the average characteristics of climate (the way how enjoyable people feel
according to outside temperature, humidity, windiness and other weather sensations) have
great importance on tourists’ choice of destination. To date, two major different approaches
have been used to simulate the impact of climate change conditions on aggregate tourism
flows world-wide and in the EU (Kalinski & Callaway., 2009; the section on ‘economic
models in tourism’ was in Kalinski & Callaway (2009) in large covered and edited by Dr.
John Mac Callaway, Sr. Economist at UNEP RISØ Center at Danish Technical University).
The first approach – which we call “participation modelling” – is embodied in a number of
variants of the Hamburg Tourism Model (HTM) (for example see Bigano et al., 2007;
Hamilton et al., 2005b). The second is through an approach using a Tourism Climate Index
(TCI).
The Hamburg Tourism Model (HTM) is a simulation model of tourism flows to and from
207 countries. It is used to analyse scenarios of population and economic growth as well as
climate change and climate policy. The model was originally developed by Jackie Hamilton,
David Maddison, and Richard Tol (Hamilton et al., 2005a), with later additions by Andrea
Bigano and Karen Mayor (Universität Hamburg, n.d.). The HTM approach involves: first,
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using of aggregate data to develop an empirical model of the relationship between a measure
of tourist contribution (such as overnights or arrivals or departures) and second, a number of
descriptive variables, among which are climate variables. The empirical model is then used to
simulate the effects of changes in the climate variables on tourist participation. The HTM and
other empirical models alike, tend to be relatively rough instruments for simulating the effects
of climate change on recreation demand. This is because they use aggregate data on tourism
and climate variables; they often do not discriminate between different types of recreation or
tourism, and fail to take into account important trade-offs caused by changes in the
desirability of the climate at different sides sites relative to the costs of travelling to those
sites. These effects can be captured much better through the use of so called “travel cost
models”.
Travel cost models are similar to participation models with one main difference: they include
not only climate variables, but also variables of the travel cost between origins and
destinations. Models of this type have been developed to look at the determinants of the travel
behaviour of UK (Maddison, 2001) and Dutch residents (Lise and Tol, 2002). However, these
particular models were not developed to simulate the effects of climate change on destination
choice within the EU.
A study of Biggano et al. (2007) used the HTM model to simulate the effects of climate
change and tourism expenditures on arrivals and departures in 16 world regions and a number
of individual countries. In total, global tourism fell by approximately 10% relative to the base
case (without climate change). More people stayed at home. The study also showed a pattern
of declining arrivals and tourism over time in warmer countries and that was partially offset
by increasing arrivals and tourism in northern countries. A study of Mediterranean countries
(Bigano et al., 2008) using the HTM showed similar results, with countries on the southern
coast losing tourists and countries on the northern coast gaining tourists. In this study, the
outcomes for Croatia were mixed. The results showed that in 2100, while domestic holiday
visits increased by 25%, arrivals from abroad fell by about 8% and holiday expenditures
increased by about 8%.
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A second way of incorporating climate as a variable for tourists is through the use of a
Tourism Climate Index (TCI). The TCI indicates the desirability of a site for tourist
activities based on local climate features, consisting of maximum and minimum daily
temperatures, mean daily temperature, mean and minimum daily relative humidity, total
precipitation, total hours of sunshine, and average wind speed (Mieczkowski, 1985). These
variables were used to construct three “comfort indexes” whose weighted sum constitutes the
TCI. The TCI, as such, provides a method to systematically rate the tourist locations around
the world, using a scale from -20 to 100. The scale is divided into 11 categories, where 50-59
is “acceptable” as a tourism climate, 80-89 is “excellent,” and 90-100 is “ideal.” From a
theoretical perspective, the TCI can be used to identify six different “representative” TCI
distribution shapes (Figure 51). A location with year round tourism and a consistently
favourable climate would be called “optimal” and would have a TCI rating of 80 or above all
year, while a country with “poor” tourism would have a TCI rating fewer than 40 throughout
the year. A location that is more attractive for summer tourism would have higher TCI values
during the summer months (summer peak), such as Croatia, while a location with more winter
tourism would have higher TCI values during the winter.
Locations whose climate is attractive for tourism in both the spring and autumn months would
have higher TCI values during those months (this is called “bimodal or shoulder peaks), while
areas with distinct wet and dry seasons (very typical for the most tropical countries’
destinations) would generally
have the highest TCI values
during the dry season (dry
season

peak)

(Scott

&

McBoyle, 2001). There are
several

studies

associated

with TCI research and use
(McBoyle & Scott, 2007;
Hein,

2007;

Hamilton,

2005a,b), including an EU
study DINAS-COAST (2003)
which was developed for the
EU Directorate General for
Figure 51 Conceptual tourism climate distributions according to TCI.
Source: Scott & McBoyle, (2001).
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the Environment (DG-ENV). DINAS-COAST have been developed within the PESETA
project (Projection of Economic impacts of climate change in Sectors of the European Union
based on bottom-up Analysis) which was an early effort by the EU to conduct a multisectorial assessment of the short- and long-term impacts of climate change, with an emphasis
on the valuation of the economic costs of climate change (or climate change damages)
(PESETA, 2007; Ciscar, 2009; Ciscar et al., 2011). For the evaluation of vulnerability of
coastal regions PESETA used DINAS-COAST developed DIVA tool. One of the sectors
included in this project was the tourism sector. The PESETA tourism study involves three
different parts:
1. Simulating the effects of climate change on the TCI,
2. Simulating the effects of changes in the TCI due to climate change on tourism bed
nights in each EU country, and
3. Projecting the effects of these changes in tourism bed nights on tourist
expenditures on goods and services in each country.
Despite PESETA was an EU project aimed for the EU member states, the tourism study
included Croatia within its geographic and national scope as well but it was published only in
preliminary reports (which are not available for public discussion any longer) but was omitted
from the final report (Ciscar, 2009).
In the first step, the PESETA tourism study projected the effects of the IPCC SRES-A2
scenario (high population growth with regionally oriented economic development) on the
summer-time values of the TCI. The results for the reference period (1961-1990) are shown
in Figure 52, while Figure 53 shows an average for the period 2071-2100 as projected for
SRES-A2 scenario (PESETA, 2007b). Comparing the two figures, it can be seen that there is
a substantial shift in the relative attractiveness of different regions for summer time
recreation. In general, the majority of locations on the Mediterranean and Adriatic, which
registered very good to excellent on the TCI scale in the reference period, have become
acceptable or unfavourable under the climate change A2 scenario in the period 2071-2100.
This appears to be true for the Croatian coast as well, while in the interior of the country the
changes are not that pronounced (rather mixed) but generally involving declines in the TCI
index category as well. A downgrade shift happened: from very good (most of Croatia) and
excellent conditions (Lika, Dalmatinska zagora, and Southern Dalmatia) to mostly good
(coastal and north-western Croatia), acceptable conditions (Slavonia). Very good conditions
are left only sporadically (parts of Mountainous Area).
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However, despite these declines in the summertime index, TCI scores in the shoulder seasons
– spring and autumn (not shown here), are generally projected to increase throughout Europe.
The methodology for projecting impacts of climate change through TCI has a number of
limitations which were admitted by the authors of the study as well (PESETA, 2007b; Ciscar,
2009). First, the results are shown for one emissions scenario only (the A2 scenario). Second,
study is based on average monthly climate data, and does not take into account extreme
weather events, which are a part of the TCI index and which are important for tourism. Third,
the TCI index has not been validated in the EU through any correlation with measures of
visitation. Finally, the TCI index only includes meteorological variables, and does not include
other site characteristics that influence tourism participation and which may be sensitive to
climate change.
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Figure 52 Simulated conditions for summer tourism in Europe for the base
period 1961-1990.
Source: PESETA (2007b).

Figure 53 Simulated conditions for summer tourism in Europe for 2071-2100
according to High-Emission Scenario (IPCC A2).
Source: PESETA (2007b).
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A study of Amelung and Viner (2006), used the A1F (future world of very rapid economic
growth and global population that peaks in mid-century and declines thereafter, and the rapid
introduction of new and more efficient technologies with intensive use of fossil fuels) and
B1A SRES emission scenario (CO2 emission stabilisation at 550 ppm) (Nakičenović et al.,
2000) to examine the impacts of climate change on the TCI. The study showed the importance
of the seasonal impacts of climate change and the importance of adjusting to them. In the
summer months, the TCI ratings fell (less favourable for tourism) along the Mediterranean
and Aegean coastlines but increased in the North, along the Baltic and North Atlantic (Figure
54).
Contrariwise, the conditions for tourism along the Mediterranean and Aegean coastlines
improved in the shoulder seasons, particularly in spring and to a lesser extent in the autumn.
The results for Croatia in this study are similar to those in PESETA’s A2 scenario and are
typical of coastal areas along the Mediterranean. Under the A1F scenario TCI conditions
could change from the excellent and very good in 1970s, until the end of century when TCI
becomes unfavourable (at the coast), acceptable (in the central part of the country) and good
(in the northwest and east). Under the B1A scenario, conditions would be good at the coast,
very good in central Croatia and in the north and east) and marginally excellent in the west.

Figure 54 Mean tourism climatic index (TCI) values for Europe and North Africa in the summer
season of the 1970s (left) and the 2080s according to the A1F SRES scenario (top right) and B1A
SRES scenario (bottom right).
Source (with changes): Amelung & Viner (2006).
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One item to note is that the summers are generally expected to be dry. This could have dual
impact on tourism because there would be more days for enjoying outdoor activities, though
at that the same time water shortages may become an issue or problems may result due to
decreases in water quality for drinking and bathing (especially in the seaside).
In general, what both studies show is the potential for a shift in summer tourism away from
tourist destinations along the Mediterranean and Aegean coast lines to the Baltic and North
Atlantic coast. However, there is the potential that these tourism losses could be offset to
some extent by gains in spring and autumn. However spring and autumn offset can be limited
to ability of tourists to adjust their vacation periods and school calendars.
It should be kept in mind that changes in the TCI do not tell the complete story, since there
are a number of other determinants of tourism flows that cannot be captured solely by the
response of the TCI to climate change. To try to get at these other factors, the second step of
the PESETA tourism study involved simulating the effects of changes in the TCI due to
climate change on visitation. To do this required estimating the parameters of a statistical
participation model that related a measure of visitation (bed nights) to the TCI and other
control variables (area, population and per capita income) that might influence tourism. This
was accomplished using a data set that contained 214 geographic regions in the EU (including
all countries that were once part of the SFR Yugoslavia). Participation models were estimated
using climate results for two different climate models (namely RCAO and HIRHAM). The
results were fairly close and the TCI was an extremely significant predictor of visitation.
Based on the models’ structure, the effect of simulated change in TCI on visitation was
independent of other variables in the model and depended upon the TCI value in a linear
fashion. For example, with a TCI value of 80, a one per cent increase (or decrease) in the TCI
would result in a 2.2 to 2.6 per cent increase (or decrease respectively) in bed nights. At a TCI
value of 100 this figure increased to 2.8 to 3.3 per cent. However, actual analytical results on
the country level are not available for the public use. The PESETA project did not authorise
the use of actual economic results calculated for Croatia and therefore they cannot be here
presented and further used. It can be only reviled that the numbers did show losses in
visitations and expenditure. As all the examples from HTM and TCI economic models above
suggest, climate change could have direct impact on Croatian tourism due to direct connection
of “pleasant” climate and tourism during the primary season.
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5 ADAPTATION PROCESS
Climate change adaptation is defined as adjustments in human and natural systems in
response to actual or expected climatic variation, with an intention to moderate harm or
exploit beneficial opportunities (IPCC 2007b, d). As already mentioned, it is nowadays clear
that mitigation and adaptation are not into competition, both need to be pursued in parallel.
Mitigation is necessary because future generation may face even greater problems solution for
which will not be easy, cheap or even possible to adapt to. While adaptation will have to deal
with inevitable problems that are already generated and cannot be reversed anymore.
Throughout the literature there has been high increase of adaptation related work and there
have been many attempts to classify various adaptation types. Out of that it may prove most
logic to simply differentiate two basic types of adaptation – either autonomous or planned.
In many cases adaptation will be achieved simply by changing of living or business habits as
situation is gradually changing – in that case we are talking about – autonomous adaptation.
It is the most “natural” response to the changing environment. Autonomous adaptation may
also happen in natural ecosystems after new equilibrium has been achieved. Sensu lato, all
ecosystems will always be able to adopt autonomously – the new equilibrium will be achieved
at some point, but it does not necessary mean that all previous components of that ecosystem
will still be present in the new equilibrium.
Climate and climate change are complex, but in its very core – natural processes (even if
anthropogenically accelerated) and an adaptation answer should be an autonomous adaptation
whenever seems acceptable: no decisions that may prove wrong, no environmentally
provocative actions, societies would naturally adopt/develop to new state of order. Due to
scale of possible climate change impacts that is not always going to be possible and it would
be necessary to employ different sorts of technology to support desired adaptation targets.
Multidisciplinary problems require appropriate multidisciplinary approach and answer. Those
can be in “hard” form (e.g. sea dyke, desalinisation plant, rainwater harvesting reservoir, etc.)
or in “soft” form (e.g. new insurance patterns, disaster management plans, awareness rising
seminars, etc.) (with changes: UNFCCC, 2006). In such case we are talking about planned
adaptation. Planned adaptation is an iterative process and it may be represented through
several stages as presented in Figure 55 (UNFCCC, 2006). Adaptation process starts with
collection and interpretation of necessary information mostly on impacts and vulnerabilities to
climate change. After problem is described next step would be to design response to the threat
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Figure 55 Iterative steps in planned adaptation and surrounding environment.
Source (with changes): UNFCCC (2006).

that is technically feasible, economically viable and consistent with development objectives of
the area (municipality, county or country). Planned measures should also fit into policy
criteria established by country itself. Implementation step would often require support of
various stakeholders in order to successfully achieve planned results. Project implementation
should be constantly monitored and evaluated in order to allow adjustments, change of course
direction and feedback.
How to incorporate adaptation into development
Climate change is relatively slow and long-term process (in relation to human lifespan, but
fast and abrupt in the geological timescale) and adaptation measures may be expensive and
some even prove wrong due to misinterpretation of climate change projections. Because of
this the only logical approach to adaptation is to incorporate adaptation measures into
development planning – mainstreaming of adaptation throughout development at local
and national level. If adaptation measures (or preventive measures) are incorporated into
development they may only ensure increase of adaptive capacity of the system or sector.
Therefore adaptation measures that are incorporated into development are “no-regrets”
measures – they would benefit society even if CC would not have as strong impacts as
projected.
Adaptation by its very nature requires integrated, cross-cutting approach – through policy
development and through measures planning. As defined in “Mainstreaming PovertyEnvironment Linkages into Development Planning: A Handbook for Practitioners” (UNPEI,
2011): “Mainstreaming climate change adaptation is the iterative process of integrating
considerations of climate change adaptation into policy-making, budgeting, implementation
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and monitoring process at national, sector and subnational level. It is a multi-year, multistakeholder effort grounded in the contribution of climate change adaptation to human wellbeing, pro-poor economic growth, and achievements of the UN set Millennium Development
Goals (MDGs). It entails working with a range of government and non-governmental actors,
and other actors in the development field”. Mainstreaming approach, as set out in UNPEI
(2011), provides a starting point and a framework how to successfully mainstream climate
change adaptation into development planning processes. The same group of authors suggests
that mainstreaming adaptation into development should go through a three step process:
a) Finding the entry points and making the case,
b) Mainstreaming adaptation into policy processing,
c) Implementation.
This approach may be just one method for mainstreaming adaptation into development and it
is not necessary to be followed in exact steps as described. However as approach is logical it
may be applied as such in Croatia as well and therefore it will be further explained.
In general, single actions taken during the process should include, among the rest, awareness
rising (on all levels and all groups), knowledge building (using experts who can pass practical
know-how), raising the issue in the government (e.g. by use of Sabor’s Working Group for
Environment), involving sectoral and sub-national bodies (linking sector businesses with local
and regional bodies, involvement of both groups is necessary), linking impacts on local level
to national level response (local initiative needed: municipalities and should NGO’s use CC
impacts as showcases to higher levels; lobbying Sabor’s working group on environment to
raise the issue), meeting the implementation challenge (translating words into action),
strengthening institutions and capacities sustainably and at various levels (looking for gaps –
knowledge wise or expert wise and fill it up, or at least note it down), and the last but not
least, ensuring political will (this may be a starting point as well – lobbying for adaptation
mainstreaming when and where necessary). The process is a cycle, a wheel that must be
pushed to keep going. UNPEI (2011) is in a way suggesting that various effects of climate
change (e.g. higher frequency and severity of extreme weather events, changes of average
temperature and precipitation, sea level rise damages) might be used as an argument for
mainstreaming adaptation into development.
Possible entry points for mainstreaming adaptation into national development planning are
given in Table 6:
127

Vladimir Kalinski: Doctoral Thesis

ADAPTATION

Table 6 Possible entry points for mainstreaming adaptation into national development planning.
Source (with changes): UNPEI, (2011).
Planning level
Possible entry points
Government and cross-sectoral ministries (e.g.

National Development Strategy

Ministry of environment and nature, Ministry of sea

National

and transport, Ministry of energy, Ministry of

Adaptation Plan of Action,

Finance,…)

National Communication to UNFCCC

Adaptation

Strategy

and

National

National budget allocation process or review
Sector ministries (e.g. Ministry of tourism, Ministry

Sector strategies, plans and policies (e.g. National

of Environment and Nature Protection, Ministry of

Tourism Strategy)

agriculture, …)

Preparation of sector budgets
Public expenditure reviews

Sub-national authorities (e.g. units of regional and

Decentralization

processes

(e.g.

transfer

local self-governments)

development decision making on local level)

of

Local and regional planning
Preparation of local and regional budgets

Many of possible entry points are yet to be developed (National Adaptation Strategy, National
Adaptation Plan of Action) and de facto development of those documents should be properly
timed, not only to fulfil the formal obligations resulted from EU accession and UNFCCC
ratification requirements, but for actually raising the climate change adaptation issue as an
essential development variable.
Mainstreaming adaptation into policy processing is mostly concerned with integration of
adaptation into policy process and resulting policy measures. This step should primary target
national legislation but is also effective on lower levels. After preliminary step assessment
(finding the entry points) more extensive analytical studies, which would illustrate impacts of
climate change on development, can help inform the adaptation mainstreaming effort. Thus
this step includes assessments of CC impacts, vulnerabilities and adaptation measures (IVA),
economic analyses of CC impacts and demonstration projects. Assessment of CC impacts,
vulnerabilities and adaptation (IVA) may include (UPEI, 2011):
- analyses of current and projected climatic trends;
- vulnerabilities of local natural systems and communities;
- climate related risks in specific sectors important for the geographical area;
- possible adaptation measures.
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Information gathered for the National Communication to UNFCCC or similar studies (e.g.
UNDP (2009) or this study) can be very useful for early stages of policy development if seen
as a “storage” of observed CC issues (from impacts, over potential vulnerabilities to proposed
adaptation measures).
One of the most known and most comprehensive CC economic analyses was prepared by the
Sir Nicholas Stern, chair of the Grantham Research Institute on Climate Change and the
Environment at the London School of Economics (LCE) and also chair of the Centre for
Climate Change Economics and Policy (CCCEP) at Leeds University and LSE. It is also
known as “The Stern Review on the Economics of Climate Change” (Stern, 2006). Stern
review discusses the effect of global warming on the world economy and as conclusion
suggests that early action is less expensive then later adaptation and suggesting that it would
require ca. 5% of global GDP annually to successful keep the level of CO2 within the 500 to
550 ppm limit (though in Stern (2008), the estimate is increased to 10% of global GDP
annually due to observed increased rate of climate change). The study itself was criticised by
some economists and supported by others, but not going into exactness of his analyses, the
bottom point is that unless CC impacts are translated into economic terms there will be
little or no support (public and/or from governmental institutions) for adaptation
mainstreaming. For example, during preparation of UNDP (2009) report it was possible to
find only a single economic study on projected influence of CC on maize production. No
other CC related economic models were available. Evidences of economic impacts of CC
would also help ensure allocation of financial resources for developing of policy measures in
support of CC adaptation but also for development of demonstration projects. Demonstration
projects are by nature local projects that should demonstrate the relevance and effectiveness
of adaptation measures (UNPEI, 2011). Those local projects, if successful, can be scaled up or
multiplied to other locations with similar conditions.
Influencing policy processes is an important part of the adaptation mainstreaming and its task
is to keep adaptation relevant objectives within long-term development vision preferably by
using existing local/regional/national development planning processes. While UNPEI (2011)
suggests that such coordination should be in hands of central ministries (e.g. finance), author
of this study suggests that it should be in a hands of an independent body dealing with CC (on
a basis of numerous meetings with stakeholders, e.g. Kalinski, 2012) as it is further explained
in a “Bottom-up or top-down?” section (Box 3) and “Results and Discussion” chapter.
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Developing and climate-proofing of policy measures should ensure building of policy
framework that would encourage and enable development of specific adaptation measures.
For example, if adaptation measure should enable more efficient fresh water usage in islands
of Cres and Lošinj and preservation of normal water level in natural reservoir Vrana Lake, a
local policy measure such as introduction of incentives for rainwater harvesting and use of
rainwater on household level, could be introduced.
Implementation step is actually the crown of two previous steps (finding the entry points and
making the case; mainstreaming adaptation into policy processing chain) and the purpose why
we took them at the first place. This step should enable mainstreaming adaptation possible
through engagement in budgeting, implementation and monitoring process (UNPEI, 2011).
Implementation challenge would usually include several issues critical for successful
adaptation. First of them is an existence of information relevant for knowledgeable decision
making. For that alone it is necessary to evaluate and if necessary strengthen the national
monitoring system(s). Consequently, it is necessary to understand what is the challenge of CC
adaptation (uncertainty of long-term CC impacts; yet unknown or not enough understood
indirect effects of climate change- a multiplier effects; effectiveness of measures due to long
term nature of climate change and other questions), increase the capacity of existing
institutions and sources of information if necessary (but also to revise the number and role of
existing monitoring systems and institutions), selecting and developing of monitoring
indicators and communicate information among stakeholders.
Box 3 Bottom-up vs. Top-down approach (chicken or egg problem?)
Climate change adaptation is often seen either as a bottom-up or top-down process. As seen
from interviews with local, business and Ministry stakeholders in Croatian tourism sector
(Kalinski, 2012), there is no common understanding about not only who should, for example,
initialise adaptation measures, but not even who should think of, or observe impacts. While
local and (even) business sector have opinion that any pro-CC adaptation steps are in the
realm of the Government and relevant Ministries and that it should be regulated from the top,
the ministerial level has opinion that a local level should give them a pro-active initiative
regarding CC impacts and vulnerability problems observed in their realm. Basically both
positions can be understood and they (partly) make sense from their point of view. If that is a
true then there should be a zone of understanding between those two approaches, where both
approaches should meet and negotiate.
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Top-down approach. A top-down approach is the most utilised instrument often
comprehended as logical approach where decisions are initiated at the national level, required
polices are designed or adopted and implementation on the field can start within that policy
framework. Exactly those two characteristics: a) ensuring needed legislative and institutional
framework and then b) placement of concrete action within existing framework; makes topdown approach very often an approach of choice. This approach is, in a way, also “imposed”
to Croatia due approaching to EU membership. Croatia is basically required to translate
(copy) EU policies and directives into its own system – and top-down approach is already
initiated (which is not negative by default as some may assume).
Top-down approach is a comprehensive approach to climate change risk associated
management. Process is initiated on the national level (within Ministries, Agencies, etc.), and
then it spreads down over regional to local level where most of concrete implementation
measures take place (Figure 56). Top-down approach starts as series of measures aiming
strengthening of relevant (for the topic) institutions, adopting necessary policy framework and
in general increasing of capacity on all levels starting from top to bottom (personal,
institutional, societal, monitoring, information capacity, and etc.). All actions will be
coordinated from higher levels to lower and they will all fit into strategies and plans of
actions. If necessary, plans of actions (and similar) will change after feedback from the field

Figure 56 Top-down approach to climate change adaptation, from national to local level. The
basis for top-down approach is to form policy and legislative umbrella, together with
development of strategies and plans of action as a framework for implementation on a local
level, but keeping in mind a wider context.
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and process would be in constant circular motion improving itself in each iteration.
Bottom-up approach. The bottom-up approach is governed by analyses of CC impacts and
vulnerabilities and then designs of appropriate adaptation projects. It is usually initiated on the
level of local self-governing units (or even lower through NGO’s or associations of citizens)
often triggered by concrete issues observed on the field (e.g. collapse of coastal road due to
storm surges initiated sea erosion).
Local community then looks for a solution of the problem often first through regional level
and even national if problem could have wider importance (Figure 57). This kind of approach
is often: a) very effective due to due to tackling the core of the problem and due to knowledge
of local specifics (solution offered somewhere else may not work everywhere due to local
specifics of the problem); b) very concrete in offering exact set of indicators that should be
monitored and made further decisions upon. Action can be often initiated through initiation of
self-funded projects of local importance which may not be necessary seen as climate change
adaptation project but rather development type of project. Decisions on action are often
triggered after observed insufficient adaptive capacity, that is, vulnerability (e.g. after
observations that a town does not have water reservoir for protection against forest fires, local
community decides to act upon a comprehensive solution against forest fires including
building of reservoirs, fire fighting water supply system, mobile fire extinguishing equipment

Figure 57 Bottom-up approach to climate change adaptation, from local community to
national level. The basis for bottom-up approach is to act upon observed impacts and
assessed vulnerability – mostly understood as a barrier to development of the community.
Quality and quantity of actions (or need for actions) on local level is pushing national level
to follow up with policy/legislative framework and develop strategies and plans of action.
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and emergency evacuation awareness rising and trainings) which is a threat to local
development. Even such projects may surpass capacity of local economies and then funds are
requested from regional and/or national level. As understandable and logical as it may sound,
the bottom-up approach is often faced by many institutional and policy barriers due to nonexistence of such framework that would ensure implementation of such concrete projects.
Nonetheless, direct initiatives (as more of them as better) would “force” or “provoke”
development of supporting policies that would put such initiatives under legislative umbrella.
Even better, activities initiated in one community would be often spread and/or push on action
other local communities with similar issues
Frameworks for adaptation decision making
Assessing climate change impacts, evaluating vulnerability and making decisions upon
implementation requires certain approach. Lu (2011) has given examples of approaches given
by several international organisations including: the IPCC ‘seven-step approach’ (Carter et
al., 1996; IPCC, 1994), UNDP Adaptation Policy Framework (UNDP, 2004), UK Climate
Impacts Programme’s climate risk decision framework (Willows & Connell, 2003),
Australia’s climate risk management guide (Australian Greenhouse Office, 2006), and the US
Agency for International Development’s climate adaptation mainstreaming guidance
(USAID, 2007). Lu (2011) further explains that these frameworks were developed with
different end users (academia vs. practitioners), objectives (advancing science vs. improving
adaptation decision making), and overall approaches (top-down vs. bottom-up). The key
characteristics of each adaptation decision frameworks are summarized in ANNEX 2.
5.1 ADAPTING TO SEA LEVEL RISE
Sea level rise is projected to occur quite slowly (IPCC, 2007d), and, although a sudden and
large sea level rise could occur, the possibility of this is quite small currently available model
results. For example, the total melting of the Greenland Ice Sheet, which would raise global
sea level by about seven metres, is a slow process that would take many hundreds of years to
complete (IPCC, 2007a). If we imagine that to happen within 21st century than the speed of
melting should be at average 70 mm/year and such speed cannot pass unnoticed. The timing
of sea level rise is a very important factor in evaluating adaptation options to adjust to it. In
the case of gradual sea-level rise, populations and economic activities at risk have a long time
to respond and to carefully evaluate the alternative actions they will take, namely: to protect
property and structures from inundation, to retreat from sea level rise and re-establish
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population or economic activity further inland, or a mixture of the two. Studies that compare
the protection and retreat options include: Yohe &Neumann, (1997); Yohe & Schlesinger,
(1998); Fankhauser, (1994). While assessments of the costs and benefits of protecting
populations from sea level rise include: Nicholls et al. (1995); Nicholls & Lowe (2004); Tol
et al., (2008).
Gradual sea-level rise also allows for the possibility of adapting slowly using short-terms
measures instead of immediately making large investments that turn out to be based upon
faulty sea-level rise projections. This approach also allows coastal planners and resource
managers the possibility of learning-by-doing over time. The time span over which these
actions can be expected to take place also make it difficult to calculate the future benefits
associated with avoiding the damages of sea level rise and, to a lesser extent, the costs of
avoiding these damages. But this does not mean that the best strategy would be to wait until
we have better evidence of sea level rise before looking at the alternatives. Indeed, as the
literature suggests, sea level rise is already happening and already seriously affects many
countries (Pacific, Indian Ocean). While, the benefits and costs of protecting European
coastlines have been estimated for a number of European countries, there are no such
estimates for Croatia. A limited coastal data base is included in the DIVA (Dynamic
Interactive Vulnerability Assessment) model and DIVA was used in the EU’s PESETA
project to estimate the benefits and costs of coastal protection in the EU. However, the report
covering the coastal impacts for Croatia has not been published.
On technological level, observed lacks to adaptation planning in Croatia include insufficient
capability for more detailed mapping and database development with high resolution
data of physical characteristics of the coastal areas (high resolution digital elevation
models-DEMs), the infrastructure, economic activities and the values of buildings and
structures in these areas. This type of activity is perhaps best implemented through cooperation with other European and EU agencies and institutions engaged in collecting detailed
physical and economic land use data. This wider-EU capability is reflected in the
development of country, regional and world-wide data bases for use with the Dynamic
Interactive Vulnerability Assessment (DIVA) model, most recently through DINAS-COAST
project (Vafeidis, 2008).
The next observed lack is insufficient capability to use such databases to estimate the
physical and economic damages associated with various SLR and protection scenarios
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and the costs associated with alternative protection and retreat strategies. Again, this
capability is perhaps easiest to develop in partnership with other European institutions
engaged in the policy research on sea level rise and adaptation. In addition, it would be
worthwhile for Croatia to expand own capability to assess the damages of sea level rise and
the benefits and costs of avoiding these damages for particularly vulnerable areas on the
coast.
Local level decision-makers in coastal communities need to be in the frontlines of adaptation.
Insufficient awareness of local communities about the impacts of SLR and vulnerability
potential due to SLR, but also their capability to integrate planning for SLR into their
development planning decisions (Table 7) has been observed. Public sector is involved in
many activities that can avoid damages from sea level rise. These activities include land use
planning, the development and location choice of port and coastal infrastructure, and a wide
variety of other activities related to regulations and taxation. Public sector involvement
would be just as important for decisions about building dikes and sea walls to prevent urban
flooding, as it would be for developing the right zoning measures and economic incentives for
reducing the frictional costs of gradually moving whole communities out of the way of SLR
at the least possible cost.
Table 7 Possible role of the public sector and technological steps necessary prior adaptation to SLR.

Role of the public sector
Increasing awareness of local communities about the SLR impacts and vulnerability
potentials.
Increasing awareness and developing capacity of local governing units to integrate
adaptation to SLR into their regular community development planning process.
Technological steps to be governed by the public sector
Developing of capability for more detailed (higher resolution) mapping of coastline
Developing of capability for using databases from various sources/institutions
5.1.1 Information availability for decision-makers to assess vulnerability and adapt to
SLR
In order for adaptation policies and adaptation projects to move forward, a great deal more
information will be necessary. Coastal zone is especially complex system consisted often
from interaction of highly dense natural and anthropogenic structures. Such complex system
requires corresponding monitoring through array of indicators. Indicators are measurable,
clearly defined and comparable monitoring tools. Sea level is one such basic climate change
indicator which has been monitored already for decades. There are a few institutions in
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Croatia that are actively involved in monitoring of the sea level (Vilibić et al., 2005). One is
the “Hydrographic institute” from Split (HHI) which has a joint project with the Ministry of
Science and Technology “Adriatic tides and sea level on-line” (HHI, n.d.). One of the main
activities is to supply any potential user with information about sea level from the gauge
station in Split. In the year 1997 the inter-institutional project “Systematic exploration of the
Adriatic Sea as a base for the sustainable development of Republic of Croatia – Project
Adriatic” began. The project includes the Centre for Marine Research Rovinj, Institute Ruđer
Bošković Zagreb, Institute of Oceanography and Fisheries from Split, Croatian Hydrographic
Institute from Split and Faculty of Science, University of Zagreb. The project continuously
monitors marine environment parameters and sea level, and covers practically the entire
Croatian Adriatic. Cooperation among above mentioned institutions that are already involved
within the project and other institutions (e.g. the DHMZ or Andrija Mohorovičić Geophysical
Institute) should be feasible. These organisations can work on continuous sea level and
related marine monitoring and then combine and use data from the same database.
Such monitoring of sea level and other marine and coastal zone related indicators should
be centrally deposited for integrated use by number of institutions from local to national
and even international level. Central data collection requires an institution to coordinate,
collect and interpret indicators and to take care of such system maintenance. If having in mind
an Integrated Coastal Zone Management (ICZM) and Integrated Maritime Spatial Planning
(IMSP) (see Box 4), than such responsibility should be placed, or closely supervised, within
the institution responsible for ICZM/IMSP. Unfortunately currently there is no such national
body, and existing national legislation is not very clear about ICZM/IMSP issues. UNEPMAPs (United Nations Environment Programme - Mediterranean Action Plan) PAP-RAC
institution (Priority Action Programme – Regional Action Centre), located in Split, has
suggested that such obligations could be taken up by the section of Ministry of Environmental
and Nature Protection (MZOIP) named Section for the Protection of Sea and Soil (Marine
and Coastal Protection Department) located in Rijeka (PAP-RAC, 2008) but, according to
author’s knowledge, there has been no concrete action taken yet. Another option for taking on
such a responsibility would be the Administration for the Islands within the Ministry of the
Sea. The most viable candidate would be the designated body within MZOIP, and that is the
Department for ICZM. While this department was reportedly formally introduced a several
years ago it never became operational. Since similar responsibility is already assigned by the
Environment Protection Act (NN 110/07, Article 37) to the Croatian Environment Agency
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(AZO) the most practical and economically feasible option is to assign such ICZM database
responsibility to AZO as well. AZO has been responsible to develop, collect and maintain
National List of Indicators (NLI) in concordance to Article 51 of the same Act. NLI has 266
indicators and is a basis for four-year Status of the Environment reports issued by AZO (as
regulated by the Art. 126(2) of the Environment Protection Act and lower legislation
Regulation on Information System of Environment Protection (ISZO). NLI of 266 indicators
should be revisited for the purpose of integrating additional ICZM specific indicators – such
as spatial planning indicators defined by the Spatial Planning and Construction Act (ZPUG;
Official Gazette NN 76/07 and amendments) which are being used for work on local level
spatial planning documents and are based upon limitations of space use within the Protected
Coastal Belt (ZOP, 300 m from the coast line in the direction of the sea and 1000 m from the
coastline inland). Since ZPUG also prescribes establishment, collection and maintenance of
Information system, obviously a comparative analysis of both information systems (as well
as information systems of other sectors) should be performed in order to assess what has
been collected, in what form, if there any overlaps and other content-wise, formal and
technical issues (monitoring needs, availability of data, data quality control, etc.).
In February 2008 in Madrid, Croatia and 13 other Mediterranean countries signed the
Protocol on Integrated Coastal Zone Management (ICZM) in the Mediterranean (UNEPMAP, 2008) within the UNEP program, Mediterranean Action Plan (MAP) (UNEP, 1975)
and the ‘Convention for the protection of the marine environment and coastal zone of the
Mediterranean’ (Barcelona convention) (UNEP, 1976). The Protocol allows countries to
better manage their coastal zones, as well as deal with the emerging coastal environmental
challenges, such as the climate change. After ratification, all countries will have to integrate
its elements into national legislation. This would be an ideal timing to mainstream adaptation
to climate change into national policies.
Part of any activity for adaptation should include detailed physical plans and digital
elevation models (DEM) of the coastline in valuable places that are at higher risk. In contacts
with the relevant Ministries during SLR exercise (see 3.2.4 Potential economic damages of
SLR) it was found that most of the coastline that is represented in existing digital elevation
models has an unsatisfying resolution – mostly 25 m grid resolution with the exception of
selected higher resolution plans produced by the State Geodetic Administration. It is
necessary to have DEMs of very high resolution (such as 0.5 m resolution) for the structures
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of greater importance (e.g. cultural and natural heritage sites) and areas at great risk of
flooding (e.g. coastal wetlands, historical centres of coastal towns, areas with high tourism
importance, etc.).
Box 4 Integrated Coastal Zone Management and Off-Shore Spatial Planning
Integrated Coastal Zone Management (ICZM) has long been an approach that has consensus
support as being important, but there are only few examples worldwide where such good
practices have taken place. One of the definitions for ICZM is the following:
“Integrated coastal zone management means a dynamic process for the sustainable management
and use of coastal zones, taking into account at the same time the fragility of coastal ecosystems
and landscapes, the diversity of activities and uses, their interactions, the maritime orientation of
certain activities and uses and their impact on both the marine and land parts”(UNEP/MAP,
2008).
As it can be seen from the definition, ICZM seemed to be a very complex concept and thus
requires a comprehensive approach with different sectors involved. All of these sectors are
relevant to human development both within and outside the coastal area. Ideally, sustainable use
of coastal resources and literal compliance to ICZM legislation and policies would significantly
cut a need for adaptation measures in the very beginning.
The newly emerging instrument of managing off-shore areas has been called Integrated
Maritime Spatial Planning (IMSP). To cover eventual gaps in cases when the ICZM is often
seen as an on-shore and coastal waters tool, IMSP takes a wider spatial planning approach
equally covering on- and off-shore areas (thus also covering maritime transport or off-shore
drilling, for example). The IMSP is especially promoted by the EU through its Integrated
Maritime Policy (EC Maritime affairs, 2012). Also, IMSP would provide a means for
implementing an ecosystem approach to sustainable marine resource use through Marine
Spatial Planning Initiative endorsed by United Nations Educational, Scientific and Cultural
Organization (UNESCO) and Intergovernmental Oceanographic Commission (IOC) (UNESCOIOC, 2012). The influence of sea level rise on maritime off-shore activities would likely be less
prominent so adaptation options for off-shore activities sector would be insignificant relative to
adaptation to SLR time span. Adaptation costs for off-shore activities would include costs such
as, e.g. measurements for new maps and charts, or, the cost of moving mariculture production to
the new sites, etc.
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Without high resolution DEM’s no precise local impact, potential vulnerability and adaptation
assessment is possible. With relevant information, for example, spatial planners may solve
possible future problems before they appear.
An economic analysis has to be complemented with the social and political analysis
within the local context. Each case is different and the same rules hardly ever apply. For
example, a case study from the Fondi plain in Italy (EEA, 2007) suggests that in that case the
costs of inaction are greater than costs of action. The study involved a socio-economic
evaluation of local adaptation possibilities assessed through the cost-benefit analysis. The
economic value of the areas at risk of flooding was calculated to represent the cost of the ‘no
intervention’ option. Two alternative measures of land protection (improvement of the
existing drainage system and restoring of coastal dunes) were then compared to the no
intervention option. In the conclusion, the cost of inaction was between EUR 130 and 270
million while the cost of action was between EUR 50 and 100 million.
5.1.2 Policy importance for adaptation to SLR
Adequate policy support is a key aspect of smart, low cost adaptation preparedness for the
future sea level changes. For example, by rigorously implementing construction laws for
buildings which are being built too close to the present coastline, future flooding or
inundation related problems can be avoided and thus make adaptation cheaper. Provisions of
the ‘Ordinance on regulation and protection of protected coastal area on the sea (Official
Gazette 128/04) prescribe for the prohibition of construction in Protected Coastal Belt (ZOP)
within a zone of 70 m from shoreline in urban areas, or 100 m in isolated urban area, with
exception for constructions of special purpose (shipyards, marinas, etc.) This of course is not
valid for constructions built long ago. Unfortunately, in practice, this is often not observed
and illegal building is one of the key problems and pressures within protected coastal area. An
ordinance is a lower form of legislation than a law (act) and therefore maybe it would be
better if this Ordinance would have a level of an Act. Nevertheless, neither this Ordinance nor
any other piece of legislation has considered sea level rise and there is no obligation for
planners to observe it. This is one of the fundamental issues when thinking how to decrease
adaptation to SLR costs. It may not be easy to change what was already done, but we can
avoid future problems and associated costs by careful planning. Adaptation for existing
constructions close to the shoreline should be assessed case by case using cost/benefit
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analyses and it may be often left to private owners if not of historical or any other public
importance.
SLR is relatively long term process and, in general, the relatively long time scales of SLR
should reduce the frictional costs of adjusting and therefore:
- This should allow individuals and the government to cope with the problem through longterm planning and investment decisions, and
- Long timeframe shall allow learning-by-doing which substantially reduces the probability of
making large investment decisions that are later regretted because of bad projections. The
long time scale of SLR also means that adaptation can be incremental. Individuals can
take interim “no-regrets” measures to reduce the adverse impacts of sea level rise without
eliminating the possibility of long-run options. For example, such a no-regret measure
could be replenishing of beach gravel in the short-run to cope with a few centimetres of
sea level rise and then, if necessary, completely abandon the beach 50 years later. Such a
no-regret measure would yield higher net benefits than taking just one or the other option
calculated for SLR a hundred years into the future.
The same is true for the adaptation to SLR caused impacts on the tourism sector. Private
sector can be expected to easier adapt to SLR in both a short- and long-run. This is because
private sector has sufficient motivations – but perhaps not always the resources – to avoid
property losses caused by SLR. Nevertheless, this fact does not eliminate an involvement and
possible leadership of a public sector. For example, three areas where the intervention of the
public sector is quite common are:
- At minimum, the public sector should provide a legal background and develop policies
which should back-up climate change related initiatives of the private sector;
- Financing of a large capital developments that are, more or less, public goods or else suit a
collective need, but are difficult to finance with private funds (e.g. sea dykes, groynes),
and
- Implement zoning and land use restrictions, including implementing and enforcement of the
Integrated Coastal Zone Management (e.g. demolishment of illegal constructions within
ZOP).
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5.2 ADAPTING TO CLIMATE CHANGE IN TOURISM SECTOR
5.2.1 Adaptive capacity of the Croatia’s tourism sector
Adaptation to climate change in the tourism sector can take a number of different forms.
Tourists can adapt by changing the destinations of their visits to places that have a more
desirable climate, including staying at home. They can change the form of their recreation to
activities that are less influenced by climate change. Depending on constraints on their time,
they can also change the time when they take vacations to take advantages of tourism
opportunities created by climate change. Finally, they can change the goods and services they
consume while on vacation, for example by renting an air conditioned room. Essentially,
tourists and tour operators both have a fairly high capacity to adapt to climate change,
depending on the ability of tourists to obtain and utilize free time, their access to information
about tourism opportunities and resources to pay for the tourist visit. Tour operators and
transportation providers are already very responsive to transient changes in tourism “tastes”
and also to climate variability and have the ability to switch destinations and add or reduce
flights on an annual and sometimes even a seasonal basis. They can be expected to adjust very
rapidly to climate change, perhaps even acting as leaders in selecting and promoting new
holiday “hot spots”. For the hosts of tourists, such as hotels, local tour operators, and
communities, adaptation would also mean altering the products. However, the more local the
actor, the more difficult it is to adapt. Local actors are connected to the local infrastructure or
the businesses were developed upon local attractions and on the limited area. An example for
this is “hospitality and restaurant sector” services developed as small family businesses
around Plitvice Lakes National Park. A range of adaptive capacity for some of the tourism
stakeholders is presented in Figure 58.

Tourists

Large Tour
Operators, Global
Transport Providers
and Hotels Chains

Regional Tour
Opearators and
Region Specific
Transport Providers

HIGH

Local
Hotels/Resorts
Local Tour
Operators and
Local Communties

LOW
Adaptive capacity

Figure 58 Adaptive capacity of tourism stakeholders.
Source (with changes): Simpson et al., (2008).
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Because local actors have less of a capacity for adaptation (and most actors in the Croatian
tourist economy are at the local level) this may not benefit the Croatian tourism sector. As it
has been already presented, there are many individuals that rent out rooms, sell agricultural
goods, and provide services at the local level that would not have the ability to adapt in a way,
for example, a global cruise line would. Further, larger infrastructure owners are also at a
disadvantage adaptive capacity wise. Ownership structure in Croatian hotels is predominantly
in private or State ownership (61%), while the rest is in ownership of commercial banks and
Private Investment Funds (PIFs) (Lončar, 2004) which are majority foreign owned. This
generally means that the risks from climate change to hotels infrastructure are borne by
Croatians and not as much by foreign investors. This can be seen as both, strong and weak
point of the Croatian tourism sector. It is a strong point because most of the current profits
from the sector stay in Croatia, but it also means that climate change associated risks would
have to be borne by Croatians as well – thus all of the damages of climate change would be
absorbed by Croatian investors and the Croatian economy. Businesses associated with tourism
are mostly owned and operated locally which place them into limiting adaptive capacity.
People cannot simply move their businesses to other locations.
Fresh water supply system (water supply infrastructure: reservoir, pipes) is another area
where adaptation would be necessary and adaptive capacity is low. According to Znaor &
Callaway (2009a) almost 46% of water is lost during distribution to the end user – and so far
this problem has not been successfully tackled. More water would be necessary as
temperatures are hotter, while water may be less available due to drier conditions and leakage
from the pipes. Therefore, with every future water supply system development, especially in
tourist areas, climate change must be taken into account.
Another problem related to water is energy production – hotter weather would push more
use of air-conditioning systems – which would require higher production of energy. Adaptive
capacity of energy production system in Croatia is very low since, ca. 50% of the Croatian
energy production relies on hydropower (Pašičko et al., 2012; Granić & Antešević, 2010) and
that may turn into a problem. Croatia can satisfy only 50% of her own energy needs. The rest
of the energy demand has been solved by import of energy (Granić & Antešević, 2010) – this
may turn to be an enormous burden to the Croatian economy. Projected wind speed increase
of 20% by 2040 and as much as 50% by 2070 (Pašičko et al., 2012) clearly sets possibility of
future wind energy potentials, while overall temperature increase by the end of the 21st
century points to solar energy potentials.
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5.2.2 No-regret adaptation measures – implementation to tourism sector
As it has been demonstrated, the tourism sector has a significant impact on Croatian economy
and development. Because of the importance of climate and climate related variables in
tourism, the sector might be quite vulnerable to climate change.
Knowing the core of a problem is already a half way adapting to that same problem. Since
this study takes into account effects of climate change on the sector at the end of the 21st
century, within given timeframe of almost 90 years in the future, there is no need for rushed
decisions. Each step towards adaptation taken, should be immediately a step in function of
development and step towards risk management. Such steps should assure that money is spent
well even if climate change would not have such strong effect as possibly projected. Any such
step is no-regret adaptation measure.
In order to adapt to future climate change UNDP (2009) has recommended the following
general no-regret adaptation measures,
1) Improve information availability
2) Ensure resource availability for adaptation through involvement of public sector.
3) Analyse available technological options for adaptation
4) Improve research and monitoring capacities
5) Engage stakeholders
6) Develop adaptation policies
Each general no-regret adaptation measure will be shortly presented on examples from
tourism sector in Croatia:
1) Improving information availability for tourism sector decision-makers in order to
assess vulnerability of the sector and to adapt to various climate conditions and
climate change
Both the public and private sector need more information about the impacts of climate
change, the magnitudes of the economic losses this would involve, and what options are
available to avoid or compensate those losses and the benefits and costs of doing so.
Nonetheless there are several issues that are already obvious from previous impact and
vulnerability analyses including:
 At the current time, information is missing about direct or indirect climate change
impacts on behaviour of two tourist groups:
a)

overseas tourists visiting Croatia, and
143

Vladimir Kalinski: Doctoral Thesis

b)

ADAPTATION

domestic tourists.

Behaviour of European tourists is already fairly investigated.
 Choice of vacation destination of both groups would be influenced by:
- climate change effects at tourist origin and desired tourist destination,
- climate change effects on environmental features of desired destination.
While information needed to project and assess the direct effects of climate change on
tourism comes from the results of downscaled climate model output, information
about the effects of climate change on the environmental amenity characteristics of
tourist sites requires further research. For example, if runoff in Plitvice Lakes NP is
greatly reduced, the numerous waterfalls would be reduced to bare trickles of water
and the pools beneath them become stagnant, making it an unlikely tourist destination,
no matter what the daytime temperature might be.
Those information availability issues are the starting points for decision makers to assess
vulnerability and adaptation needs and plans. Information availability, as in any other sector,
is the basis for any future build-up of adaptability options and it should be allowed enough of
time to properly setup plan of action, execute models and come up with projections and
estimates.
Primary institution carrying on technological and scientific part related to climate change
modelling related issues (e.g. further development of capability to downscale results of global
climate change models and projections of extreme weather events) would be Croatian
Meteorological and Hydrological Service (DHMZ) in cooperation with basically all other
scientific and technological institutes. Activities on tourist behaviour under climate change
stress and tourist visitation issues are primary within a scope of Institute for Tourism, but also
backed up with other institutes or institutions of high education as necessary.
2) Ensuring resource availability for adaptation through involvement of public
sector
The role that a public sector would play in adapting to climate change is very important. At
first glance it may appear that, to the extent that tourism is a market-driven activity, propelled
by the decisions and economic circumstances of individual tourists (most of whom do not
even live in Croatia) there is very little that the national and local governments can do to
avoid tourism losses due to, e.g. higher water and air temperatures in coastal areas. However,
this is somewhat misleading, since the impacts of climate change on tourist sites is quite
144

Vladimir Kalinski: Doctoral Thesis

ADAPTATION

broad, as is the influence of the public sector. The most important role of the public sector
would be to ease development of the new forms of economic activity in order to generate
incomes, wages and tax revenues that are lost due to climate change. This is generally
true for all sectors and especially for tourism sector since it is one of the major BDP
contributors and it is dependable upon stable climate conditions (especially with prevailing
“beach tourism” as it is at present (Institute for tourism, 2010). Much of this activity should
come from developments in sectors other than tourism anyway. That is why development
and adaptation process need to be firmly bonded and perhaps inseparable.
3) Analysis of available technological options for adaptation in tourism sector
Based on the results of the PESETA study and the results of other tourism model studies for
the EU, the preliminary indication is that foreign tourists (and probably domestic tourists as
well), may adapt to climate change by substituting Croatian (or any other Mediterranean)
beach tourism with alternative sites and activities. This would be a potentially devastating
blow to many communities on the Croatian coast and to the larger Croatian economy, which
is heavily dependent on tourism sector. It would result in reduced income from (and
employment in) the tourism industry. While most actors within the tourism sector in Croatia
are only beginning to think about the effect that climate change may have, work on better
understanding impacts of climate change on tourism, the actions that should be taken to offset
tourism losses, and the private-public sector dialogue needed to address the implementation of
these actions, should begin immediately. Climate change would act on all sectors of the
society and the response to it should come jointly (or at least synchronised) from all sectors as
well. Technological options available for one sector may be equally useful for other sectors
too. For example, if invasion of alien species (e.g. algae f. Caulerpa) is not tackled by marine
biologists, further spreading of alien species may significantly cause drop of fish catch, that
would bring fishermen sector closer to collapse and leave restaurant sector to import of lower
quality and expensive fish, which could contribute to decreased sale of meals and causing
many restaurants to close and thus decreasing incomes of local governments which
significantly depend on local businesses’ taxing. Circle never ends and all sectors are
interconnected. The question is would it local government or local restaurant businesses or
even local fishermen put aside part of a profit for helping development of technological
options for adopting to vulnerability caused by the impact of alien species? Maybe they would
if they would better understand a process and interconnection of various sectors and actors.
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Bringing of understanding to local economies (awareness rising) falls within public sector
scope.
4) Improvement of research capacities
Climate change is global process but effects of climate impacts will vary locally. It is crucial
to understand the reason why research in costs and benefits of adaptation in local setting is
necessary. Even in the most industrialised countries with much higher resources and research
capacities, mechanism and the cost of adaptation are less well understood.
Improvement of predicting of extreme weather events can significantly decrease damages and
even lives. More climate related research (not only tourism related) is necessary in order to
achieve that. Without complete understanding of mechanism behind these changes it is
difficult to predict local costs and benefits of adaptation measures. Suggesting solution is that
relevant Ministries should be obliged to initiate and encourage climate change related
scientific project in the Faculties and Institutes.
5) Engaging the stakeholders
In discussing tourism development and climate change, it is necessary to engage the
appropriate stakeholders that would be impacted by changes in the sector and have expertise
on the topics that are affected. Because of the importance of tourism in the Croatian economy,
the list of potential stakeholders that should be involved in discussions of adaptation to
climate change and identifying vulnerabilities is fairly large. Primarily, tourism in Croatia is
under scope of the Ministry of Tourism which has overall responsibility of information flow.
The Ministry itself will rarely organise field data collection and analysis but will often use the
services of the Institute for Tourism. The Institute for Tourism is the only public scientific
institute in Croatia specialised for primary research and consulting in tourism sector. The
Croatian National Tourist Board is more oriented towards providing basic information to
tourists and promoting Croatia.
The Ministry of Tourism and the Institute for Tourism are the most likely government actors
that would be on a frontline of adaptation to climate change in the tourism sector on the
national level. There is already some interaction of those two institutions with the Ministry of
Maritime Affairs, Transport and Infrastructure and DHMZ, which both will be important in
addressing climate change. However, they will also need to cooperate with other government
entities on adaptation/development issues including: Ministry of Environment and Nature
Protection, Ministry of Construction and Physical Planning, Ministry of Economy, Labour
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and Entrepreneurship and Ministry of Finance among others. At present, a number of public
institutions are already overloaded with multiple responsibilities and often overwhelmed by
the demands of the communities they serve (UNDP, 2009).
Still, based on UNDP (2009) stakeholders’ meetings and meeting required for preparation of
Kalinski (2012), author of this study argues that the answer is not in forming new institutions
but reorganizing tasks and structures within existing ones. Traditional institutions are able
to provide a basic framework for facilitation of adaptation and management risks but
they will require revitalization (task related, structural, personnel related, etc.) and
coordination from one central point.
In assessing perceptions of risk and exposure among the public it is shown that people in
general are concerned about climate change affecting them personally (UNDP, 2009). In
Kalinski (2012) it was observed that while there is understanding of both public institution
and private business sector about possible impacts and vulnerabilities to CC, there is
completely opposite assumption of who should initiate first steps towards adaptation to CC.
This concern, while expressed verbally by government and business leaders, has yet to
penetrate into their actual working plans and agenda. Thus, while the vague perception of
climate change risk (function of CC impacts, vulnerabilities and adaptive capacity) is present,
there is little or none concrete work being done to thoroughly assess those risks and adapt to
them. Within the private business sector, investments are often made with a 30-50 year time
horizon, so while climate change risk may be part of the equation, it is probably not perceived
as much of a threat as short-term climate variation and market risks.
Some of the main actors that must be involved are listed in the tourism stakeholder list in
Table 8. As it can be seen from the list, tourism is very broad sector and it is practically
connected with all segments of the society. At first, it would not make sense to attempt to
engage each and every stakeholder. However, as the scoping process of identifying
vulnerabilities continues more actors may become more interested and should be involved.
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Table 8 Overview of the existing and potential Croatian tourism adaptation stakeholders
Source (with changes): UNDP (2009)/ Kalinski & Callaway (2009).
Ministries and public institutions:
 Ministry of Tourism
 Ministry of Environmental and Nature
Protection
 Ministry of Construction and Physical
Planning
 Ministry of Economy, Labour and
Entrepreneurship
 Ministry of Health and Social Welfare
 Ministry of the Interior
 Ministry of the Sea, Transport and
Infrastructure
 Ministry of Agriculture, Fisheries and Rural
Development
 Ministry of Regional Development, Forestry
and Water Management
 Ministry of Culture
 Ministry of Finance
 Institute for Tourism
 State Institute for Nature Protection
 Croatian Environment Agency
 Environment Protection and Energy
Efficiency Fund
 Central Bureau of Statistics
 Meteorological and Hydrological Service of
Croatia
 State Protection and Rescue Administration
 Croatian Chamber of Commerce
 Department for planning on County and
municipality levels
 Municipalities’ water supply and cadastre
departments

Associations, Unions and Boards:
 Croatian Tourist Association
 Croatian National Tourist Board
 Association of Small and Family Hotels of
Croatia
 Association of Croatian Travel Agencies
 Union of Croatian Independent Travel
Agencies
 Croatian Association of Hoteliers and
Restaurateurs
 Croatian Camping Union
 Syndicate of Tourism and Services of
Croatia
Other national organizations
 National and nature parks
 Selected NGOs
 Relevant research institutes
 Relevant higher education institutions
 Transport
representatives
(Croatian
Automobile Club, Croatian Railways,
Jadrolinija, Croatia Airlines)
International bodies:
 World Tourism Organization
 UNDP Croatia
 World Bank Croatia, Section for
Environment
 UNEP PAP/RAC
 Representative of large international
touristic chains

6) Development of pro-adaptation policies
There was a time when different groups were opposing policy development in terms of
adaptation in favour of mitigation policies (Tol, 2005; Stehr & Rhomberg, 2011). Nowadays
it is already clear that standing pro or contra mitigation or adaptation is not a valid ground both, mitigation and adaptation are necessary simultaneously. Policy-makers would also
have to take into account both, mitigation and adaptation. EU funded project ADAM
(TCCCR, n.d.) was trying to clear up some conflicts of adaptation and mitigation policies
(further reflections in Box 4).
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Project ADAM, in general, sets seven objectives for public policy action:
i.

Informing of potentially vulnerable: creating locally specific awareness and
preparedness programme

ii.

Assisting in the provision of disaster relief – developing of disaster management plans
and further strengthening organisations and resources for coping with extreme event
disasters (e.g. National Protection and Rescue Directorate (DUZS)). In terms of
locations, tourism development plans have to take into account future number of
tourists that will be in need for relief (which can multiply ten times or maybe even
reduce).

iii.

Providing incentive for adaptation – adaptation should be thought of as a ‘public
good’ in order to find investments for required scientific research and technological
development. Should the ‘price’ for it be incorporated into the tourism profit or should
it affect tourists directly (such as carbon tax in transportation) – is for debate.

iv.

Mainstreaming of adaptation – assimilation into wider policy context within existing
horizontal and sectoral policies and institutional frameworks.

v.

Long term infrastructure planning and development – would reduce future
vulnerabilities by taking into consideration projected climate change impacts. The
government and local government bodies in charge of spatial planning will have major
role in this objective.

vi.

Indirect effects of adaptation (“adaptation spillovers”) will benefit the most vulnerable
social groups, e.g. elderly households with small scale renting businesses, seasonal
workforce, or specific isolated communities, etc..;

vii.

Compensating of unequal distribution of climate impacts – does not only target the
unequally effected geographical areas but also talks about compensation among social
groups (e.g. responsibility of group who profits from tourism – and spending more
resources - towards group of elderly who are left out of resources due to their
economic weakness). This is area where government has to play a major role and
regulate how to reach the gap of unequal effects of CC.
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Box 5 Moral dimension of mitigation vs. adaptation
Should we focus our efforts on slowing and take under control future climate warming (mitigation) or
preparing for future climate warming changes (adaptation), or both? The question is widespread with moral,
political and practical complexities.
Considering the simple fact that greenhouse gases do not remain localized where they are emitted, they
disperse throughout the atmosphere no matter its origin, than one can conclude that emitting GHG affects
everyone on earth more-less equally and reducing emissions would help everyone on earth equally. In these
context emissions reductions have altruistic quality. The economic benefits of emitting GHGs are local
(country-wide), while the climatic benefits of reducing emissions are global (world-wide). But this is even
understatement, since in practice climate warming does not harm everyone equally. The costs of warming
will fall most heavily on particular regions: the Arctic, Asian river deltas (think Bangladesh), small islands
states in the Pacific, etc. These regions happen to be home to poor and developing economies, those least
likely to be able to endure the changes (now or in the future). So when industrialised countries reduce their
emissions, they are primarily helping the world's poor and only secondarily helping themselves. Having put
things like this mitigation has quite accented altruistic qualities.
Adaptation is, almost by its very nature, local. Resettling a group of people away from a coastline benefits
that group of people; building sea dyke will help those behind the dyke; or shifting water from rivers to
drought areas will help agriculture of the drought area, and so on. Of course this is very simplified and it is
not absolutely true. It may be that water irrigated areas will grow the food that will be aid for poor countries
to overcome floods in their area. To some extent, methods of adaptation developed at one place can help
people in other places. But the fact remains, that while adaptation may in some limited circumstances be
altruistic, mitigation is essentially altruistic.
What conclusion should we draw from this fact? In a world that is far from altruistic, one will expect that
self-existence instinct will, on a long run, lean countries towards adaptation measures. How much more
leaning to adaptation that much less possible is solving the problem by mitigation. This is theoretically. In
reality we really do need both. It is like driving a car (and polluting), we cannot think: Should I step more on
the accelerator pedal or on the brake pedal? If we want to keep driving, we need to use both (-and keep
polluting at some extent). If we do not want to pollute at all, we have to stop driving and get out of the car –
but can we really get out now – no, we are too much used on commodities of modern age and only few
would return to non-industrialised epoch. And to conclude with the words of scientist Martin Rees, the
President of the Royal Society, UK, said in reaction to the publication of the IPCC WGI SPM:
“We need both (mitigation and adaptation) to reduce our emissions of greenhouse gases and to prepare for
the impacts of climate change. Those who would claim otherwise can no longer use science as a basis for
their argument.”
Source (with changes): Roberts, (2007).
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6 RESULTS
6.1 CLIMATE OF THE EARTH AND CROATIAN CLIMATE
6.1.1 Earth Climate
Observed data vs. simulated data
In all cases anomalies of the parameter (Ts or P) in comparison to the base period (19611990) were observed, and afterwards roughly 100 year trends (1901-2011 for Ts, and 19012000 for P), both observed and simulated, were analysed.
Surface temperature
Analyses of observed vs. simulated Ts anomalies for the period 2001-2011, compared to the
base period 1961-1990, have shown that anomalies for observed data (Figure 59 left) and
anomalies for simulated data (Figure 59 right) for the same period are highly comparable.
Graph of zonal means for both cases show very similar shape of latitude distribution of mean
anomaly temperatures. Overall value of observed Ts anomaly of 2000-2011 period over 19611990 period was 0.5°C, while simulated value was 0.47°C.

Figure 59 Observed (left) vs. model simulated (right) surface temperature (Ts [°C]) anomalies 2001-2011
compared to 1961-1990.

Analyses of observed vs. simulated trends of surface temperature for the period 1901-2011
(Figure 60) have shown that overall zonal mean graph of latitude change of temperature is
less comparable in shape than it was a case with the Ts anomaly values. The major difference
seems to be in southern high latitudes. Simulated data were highly influenced by Antarctica
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region which are missing observed map and graph. However both maps recognised drop of
values in mid-latitudes and sharp increase in high northern latitudes (Arctic region).
Simulated global averages for Ts trends were little bit more conservative (lesser) that actual
measured values. For observed data mean Ts change from 1901 to 2011 was 0.85°C, while
simulated value was 0.62°C.

Figure 60 Observed (left) vs. model simulated (right) surface temperature (Ts [°C]) trends 2001-2011.

In conclusion to both surface temperature analyses (anomalies and trends), anomalies have
been simulated to very high degree, while simulation of trends have been simulated to a lesser
degree. Nevertheless, general characteristics have been distinguished on both: higher increase
of Ts on poles, especially Arctic, and larger Ts increase on northern hemisphere than
southern.
Precipitation
Observed vs. simulated precipitation anomalies (Figure 61, left and right respectively) have
been compared for the period 1990-2000 relative to the period 1961-1990. Period after 2000
was not in comparisons due to lack of publically available observed data over oceans. Even
though precipitation is generally more difficult for simulations (higher spatial and seasonal
variability than with Ts), precipitation anomalies have been highly well interpreted. Overall
pattern of precipitation is recognisable on both maps and graphs: relative increase of
precipitation in mid-latitudes, and decrease of precipitation in equatorial belt and high
altitudes. Observed anomaly of P for the period 1990-2000 in comparison to 1961-1990 was
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precipitation drop of -0.3 mm/day. Result of simulated P anomaly for the same period and
compared to 1961-1990 period has been neutral (0 mm/day).

Figure 61 Observed (left) vs. model simulated (right) precipitation (P [mm/day]) anomalies 1990-2000
compared to 1961-1990.

Precipitation trends of observed vs. simulated data have been ran for the period 1901-2000.
Resulting zonal precipitation patterns have been similar to some degree (Figure 62). Although
it seems like the same pattern has been followed, some minimum and maximum values have
been zonally shifted. Nevertheless, both results show steep decrease in the northern midlatitudes where Croatia has been located. Observed global mean P trend for the period
observed has been 0.9 mm/day, while for simulated data that has been -0.1 mm/day.
Again, it seems like anomalies have been interpreted to a higher degree than trends.
Nonetheless, it should be noticed that observed data have been mostly coming from the land
while simulated were approximated for the whole planet. Again, like with the anomalies,
general characteristics have been followed.
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Figure 62 Observed (left) vs. model simulated (right) precipitation trends (P [mm/day]) for the period
1900-2000.

Global projections of Ts and P until the end of the 21st century
For the projections of the future climate until 2100, GISS’ climate model ModelE was used as
well. For projections of P and Ts anomalies base period was 1961-1990 while target period
was 2070-2100. Whereas, trends were projected for the period 2012-2100 under A2 SRES
scenario.
Projections of Ts anomalies for the period 2070-2100, relative to 1961-1990 period, have
demonstrated increase of Ts almost globally and especially over high northern latitudes
(Arctic) (Figure 19). The same was noted on the map of extreme values (Figure 20). Global
mean Ts increase was projected to ~2.5°C.
Projections of Ts trends for the period 2012-2100 (Figure 21) have similar pattern of global
warming. The most pronounced warming was over Arctic region but also over central
continental masses too. Overall global warming is projected to reach ~2.6°C. The same is
even clearer on map of extremes in Figure 22.
Projections of P anomalies for the period 2070-2100 relative to 1961-1990 period (Figure 23)
have shown a slight increase of precipitation (global mean) to value of ~0.1 mm/day.
Similarly, projections of P trends for the period 2012 to 2100 (Figure 25) seem to confirm
indications given by anomalies results: equatorial areas show most of P increase during this
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century (which is also a zone of ENSO phenomena: El Niño and La Niña and Southern
Oscillation) and the driest areas would be mid-latitudes belts, especially the northern midlatitude belt – where Croatia is located. Global mean P increase is projected to be ~0.1
mm/day.
As it has been earlier noticed in examples from observed and simulated modelling,
precipitation is riskier to model since precipitation is much more seasonally and spatially
variable than temperature. Nonetheless, it seems like projections of P by the end of the 21st
century are inclining towards increase of precipitation in the equatorial zone, and harsh
decrease of precipitation in mid-latitudes (where Croatia and Mediterranean are as well).
6.1.2 Croatian climate at the end of 21st century
Taking into account results available from projects/studies TCCCR (n.d.), Bruci (2007), Bruci
(2008), IPCC-TAR (n.d.), IPCC (n.d.), IPCC (2007 a,b,c,d), van der Linden & Mitchell
(2009), MICE (2005), PRUDENCE (2010), PESETA (2007 a,b), Ciscar (2009), Ciscar et al.
(2011) and STARDEX (2005); seasonal average values were calculated for each of five
studied Croatian regions.
New values were derived directly from results (textual or table) or extrapolated from regional
maps of temperature and precipitations for the end of the 21st century. Obtained temperature
and precipitation changes for each region and season were then compared to present day
values (1961-1990 averages) and new graphs of seasonal temperature and precipitation
changes were constructed.
This method has a limitation that data extrapolated from maps may not have sufficient
accuracy, but taking into account number of assessed studies, resulting new combined data
give satisfactory robustness to spot trends of temperature or precipitation evolution – which
was the purpose of the exercise. Such approach to assessed projects/studies and combining
their results provided a new knowledge about Croatian climate at the end of the 21st century.
Complete data sets from observed studies/models can be found in Annex 1 of this work.
As it can be visualised from the graphs (Figure 63 – Figure 72) projected changes in seasonal
surface temperature and precipitation averages are evident. The exact values inside the graphs
should not be taken as absolute since they represent projections and not observations and
therefore all projected values are rounded to whole numbers. Their purpose is to be used as an
indicator of projected trends and a scale of changes relative to the base period (1961-1990).
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The outcomes of the study will show that there are some marked contrasts between future and
present (base period) climate. The next hundred years seasonal increases from 2ºC (winter
and spring in Mountainous Area), and in numerous cases, to more than 4ºC (summer in all
regions) can be expected (Figure 63, Figure 65, Figure 67, Figure 69, Figure 71). On annual
average temperature increase for the whole Croatia of 3°C is projected, from present 11.3°C
to expected 14°C.
Consistent trend of precipitation decrease can be expected across all regions in the next ca.
hundred years (until 2100) (Figure 64, Figure 66, Figure 68, Figure 70, Figure 72). Summers
can expect the largest precipitation decreases – from 19% in Mountainous Area to 27%
decrease in Southern Adriatic Coastal Area, while some seasons (mostly winter) can expect
slight increase of precipitation (highest increase is projected for winter in Pannonia region
9%). In addition, Southern Adriatic Coastal Area is the only area where decrease of
precipitation is expected through all the seasons.
- Central Croatia
Central Croatia shows almost uniform increase of temperature through all seasons (Figure 63)
with peak in summer. Three degrees Celsius increase is projected for winter, spring and
autumn, while summer increase is expected to be around 4°C which is significantly higher
(e.g. for biodiversity) than at present.

Figure 63 Changes of seasonal temperature averages in Central Croatia from present (base period 19611990) (blue) to future (2070-2100) (red).
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In general, global models have projected slightly higher values than regional models (see
Annex 1 – Table A). On annual level 3°C temperature increase (or 32%) is expected
compared to the base period, while average annual temperature is projected to be ca. 13°C
(Annex 1–Table A).
Precipitation decrease is extremely pronounced in summer (-24%; Figure 64 and Annex 1,
Table B) while in winter even slight increase (3%) is projected. On annual level precipitation
decrease of 8% is projected (ca. -84mm/year).

Figure 64 Changes of seasonal precipitation averages in Central Croatia from present (base period 19611990) (blue) to future (2070-2100) (red).

- Pannonia
Pannonia is projected to be the region with the highest differences among average winter and
summer temperatures (21°C) (Figure 65). Almost uniform through-year temperature increase
is expected. The same like in Central Croatia, 4°C increase is projected for summer, while
other seasons can expect ca. 3°C increase. Temperature change on annual level is projected to
be 3°C or 29% increase relative to reference period 1961-1990. Again, worth to notice is
projected over six time’s increase of average winter temperature (from present 0.5°C to
projected 3°C).
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Changes in precipitation (Figure 66) are mostly characterised by high summer losses (-23%)
and some winter gain of precipitation (9%). Annual precipitation average is projected to
overall decrease by 4% or 40mm/year precipitation loss.

Figure 65 Changes of seasonal temperature averages in Pannonian area from present (base period 19611990) (blue) to future (2070-2100) (red).

Figure 66 Changes of seasonal precipitation averages in Pannonian area from present (base period 19611990) (blue) to future (2070-2100) (red)
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- Northern Adriatic Coastal Area
A temperature increase (Figure 67) is projected to be uniform through all the seasons with
ca.3°C increase in winter, spring and autumn, but the highest is projected for summer (4°C).
On annual level, temperature increase is projected to be 3°C in average, which will be rise
from present 13.3°C to ca. 17°C, or ca. 25% change. Specifically large change from 5.7°C to
9°C (52% increase) is projected for winter season. This may have positive impact on winter
seaside tourism.

Figure 67 Changes of seasonal temperature averages in Northern Adriatic Coastal Area from present
(base period 1961-1990) (blue) to future (2070-2100) (red).

A precipitation (Figure 68) in Northern Adriatic is expected to drop in spring and summer
(25% decrease in summer: from 235 to projected 176mm), stays neutral in autumn and
slightly increase in winter (3%). On annual level precipitation is projected to decrease by 6%
or ca. 60mm/year precipitation loss (Annex1-TableB) relative to the base period. Still,
relatively high precipitation in Northern Adriatic Coastal Area (second highest among all
areas) would be preserved.
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Figure 68 Changes of seasonal precipitation averages in Northern Adriatic Coastal Area from present
(base period 1961-1990) (blue) to future (2070-2100) (red).

- Southern Adriatic Coastal Area
The Southern Adriatic can also expect almost uniform temperature increase (Figure 69)
through all the seasons. Already the warmest of all areas, considering the annual temperature
average (15.2°C, Figure 69; Annex1-Table A), would keep that primacy among the areas
investigated and it is projected to take it to even higher value at around 18°C (Annex 1, Table
A). Southern Adriatic is also area with smallest projected difference among average seasonal
temperatures: ca. 16°C from the lowest winter average to the highest summer average. In
other words, variations from winter to summer temperatures are not projected to be extreme.
Even though, projected summer temperature average of 27°C is close to values of subtropical
areas which may also lead to similar problems (e.g. health issues as heat exhauster/heat
strokes, vector borne diseases, drinking water availability, wildfires and other). On the other
hand, just like in the Northern Adriatic Area, higher average winter temperatures may help
development of year round tourist season.
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Figure 69 Changes of seasonal temperature averages in Southern Adriatic Coastal Area from present
(base period 1961-1990) (blue) to future (2070-2100) (red).

Figure 70 Changes of seasonal precipitation averages in Southern Adriatic Coastal Area from present
(base period 1961-1990) (blue) to future (2070-2100) (red).
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Out of all observed areas the Southern Adriatic Coastal Area could experience the highest
precipitation loss through all seasons (least in winter -4%, and highest loss in summer -33%)
(Figure 70). On annual level that is 17% precipitation decrease projection. This should be kept
in mind considering tourism sector vulnerability to fresh water shortages and agriculture
sector vulnerability to droughts. Such scenario would also disrupt total soil moisture content
(TSMC), which may have long term consequences (e.g. desertification of fertile soil). On a
positive side, clear skies without clouds would be almost a guaranty, which would benefit
outdoor activities abut also solar energy harvesting.
- Mountainous area
The most important characteristic of Mountainous Area’ temperature change is shift of
average winter temperature from negative (-1.2°C) to positive (ca. 1°C) (Figure 71). This may
have consequences on snow formation and snow-fall. Other distinct characteristic is a
relatively high projected temperature range (ca. 18°C) between winter (1°C) and summer
average (19°C). Projected summer temperature change (4°C) is much higher than in other
seasons.

Figure 71 Changes of seasonal temperature averages in Mountainous Area from present (base period
1961-1990) (blue) to future (2070-2100) (red).
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Overall projected annual temperature change is around 3°C, which is 40% of average
temperature change relative to the base period (from average 7.2°C in base period to projected
10°C for 2070-2100 period).
Winter precipitation (Figure 72) is projected to increase (ca. 3%), but projected summer
precipitation decrease of 25% would probably be much more significant due to overall annual
precipitation decrease of 8% (or ca. 90mm/year, relative to the base period). However,
Mountain Area is at present and it would stay in the future, according to projections, the
wettest area. Still, due to projected shift of winter temperature average snow related tourism
may be jeopardised.

Figure 72 Changes of seasonal precipitation averages in Mountainous Area from present (base period
1961-1990) (blue) to future (2070-2100) (red).

Summarised the end of 21st century, Croatia is projected to be hotter (3°C in average)
and drier (-9% in average) – especially in the summer. In general, global models have
predicted changes with less of a difference between present and future projections
(temperature and precipitation) in comparison to regional models (Annex 1-Table A and B
respectively). Other highlights of the findings can be outlined:
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According to performed research (Figure 63 to Figure 72) an average annual temperature
for the whole Croatia by the end of 21st century (2070-2100 period) would rise ca. 3°C
(ranging from ca. 2°C in winter and spring in Mountainous Area, to ca. 4°C in summers of
all regions). The most pronounced change would be summer temperature rise (projected
average summer temperature rise for all Croatia is 4°C). Projected increase of average
summer temperatures would be probably the most influential for the future tourism
development (in both positive and negative ways), but also energy production and
agriculture.



Summer precipitation was projected to decrease from 23% (Pannonia) up to 33%
(Southern Adriatic Coastal Area). Increase of precipitation is expected for all regions
(from 3 to 9%) besides Southern Adriatic Coastal Area (where 4% decrease is projected).
However, massive summer precipitation losses (up to -33%) would not be compensated
by winter increase. Average annual precipitation change for all Croatia was projected to
be ca. -9%.



Increased occurrences and longevity of droughts is expected and, especially important for
tourism, an increased frequency of heat waves and other extreme weather events, such as
high intensity surge storms.



According to IPCC TAR, sea level would rise from 9 to 88cm. Upper value seems to be
more plausible than 18 to 59 cm of 4AR projections due to recently observed rate of
Arctic sea ice melting (Turner & Overland, 2009; ACIA, 2005). However, tectonic
movements in the coastal area (Prelogović et al., 2003, Tomljenović et al., 2010 a, b;
Orlić & Pasarić, 2000) may intervene with expected SLR (probably slow down, but some
areas may experience increase as well).



In general, from the current status climate of Croatia would, on average, shift to become
warmer and drier. Summers would become more extreme, probably with higher daily
peak temperatures and increased incidence of droughts and possibly flash flooding due to
increased storm intensity. In the same time, climate of Northern Europe may shift to more
susceptible for development of tourism compared to present (see Figure 53).

Increased temperatures can be expected to have considerable impacts nationwide: increase of
water temperature in the sea and in inland bodies of water, soil temperature increase,
groundwater temperature increase which may lead to higher evaporation and lowering of
groundwater table, decrease of lake and river levels, decreases in soil moisture leading to
droughts, more heat waves that affect health, increased incidence of wildfires and numerous
164

Vladimir Kalinski: Doctoral Thesis

RESULTS

other impacts. In the longer term, such climate changes could lead to modifications of tourism
patterns, increased cost of living for the whole society and changes in native plant and animal
species on ecological level. A particularly important example is projected change of average
Mountain Area winter temperature – from below zero (-1.2°C) temperature might shift into
positive value (1°C). Combined with a continuing decrease in precipitation, this is the
probable cause of winter snowfall reduction to a large extent. Reduced snowfall could have a
substantial impact on winter snow-related tourism (skiing), while summers getting hotter and
drier could lead to higher risks of wildfires, increased spread of forest pests, cloudburst
storms, floods and landslides.
6.1.3 Building capacity to predict climate
As investigation indicated (Kalinski, 2012; UNDP, 2009), there are various expectations from
various groups of climate stakeholders on climate information needs - mostly depending upon
type and level of decision making the information should be used for. In order to integrate
climate information into decision-making, there are three basic types of predictions that
would be helpful and would become even more interesting for decisions makers at all levels:


Short range forecasting – especially oriented towards all stakeholders that are interested
about extreme weather events (e.g. fisheries sector, nautical tourism),



Monthly to seasonal forecasting – to help stakeholders predict climate variables for
upcoming seasons (e.g. tourism sector, but also agriculture), and



Longer term climate modelling – to help with estimating climate change impacts (e.g.
policy making sector, mega structural projects).

Currently, DHMZ, as chief Croatian meteorological and climatological organisation, is
actively involved in information sharing (through daily media, web portal, etc.) and scientific
work (cooperation with other meteorological and climatological organisations, publishing
articles and other info materials). It is well connected and it cooperates with European
meteorological services and networks but also through active participation on many
international projects. Within the country DHMZ is mostly oriented towards short range
weather forecasting – both with specific users (customers) as well as the general public
(World Bank, 2008). Thus weather forecast information is well distributed to the public,
decision-makers, disaster management teams, etc. Besides cooperation with the World
Meteorological Organisation (WMO) (WMO, n.d.), DHMZ cooperates with other European
meteorological services, such as:
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- “Meteoalarm” (Meteoalarm, 2013) - is a network of European Meteorological Services
for extreme weather alerting. Members of the Meteoalarm network are almost all
European countries (besides Albania, Bosnia and Herzegovina, Lithuania, Turkey and
ex-Soviet Union countries). Meteoalarm is useful and well maintained on-line tool
where extreme weather information over Europe is aggregated at one place from
where it can be easily detected. One of disadvantages is that, it is a passive system that
requires user to visit the web site in order to retrieve desired information. Also, it
depends upon timely inputs of network members. It means that, while there is a very
good European extreme weather platform, there is still possibility for further
improvement (e.g. automated self-feeding, automated user defined alarm system) but
it may be out of DHMZ scope and role.
- ECMWF (ECMWF, n.d.) - The European Centre for Medium-Range Weather Forecasts
– “provides numerical products to the meteorological offices of the member states via
a

dedicated

telecommunications

network.

ECMWF

is

an

independent

intergovernmental organisation supported by 34 States. The ECMWF member states
use these products to prepare medium-range forecasts for end users.” Croatian
cooperation with ECMWF (through DHMZ) is on permanent basis.
- EUMETSAT (EUMETSAT, 2013) – “European organization for the exploitation of
meteorological satellites”. EUMETSAT is the owner of European meteorological
satellites and satellite data required for extreme weather monitoring (storms, wildfires,
and floods), very short range forecast, numerical weather forecast and monitoring of
local climates and global climate change.
- EUMETNET (EUMETNET, n.d.) – “is a grouping of 29 European National
Meteorological Services that provides a framework to organise co-operative
programmes between its Members in the various fields of basic meteorological
activities. These activities include observing systems, data processing, basic
forecasting products, research and development and training.”
Eastern Adriatic is prone to meteo-tsunamis due to position of the coast (in relation to
currents and wave systems), shape of Adriatic basin and shape and depth of bays (Šepić &
Vilibić, 2011). Even if those natural phenomena are relatively rare, economic and life hazard
consequences are very high when they occur. An operational automatic meteo-tsunami and
other extremely high sea level warning system for Eastern Adriatic is still missing. However,
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since 2009 Adriatic meteotsunami network is in a pilot phase but it is used solely for research
purposes.
Monthly to seasonal forecasting is recently gaining more interest among potential users (e.g.
tourism business sector, agriculture) and it will be even more important in the future. DHMZ
is already carrying out seasonal forecasting for number of years as part of its tasks. However
so far there were only several requests from business sector for monthly to seasonal forecasts
but this might change in the future. This is especially true for the tourism sector, but other
sectors will need it soon (e.g. agriculture). For example, in case of predictions for drought or
heat waves at certain times of the season, change of management practices might be required.
The science of seasonal forecasting is still unfolding and may not be completely reliable for
management decisions yet, but it is helpful even at present and moreover in the future and
therefore the role of DHMZ is expected to further strengthen. In addition, DHMZ is active in
process of regional cooperation. One such example is on-going cooperation on international
CLIM-RUN project (CLIM-RUN, n.d.) which exactly addresses some of these questions.
“CLIM-RUN Project (2011-2014) aims at developing a protocol for applying new
methodologies and improved modelling and downscaling tools for the provision of adequate
climate information at regional to local scale that is relevant to and usable by different sectors
of society (policymakers, industry, cities, etc.)”. This sort of regional participation and
increased communication amongst hydrometeorological organizations should further continue
because it helps coordination amongst various researchers.
In regards to long term climate projections, such as at the end of the 21st century, a higher
resolution regional climate models might be necessary. While the DHMZ has a capacity to
develop such model there are no plans for developing it in the near future. More models with
more emissions scenarios can be helpful for developing a better picture of what the future
climate of Croatia would possibly be like.
Despite the fact that DHMZ has been developing good cooperation with end users of its
services and with regional partners, more progress is possible for development of new
monthly to seasonal forecast information in the form that is acceptable to specific users (e.g.
development and pro-active approach towards potential users of monthly to seasonal
forecasting).
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6.2 ADAPTATION CHALLENGE
Adapting to climate change is possible and following general recommendations may be
applied into Croatian context. Croatia is country in development and consequently
adaptation should follow natural need of society for development. Adaptation should
supplement development. This is especially important having in mind that adaptation is taking
into account impacts of climate change that will have increasing effects approaching the end
of a century and that many adaptation measures are potentially going to be costly to the
society moreover if applied independently of development. General adaptation measures
should include:


CC adaptation measures should be mainstreamed into government’s planning and
budgeting systems. This can be achieved through supporting local and regional (county
level) governments to mainstream CCA into regular development planning and budgeting
processes.



Increasing awareness of the role of local governments in CC adaptation: National
level (maybe through proposed CCG, see section 6.2.1) should increase the awareness of
local (and regional) governments’ role and importance in investing in CC adaptation as a
way of local development process.



Increasing amount of finance available to local governments’ budgets to be used for
CC adaptation: either through revision of local governments’ inputs to the national
budget (decentralisation of budget – more finance stays where it was generated) but other
non-budgetary financial incomes should be considered as well, including engaging with
international Funds, organisations and donors which are offering finance for CC
adaptation available and accessible to local governments (UN, EU, EIB, USAID, WB,
etc.).



Investing in measures that would directly decrease CC vulnerabilities and at the same
time would have development character are considered to be “no-regret” measures (such
as reconstruction of ports and city infrastructures to accommodate future sea level, and
improving of disaster risk management response as a threat of extreme weather events,
wildfires or floods).



Ensure information availability, not only raising awareness on climate change and
likely impacts and potential vulnerability, but also information required for research,
urban and spatial planning or adaptation planning. Information that are result of budgetary
funding, have to be available to all stakeholders and offered in a usable form. This is
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minimal requirement of the Aarhus Convention (UNECE, 1998) signed and ratified by
Croatia as well.


Develop higher quality information and improve their availability for decision
makers (including government and investors/business sector) about future climate change
and its potential impact to the natural systems that impact all sector of society. This is
already taking place to some extent through work with the Croatian Meteorological and
Hydrological Service and as a part of the CLIM-RUN project. However, this should be an
on-going activity as CC progresses.



Improve the institutional and analytical capacity of the public sector to:
o Assess CC impacts, vulnerability potentials and adaptation options on local/county
and national level;
o Develop adequate policies that would encourage measures to facilitate adaptation
to CC by the private sector and;
o Assess the costs and benefits of these planned adaptation measures, including ratio
of business-as-usual vs. implementation of adaptation measures.



Arguably, due to population level, size of the country and the limitation of adaptation
funding, the best cost/benefit ratio can be achieved by coordination of adaptation
process from one central point. This is assessed in the following section.

6.2.1 Climate Change Group (CCG)
As often proved and discussed (e.g. Bodansky, 2011), neither top-down either bottom-up
approaches would give an absolute advantage for adaptation. Both approaches have its
advantages and disadvantages and the doubt is similar to those of “chicken or egg”. Topdown is a robust but comprehensive approach that puts the things immediately on its place. At
the same time, it can be in-sensitive to local specifics since tends to “tidy up things in
drawers”. Bottom-up is more “local sensitive” and often more precisely targets the core of the
problem. Drawback is, that often does not see a wider context of the problem and thus often
irrationally uses always limited resources.
Arguably, there should also be a more applicable middle way – especially for a small country
with limiting resources as Croatia. In theory, the middle way would use the best of both
approaches and initiate needed activities on both levels (national and local) but keeping in
mind a wider context. As already suggested in UNDP (2009), there should be a working
group with a complete view of all CC adaptation related issues (including impacts,
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vulnerabilities, adaptation measures and policies). Such unit would initiate and coordinate all
related activities and would serve as a buffer zone from top to bottom and vice versa. It was
suggested in UNDP (2009) that such function can be either assigned to existing body
(Administration for Islands, Department for Sea, or once established but never operational
Department for Integrated Coastal Zone Management, or it can be formed as a new body.
Several years after initial research, author of this study argues that the best direction to take
would be to form an independent body; we can call it a Climate Change Group (CCG).
CCG is a think-tank made of interdisciplinary scientists, environmental managers and
development experts with authorisation to start, monitor, suggest and initiate adaptation
actions (either policy wise or implementation wise) (Figure 73). CCG would function under
direct supervision of Prime Minister (PM) cabinet and therefore it would be detached from
influences of various Ministries, Agencies, local and regional governments and other
conventional institutional bodies. CCG would structurally fit in between having direct contact
with relevant ministries and local government units – but also group of citizens, NGO’s,
international organisations and stakeholders alike. For the country of geographical size,
population and economy power as Croatia such approach would bring best results and be the
most resource efficient.
Independence from other governmental bodies and attachment to PM office is crucial for
several reasons:
a) CCG should intervene between all Ministries, Agencies, scientific institutes and other
state bodies and therefore its operation ability should not be compromised by attaching itself
to any of those – neither decision making wise nor budget wise;
b) CCG should intervene with all CC contact points in local self-governing units and
municipalities and therefore should not be seen as “another (this or that) Ministry nuisance”
as local and regional self-governing units sometimes feel that governmental bodies act
“overprotective” over them and with patronised attitude (Kalinski, 2012);
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Figure 73 Climate Change Group (CCG) could be cohesive, coordinating factor among all stakeholders
from top to bottom and vice versa. Climate think-tank body could have licence to start, monitor, question,
suggest and initiate actions (either implementation wise or policy wise).

c) CCG should serve as a buffer zone and a hub among “bottom” and “top” actors in a way
that messages from bottom to top and vice versa are well received, “translated” and
understood;
d) An autonomous body such as CGG should have a general task to maintain overall
perspective of CC issues in the field (with direct hotline to CC contact points on local level)
but also take care on plans and eventual gaps on the top. CCG could do it due to
interdisciplinary staff and cross-sectoral view and thinking.
e) Connection to PM office would give them necessary “importance and seniority” while
approaching either to Ministries or local units, but it would also mean that their work would
be subjected to higher criteria.
Certainly the biggest advantage of independent CCG would be an ability to have a complete
overview of what is happening in the field, what work being done or is planned by the
Ministries (and other institutions) and to coordinate actions, avoiding overlap and waste of
valuable resources (which are always short). One example of coordination that is necessary to
be established can be easily given by number of monitoring systems that are maintained and
run by various institutions (such as monitoring systems for environment, for agriculture, for
sea, etc.) but are not harmonised according to type of data extracted and where are distributed.
CC actions require various types of data and possibly rationalisation and harmonisation of
data collection, interpretation, storage and distribution can be maximised and costs
minimised.
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6.2.2 New methodology for evaluation of vulnerability potential as a practical tool for
decision makers
Throughout the literature it is difficult to find efforts for quantification of impacts and
vulnerability. Something that could help decision makers to decide upon which impact they
should be concerned of first and where is highest vulnerability. In order to do something in
that manner it was necessary to think of possible method that would be easy to understand and
relatively easy to replicate (however knowledge and understanding of CC processes is
necessary). IPCC Third Assessment Report (TAR) concluded that vulnerability to climate
change is a function of: period of exposure to impact, sensitivity of the system to that impact
and adaptive capacity of the system to defend against impact. This of course is very valid –
but it is too complex to quantify. Arguably, since climate change and its impact is mostly long
term category, it is unnecessary to classify impacts and vulnerabilities in a complex and too
detailed way which may anyhow prove wrong with time. Better practical use would have
simple, and “quick and dirty” method which could be easily used in any decision making
office with little common sense and ground knowledge of climate change processes.
In the method described here, vulnerability potential is determined as a function of impact
likelihood and impact stress potential and is proportional to both variables:
VP = f ( IL, ISP)
Where:
VP is vulnerability potential,
IL is impact likelihood, and
ISP is impact stress potential.
Impact likelihood, IL, is weighed from 1 to 5, where:
1= represents unlikely probability (<33% chance to happen);
2= about as likely as not 33 to 66% probability;
3= more likely than not >50% probability;
4= likely 66% to 90% probability; and
5= very likely >90% probability.
Obviously an analogy with IPCC likelihood terminology has been used (Moss & Schneider,
2000) – exactly so for the purpose of conformity and ease of replication (IPCC’s probability
percentage concept is already known and easy to understand). IPCC’s lover and highest
classes are intentionally omitted because, arguably, the lowest and the highest classes have
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very limited practical use (uncertainties of them are too extreme and then such impacts are
rather not mentioned).
Impact stress potential, ISP, is weighed from 1 to 5 as well, where:
1=very low stress,
2=low stress,
3=medium stress,
4=high stress and
5=very high stress.
This school like grading system is easy to understand and easy to correlate with as well.
Each impact is then marked upon expertly estimate with those two marks (IL and ISP) and
results are entered in the Cartesian coordinate system. “X” axis represents the likelihood of
impact, while “Y” axis represents the impact stress potential. Through marks of 2.5 on each
axis a line is drawn and thus those two lines separate four sectors of the XY coordination
system. Crossing of “X” and “Y” axis at 2.5 mark, ensures that no results will be plotted on
the border between two vulnerability potential areas. Sector closest to the origin of the
coordinate system is an area of low vulnerability, while sector which is the furthest from the
origin of the coordinate system is a high vulnerability area. Other two sectors left are areas of
medium vulnerability (Figure 74).
Vulnerability potential matrix is useful for visualisation of results (to immediately perceive
where statistically most of the points are falling into), but in practical terms it is unnecessary
since we are (mostly) interested in a qualitative value of the vulnerability potential – is it
HIGH, MEDIUM or LOW. Therefore, as a more practical solution, it is recommended to use
relatively simple MS Office-EXCEL programmed command which would make plotting of
graph, and manual reading from it, unnecessary:
=IF(AND((B2>2,5);(C2>2,5));"HIGH";IF(AND((B2<2,5);(C2<2,5));"LOW";"MEDIUM"))
Above Excel command should be pasted in the cell where vulnerability potential, VP, value
should be displayed and then copied to all cells of vulnerability potential column of the table.
In the above command line cell “B2” represents values of IL, while cell “C2” represents
values of ISP. Names of those two cells should be replaced in the command line with
equivalent ones from your case.
As already observed, this method is simple and effective, but obviously it has disadvantages
too. The most obvious is certainly a factor of subjectivity while deciding upon marks of
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Figure 74 Vulnerability potential matrix.

impact likelihood, and especially marks of impact stress potential. They simply have to be
based upon experience and knowledge of expert, or a group, about the subject and particular
case. If person is knowledgeable his assumption is, arguably, sufficiently valid.
Following this methodology an example of possible impacts and calculated vulnerability
potentials on coastal area and tourism sector have been demonstrated in Table 9 and
associated graph (Figure 75). List and examples in the table are not comprehensive by any
means (and that was not an attempt), but it can serve as a base from where other possibilities
can be thought of.
Table 9 An overview of potential impacts and calculated vulnerability potentials using vulnerability
potential matrix method.

LIKELIHOOD OF
IMPACT (IL )

IMPACT STRESS
POTENTIAL (ISP )

VULNERABILITY
POTENTIAL

5=very high,
4=high,
3=-medium,
2=low,
1=very low

HIGH;
MEDIUM;
LOW

5

2

MEDIUM

Inundation/ SLR 0.5 - 1 m

3

4

HIGH

Inundation/ SLR > 1 m
Coastal erosion - non urban areas

1

5

MEDIUM

2

1

LOW

Coastal erosion - urban areas

2

3

MEDIUM

Salt water intrusion to coastal springs

2

4

MEDIUM

IMPACT
Inundation/ Sea level rise <= 0.5 m

5= Very likely >90%
probability
4= Likely >66%
probability
3= More likely than
not >50% probability
2= About as likely as
not 33 to 66%
probability
1= Unlikely <33%
probability
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LIKELIHOOD OF
IMPACT (IL )

IMPACT

5= Very likely >90%
probability
4= Likely >66%
probability
3= More likely than
not >50% probability
2= About as likely as
not 33 to 66%
probability
1= Unlikely <33%
probability

IMPACT STRESS
POTENTIAL (ISP )

VULNERABILITY
POTENTIAL

5=very high,
4=high,
3=-medium,
2=low,
1=very low

HIGH;
MEDIUM;
LOW

Decreased fresh water availability islands
Decreased fresh water availability droughts/continent

5

5

HIGH

3

5

HIGH

Increased energy demand
Decreased water availability for energy
production
Increased occurrences and severity of
storm surges, storm waves and meteotsunamis

5

4

HIGH

4

4

HIGH

4

4

HIGH

Coastal torrent floods - urban areas

3

3

HIGH

Coastal torrent floods- agricultural
areas, wetlands
Floods - continent/ urban areas

3

2

MEDIUM

2

3

MEDIUM

Floods - continent/ agricultural areas

3

4

HIGH

Heat waves and related mortality
Vector borne diseases
Negative psychological effects on
tourists caused by extreme weather
events (wildfires, floods, twisters,)

2
2

2
3

LOW
MEDIUM

2

3

MEDIUM

Alien species in marine ecosystems aquatic pests

3

3

HIGH

Alien species in forest ecosystems pests
Increased occurrences and
enlargement of areas with algal bloom
Decreased primary production in
marine ecosystems (all economically
viable species)
Increased occurrences of droughts agriculture
Increased occurrences of extreme
winds and twisters
Increased occurrences of landslides
Increase incidents of wildfires

2

3

MEDIUM

2

3

MEDIUM

1

4

MEDIUM

3

3

HIGH

2

3

MEDIUM

3
4

2
4

MEDIUM
HIGH
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LIKELIHOOD OF
IMPACT (IL )

IMPACT
Decreased environmental or landscape
characteristics of destination (e.g.
beaches washed away; vegetation
destroyed )
Damages on infrastructure due to
extreme weather events
Changes in discharge of streams and
lakes - attractiveness of destination
decreased (Plitvice, Krka)
Changes in discharge of streams and
lakes - lowering of groundwater table/
degradation of aquatic ecosystems and
habitats visited by tourists (Kopački rit,
Lonjsko polje)
Reduction and extent of snow
precipitation - snow related tourism
Reduction and extent of snow
precipitation - stresses on fresh water
for artificial snow
Reduction and extent of snow
precipitation - decreased soil moisture

IMPACT STRESS
POTENTIAL (ISP )

VULNERABILITY
POTENTIAL

5=very high,
4=high,
3=-medium,
2=low,
1=very low

HIGH;
MEDIUM;
LOW

2

4

MEDIUM

3

3

HIGH

2

4

MEDIUM

2

4

MEDIUM

3

2

MEDIUM

3

2

MEDIUM

3

3

HIGH

5= Very likely >90%
probability
4= Likely >66%
probability
3= More likely than
not >50% probability
2= About as likely as
not 33 to 66%
probability
1= Unlikely <33%
probability
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Figure 75 Vulnerability potential matrix: Sector closest to the origin of XY
coordinates is a “low vulnerability potential” sector, the furthest one is a “high
vulnerability potential” sector, while the other two are “medium vulnerability
potential” sectors. Each point (some are overlapping) represents one impact.
Legend shown below:
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6.2.3 Adriatic coast and sea level rise
Croatia, with its long coastline, faces some significant vulnerability to sea level rise. In order
to asses Croatian coast to sea level rise vulnerability, and vulnerability from high sea events
(caused by storm surges, meteo-tsunamis, seasonal wave variations...), first, it was necessary
to evaluate vulnerability of the coastline under three basic criteria:
1) Is it urbanised area or area of higher ecological importance (usually waterfront, old
town centres, protected natural areas)?
2) Is it located up to 1m a.s.l.?
3) Does area have past experiences with extreme high sea level events?
If the answer on questions from above is yes, then such area is a good candidate to be one of
the high vulnerability potential areas. All natural/non-urbanised areas are treated as low
vulnerability potential areas due to lower economic damages in comparison to urbanised
areas. The result of such vulnerability potential evaluation are given in the Box 6 through the
comprehensive list of, mostly, urban settlements (but not exclusively) in the zone of high
vulnerability potential. During high sea events on 31.10.2012 / 01.11.2012 (personal coverage
of multiple daily media (TV, radio, Internet, newspapers) on given dates), it was proven that
many locations from the list were hit hard by the high sea event. The resulting analysis has
also been visualised in the coastline map of high vulnerability potential areas to high sea
levels (Figure 76).
Box 6 Croatian coastal localities with recognised high vulnerability potentials to high
sea levels situated up to 1m a.s.l. with certain urbanised or ecological land use
importance.
 Generally, western and southern Istria (Umag, Novigrad, Mirna River delta (bridge area),
Rovinj (waterfront and surrounding, including Palud ornithological park), Poreč, Pula
(Fažana, ACI marina area), Premantura – Medulin area),
 Eastern Istria (Raša-Boljunčica catchment and meadows),
 The coast in the centre of Rijeka (Rijeka port area, the main city market and surrounding
area – Delta, Brajdica),
 Bakar, Kraljevica
 part of the coastline in Crikvenica and Selce (waterfronts, coastal road, and adjacent area),
 Cres (city, old fishing harbour and old town), Osor (old town and main road area, including
moving bridge), Vrana Lake natural freshwater reservoir;
 Nerezine, Mali Lošinj and Veli Lošinj (low downtown areas by the sea shore)
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 Krk (city) waterfront and adjacent area with main coastal road, Punat (old town, Košljun
islet and ACI marina area), Baška (whole waterfront area erosion threat, coastal road and first
row of houses, hotels and camp areas),
 Jablanac (port area),
 Rab (the whole bay area), Lopar area (including San Marino beach area), Supetarska Draga,
Kampor,
 Pakoštane,
 Pag and Novalja (road Pag - Novalja), Kolansko Blato area, Zrće area, Pag salinas area,
Velo and Malo Blato area
 Nin (old town and salinas), Privlaka, and SE Vir Island area (area closer to the bridge),
 Seline and Posedarje areas,
 Zadar and wider Zadar area (including bay and bridge area crossing to the old town),
 Sukošan, Sveti Filip Jakov and Biograd areas,
 Pirovac, Tisno and Jezera
 parts of the Murter Island, Betina
 Bilice near Šibenik,
 Vrana Lake Nature Park near Biograd,
 Vodice (lower waterfront areas),
 Šibenik waterfront and Solaris area, Krka river delta,
 Krapanj Island and Brodarica waterfront area,
 Rogoznica waterfront and marina area,
 Seget Donji, Čiovo and Trogir (old town area and ACI marina),
 Kaštel towns and Kaštela area near Split,
 Split (Riva waterfront, Matejuška harbour, Stobreč),
 Omiš (Cetina delta), Baška voda waterfront area,
 Makarska waterfront area,
 Supetar, Milna on Brač, and Bol waterfront areas (also Zlatni rat beach),
 Stari Grad (Hvar Island), Vrboska, Jelsa, Hvar (city) waterfront areas (including Old theatre
area),
 Neretva River delta, including: Ploče, Ploče port, Opuzen and Metković areas - together
with agricultural plains,
 Vela Luka and Korčula City (marina area),
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 Orebić waterfront, Mali Ston (molluscs mariculture) and Ston bay area and salinas;
 Šipanska Luka and Suđurađ,
 Vis (city) bay and Komiža waterfront area,
 Dubrovnik (old town and old harbour, Mokošica bay area) and Cavtat (waterfront),
Numerous other small towns, villages and protected natural areas may face significant
challenges towards the end of the 21st century.
According to the rough GIS analysis performed (UNDP, 2009 / Kalinski et al., 2009b), the
total amount of land covered would be over 100 square kilometres with a sea level rise of 50
cm and over 112 square kilometres with a sea level rise of 88 cm. This would lead to a loss in
land value of roughly EUR 2.8 – 6.5 billion for 50 cm sea level rise and EUR 3.2-7.2 billion
for 88 cm sea level rise. While these are very rough estimates, they do point to the fact that
there may be significant land loss leading to severe damages to Croatian economy by the end
of century due to climate change.
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Western Istria coast
Opatija-Rijeka-Bakar area

Vrana Lake, Cres Island

Zadar & wider Zadar area
Vrana Lake Nature Park

Šibenik area
Trogir, Kaštela, Split area

Neretva River delta

Mali Ston bay area
Dubrovnik area

Figure 76 Visualisation of high vulnerability potential areas (encircled red colour) of the
Croatian coastline and other endangered zones of higher ecological or societal importance (red
colour).
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6.2.3.1 No-regret measures for adaptation to SLR
Several technological, longer term no-regret measures for adjusting to SLR by either public
and/or private sector may include:
 Structural and non-structural measures to prevent coastal erosion and inundation
damage:
o Structural measures would include physical protection of property against long-term
land loss. This is a costly option, but the benefits of protecting high valued property can
also be quite high. Increasing the protection of coastal resources from erosion, inundation
and storm surges through measures such as beach replenishment, rip-raping (broken
stones loosely deposited in water or on a soft bottom to provide a foundation and protect a
riverbed or river banks from scour: used for revetments, embankments, breakwaters, etc.
(The Free Dictionary by Farlex, 2012a)), groynes (a wall or jetty built out from a
riverbank or seashore to control erosion, also called spur breakwater (The Free Dictionary
by Farlex, 2012b)), sea walls, building dikes and other structures to hold back sea-water
from property. The most known examples are sea-walls of Netherlands, or mobile sea
barriers in Venice (under construction).
o Non-structural measures would include removing development away from flooding
risk through zoning, land-use restrictions, and access to flood insurance. But also it
includes land cover change by allowing and helping development of other types of
ecosystems, such as wetlands (e.g. in case of Neretva River delta).
 Gradual abandonment of low-lying coastal property and/or islands and relocation of
economic activity on higher ground is a form of long-run autonomous adaption that can be
encouraged by the public sector, e.g. through: encouraging tax policies to allow more rapid
depreciation of vulnerable assets (if needed) and relocation to safe zone, land use zoning,
planning for investment in, and construction of, public infrastructure needed for
development. If SLR continues as projected even 50 cm of SLR may force partial or
complete relocation of Krapanj island inhabitants.
 Increasing fresh water supplies, water purification and water treatment capacity due
to saline intrusion of coastal aquifers and estuaries, flooding and storm surges: By
developing alternative water supply sources through the construction of new storage
reservoirs, development of new uncontaminated groundwater supplies, and inter-basin
transfers, by flood proofing of water treatment, introduction of new environmentally friendly
desalinization or purification facilities and increasing the capacity of both as needed. In
addition fresh water availability can be increased by rain harvesting, use of “grey water”,
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and last but not least improving existing water supply system. Such measures might be
necessary on Cres-Lošinj islands in case of salinization (or salinization threat) of the Vrana
Lake on Cres Island.
 Protection of coastal and estuarine ecosystems: By installing pumps and building dikes,
sea-walls and other structures to hold back (and/or drain) sea-water, storm surges from
coastal environmental resources. An individual site approach is absolutely necessary.
Example of possible application could be Vrana Lake near Biograd or Neretva River delta.
In addition, Table 10 gives list of several other adaptation options related to SLR, mostly in
relation to tourism sector, but also other sectors and aspects of society as well:
Table 10 Adaptation options to SLR, high sea level sessions and associated vulnerabilities.

IMPACT

VULNERABILITY
Beach resources loss due
to erosion
Loss of coastal fresh
water supplies due to salt
water intrusion

SEA LEVEL
RISE,
ELEVATED
STORM
SURGES and
METEOTSUNAMIS

Loss of land due to
inundation
Loss of coastal structures
due to inundation

Failure of coastal and
marine infrastructure (e.g.
underwater pipes, sewage
systems, wastewater
facilities)
Loss of natural habitats
due to inundation (e.g.
coastal wetlands-Vrana
Lake near Biograd, or

ADAPTATION
Detailed vulnerability assessment on local level is
necessary for all vulnerability types
- artificial development of new beaches – beach
nourishment,
-bringing water from elsewhere,
-rain harvesting
- maintenance of the water infrastructure (decrease
water supply losses),
-Enforcement of dual use of water (use of freshwater
only for cooking and bathing, for other purposes use
of rainwater or re-used water),
-desalinisation plants,
-regulation of freshwater prices,
-technical measures controlling salty water intrusion,
e.g. pumping wells curtain, increase of water reservoir
volumes, saltwater intrusion barriers, etc.
- etc.
-resettlement of population,
-abandonment of agricultural land,
- technical measures controlling sea flooding, e.g. sea
dykes
-resettlement of population,
-- technical measures controlling sea flooding, e.g. sea
dykes
- taking into account future SLR in urban and spatial
planning.
rebuilding of irreparable systems,
- taking into account future SLR in urban and spatial
planning.
- technical measures controlling sea flooding, e.g. sea
dykes,
-abandonment of natural habitat and artificial
displacement of habitats to the higher location
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ADAPTATION
- temporary resettlement of population,
-- technical measures controlling sea flooding, e.g. sea
dykes
- taking into account future SLR and storm surges in
urban and spatial planning.
- Storm-surge/meteo-tsunami warning system
development,
- disaster risk insurance,
- preparation of disaster management plans and drills,
- awareness rising on disaster conditions behaviour.

6.2.4 Tourism
With the potential for climate change to result in a new tourist opportunities in the northern
Europe – creating a “new Mediterranean”, larger efforts will be required to come up with the
new ideas how to keep tourists coming. The tourism sector within Croatia is critical to further
development and would likely be even more challenging in years to come. At present most
tourism is focused along the Adriatic coast during the summer months of the year (late June to
early September with July and August as a peak of season), and climate is a significant factor
in the attractiveness of Croatia as a tourist destination (high level of sea water quality, natural
beauties, biodiversity, pleasant weather). Tourism industry is a major cash producing industry
and it accounts for more than 15% of direct contribution to national GDP or above 25% if we
take into account indirect and induced contributions to GDP from the sector (see Figure 43).
Because of these, climate change may be the cause of significant economic development
vulnerability. Hotter, drier summers that have more extreme weather events and a rising sea
level may put economic development gains at risk.
6.2.4.1 No-regret adaptation measures for the tourism sector
Because of lack of knowledge about the actual vulnerability (and potential economic losses)
of specific sites, as well as the likely shift in demand of tourists, recommendations for
adaptation are limited. However, the following “no-regret” measures can be taken in order
to address climate change and human development in the tourism sector:


Continue focusing on “climate-proofing” of tourism in Croatia. For the traditional
beach oriented seaside tourism, temperature increase, might probably lead to reduced
tourist arrivals through summer months, extreme flooding could cause many problems and
damages to touristic structure and infrastructure while extended and frequent droughts
may seriously detour tourists for coming if water reductions and shortages would occur.
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o Shifting of main tourist season to spring and autumn (developing of bimodal
season). This would require both active marketing on the Croatian side as well as
a shift in tourism patterns and work calendars in tourist emitting countries.
o Development of ‘climate-proof’ type of tourism that would attract tourists even
without the sea and sun should be emphasized by further enhancement of existing,
and strong development of completely new touristic programmes that would keep
attracting tourists all year round, including: various types of event tourism (e.g.
congress and convention tourism, various urban programs/festivals, cultural
tourism, vine and gastro events), educational tourism (with active roles of
Croatian universities ensuring adequate short year-round programmes including
high education courses in e.g. geology, archaeology, biology, tourism, or any
other discipline) and other types of non-climate sensitive activities such as
medical tourism, health, wellness and thermal spas tourism, adrenaline and sport
tourism, pilgrimage tourism, and etc. One very good example of such programme
is work of Centre for Advanced Academic Studies (CAAS) in Dubrovnik,
founded by the University of Zagreb, as a public academic institution for
international scientific programmes and postgraduate studies which organises
many educational courses throughout summer and year round.
o Shifting coastal tourism to rural and mountain resorts.
o Swimming and water recreation may be shifted to pools and aqua-parks;
o Enhancing quality of services (e.g. in restaurant and hospitality sector).


Active policy for reducing the sensitivity of local tourism-dependant economies to
climate change: Autonomous and planned adjustments by the private and public sectors
in local communities – identifying alternative income-generating activities in
communities that are heavily dependent upon beach-based tourism. For example,
promoting forms of tourism related to cultural heritage of the location, e.g. historical sites,
ancient ruins, etc. This is already underway within the general strategic framework of
tourism development in focusing on rural tourism development, but can be especially
important within the context of climate change threats.



Reducing the vulnerability of the national economy to the tourism sector can be
achieved by decreasing dependence of GDP on tourism industry in favour of other types
of industries as the end of century approaches. This, of course, does not mean to decrease
incomes from tourism (in contrary, one should aim to get as more incomes as possible),
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but simply to shift a weight that tourism industry has in GDP in favour of other industries.
It may be accomplished by short- and long-term autonomous adjustments of the private
sector and planned adjustments of the public sector. This is a strategic issue concerning
Croatian economic system and accepting it would mean focusing on product industry
development, but also continued development of fisheries and mariculture or organic
agricultural production of high value goods.


Changes in energy efficiency of buildings: Encourage measures to provide incentives
for builders, building owners, and lending institutions to increase the energy efficiency of
existing and new buildings through more economically-efficient pricing of energy,
programs to encourage the financing of these measures based on life-cycle cost principles
and the promulgation of voluntary and/or mandatory buildings efficiency standards. While
the former Ministry of Environmental Protection, Physical Planning and Construction
(now divided into Ministry of Environment and Nature Protection (MZOIP) and Ministry
of Construction and Physical Planning (MGIPU)) has already implemented standards for
energy efficiency of new buildings, companies and individuals should be encouraged to
go above and beyond the basic requirements in order to save on cooling costs and make
tourist destination hotels and guest houses more comfortable – and more profitable.
Improving ability to keep hotels and other tourism sector buildings in low demand for
energy would, besides lower running costs, also have impacts on emissions reductions and
would act as a mitigation measure.



Encourage measures to use renewable energy sources, especially wind and solar energy
since both have great potentials for abundance in the future as well (Pašičko et al., 2012).
Use of thermal and kinetic energy of the sea should be further explored.



Increased work with tourism businesses and actors to enhance marketing abilities at
home and abroad. To a large extent this is already carried out by the Croatian National
Tourist Board and through private sector investments (e.g. tourism fairs, web pages,
through cooperation/partnership with foreign tourism groups, e.g. Thomas Cook, TUI,
etc.).



Enhancing and promoting high levels of services, amenities and comfort, as well as
the perceived level of luxury that visitors expects to encounter should be further pursued.
In recent years, much of the growth in the tourism industry has relied on these sorts of
improvements (such as upgrading hotels) but still not in sufficient level. According to
Dropulić Ružić (2011), Croatian hotel’s offer can be characterised as an offer of medium
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quality level where majority of hotels are represented by the three-star hotels (52%),
followed by the four-star hotels (22%) and the two star hotels (17%). In 2009 there was no
hotel with one star, while there were only 24 (or 4%) with five stars. “The hotel's facilities
are mainly anticipated for the needs of mass tourism, and the insufficient level of quality
is the result of bypassing standard in almost all processes: the design, construction and
outfitting. International hotel brands in Croatia are present in very small extent
(approximately 17%) compared with European, American and Asian hotel market”
(Dropulić Ružić, 2011).


Ensure adequate development of human resources for management and hosting tourists
alike. Continued education is necessary and should include all levels of personnel. This
may include the most vulnerable groups, including seasonal workers with lower
qualifications, local people who have less access to capital and education, and those that
are least likely to handle the risks if tourism is negatively affected due to climate change.



Reducing risks of natural disasters in tourist areas: Increasing the focus of national
and local governments on coping with climate-based risks (wildfires, floods, storms, and
heat waves) by improved disaster risk management planning and investment.



Increasing water-use efficiency: Encouraging water conservation through voluntary
and/or mandatory energy and water conservation standards, including programs to
encourage banks to make loans for the installation of complementary energy efficient and
water-saving technology (e.g. grey water use, rainwater harvesting) based on life cycle
cost principles, higher water and energy tariffs, or simply fixing leakages from water
supply system.



Development of additional water supplies, water purification and waste treatment
facilities for coastal communities – especially on the islands, where water supplies are
already tight. (see “ Increasing fresh water supplies,…” bullet on page 181 for more
measures)



Develop capacity for development of economic models to simulate the impacts of
climate change on tourism and assess the CC impacts on the local and national
economies. This is in domain of research centres: Institute for Tourism, Faculty of
Economy, Institute of Economy, and similar.



Problems of sea-level rise in relation to tourism are connected with number of impacts:
o loss of coastal beach resources due to erosion may be overcome naturally (new
beaches would develop) or it can be done by human action (beach replenishment), also
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o loss of coastal fresh-water supplies may be compensated by combination of rain
harvesting, desalinisation plants and by bringing more water from inland and
potentially other basins;
o Protection of coastal structures which would become sea-flood prone; this may be
necessary in, e.g. Trogir old town.
o Loss of land on may sometimes lead to resettlement of small island population (e.g.
island of Krapanj, old town of Tribunj) ;
o Due to change of hydraulics in case of SLR, an open-sea-discharge sewage
infrastructure might become dysfunctional and it would have to be solved by upgrade
to the new system with treatment facility included;


Climate change threats to eco-systems have to be addressed by:
o Undertaking both active and passive measures to protect and restore ecosystems
vulnerable to climate change. Exact type and capacity of measures are site specific.
o active measures for revitalising of the eco-system (kind of mitigation-adaptation
measures) with development of eco-system friendly tourism programmes by involving
tourist into the programme (such as algae-bloom cleaning, re-placing of extinct fish
fund, cleaning of sea-floor from alien species, etc.)

and organising promotion

activities among those who are not directly involved (brochures, leaflets, shows, and
similar)
o Shifting tourism away from the very fragile types of ecosystems altogether until
recovery and for future preservation (e.g. in case of degradation of lake tufa that
option may be effective for the Plitvice Lakes National Park).
Table 11 has list of further examples of possible impacts of CC on tourism and associated
sectors, likely vulnerability effects and possible adaptation options:
Table 11 Climate change impact on tourism and related sectors with adaptation options.

IMPACT

VULNERABILITY

ADAPTATION

TEMPERATURE

Reduced tourist arrivals

INCREASE

during summer months

- Shifting of main tourist season to spring and
autumn through series of planned actions,
including – developing of bi-modal tourist
season.
- Development of programme for year-round
visitation (e.g. congresses, festivals, fairs,
various urban programs and other non-climate
sensitive activities),
- Shifting coastal tourism to rural, mountain or
other type of weather unconstrained tourism

REDUCES
ATTRACTIVENES
OF BEACH
TOURISM
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IMPACT

VULNERABILITY

Quality of natural
waters for bathing
reduced
EXTREME

Urban flooding

RAINFALL EVENTS
(“CLOUDBURSTS”)
EXTENDED AND

Fresh water shortages

FREQUENT
DROUGHTS

Agriculture damages

Energy production
damages

CLIMATE CHANGE
INDUCED THREATS
TO ECOSYSTEMS

E.g. sickness of forest
systems, invasion of
alien species, increased
spread of pests,

RESULTS

ADAPTATION
(e.g. wellness, health, congress, cultural
tourism, adventure tourism)
- Improvement and “updating” existing products
-shift of water recreation to pools and aqua
parks
-developing of new scientific techniques able to
combat alien species, algal bloom and etc.
- regular maintenance of drainage and torrent
flow systems,
- development of local emergency procedures
and plans, including emergency drills,
- flood insurance coverage of urban structures
- bringing water from elsewhere,
- rainwater harvesting,
- enforcement of dual use of water (use of
freshwater only for cooking and bathing,
elsewhere use of rainwater or “grey” water),
- desalinisation plants,
- regulation of freshwater prices,
- short term fresh water use reduction measures
(partial restriction of freshwater use for specific
activities-such as car-wash, landscaping, sport
fields, beach showers and similar)
- rainwater harvesting for irrigation,
- irrigation of agricultural lands where advisable
(due to soil characteristics),
- increase of irrigation efficiency (drip irrigation
use),
- introduction of new indoor growing
technologies with low water use,
- introduction of more drought-tolerant crops
- enhancement of plant characteristics – plant
bioengineering (drought resistant seeds,
salinization resistant plants, etc.).
- increase of hydropower retention volume
where possible (open retentions are with certain
limits due to evaporation losses, but
underground retention potentials should be
explored);
- improvement of energy transfer losses,
- improvement of energy efficiency in energy
production and especially in energy use,
- production of energy with other types of
energy sources (wind, solar, nuclear) –
diversification of energy production
- Active measures of protecting and revitalising
of the ecosystem (mitigation-adaptation
actions),
- Development of eco friendlier tourism
programmes (e.g. algal-bloom cleaning,
replenishment of extinct animal fund, ,
reforestation actions, etc.)
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IMPACT

VULNERABILITY

Reduction of species’
population and death
due to extensions of
dead zones with
hypoxic and anoxic
conditions.

Acidification of sea and
inland waters
Wildfires (un-built and
urban areas)

RESULTS

ADAPTATION
- Promotion activities and fundraising activities
- Restriction of tourist visitation to the fragile
ecosystem until restored
- detailed vulnerability assessment on local level
necessary
- Measures of protection of ecosystems from
land based sources of pollution;
- establishing of marine protected areas in case
of marine ecosystems,
- selective fishing;
- abandonment of mariculture close to damaged
ecosystems
- detailed vulnerability assessment on local level
necessary
- detailed vulnerability assessment on local level
necessary (e.g. possible influence of
acidification on Plitvice Lakes National Park)
- replantation of species lost,
- replantation with less fire prone plant species
(e.g. abandonment of Aleppo pine (Pinus
halepensis) and Scots pine (P. sylvestris)
species in favour of less flammable trees),
- development of local emergency procedures
and plans, including emergency drills,
- awareness rising on disaster conditions
behaviour,
- fire insurance coverage of urban structures
- detailed vulnerability assessment on local level
necessary
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7 CONCLUSIONS AND DISCUSSION
Conducting a research for this study of climate change, globally and in Croatia, as well as its
impacts, vulnerabilities and adaptation options for Croatian Adriatic coast and tourism sector,
have been a two way process of learning. On one side, the researcher was trying to
comprehend the complexity of the topic, and on the other side, those that researcher has
worked with during desktop study and on the field, were giving valuable inputs to otherwise
theoretical knowledge. Field observations and meetings were factual discoveries of how the
issue of climate change is perceived in the real life circumstances: from seaside communities
of Lošinj, Cres, Opatija or Neretva River delta and number of other seaside locations, to
mountain communities of Gorski kotar region. Theories of CC IVA are mostly well thought
off, on the desk, but application on the field is more complex.
Climate from past to future
Modern state of the art coupled atmosphere ocean global climate models (AOGCM), such as
NASA-GISS’s ModelE used in this study, are performing relatively well (in comparison to
observed data) while simulating past climate. There is a justifiable reason to believe that the
same climate model, or state-of-the-art climate models alike, would make reasonable
projections of the future climate as well. At present, even as AOGCM are still being under
development, the real uncertainty does not lie in the question how well a model is able to
project future climate variables, but which emission scenario and storyline should be used are
being the largest unknown variable. In other words, once a model has been satisfactorily
tested through simulation of the past climate, the projections for the future will be as good as
input parameters (aka chosen emission scenario and corresponding variables).
Global surface temperature is generally increasing, especially over the Arctic and other high
latitudes areas. Projections of surface temperature and precipitation for the five Croatian
regions at the end of 21st century show similarities with the global, especially Mediterranean
trends. Precipitation patterns are very much region and season dependent – and models
indicated that Mediterranean and Croatia alike are getting drier. The results can be further
summarised as:
• Winters are projected to be milder and summers might be hotter
• On annual average nationwide surface temperature is projected to increase by 3°C from
present 11.3 to future 14°C.
• Temperature increase is projected to be the most noticeable in the Mountain Area, while the
hottest region might be Southern Adriatic Coastal Area.
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• The change will be especially pronounced in the summer with projections of average
surface temperature increase of up to 4°C nationwide.
• Summer temperature increase might lead to higher occurrence of heat waves in terms of
frequency and lasting (Bruci, 2007; IPCC, 2007d; Barnett et al., 2006; Clark et al., 2006;
Tebaldi et al., 2006).
• Increased frequency of other extreme events (cloudburst storms, violent cyclones, twisters,
etc.) is also probable.
• Increased temperatures might drastically reduce snow cover and possibly cut it off
completely in lower altitudes.
• In areas with snow, melting would start earlier in the year.
• Precipitation projections suggest that in terms of quantity most rainfall would occur in
winter but arguably often in form of extreme events (e.g. cloudburst).
• The driest parts of the country (in terms of projected average annual precipitation) are
projected to Pannonia, followed by the Central Croatia and Southern Adriatic Coastal Area.
• The wettest parts are projected to be Mountain Area followed by North Adriatic Coastal
Area (e.g. Gorski Kotar area).
• Overall annual precipitation average is projected to decrease ca. 9%.
• Due to projected lesser precipitation, fresh-water shortages might occur more frequently
especially in the summer and in the coastal areas (especially islands).
These expectations for future climate are based on assessed studies, but more work is
necessary in order to produce climate related information in a form useful for policy makers,
decision makers, tourism investors, energy system managers, farmers, etc.
Coordination between public institutions, science and private businesses
Different sectors have different interests in combating CC impacts. A public sector should
maintain wider picture on protecting and preserving natural and built environments for
present and future generations and to secure the quality of life of citizens in an unpolluted
healthy environment. On the contrary, the main interest of business sectors is focused on
maximizing profitability. Even if motivations for actions of these two sectors seem
incompatible, that should not be true for the adaptation. For example, healthy and visually
appealing environment helps tourism business sector attract tourists, and thus, makes higher
profit. Motivations of private and public sector are, perhaps, antagonistic, but the interest for
preservation of healthy and appealing environment is a common interest. In order for both
sectors to act in partnership, the following issues should be addressed:
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The private business sector, in both local and national economies, can be expected to
adjust its losses autonomously by regular investments in business development.



In the short-run, public sector may be challenged with the economic decline of many
local communities, e.g. those heavily dependent on tourism, and face high
unemployment and rural-urban migration. In the longer run, all these declines should
be counterbalanced, to some extent, by investments in new and existing industries as
well as necessary shifts in the industrial structure of the country.



The general idea is not to spend valuable resources on creating a number of new
climate adaptation related institutions, but rather use those resources for strengthening
existing institutional capacity and reassign them some adaptation related tasks within
sectors they usually cover. Adaptation to climate change can be a very expensive
process, especially in cases when significant infrastructure transformation is needed.
Therefore, efficient use of resources and well thought long-term planning will be
necessary. The only exception to the above should be, as proposed in this study,
forming of an independent Climate Change Group (CCG) which should oversee and
coordinate all adaptation processes and capacity building activities – from local to
national level and vice versa.



Stakeholders’ analysis and meetings (UNDP, 2009; Kalinski, 2012) have shown that
the current institutional setting has sufficient intellectual capacity and strength to
address the climate change related issues. Existing institutions are able to provide
basic framework for facilitation of adaptation and management risks but some may
require revitalisation. At present, number of public institutions are overloaded with
multiple responsibilities and often overwhelmed by the demands of the communities
they serve. The only help they need should come in a form of coordination, advising
and additional funding, if necessary. In addition, institutional strengthening
(institutional capacity building) in terms of reorganisation of institutional loads, tasks,
structures and responsibilities (externally and internally) would be necessary.



Also, there are very limited communication options for information sharing,
horizontally, among various institutions and, vertically, from institutions to other
social structures. For example and in general, lay citizen (or e.g. potential tourist)
would have limited options in finding relevant climate change related data – even if
those exist. Such person (either physical or an institution) is usually faced with
administrative procedures which are neither fast nor free.
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It is observed that public institutions although working under the same State budget
often interact like corporate competitors – while intellectual and performance
competition should be encouraged, inter-institutional uncooperativeness (e.g. the most
common being reluctance in data sharing) should be discouraged.



Cooperation among public institutions and business sector alike has a lot of space for
improvement. A tourism sector which is missing thousands of workforce each season
should come up with a number of options for the future cooperation. Scholarship
provisions to students and life-long learning to existing employees in tourism sector
(not only managerial personnel but also cooks, waiters and other tourism experts) is
one of the win-win opportunities to overcome such obstacles in the future. In addition,
Croatia must be prepared to increase number of work permits for qualified foreign
workforce and to be more open for workforce mobility, especially after getting full EU
membership.



Obvious connection which should be better developed is cooperation among scientific
and state public institutions. Incorporating scientific knowledge into decision making
process and into policy measures is a fundamental element of successful adaptation
(and mitigation). Such cooperation should be established among research institutions
and spatial and urban planners. Practical knowledge about climate change processes
must be incorporated into development planning. For example, planning of coastal
construction and infrastructure should incorporate knowledge of projected SLR for the
next 100 year horizon. Or, planning of high volume ski resort which should be
profitable in the next 50 year horizon (or so), based only on past climate data but
without consulting climate change projections is, business wise, highly risky. The
similar may be applied for planning of fixed marinas on the seaside, or planning
hydropower plants elsewhere.



Lack of feedback among project results and potential users of those results is
commonly observed. It is not only about a communication problem between, e.g. state
public institutions (Ministries, Agencies) and research institutions (Universities,
institutes), but about willingness to directly connect those levels. Science should be an
integral part of a stronger backup decision making processes and to stimulate transfer
of practical knowledge achieved by the projects into the real sector. Real sector should
attempt to get necessary information but at the same time, science and research sector
should offer such information tailor made (or in a usable form) to real sector. Without
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such interaction, adaptation to climate change cannot enter into natural development
processes which are the essence of successful and least costly adaptation.
Adaptation challenge
Several, “no-regrets-to-consider-them” points about how to proceed and what to do first come
out of this study:
• On the policy level, existing coastal policies should be revised and amended as necessary,
while some new policies are required, including:
-

Implementation of the Integrated Coastal Zone Management is almost an absolute
requirement. There has been almost none such integrated approach observed down on
the field. Land use and urban planning at local level is potentially rewarding – since
all local issues are best known locally, but what is missing is a wider picture. The
questions like: How local plan fits into the national strategy?; Does it correspond with
wider national interests in observed sector?; How it agrees with idea of preservation of
resources for the future generations or it satisfies only time limited local needs?
Integrating factor that would take into consideration spatial (local vs. national
interests) and temporal (present vs. future interests) objectives is often omitted. Proper
ICZM planning and good implementation should solve half of adaptation.

-

Development of National Adaptation Strategy and Adaptation Action Plan is
essential, but should not be taken easily, just as one of formal steps to be done with.
Even though amendments and many revisions of those policies will happen, it is
wrong to go into their development lightly, without clear understanding of potential
impacts and vulnerabilities. A great deal of information is necessary prior to setting
plans of actions and priorities. The whole adaptation framework is a long and most
probably costly process and because of that it should be incorporated into “natural”
development process and understood as such.

• On the institutional level, some institutional capacity actions will be required, including
revision of existing institutional setup and functions (revision of who does what, integration
of several institution with similar mandate under one roof, avoiding of financing similar
databases several times, etc.) in order to comprehensively plan and manage resources through
an integrated and sustainable approach. This is a theory. In reality, arguably there would be
little or none integrated approach if there is no integrating body to initiate and coordinate
processes and resources. Forming of such technical-mostly expert-assembled body is
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therefore proposed. A “Climate Change Group (CCG)” can play a role of integrating factor,
think-tank, information hub and kick-starter in one. CCG would act as an independent (of
Ministries and private interests), small but knowledgeable group, flexible and in daily contact
with stakeholders. CCG would ensure, first of all, a good information flow from “bottom to
top” and vice versa, and also laterally. Good information flow is necessary, otherwise
resources can be misused and other institutions would be caring unnecessary burden of load.
Arguably, the cost of forming such body would be negligible compared to potentials of saving
and efficiency.
• In general, Croatia should aim towards permanent scientific co-operation with existing
regional and European institutions, agencies and centres of research expertise to be further
involved in research, development and maintenance of: climate databases, models for
forecasting sea level rise and related high sea phenomena, physical and economic damages
caused by CC, climate change – tourism models and the benefits/costs of various adaptation
options. While cooperation with European meteorological and climate centres is well
established by DHMZ, arguably there should be benefits from improving SE European
cooperation (aka Western Balkan region) where, possibly, Croatia may take a lead and export
know-how (e.g. similarly like in energy efficiency sector). Shared geomorphology and
orography of the region would give scientific justification for such approach. In addition, in a
long term development strategy it is not inconceivable to establish scientific cooperation and
export of know-how to so-called least developed countries (LDC), which would be probably
accompanied with economic cooperation as well. Such exchange and cooperation would
initiate stronger development of climate change related capacities (human and institutional
strengthening). However, this matter partly goes into political spheres which are beyond
scope of this study.
• Coastal spatial planners, managers and developers in the public and private sector should
take into account future changes in sea level while planning coastal development, while
considering disaster risk management, and when planning major infrastructure projects with
horizons of 50 or even 100 years into the future.
• Actively developing capacity to formulate alternative measures and projects for adapting to
sea level rise and assessing the benefits and costs of these options on an on-going basis,
especially as better information on future rates of sea level rise will become available. That is
the best way to ensure that more is gained than eventually lost due to the rising waters and
associated costs.
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• To do this, as suggested earlier, it is required to undertake more comprehensive and higher
resolution mapping of the coastline (digital elevation model (DEM) coverage), its physical
characteristics, land-use patterns and economic activities assessment.
• For adaptation projects to be successfully implemented they have to be win-win – for the
climate and society; implementation process and the purpose of the project itself should be
easy to understand to all stakeholders; project goals should be realistic and implementable;
project results should bring obvious benefits to people (households, local communities,…);
wherever possible economic reasoning of the project should be clearly indicated.
• A comprehensive county by county, and town by town assessment of climate change
impacts and vulnerability potential of endangered (mostly urban) areas – with special
attention to cultural heritage sites, have to be logged into a central database. A new and
simple to follow methodology for categorisation of impact vulnerability potential, for the first
time presented in this study, can be used. Identifying low, medium or high vulnerability
potential zones is, essentially, a priority on the list of needed adaptation implementation
measures.
• Vulnerability mapping should be followed by a plan of implementing measures for
protection coastal historical heritage assets. A list of cultural and heritage sites based on
vulnerability potential evaluation should be prepared and adaptation priority plans should be
made. Most probably, not all sites will be successfully adopted either due to severity of
climate change impacts or due to lack of adaptation funds. Individual approach from site to
site is necessary – adaptation is best served locally.
• Given example of Neretva River delta, projected flooding until the end of the 21st century is
an example where extensive study should take place in order to weigh costs over benefits of
potential adaptation measures. An obvious possibility of building either a fixed or moving
dam (due to boat traffic in delta) is probably the most expensive solution that may cost up to
several billion Euros (e.g. moving dam of Venice after opening in 2014 will cost up to EUR
4.5 billion) and thus, may outweigh the benefits (agricultural production, flood control). In
addition, the physical sea water control does not guaranty possible salinization of fertile land
through ground water salinization (penetration of higher pressure sea water under the dam
structure). Another possible solution is the earlier mentioned land use change, which allows
natural processes of flooding delta with sea water, which could turn delta into a new coastal
brackish wetland. Besides biodiversity values, coastal wetlands may also be profitable if
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managed for tourism purpose (watching of birds and other animals, eco-tours, outdoor
schools, fishing, canoeing, etc.), especially due to proximity to major tourism destinations
such as Dubrovnik Riviera. Naturally, previous land owners should be either compensated for
the lost land or included into some kind of Neretva wetland park public-private partnership.
• Positive aspects of CC, such as extension of holiday season (from early spring to late
autumns) have to be taken advantage of – until they last. However, it means that complete
mind-set should be changed, leaving behind planning of tourism for summer season and start
to think of what is required in order to prolong year round offer or at least for 10 months.
Besides necessary changes in the sensu stricto tourism sector and infrastructure (e.g.
modernisation and diversification of offer, upgrades of hotels, building of pools, aquaparks,
wellness centres, etc.) a lot of changes will be necessary on the side of local governments.
Spectrum of offer given to tourists within the hotel complex is not enough – it requires that
various offer (e.g. recreation and shopping, excursions, transport, parking, medical services,
etc.) is also available outside of hotels.
• Many Croatian cultural heritage sites, including homes of ordinary people or businesses, lie
close to sea level and, once exposed to the flooding, could be permanently out of function
unless protective measures are taken – where justifiable. A great number of marine
infrastructures are lying at the sea level: marinas, ports, service roads and railways,
aquaculture facilities, etc. Valuable agricultural activity and fresh water resources are lying
close to the sea level. Built and natural tourism infrastructure is exposed to SLR and while
cost of impact on non-urban and un-built coastal area may be neglected (seen through almost
100 year horizon); the cost of damages to urban and built areas would be high. Most probably
much higher than this or any other previous studies have predicted, simply for a reason of
lack of such information which could help to make any more viable evaluations. That,
together with number of other factors would influence shaping of tourism sector, and Croatian
national economy as whole, until the end of the century.
There are many priorities but, at the same time, it is not physically possible or economically
feasible to protect the entire coastline from the rising sea level and other CC impacts. Impacts
of CC have to be tackled selectively and by taking care of impacts with high vulnerability
potential first is the way to proceed.
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Research to follow
As much as this study wanted to encompass many issues of IVA of Croatian coast and
tourism sector, there are still many areas missing. One of the most explored topics on CC
related issues nowadays is related to research of CC impacts on cultural heritage sites. This
topic has a very high importance for Croatia and many of future studies should cover that
area.
In addition, this study did not cover any aspects of actual implementation and monitoring of
adaptation projects. Subject of IVA is simply too comprehensive in order to cover all topics
at once, some of the future studies should focus on those topics too.
The author of this study is lacking capacity for advanced economic studies, such as CGE
studies, crop simulation studies, HTM studies and other types of innovative economic
research. Interaction of CC and economy should be further addressed by institutes of
economy and academic sector.
A topic of geoingeneering, as forefront of technological answer to CC adaptation (but also
mitigation since it is trying to reverse climate processes), was not covered by this study too.
To begin with, it is surely outside of national and personal research capacity and, in addition,
it does not have required support even among CC researchers. Geoingeneering is often seen
as unnecessary (or even controversial) step forward, before other – more conventional (and
cheaper) possibilities before other options are thoroughly explored and researched.
Nonetheless, research in that area has started already and it will not stop – it will be surely
interesting to see the outcomes.
Projected climate changes would have substantial impact on all sectors of society and
ecosystems alike, influencing their quality of life and wellbeing. Even though several
advantages would appear in the coastal and tourism sector with generally warmer and drier
climate, overall losses would be, arguably, higher than benefits.

199

Vladimir Kalinski: Doctoral Thesis

LITERATURE

8 LITERATURE

A
ACIA, (2005), Arctic Climate Impact Assessment, Cambridge University Press, Cambridge, 1042.
Allianz Group and WWF, (2006), Climate Change and Insurance: An Agenda for Action in the United States,
A publication of Allianz Group and World Wildlife Fund (WWF), New York, 48.
Agroportal, (2012), Soja rijetka, a kuruz mali, oj seljaci al ste…, Vijesti>Agro tema, [Internet], <available at:
http://www.agroportal.hr/vijesti/agro-tema/soja-rijetka-a-kuruz-mali-oj-seljaci-al-ste/>, [accessed: 26.01.2012].
AMAP, (2007), Workshop on Adaptation of Climate Scenarios to Arctic Climate Impact Assessments, Oslo,
May 14-16, 2007, Arctic Monitoring and Assessment Programme (AMAP) and Meteorologisk Institutt, Final
Report Version, 27 February 2008, Oslo, 29.
Amelung, B. and Viner, D., (2006), Mediterranean Tourism: Exploring the Future with the Tourism Climatic
Index, Journal of Sustainable Tourism, 14 (4), 349-366. DOI: 10.2167/jost549.0
Anderson, D.M., Gilbert, P.M. and Burkholder, J.M., (2002), Harmful algal blooms and eutrophication:
Nutrient sources, composition, and consequences, Estuaries, Springer-V., 25 (4), 704-726.
Australian Greenhouse Office, (2006), Climate Change Impacts and Risk Management: A Guide for Business
and Government, Prepared for the Australian Greenhouse Office by Broadleaf Capital International and Marsden
Jacob Associates, 73.
AZO, (2005), Indikatori biološke raznolikosti u Republici Hrvatskoj, Agencija za zaštitu okoliša (AZO), Zagreb,
30.

B
Backer, L.C. and Mcgillicuddy Jr., D.J., (2006), Harmful Algal Blooms, Oceanography, 19 (2), 94-106.
Baric, A., Grbec, B. and Bogner, D., (2008), Potential Implications of Sea-Level Rise for Croatia, Journal of
Coastal Research, 24 (2), 299-305. DOI: http://dx.doi.org/10.2112/07A-0004.1
Bačun, D., Matešić, M. and Omazić, M.A., (2012), Leksikon održivog razvoja, Hrvatski poslovni savjet za
održivi razvoj, Zagreb, 390. ISBN: 978-953-98964-3-8
Ballinger, P., (2003), Selling Croatia or Selling out Croatia?, Tourism, Privatization, and Coastal Development
Issues in a "New" Democracy, The National Council for Eurasian and East European Research (NCEEER), Title
VIII Program, Washington, 30.

200

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Barnett, D.N., Brown, S.J., Murphy, J.M., Sexton, D.M.H. and Webb, M.J., (2006), Quantifying uncertainty
in changes in extreme event frequency in response to doubled CO 2 using a large ensemble of GCM simulations,
Clim Dyn, 26, 489-511.
Battaglia, M., Murray, M.H., Serpelloni, E. and Bürgmann, R., (2004), The Adriatic region: an independent
microplate within the Africa–Eurasia collision zone, Geophys. Res. Lett., 31. DOI: 10.1029/2004GL019723.
BBC News, (2007), International version 06.08.2007: ‘Dubrovnik fire threat subsiding’, [Internet], <available at:
http://news.bbc.co.uk/2/hi/europe/6932578.stm>, [accessed: 09.09.2012].
Becken, S., (2010), The Importance of Climate and Weather for Tourism, Literature review, Lincoln University,
LEaP, New Zealand, 23.
Bejarano, L. and Jin, F.-F., (2008), Coexistence of Equatorial Coupled Modes of ENSO, J. Climate, 21, 30513067. DOI: 10.1175/2007JCLI1679.1
Bellamy, R., Chilvers, J., Vaughan, N. E. and Lenton, T. M., (2012), A review of climate geoingeneering
appraisals, WIREs Clim Change, 3, 597-615. DOI: 10.1002/wcc.197
Beniston, M., (1997), Variations of snow depth and duration in the Swiss Alps over the last 50 years: links to
changes in large-scale climatic forcings, Clim Change, 36, 281-300.
Bilen, M. and Bučar Perić, K., (2002), Ekonomska geografija Hrvatske, Školska knjiga, Zagreb, 146. ISBN
978-953-0-30871-8
Bigano, A., Goria, A., Hamilton, J.M. and Tol, R.S.J., (2005), The Effect of Climate Change and Extreme
Weather Events on Tourism, FEEM Working Paper No. 30.05, 33.
Bigano, A., Hamilton, J.M. and Tol, R.S.J., (2006), The impact of climate on holiday destination choice,
Climatic Change, 76 (3-4), 389-406.
Bigano, A., Hamilton, J.M. and Tol, R.S.J., (2007), The Impact of Climate Change on Domestic and
International Tourism: A Simulation Study, Integrated Assessment Journal, 7 (1), 25-29.
Bigano, A., Hamilton, J.M. and Tol, R.S.J., (2008), Climate Change and Tourism in the Mediterranean,
Working Paper FNU-157, Research Unit Sustainability and Global Change Hamburg University and Centre for
Marine and Atmospheric Science, Hamburg, 23.
Bindoff, N.L., Willebrand, J., Artale, V., Cazenave, A., Gregory, J., Gulev, S., Hanawa, K., Le Quéré, C.,
Levitus, S., Nojiri, Y., Shum, C.K., Talley, L.D. and Unnikrishnan, A. (2007), “Observations: Oceanic
Climate Change and Sea Level”, In: Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B.,
Tignor, M. and Miller, H.L. (eds.), Climate Change 2007: The Physical Science Basis. Contribution of Working
Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge and
New York: Cambridge University Press, 996.

201

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Bodansky, D., (2011), A Tale of Two Architectures: The Once and Future U.N. Climate Change Regime,
Sandra Day O’Connor College of Law, Arizona State University, 18. DOI: 10.2139/ssrn.1773865
Bonacci, O., (1995), Investigations in karst hydrology of Croatia: The Vrana Lake on the Island of Cres, Acta
geologica, (0236-5278) 25 (1), 1-15.
Branković, Č., Gütller, I. and Gajić-Čapka, M., (2013 in press), Evaluating climate change at the Croatian
Adriatic from observations and regional climate models’ simulations, Clim Dyn, Springer-Verlag Berlin
Heidelberg, 23. DOI: 10.1007/s00382-012-1646-z.
Branković, Č., Patarčić, M. and Srnec, L., (2008), Report Prepared for the 2008 Croatia NHDR.
Branković, Č., Patarčić, M., Güttler, I. and Srnec, L., (2012), Near-future climate change over Europe with
focus on Croatia in an ensemble of regional climate model simulations, Climate research, 52 (1), 227-251.
Branković, Č., Srnec, L. and Patarčić, M., (2010), An assessment of global and regional climate change based
on the EH5OM climate model ensemble, Climatic Change, 98, 21-49. DOI: 10.1007/s10584-009-9731-y.
Bruci, E, (2007), Climate Change Projection for South Eastern Europe, Second Draft, Albanian
Hydrometeorological Institute, 65.
Bruci, E., (2008), Climate Change Projection for South Eastern Europe, [presentation], Institute for Energy,
Water and Environment, University of Polytechnics, Tirana, First Session of South-Eastern Europe Climate
Outlook Forum (SEECOF-1) 11-12. June 2008, Zagreb, Croatia.

C, Č
Caldeira, K. and Wickett, M.E., (2003), Oceanography: Anthropogenic carbon and ocean pH, Nature, 425,
365. DOI:10.1038/425365a
Callaway, J.M., (2004), “The Benefits and Costs of Adapting to Climate Variability and Climate Change”,
Chapter 4. The Benefits of Climate Policy. OECD, Paris France.
Carter, T.R., Parry, M.L., Nishioka, S., Harasawa, H., Christ, R., Epstein, P., Jodha, N.S., Stakhiv, E. and
Scheraga, J., (1996), “Technical guidelines for assessing climate change impacts and adaptations”. In: Watson,
R. T. Zinyowera, M. C. and Moss, R. H., (eds.), Climate Change 1995 - Impacts, Adaptations and Mitigation of
Climate Change: Scientific-Technical Analyses. Contribution of Working Group II to the Second Assessment
Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, 823-833.
Cazenave, A., and Nerem, R.S., (2004), Present-day sea level change: Observations and causes, Rev. Geophys.,
42. DOI:10.1029/2003RG000139.
Cerovečki, I., Orlić, M., Hendershott, M.C., (1997), Adriatic seiche decay and energy loss to the
Mediterranean, Deep Sea Research Part I: Oceanographic Research Papers, December 1997, 44 (12), 20072029. ISSN 0967-0637, DOI: 10.1016/S0967-0637(97)00056-3.

202

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Chen, Y.-H., Miller, J.R., Francis, J.A. and Russell, G.R., (2011), Projected regime shift in Arctic cloud and
water vapour feedbacks, Environ. Res. Lett., 6. DOI:10.1088/1748-9326/6/4/044007.
Church, J.A. and Gregory, J.M. (eds.), (2001), ‘Changes in Sea Level’, In: Houghton, J.T., Ding, Y., Griggs,
D.J., Noguer, M., Van der Linden, P.J., Dai, X., Maskell, K. and Johnson, C.A., (eds.), ‘Climate Change 2001:
The Scientific Basis: Contribution of Working Group I to the Third Assessment Report of the Intergovernmental
Panel on Climate Change’, Cambridge University Press, Cambridge and New York, 639-694.
Church, J.A. and White, N. J., (2006), A 20th century acceleration in global sea-level rise, Geophys. Res. Lett.,
33. DOI:10.1029/2005GL024826.
Church, J.A., White, N.J. and Hunter, J.R., (2006), Sea-level rise at tropical Pacific and Indian Ocean islands.
Global and Planetary Change, 53 (3), 155-168. DOI: 10.1016/j.gloplacha.2006.04.001.
Church, J.A., Wilson, S., Woodworth, P. and Aarup T., (2007), Understanding sea level rise and variability,
Eos Trans. AGU, 88 (4), 43. DOI: 10.1029/2007EO040008.
Clark, R.T., Brown, S.J. and Murphy, J.M., (2006), Modelling northern hemisphere summer heat extreme
changes and their uncertainties using a physics ensemble of climate sensitivity experiments, J Clim, 19, 44184435.
CLIM-RUN, (n.d.), Climate Local Information in the Mediterranean region Responding to User Needs,
[Internet], <available at: http://www.climrun.eu/>, [accessed: 18.02.2013].
CRU-UEA, (2000), “5: The Millennial Temperature Records”, Climatic Research Unit (CRU), University of
East Anglia (UEA), [Internet], <available at: http: //www.cru.uea.ac.uk/cru/info/milltemp/>, [accessed:
10.11.2012].
Ciscar, J.A., (ed.), (2009), Climate change impacts in Europe – Final report of the PESETA research project,
JRC European Commission, Publications of the European Union, Luxembourg, 116. DOI: 10.2791/32500.
Ciscar, J.A., Iglesias, A., Feyen, L., Szabó, L., Van Regemorter, D, Amelung, B., Nicholls, R., Watkiss, P.,
Christensen, O. B., Dankers, R., Garrote, L., Goodess, C., Hunt, A., Moreno, A., Richards, J. and Soria,
A., (2011), Physical and economic consequences of climate change in Europe, PNAS, 108 (7), 2678-2683.
Coşkun, M., Demir, İ. and Kiliç, G., (2008), ‘Climate Change Scenarios for Turkey: ECHAM5 B1 Scenario
with RegCM3’, Turkish State Meteorological Service, Department of Research and Data Processing, KalabaANKARA, First Session of South-Eastern Europe Climate Outlook Forum (SEECOF-1), 11-12. June 2008,
Zagreb, Croatia; <Available at: http://meteo.hr/SEECOF08/day2/2-6.pdf>.
Crisp, D., Atlas, R.M., Breon, F.-M., Brown, L.R., Burrows, J.P., Ciais, P., Connor, B.J., Doney, S.C.,
Fung, I.Y., Jacob, D.J., Miller, C.E., O'Brien, D., Pawson, S., Randerson, J.T., Rayner, P., Salawitch, R.J.,
Sander, S.P., Sen, B., Stephens, G.L., Tans, P.P., Toon, G.C., Wennberg, P.O., Wofsy, S.C., Yung, Y.L.,
Kuang, Z., Chudasama, B., Sprague, G., Weiss, B., Pollock, R., Kenyon, D. and Schroll, S., (2004), The

203

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Orbiting Carbon Observatory (OCO) mission, Advances in Space Research, 34 (4), 700-709. DOI:
10.1016/j.asr.2003.08.062.
Crowely, T. J., (2000), Causes of Climate Change over the Past 1000 Years, Science, 289, 270-277.
Čupić, S., Domijan, N., Mihanović, H., Mlinar M., Leder, N. and Gržetić, Z., (2011), Klimatske promjene,
porast razine mora na hrvatskoj obali Jadrana?, [presentation], 5. hrvatska konferencija o vodama, Opatija, 1821. May 2011.

D
Devoti, R., Riguzzi, F., Cuffaro, M. and Doglioni, C., (2008), New GPS constraints on the kinematics of the
Apennines

subduction,

Earth

and

Planetary

Science

Letters,

273

(1–2),

163-174.

DOI:

10.1016/j.epsl.2008.06.031.
Dietz, S. and Stern, N., (2008), Why Economic Analysis Supports Strong Action on Climate Change: A
Response to the Stern Review's Critics, Rev Environ Econ Policy, 2 (1), 94-113. DOI: 10.1093/reep/ren001.
DINAS COAST, (2003), Dynamic and INteractive ASsessment of National, Regional and Global Vulnerability
of COASTal Zones to Climate Change and Sea-Level Rise, [Internet], <available at: http://www.dinascoast.net/>, [accessed: 09.09.2012].
Dowsett, H., Thompson, R., Barron, J., Cronin, T., Fleming, F., Ishman, S., Poore, R., Willard, D., Holtz,
T., (1994), Joint investigations of the Middle Pliocene climate I: PRISM paleoenvironmental reconstructions,
Global and Planetary Change, 9, 169–195.
Dropulić Ružić, M., (2011), Korporativno upravljanje u hotelskim poduzećima - slučaj Hrvatske, Ekonomska
misao i praksa - Časopis Sveučilišta u Dubrovniku/ Economic Thought and Practice - Periodical of the
University of Dubrovnik, 20 (1), 171-201.
Družić, I., (2010), Dugoročni trendovi i ograničenja hrvatskog turističkog tržišta, Ekonomski pregled, 61 (3-4),
103-136.
Dukovac, E., (2008), ‘Švicarska i Austrija najkonkurentnije zemlje svjetske turističke industrije’, Poslovni
dnevnik, 14. ožujak 2008, [Internet], <available at: http://www.poslovni.hr/73663.aspx>, [accessed: 09.09.2012].
DZS, (2011a), Statistical Reports, 1463 Tourism 2011, Croatian Bureau of Statistics of the Republic of Croatia
(DZS), 69.
DZS, (2011b), Statistical Yearbook 2011, Central Bureau of Statistics of the Republic of Croatia (DZS), Zagreb,
576.
DZS, (2012), Hrvatska u brojkama 2012/Croatia in figures 2012, Croatian Bureau of Statistics of the Republic of
Croatia (DZS), Zagreb, 34.

204

Vladimir Kalinski: Doctoral Thesis

LITERATURE

DZZP, (2009), Biološka raznolikost Hrvatske, Drugo izmjenjeno izdanje, Državni zavod za zaštitu prirode
(DZZP), Ministarstvo kulture Republike Hrvatske, Zagreb, 45. ISBN: 978-953-7169-57-2.

E
EC Maritime affairs, (2012), Integrated maritime policy, European Community (EC), [Internet], <available at:
http://ec.europa.eu/maritimeaffairs/policy/index_en.htm>, [accessed: 12.11.2012].
ECWMF, (n.d.), European Centre for Medium-Range Weather Forecasts, [Internet], <available at:
http://www.ecmwf.int/>, [accessed: 18.02.2012].
EEA, (2007), Climate change: the cost of inaction and the cost of adaptation, European Environment Agency
(EEA) Technical report no. 13/2007, EEA and Office for Official Publications of the European Communities
(OPOCE), Luxembourg, 72. DOI 10.2800/14754.
EEA, (2008), Impacts of Europe’s Changing Climate - 2008 Indicator Based Assessment, European
Environment Agency (EEA) Report No 4/2008, JRC Reference Report No JRC47756, EEA-EU Joint Research
Center (JRC)-World Health Organisation (WHO) and Office for Official Publications of the European
Communities (OPOCE), Luxembourg, 247. DOI 10.2800/48117.
ESA, (2012), New Data on Global Sea Level Changes. European Space Agency (ESA)-19. Call for media: 19.
September,

2012,

[Internet],

<available

at:

http://www.esa.int/Our_Activities/Observing_the_Earth/Space_for_our_climate/Call_for_Media_new_data_on_
global_sea_level_changes>, [accessed: 22.01.2013].
EU BLUE BOOK, (2007), ‘An integrated maritime policy for the European Union’, Commission of European
Communities, Brussels, COM (2007) 575 final, 16.
EUMETNET, (n.d.), EIG EUMETNET, [Internet], <available at: http://www.eumetnet.eu/>, [accessed:
18.02.2013].
EUMETSAT, (2008), Jason-2: Global ocean data for global weather and climate monitoring, The European
Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) Brochure JSN.01, v.2, Darmstadt,
Germany, 12.
EUMETSAT, (2013), European Organization for the Exploitation of Meteorological Satellites (EUMETSAT),
[Internet], <available at: http://www.eumetsat.int/ >, [accessed: 18.02.2013].

F
Fankhauser, S. (1994), Protection vs. retreat: estimating the costs of sea level rise, Env.a.Plan, 27, 299–319.
Fatorić, S., (2009), Spreminjanje višine morja v severnem jadranu kot pokazatelj podnebnih sprememb,
Geografski vestnik, 81 (1), 9-21.

205

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Feser, F., Rockel, B., von Storch, H., Winterfeldt, J. and Zahn, M., (2011), Regional Climate Models Add
Value to Global Model Data: A Review and Selected Examples, Bull. Amer. Meteor. Soc., 92, 1181–1192. DOI:
10.1175/2011BAMS3061.1.
Flood Maps, (2007a), Sea level rise 1m - Krapanj, Flood Maps-Firetree.net, Data provided by National
Aeronautical and Space Administration (NASA), [Internet], <available at: http://flood.firetree.net>, [accessed:
07.11.2012].
Flood Maps, (2007b), Sea level rise 1m – Neretva River delta, Flood Maps-Firetree.net, Data provided by
National Aeronautical and Space Administration (NASA), [Internet], <available at: http://flood.firetree.net>,
[accessed: 07.11.2012].
Frančišković-Bilinski, S., Barišić, D, Vertačnik, A., Bilinski, H. and Prohić, E., (2004), Characterization of
tufa from the Dinaric karst of Croatia: mineralogy, geochemistry and discussion of climate conditions, Facies,
50 (2), 183-193. 10.1007/s10347-004-0015-8.
Frechtling, D.C., (2010), The Tourism Satellite Account: A Primer, Annals of Tourism Research, 37 (1), 136153. DOI: 10.1016/j.annals.2009.08.003.

G
Gajić-Čapka, M. and Horak, S., (2007), “Changes in snow parameters in Croatian highland”, In: Amelung, B.,
Blazejczyk, K., Matzarakis, A., (eds.), Climate Change and Tourism: Assessment and Coping Strategies.
Maastricht, Warsaw, Freiburg: Albert-Ludwig Universitaet Freiburg, 105-115.
GFZ,

(n.d.),

Karta

seizmičnosti

Hrvatske

i

okolnih

područja,

[Internet],

<available

at:

http://www.gfz.hr/seismap.php>, [accessed: 05.11.2012]
Geology

Dictionary,

(2006),

Home

page,

[Internet],

<available

at:

http://www.alcwin.org/Dictionary_Of_Geology-A.htm>, [accessed: 11.11.2012].
Granić, G. and Antešević, S., (eds.), (2010), Energija u Hrvatskoj – Godišnji energetski pregled, Ministarstvo
gospodarstva, rada i poduzetništva Republike Hrvatske, Zagreb, 265.
Grgona, J., (2002), Turizam u funkciji gospodarskog razvitka hrvatskih otoka, Ekonomski pregled, 53 (7/8),
738-749.

H
Harris, C. M. and Stonehouse, B., (eds.), (1991), “Antarctica and Global Climate Change”, Belhaven Press in
association with the Scott Polar Research Institute, University of Cambridge: Boca Raton, Fla., Lewis
Publishers, Series: Polar research series, London, 90.

206

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Hamilton, J., M., (2004), Climate and the Destination Choice of German Tourists, Working Papers, 2004.21,
Fondazione Eni Enrico Mattei (FEEM), 36.
Hamilton, J. M. (2005), ‘Tourism, Climate Change and the Coastal Zone’, Dissertation, Fakultät Wirtschaftund Sozialwissenschaften, Department Wirtschaftswissenschaften der Universität Hamburg, 177.
Hamilton, J.M. and Tol, R.S.J., (2007), “The Impact of Climate Change on Tourism and Recreation”, In:
Schlesinger, M.E., Kheshgi, H.S., Smith, J., de la Chesnaye, F.C., Reilly, J.M., Wilson, T. and Kolstad, C.,
(eds.), Human-Induced Climate Change: An Interdisciplinary Assessment, Cambridge University Press, pp. 147161.
Hamilton, J.M., Maddison, D.J. and Tol, R.S.J., (2005a), Climate change and international tourism: A
simulation study, Global Environmental Change, 15 (3), 253-266.
Hamilton, J.M., Maddison, D.J. and Tol, R.S.J., (2005b), ‘The Effects of Climate Change on International
Tourism’, Climate Research, 29, 245-254;
Hansen, J., Johnson, D., Lacis, A., Lebedeff, S., Lee, P., Rind, D., and Russell, G., (1981), Climate impact of
increasing atmospheric carbon dioxide, Science, 213, 957-966, DOI:10.1126/science.213.4511.957.
Hansen, J., Lacis, A., Rind, D., Russell, G., Stone, P., Fung, I., Ruedy, R. and Lerner, J., (1984), Climate
sensitivity: Analysis of feedback mechanisms, Climate Processes and Climate Sensitivity, Geophys. Monogr.
Ser., edited by Hansen, J.E. and Takahashi, T., AGU, Washington, D. C., 29, 130–163.
Hansen, J.E. and Lebedeff, S., (1987), Global trends of measured surface air temperature, J. Geophys. Res., 92,
13345-13372. DOI: 10.1029/JD092iD11p13345.
Hansen, J., Lacis, A., Ruedy, R., Sato, M. and Wilson, H., (1993), How sensitive is the world’s climate?,
Natl. Geogr. Res. Explor., 9, 142–158.
Hansen, J., Ruedy, R., Glascoe, J. and Sato, M., (1999), GISS analysis of surface temperature change, J.
Geophys. Res., 104, 30997-31022. DOI: 10.1029/1999JD900835.
Hansen, J.E., Ruedy, R., Sato, M., Imhoff, M., Lawrence, W., Easterling, D., Peterson, T. and Karl, T.,
(2001), A closer look at United States and global surface temperature change, J. Geophys. Res., 106, 2394723963. DOI: 10.1029/2001JD000354.
Hansen, J.E., (2005), A slippery slope: How much global warming constitutes "dangerous anthropogenic
interference"? An editorial essay, Climatic Change, 68, 269-279. DOI: 10.1007/s10584-005-4135-0.
Hansen, J., Nazarenko, L., Ruedy, R., Sato, M., Willis, J., Del Genio, A., Koch, D., Lacis, A., Lo, K.,
Menon, S., Novakov, T., Perlwitz, J., Russell, G., Schmidt, G.A. and Tausnev, N., (2005a), Earth's energy
imbalance: Confirmation and implications, Science, 308, 1431-1435. DOI: 10.1126/science.1110252.
Hansen, J., Sato, M., Ruedy, R., Nazarenko, L., Lacis, A., Schmidt, G.A., Russell, G., Aleinov, I., Bauer,
M., Bauer, S., Bell, N., Cairns, B., Canuto, V., Chandler, M., Cheng, Y., Del Genio, A., Faluvegi, G.,

207

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Fleming, E., Friend, A., Hall, T., Jackman, C., Kelley, M., Kiang, N.Y., Koch, D., Lean, J., Lerner, J., Lo,
K., Menon, S., Miller, R.L., Minnis, P., Novakov, T., Oinas, V., Perlwitz, J.P., Perlwitz, Ju., Rind, D.,
Romanou, A., Shindell, D., Stone, P., Sun, S., Tausnev, N., Thresher, D., Wielicki, B., Wong, T., Yao, M.
and Zhang, S., (2005b), Efficacy of climate forcings, J. Geophys. Res., 110. DOI: 10.1029/2005JD005776.
Hansen, J., Sato, Mki., Ruedy, R., Kharecha, P., Lacis, A., Miller, R.L., Nazarenko, L., Lo, K., Schmidt,
G.A., Russell, G., Aleinov, I., Bauer, S., Baum, E., Cairns, B., Canuto, V., Chandler, M., Cheng, Y.,
Cohen, A., Del Genio, A., Faluvegi, G., Fleming, E., Friend, A., Hall, T., Jackman, C., Jonas, J., Kelley,
M., Kiang, N.Y., Koch, D., Labow, G., Lerner, J., Menon, S., Novakov, T., Oinas, V., Perlwitz, J.P.,
Perlwitz, Ju., Rind, D., Romanou, A., Schmunk, R., Shindell, D., Stone, P., Sun, S., Streets, D., Tausnev,
N., Thresher, D., Unger, N., Yao, M. and Zhang, S., (2007a), Dangerous human-made interference with
climate: A GISS ModelE study, Atmos. Chem. Phys., 7, 2287-2312. DOI: 10.5194/acp-7-2287-2007.
Hansen, J., Sato, Mki., Ruedy, R., Kharecha, P., Lacis, A., Miller, R.L., Nazarenko, L., Lo, K., Schmidt,
G.A., Russell, G., Aleinov, I., Bauer, S., Baum, E., Cairns, B., Canuto, V., Chandler, M., Cheng, Y.,
Cohen, A., Del Genio, A., Faluvegi, G., Fleming, E., Friend, A., Hall, T., Jackman, C., Jonas, J., Kelley,
M., Kiang, N.Y., Koch, D., Labow, G., Lerner, J., Menon, S., Novakov, T., Oinas, V., Perlwitz, J.P.,
Perlwitz, Ju., Rind, D., Romanou, A., Schmunk, R., Shindell, D., Stone, P., Sun, S., Streets, D., Tausnev,
N., Thresher, D., Unger, N., Yao, M. and Zhang, S., (2007b), Climate simulations for 1880-2003 with GISS
ModelE, Clim. Dynam., 29, 661-696. DOI: 10.1007/s00382-007-0255-8.
Hansen, J., Ruedy, R., Sato, Mki. and Lo, K., (2010), Global surface temperature change, Rev. Geophys., 48.
DOI: 10.1029/2010RG000345.
Hansen, J., Sato, Mki., Kharecha, P. and von Schuckmann, K., (2011), Earth's energy imbalance and
implications, Atmos. Chem. Phys., 11, 13421-13449. DOI: 10.5194/acp-11-13421-2011.
Hansen, J., Sato, Mki. and Ruedy, R., (2012), Perception of climate change, Proc. Natl. Acad. Sci., 109,
14726-14727. DOI: 10.1073/pnas.1205276109.
Held, I.M. and Soden, B.J., (2000), Water Vapor Feedback and Global Warming. Annu. Rev. Energy Environ.,
25, 441–75.
Hein, L., (2007), The Impact of Climate Change on Tourism in Spain, CICERO Working Paper 2007:02, Oslo,
Norway, 13.
Herak, M., Herak, D. and Markušić, S., (1996), Revision of the earthquake catalogue and seismicity of
Croatia, 1908-1992, Terra Nova, 8, 86-94. DOI: 10.1111/j.1365-3121.1996.tb00728.x.
HHI, (n.d.), Morske mijene on-line (Sea tides on-line), [Internet], <available at: http://www.hhi.hr/mareo>,
[accessed: 12.11.2012].
Hoffert, M. I., and Covey, C., (1992), Deriving global climate sensitivity from paleoclimate reconstructions,
Nature, 360, 573– 576.

208

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Hoegh-Guldberg, O., Mumby, P.J., Hooten, A.J., Steneck, R.S., Greenfield, P., Gomez, E., Harvell, C.D.,
Sale, P.F., Edwards, A.J., Caldeira, K., Knowlton, N., Eakin, C.M., Iglesias-Prieto, R., Muthiga, N.,
Bradbury, R.H., Dubi, A. and Hatziolos, M.E., (2007), Coral Reefs Under Rapid Climate Change and Ocean
Acidification, Science, 318 (5857), 1737-1742. DOI: 10.1126/science.1152509
Hrvatske šume, (2007), Dugo sušno razdoblje i visoke temperature učinile su svoje, Mjesečnik Hrvatske šume
(Croatian Forests Monthly), 11 (131), 4-5.
Hrvatske šume, (2009), Zaštita od smrekovog potkornjaka pitanje je opstanka šuma, Mjesečnik Hrvatske šume
(Croatian Forests Monthly), 12 (147), 6-9.
Hrvatske vode, (2012), Jadranski projekt (Coastal Cities Water Pollution Control), [Internet], <available at:
http://www.voda.hr/Default.aspx?sec=548>, [accessed: 22.01.2013].
HZZ, (2012), Godišnjak 2011, Hrvatski zavod za zapošljavanje, Zagreb, 86.

I
Institut za turizam, (2011), Glavni plan i strategija razvoja turizma Republike Hrvatske, Izvještaj 3., Institut za
turizam, Zagreb, 134.
Institut za turizam, (2012), Glavni plan i strategija razvoja turizma Republike Hrvatske, [Internet], <available
at: http://iztzg.hr/hr/institut/strategija-razvoja-turizma-rh/>, [accessed: 11.11.2012].
Institute for Tourism, (2010), ‘Status and Expenditures of Tourists in Croatia’, TOMAS Survey, Institut za
turizam, Zagreb, 5.
IOR, (n.d.), Zelene alge kaulerpe, Institute of Oceanography and Fisheries (IOR), [Internet], <available at:
http://jadran.izor.hr/kaulerpa/>, [accessed: 11.11.2012].
IPCC, (1994), IPCC Technical Guidelines for Assessing Climate Change Impacts and Adaptations, Houghton,
J.T., Meira Filho, L.G., Bruce, J., Lee, H., Callander, B.A., Haites, E., Harris, N. and Maskell, K., (eds.),
Cambridge University Press, Cambridge, 339.
IPCC, (2007a), Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change: The Physical Science Basis, Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis,
M., Averyt, K.B., Tignor, M. and Miller, H.L., (eds.), Cambridge University Press, Cambridge and New York,
996.
IPCC, (2007b), Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change: Impacts, Adaptation and Vulnerability, Parry, M.L., Canziani, O.F., Palutikof, J.P.,
van der Linden, P.J. and Hanson, C.E., (eds.), Cambridge University Press, Cambridge and New York, 976.

209

Vladimir Kalinski: Doctoral Thesis

LITERATURE

IPCC, (2007c), Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change: Mitigation of Climate Change, 2007 B. Metz, O.R. Davidson, P.R. Bosch, R. Dave,
L.A. Meyer (eds.), Cambridge University Press, Cambridge and New York, 863.
IPCC, (2007d), Contribution of Working Groups I, II and III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change: The AR4 Synthesis Report, Core Writing Team, Pachauri, R.K. and
Reisinger, A., (eds.), Intergovernmental Panel on Climate Change (IPCC), Geneva, 104.
IPCC,

(n.d.),

Assessment

Reports,

[Internet],

<available

at:

http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml#1>, [accessed: 10.11.2012].
IPCC-TAR, (n.d.), Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report (TAR) Climate Change 2001, Complete online versions, United Nations Environment Programme (UNEP) - GRIDArendal, [Internet], <available at: http://www.grida.no/publications/other/ipcc_tar/>, [accessed: 10.11.2012].

J
Jones, P.D. and Briffa, K.R., (2001), Preface: The "Little Ice Age": Local and global perspectives, Climatic
Change, 48, 5-8. DOI: 10.1023/A:1005670904293
Juračić, M., Benac, Č., Pikelj, K. and Ilić, S., (2009), Comparison of the vulnerability of limestone (karst) and
siliciclastic coasts (example from the Kvarner area, NE Adriatic, Croatia), Geomorphology, 107 (1-2), 90-99.
Juren, A. and Kalinski, V., (eds.), (2005), ‘More, priobalje, ribarstvo i marikultura: 1996.-2003. Izvješće
temeljeno na indikatorima zaštite morskog okoliša’ (‘Sea, Coast, Fishery and Mariculture: 1996-2003 Report
based on indicators for protection of marine ecosystems’), Agencija za zaštitu okoliša (Croatian Environment
Agency), March 2005, Zagreb, 1, 96.
Jurjević, P., Vuletić, D., Gračan, J. and Seletković, G., (2009), Šumski požari u Republici Hrvatskoj (19922007)/ Forest Fires in the Republic of Croatia (1993-2007), Šumarski list No. 1-2, 133, 63-72.

K
Kaas, E. and Langen, L. P., (2009), Greenhouse gases – and their impact on the climate, Aktuel
Naturvidenskab, 5.
Kalinski, V., (2004), Brodske balastne vode, Hrvatska vodoprivreda, 13 (135), 18-19.
Kalinski, V., (2012), Razgovori o klimatskim promjenama (Climate change talks), Project CLIM-RUN:
Croatian Meteorological and Hydrological Service (DHMZ) & United Nations Development Programme in
Croatia (UNDP Croatia), Zagreb, 83. [CLIM-RUN internal research document].

210

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Kalinski, V. and Callaway, J., (2009), Tourism, In: Landau, S., Legro, S. and Vlašić, S., eds., Human
Development Report 2008, A Climate for Change: Climate change and its impacts on society and economy in
Croatia, Zagreb: UNDP Croatia, 51-70.
Kalinski, V., Branković, Č., Gajić-Čapka, M., Patarčić, M., Srnec, L. and Zaninović, K., (2009a), The
Croatian Climate, In: Landau, S., Legro, S. and Vlašić, S., eds., Human Development Report 2008, A Climate for
Change: Climate change and its impacts on society and economy in Croatia, Zagreb: UNDP Croatia, 33-44.
Kalinski, V., Callaway, J. and OIKON Ltd Institute for Applied Ecology, (2009b), Coastal Zone and SeaLevel Rise, In: Landau, S., Legro, S. and Vlašić, S., eds., Human Development Report 2008, A Climate for
Change: Climate change and its impacts on society and economy in Croatia, Zagreb: UNDP Croatia, 71-88.
Kastelic, V. and Carafa, M.M.C., (2012), Fault slip rates for the active External Dinarides thrust-and-fold belt,
Tectonics, 31. DOI: 10.1029/2011TC003022.
Kastelic, V., Vannoli, P., Burrato, P., Fracassi, U., Tiberti, M.M. and Valensise, G., (2012 in press),
Seismogenic sources in the Adriatic Domain, Marine and Petroleum Geology, 23. <Available online:
http://dx.doi.org/10.1016/j.marpetgeo.2012.08.002>.
Katušin, Z., (ed.), (2011), Sustavna mreža meteoroloških postaja na području Hrvatske od prvih početaka 1851.
do 2011. (kretanje broja meteoroloških postaja u odnosu na povjesne i organizacione promjene), Prikazi br. 22
(Reviews N°22), DHMZ, Zagreb, 22, 32. ISSN 1331-775X.
Kiehl, J. T. and Trenberth, K. E., (1997), Earth's annual global mean energy budget, Bull. Amer. Meteor. Soc.,
78, 197-208.

L
Levitus, S., Antonov, J.I., Boyer, T.P. and Stephens, C., (2000), Warming of the World Ocean, Science, 287
(5461), 2225-2229. DOI: 10.1126/science.287.5461.2225.
Lise, W. and Tol, R.S.J.,(2002), The Impact of Climate on Tourism Demand, Climatic Change, 55 (4), 429449.
van der Linden, P. and Mitchell, J.F.B. (eds.), (2009), ENSEMBLES: Climate Change and its Impacts:
Summary of research and results from the ENSEMBLES project, Met Office Hadley Centre, FitzRoy Road,
Exeter EX1 3PB, UK, 160.
Lionello, P., Cavaleri, L., Nissen, K.M., Pino, C. Raicich, F. and Ulbrich, U., (2012), Severe marine storms
in the Northern Adriatic: Characteristics and trends, Physics and Chemistry of the Earth, Parts A/B/C, 40–41,
93-105. DOI: 10.1016/j.pce.2010.10.002.
Lončar, J., (2004), Financijska obilježja hrvatskog hotelijerstva tijekom privatizacije, Zb. Rad. - Sveuč. u Rijeci,
Ekon. fak., 22 (1), 87-103.

211

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Loomis, J.B. and Crespi, J., (1999), “Estimated effects of climate change on selected outdoor recreation
activities in the United States”, In: Mendelsohn, R.O. and Neumann, J.E., (ed.), The Impact of Climate Change
on the United States Economy, Cambridge University Press, Cambridge, 289-314.
Lu, X., (2011), Applying Climate Information for Adaptation Decision-Making, National Communications
Support Programme (NCSP), United Nations Development Programme (UNDP)-United Nations Environment
Programme (UNEP)-Global Environmental Facility (GEF), New York, 38.

M
Maddison, D., (2001), In search of warmer climates? The impact of climate change on flows of British tourists,
Climatic Change, 49 (1-2), 193-208.
Maksym, T., Stammerjohn, S.E., Ackley, S. and Massom, R., (2012), Antarctic sea ice—A polar opposite?
Oceanography, 25 (3), 140–151. DOI: 10.5670/oceanog.2012.88.
Marine traffic project, (n.d.), Ships Map, [Internet], <available at: http://www.marinetraffic.com/ais/>,
[accessed: 12.11.2012].
Marković, Đ., (2012), Na mareografskoj postaji Bakar rekordna razina mora, Meteo-info, [Internet], <available
at:

http://blog.meteo-info.hr/aktualnosti/na-mareografskoj-postaji-bakar-rekordna-razina-mora/>,

[accessed:

23.01.2013].
Marsland, G.A., Haak, H., Jungclaus, J.H., Latif, M., Röske, F., (2003), The Max Planck Institute global/seaice model with orthogonal curvilinear coordinates, Ocean Modell, 5, 91-127.
McBoyle, G. and Scott, D., (2007), ‘Using a ‘tourism climate index’ to examine the implications of climate
change for climate as a tourism resource’. Proceedings of 3rd International Workshop on Climate, Tourism and
Recreation, 19t-22nd September 2007, Axandroupolis/Greece.
Mendelsohn, R., & Markowski, M., (1999), The impact of climate change on outdoor recreation. In: R.
Mendelsohn and J.E. Neumann, (eds.), The Impact of Climate Change on the United States Economy,
Cambridge University Press, Cambridge, 267-288.
Meteoalarm, (2013), Alerting Europe for Extreme Weather, [Internet], <available at: http://meteoalarm.eu/>,
[accessed: 18.02.2013].
MICE, (2005), Modelling the Impact of Climate Extremes: Reports, [Internet], <available at:
http://www.cru.uea.ac.uk/projects/mice/html/reports.html>, [accessed: 25.01.2013].
Mičić, Z., (2006), ‘Ljudski resursi u turizmu – jedan od ključnih razvojnih izazova’ (‘Human resources in
tourism – One of the key development challenges’), Izlaganje Državnog tajnika za turizam dr. Zdenka Mičića na
Danima hrvatskog turizma, Ministarstvo turizma, Cavtat. [Presentation, 16 slides]. [Internet], <available at:
www.mint.hr/UserDocsImages/micic_cavtat06.pdf>, [accessed: 31.01.2013].

212

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Mieczkowski Z., (1985), The tourism climatic index: a method to evaluate world climates for tourism. The
Canadian Geographer, 29, 220-233.
Milanković, M., (2008), Astronomska teorija klimatskih promjena i njezina primjena u geofizici, Prosvjeta
Zagreb, 192. [pretisak 2008, hrvatsko izdanje].
Mills, E. and Lecomte, E., (2006), “From Risk to Opportunity: How Insurers Can Proactively and Profitably
Manage Climate Change”, A Ceres Report, Ceres, Boston, 52.
Mills, E., (2007), “From Risk to Opportunity: 2007. Insurer Responses to Climate Change”, Ceres, Boston, 56.
Mitchell, T.D., Carter, T.R., Jones, P.D., Hulme, M. and New, M., (2003), A comprehensive set of highresolution grids of monthly climate for Europe and the globe: The observed record (1901-2000) and 16 scenarios
(2001-2100), J. Climate, 30.
Modelle & Daten, (2003), ECHAM4/OPYC3 Description, The IPCC Data Distribution Centre, [Internet],
<available at: http://www.ipcc-data.org/gcm/models/tar/echam4opyc3.html>, [accessed: 21.01.2013].
MZOPU, (2001), First National Communication of the Republic of Croatia under the United Nations
Framework Convention on Climate Change (UNFCCC), Ministarstvo zaštite okoliša i prostornog uređenja, 272.
MZOPUG, (2006), Second, Third and Fourth National Communication of the Republic of Croatia under the
United Nations Framework Convention on Climate Change (UNFCCC), Ministarstvo zaštite okoliša, prostornog
uređenja i graditeljstva, 108. ISBN 978-953-6793-44-0.
MZOPUG, (2010), Fifth National Communication of the Republic of Croatia under the United Nations
Framework Convention on Climate Change (UNFCCC), Ministarstvo zaštite okoliša, prostornog uređenja i
graditeljstva, 215.
Ministarstvo turizma, (2012), Analiza turističkog prometa u Republici Hrvatskoj 2011, Ministarstvo turizma
RH, 5.
MSTTD, (2004), ‘Analysis of Tourism 2004 (Analiza turističke 2004)’, Ministry of the Sea, Tourism,
Transportation and Development (MSTTD), Zagreb, 11.
Morehouse, B.J., (2001), ‘Climate, Forest Fires, and Recreation: Insights from the U.S. Southwest’, Climate,
Tourism and Recreation Workshop, Porto Carras, Neos Marmaras, Halkidiki, Greece, 5 -10 October, 32.

N
Nakičenovič, N., Alcamo, J., Davis, G., de Vries, B., Fenhann, J., Gaffin, S., Gregory, K., Grübler, A.,
Jung, T.Y., Kram, T., La Rovere, E.L., Michaelis, L., Mori, S., Morita, T., Pepper, W., Pitcher, H., Price,
L., Raihi, K., Roehrl, A., Rogner, H.-H., Sankovski, A., Schlesinger, M., Shukla, P., Smith, S., Swart, R.,
van Rooijen, S., Victor N. and Dadi, Z., (2000): ‘Special Report on Emissions Scenarios: A Special Report of

213

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Working Group III of the Intergovernmental Panel on Climate Change’, Cambridge University Press, Cambridge
and New York, 599.
NASA, (n.d.), Unresolved questions about Earth's climate, National Aeronautics and Space Administration
(NASA) – Global Climate Change, [Internet], <available at: http://climate.nasa.gov/uncertainties/>, [accessed:
09.11.2012]
Naud, C.M., Posselt, D.J. and Van den Heever, S. C., (2012), Observational analysis of cloud and
precipitation in mid-latitude cyclones: Northern versus southern hemisphere warm fronts, J. Climate, 25, 51355151. DOI: 10.1175/JCLI-D-11-00569.1.
Nicholls, R.J., Leatherman, S.P., Dennis, K.C. and Volonte, C.R., (1995), “Impacts and responses to sealevel rise: qualitative and quantitative assessments”, Coastal Res., 14, 26–43.
Nicholls, R.J. and Lowe, J.A., (2004), Benefits of Mitigation of Climate Change for Coastal Areas, Global
Environmental Change: Human and Policy Dimensions, 14 (3), 229-244.
NASA-GISS, (2010), 2009: Second Warmest Year on Record; End of Warmest Decade, National Aeronautics
and Space Administration (NASA) – Goddard Institute for Space Studies (GISS), [Internet], <available at:
http://www.giss.nasa.gov/research/news/20100121/>, [accessed: 09.11.2012]
NASA–GISS, (n.d.), Dataset and Images, National Aeronautics and Space Administration (NASA) – Goddard
Institute for Space Studies (GISS), [Internet], <available at: http://data.giss.nasa.gov/>, [accessed: 09.11.2012].
NASA-GISS GCM ModelE, (n.d.), Model Description and Reference Manual, National Aeronautics and Space
Administration (NASA) – Goddard Institute for Space Studies (GISS) Global Climate Model (GCM) ModelE,
[Internet], <available at: http://www.giss.nasa.gov/tools/modelE/modelE.html>, [accessed: 09.11.2012].
NASA-GISS Surface Temperature Analysis, (2012), Global Temperature in 2011, Trends, and Prospects,
[Internet], <available at: http://data.giss.nasa.gov/gistemp/2011/>, [accessed: 12.09.2012].
NASA-GISS Surface Temperature Analysis, (n.d.), Updates to Analysis, [Internet], <available at:
http://data.giss.nasa.gov/gistemp/updates_v3/>, [accessed: 09.11.2012].
NERC-BAS, (2005), Antarctic Factsheet: Geographical Statistics; Natural Environment Research Council
(NERC) and British Antarctic Survey (BAS), Cambridge, 4.
NHC, (2012), Storm Surge Overview, National Oceanic and Atmospheric Administration (NOAA): National
Weather

Service

(NWS):

National

Hurricane

Center

(NHC),

[Internet],

<available

at:

http://www.nhc.noaa.gov/surge/>, [accessed: 02.10.2012.].

214

Vladimir Kalinski: Doctoral Thesis

LITERATURE

O
Oldow, J.S., Ferranti, L., Lewis, D.S., Campbell, J.K., D`Argenio, B., Catalano, R., Pappone, G.,
Carmignani, L., Conti, P. and Aiken, C., (2002), Active fragmentation of Adria, the north Africa promontory,
central Mediterranean orogen. Geology, 30, 779–782.
Orlić, M., Kuzmić, M. and Pasarić, Z. (1994), Response of the Adriatic Sea to the bora and sirocco forcing,
Continental Shelf Research, 14 (1), 91–116. DOI: 10.1016/0278-4343(94)90007-8.
Orlić, M. and Pasarić, M., (2000), Sea-level changes and crustal movements recorded along the east Adriatic
coast, Nuovo Cimento della Societta Italiana di Fisica C – Geophysics and Space Physics, 23 (4), 351-364.
Overpeck, J.T., Otto-Bliesner, B.L., Miller, G.H., Muhs, D.R., Alley, R.B. and Kiehl, J.T., (2006),
Paleoclimatic Evidence for Future Ice-sheet Instability and Rapid Sea-level Rise, Science, 311, 1747-1750.
Ožanić, N. and Rubinić, J. (1994), Analiza hidrološkog režima Vranskog jezera na otoku Cresu, Hrvatske vode
8 (2), 535-543.

P
PAP/RAC, (2008), ‘State of the Art of Coastal and Maritime Planning in the Adriatic Region: Synthesis
Report’, PAP/RAC Plan Coast, Split, Croatia, 62.
Park prirode Vransko jezero, (2008), PP Vransko jezero, [Internet], <available at: http://vranskojezero.hr/cms/>, [accessed: 11.11.2012].
Pasarić, M. and Orlić, M., (2001), Long-term meteorological preconditioning of the North Adriatic coastal
floods, Continental Shelf Research, 21 (3), 263-278.
Pašičko, R., Branković, Č. and Šimić, Z., (2012), Assessment of climate change impacts on energy generation
from renewable sources in Croatia, Renewable Energy, 46, 224-231. DOI: 10.1016/j.renene.2012.03.029.
Petrik, M., (1957), Hidrološki režim jezera Vrana, Krš Jugoslavije = Carsus Iugoslaviae, 1, 109-161.
PESETA, (2007), Home, [Internet], <available at: http://peseta.jrc.ec.europa.eu/>, [accessed: 10.11.2012].
PESETA,

(2007b),

Impacts

of

climate

change

on

tourism,

[Internet],

<available

at:

http://peseta.jrc.ec.europa.eu/docs/Tourism.html>, [accessed: 12.11.2012].
Picard, G., Domine, F., Krinner, G., Arnaud, L. and Lefebvre, E., (2012), Inhibition of the positive snowalbedo feedback by precipitation in interior Antarctica, Nature Climate Change, 2, 795–798. DOI:
10.1038/nclimate1590.
Pikelj, K. and Juračić, M., (2013 in press), Eastern Adriatic Coast (EAC): Geomorphology and Coastal
Vulnerability of a Karstic Coast, Journal of Coastal Research, 14. DOI: 10.2112/JCOASTRES-D-12-00136.1.

215

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Poslovni Dnevnik, (2007), ‘Ribarima odšteta zbog cvjetanja mora’, 14 JUL 2007, (Compensation to fishermen
due to sea blooming); [Internet], <available at: http://www.poslovni.hr/45540.aspx>; [accessed: 01.08.2008].
Prelogović, E., Pribičević, B., Ivković, Ž., Dragičević, I., Buljan, R. & Tomljenović, B., (2004), Recent
structural fabric of the Dinarides and tectonically active zones important for petroleum-geological exploration in
Croatia, Nafta, Zagreb, 55 (4), 155-161.
Prlić, M., (2011), Tsunami je već pustošio dalmatinske gradove i opet će!, Dalmacija News, [Internet],
<available

at:

http://www.dalmacijanews.com/Vijesti/View/tabid/74/ID/50055/Tsunami-je-vec-pustosio-

dalmatinske-gradove-i-opet-ce.aspx>, [accessed: 02.10.2012].
PRUDENCE, (2005), Prediction of Regional Scenarios and Uncertainties for Defining European Climate
Change Risks and Effects-Final Report, 1 November 2001–31 October 2004 (Section 1), PRUDENCE: EVK22001-00156, 269.
Puljiz, V., Bežovan, G., Matković, T., Šućur, Z. and Zrinščak, S., (2008), Socijalna politika Hrvatske,
Udžbenici Sveučilišta u Zagrebu, Pravni fakultet Sveučilišta u Zagrebu, 444.

R
Rabinovich, A.B., Monserrat, S., Vilibić, I., Drago, A. and Fine, I., (n.d.), Meteorological tsunamis:
Destructive atmosphere-induced waves observed in the World Ocean, MS Power point Presentation, [Internet],
<available at: http://www.theplasmaverse.com/pdfs/meteorological-tsunamis-destructive-atmosphere-inducedwaves-observed-in-the-worlds-oceans-seas-seiches-abiki-milghuba.pdf>, [accessed: 02.10.2012].
Radnić, H. (1993), Gospodarska važnost turizma i strategija razvoja hrvatske turističke djelatnosti. Zbornik
radova Pomorskog fakulteta, Rijeka, 7 (2), 185-191.
Rahmstorf, S., (2007), Sea-Level Rise: A Semi-Empirical Approach to Projecting Future, Science, 315, 368–
370.
Räisänen, J., (2002), CO2-induced changes in interannual temperature and precipitation variability in 19 CMIP2
experiments, J Clim, 15, 2395-2411.
Räisänen, J., (2008), Warmer climate: less or more snow?, Clim. Dyn., 30, 307-319.
Rangwala, I. and Miller, J., (2012), Climate Change in Mountains: A Review of Elevation Dependent
Warming and its Possible Causes, Climatic Change. DOI: 10.1007/s10584-012-0419-3.
Rayner, N., (2000), HadISST1 Sea ice and sea surface temperature files, Bracknell, U.K., Hadley Centre.
Reynolds, R.W., Rayner, N.A., Smith, T.M., Stokes, D.C. and Wang, W., (2002), An improved in situ and
satellite SST analysis for climate, J. Climate, 15, 1609-1625.

216

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Richardson, R. and Loomis, J., (2004), ‘Adaptive recreation planning and climate change: a contingent
visitation approach’, Ecological Economics, 50, 83-99.
Rikiishi, K. and Nakasato, H., (2006), Height dependence of the tendency for reduction in seasonal snow cover
in the Himalaya and the Tibetan Plateau region, 1966–2001, Ann Glaciol, 43, 369–377.
Roglić, J., (2006), Geografske regije Hrvatske i susjednih zemalja, Knjiga 5, Školska knjiga, Zagreb, 467.
ISBN:953-0-61640-8
Rummukainen, M. (2010), State-of-the-art with regional climate models, WIREs Clim Change, 1, 82–96. DOI:
10.1002/wcc.8.

S, Š
Sabine, C.L. and Feely, R.A., (2007), “The oceanic sink for carbon dioxide”, Pacific Marine Environmental
Laboratory, NOAA, Seattle, Washington, Chapter 3, In: Reay, D., Hewitt, N., Grace, J. and Smith, K., (eds.),
Greenhouse Gas Sinks, CABI Publishing, Oxfordshire, UK, 31–49.
Sandhoevel, A., (2006), Adaptation and Vulnerability to Climate Change: The Role of the Banking Sector,
Allianz Dresdner Bank presentation to the UNFCCC COP 12/MOP 2 Nairobi, 15 November 2006,
[presentation], 14.
Schmidt, G.A., Ruedy, R., Hansen, J.E., Aleinov, I., Bell, N., Bauer, M., Bauer, S., Cairns, B., Canuto, V.,
Cheng, Y., Del Genio, A., Faluvegi, G., Friend, A.D., Hall, T.M., Hu, Y., Kelley, M., Kiang, N.Y., Koch, D.,
Lacis, A.A., Lerner, J., Lo, K.K., Miller, R.L., Nazarenko, L., Oinas, V., Perlwitz, J.P., Perlwitz, Ju., Rind,
D., Romanou, A., Russell, G.L., Sato, Mki., Shindell, D.T., Stone, P.H., Sun, S., Tausnev, N., Thresher, D.,
and Yao, M.-S., (2006), Present day atmospheric simulations using GISS ModelE: Comparison to in-situ,
satellite and reanalysis data, J. Climate, 19, 153-192. DOI: 10.1175/JCLI3612.1.
Schneider von Deimling, T., Ganopolski, A., Held, H. and Rahmstorf, S., (2006), How cold was the last
glacial maximum?, Geophysical Research Letters, 33, 5.
Scott, D. and McBoyle, G., (2001), Using a ‘tourism climate index’ to examine the implications of climate
change for climate as a tourism resource, Climate, Tourism and Recreation Workshop, 5-10 October, Noes
Marmaras Halkidiki, Greece, 20.
Scott, D., Amelung, B., Becken, S., Ceron, J-P., Dubois, G., Gossling, S., Peeters, P. and Murray, M.C.,
(2008), Climate Change and Tourism: Responding to Global Challenges. World Tourism Organization
(UNWTO) and United Nations Environment Programme (UNEP), Madrid and Paris, 268.
Scott, C.D., Ruckelshaus, M., Duffy, J.E., Barry, J.P., Chan, F., English, C.A., Galindo, H.M., Grebmeier,
J.M., Hollowed, A.B., Knowlton, N., Polovina, J, Rabalais, N.N., Sydeman, W.J. and Talley, L.D., (2012),
Climate Change Impacts on Marine Ecosystems, Annual Review of Marine Science, 4, 11-37.

217

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Screen, J.A. and Simmonds, I., (2012 in press), Half-century air temperature change above Antarctica:
Observed trends and spatial reconstructions, J. Geophys. Res. DOI: 10.1029/2012JD017885.
Sgobbi, A. and Carraro, C., (2008), Climate Change Impacts and Adaptation Strategies in Italy. An Economic
Assessment, FEEM, CMCC Research Paper No. 14, 28.
Sherwood, S. C., R. Roca, T. M. Weckwerth, and N. G. Andronova (2010), Tropospheric water vapor,
convection, and climate, Rev. Geophys., 48. DOI: 10.1029/2009RG000301.
Simpson, M.C., Goesling, S., Scott, D., Hall, C.M. and Gladin, E., (2008), Climate Change Adaptation and
Mitigation in the Tourism Sector: Frameworks, Tools and Practices, UNEP, University of Oxford, UNWTO,
WMO, Paris, France, 152.
Smith, T.M., Reynolds, R.W., Peterson, T.C. and Lawrimore, J., (2008), Improvements to NOAA's historical
merged land-ocean surface

temperature analysis (1880-2006), J. Climate, 21, 2283-2296. DOI:

10.1175/2007JCLI2100.1.
Soden, B.J., and Held, I.M., (2006), An Assessment of Climate Feedbacks in Coupled Ocean–Atmosphere
Models, J. Climate, 19, 3354–3360. DOI: 10.1175/JCLI3799.1.
STARDEX, (2005), Statistical and Regional dynamical Downscaling of Extremes for European regions,
[Internet], <available at: http://www.cru.uea.ac.uk/projects/stardex/>, [accessed: 10.11.2012].
Stern, N. (2006), The Stern Review: The Economics of Climate Change, Cambridge University Press, 576.
Stern, N., (2008), The economics of climate change, American Economic Review, 98, 1-37.
Stilinović, B., (2008), Ugroženost temeljnog fenomena (Threat to the bedrock phenomena), [Internet],
<available at: http://www.np-plitvicka-jezera.hr/page.aspx?PageID=28&parent=13č>, [accessed: 09.09.2012].
Stražičić, N., (1980), Vransko jezero na Cresu – hidrološki, ekonomski i ekološki aspect (Vransko Lake on Cres
– hydrological, economic, and ecological aspects), Rijeka, Pomorski zbornik, 18.
Sun, S. and Hansen, J.E., (2003), Climate Simulations for 1951–2050 with a Coupled Atmosphere–Ocean
Model, NASA Goddard Institute for Space Studies, New York, Journal of Climate, 16, 2807-2826.
Surić, M. and Korbar, T. (2012), Is there a need for reinterpretation of the relative sea-level change on the
Eastern Adriatic coast (Croatia)? NSF Workshop "Sea-level Changes into MIS 5: from observations to
prediction", 10-14 April 2012, Palma de Mallorca, Spain, [poster].
Stehr, N. and Rhomberg, M., (2011), “Adaptation or Mitigation”, In: McNall, S.G., Hershauer, J.C. and Basile,
G., The Business of Sustainability: Trends, Policies, Practices and Stories of Success, 175-192.
Šepić, J. and Vilibić, I., (2011), The development and implementation of a real-time meteotsunami warning
network for the Adriatic Sea, Nat. Hazards Earth Syst. Sci., 11, 83–91. DOI:10.5194/nhess-11-83-2011.

218

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Šepić, J., Vilibić, I. and Strelec Mahović, N., (2012), Northern Adriatic meteorological tsunamis:
Observations, link to the atmosphere, and predictability, J. Geophys. Res.: Oceans (1978–2012), 117 (C2), 148227. DOI: 10.1029/2011JC007608.
Šešo, M. / EPEHA, (2008), U prvih 6 mjeseci požari napravili štetu od 130 milijuna kuna, Slobodna Dalmacija
15

July

2008,

[Internet],

<available

at:

http://www.slobodnadalmacija.hr/Hrvatska/tabid/66/articleType/ArticleView/articleId/14993/Default.aspx#>,
[accessed: 09.09.2012].
Štifanić, M., (2005), Sociološki aspekti turizma/ Sociological Aspects of Tourism, Social Research: Journal for
General Social Issues (Društvena istraživanja: Časopis za opća društvena pitanja), 45, 807-825.

T
Tebaldi, C., Hayhoe, K., Arblaster, J.M. and Meehl, G.A., (2006), Going to extremes: An intercomparison of
model-simulated historical and future changes in extreme events, Climatic Change, 79, 185-211.
The Economist, (2012), Bell Weather, August 11 2012, London, 404 (8797), 64-65.
The

Free

Dictionary

by

Farlex,

(2012a),

Rip-raping,

[Internet],

<available

at:

[Internet],

<available

at:

http://www.thefreedictionary.com/rip-raping>, [accessed: 28.01.2013].
The

Free

Dictionary

by

Farlex,

(2012b),

Groyne,

http://www.thefreedictionary.com/groyne>, [accessed: 28.01.2013].
Tol, R.S.J., (2005), Adaptation and mitigation: trade-offs in substance and methods, Environmental Science &
Policy, 8 (6), 572-578. DOI: 10.1016/j.envsci.2005.06.011.
Tol, R.S.J., (2007), The impact of a carbon tax on international tourism, Transportation Research Part D:
Transport and Environment, 12 (2), 129-142. DOI: 10.1016/j.trd.2007.01.004.
Tol R.S.J., Klein, R.J.T. and Nicholls, R.J., (2008), Towards successful adaptation to sea-level rise along
Europe's coasts, Journal of Coastal Research, 24 (2), 432-450.
Tomljenović, B., Herak, M., Herak, D., Kralj, K., Matoš, B., (2010a), “New data on seismotectonic activity
in Croatia”, In: Horvat, M., (ed.), Knjiga sažetaka 4. Hrvatskog geološkog kongresa, Šibenik, October 2010,
Hrvatski geološki institut, Zagreb, 157-158.
Tomljenović, B., Herak, M., Herak, D., Kralj, K. and Matoš, B., (2010b), Characterization of active tectonics
in the Adriatic offshore and the External Dinarides of Croatia, 9th Workshop on Alpine Geological Studies,
Cogne, Italija, 16-18. September 2009, [poster and abstract].
Topić, M., (2006), Siva ekonomija u Hrvatskoj, Matica hrvatska – Hrvatska revija, Zagreb, 6 (2). ISSN 13302493.

219

Vladimir Kalinski: Doctoral Thesis

LITERATURE

Trenberth, K.E., Jones, P.D., Ambenje, P., Bojariu, R., Easterling, D., Klein Tank, A., Parker, D.,
Rahimzadeh, F., Renwick, J.A., Rusticucci, M., Soden, B. and Zhai, P., (2007), “Observations: Surface and
Atmospheric Climate Change”, In: Solomon, S., Qin, D. , Manning, M. , Chen, Z., Marquis, M., Averyt, K.B.,
Tignor, M. and Miller, H.L., (eds.), Climate Change 2007: The Physical Science Basis. Contribution of Working
Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge
University Press, Cambridge and New York, 102.
Trenberth, K.E., Fasullo, J.T. and Kiehl, J., (2009), Earth’s global energy budget, Bull. Amer. Meteor. Soc.,
90, 311–323. DOI:10.1175/2008BAMS2634.1
Turner, J. and Overland, J., (2009), Contrasting climate change in the two polar regions, Polar Research, 28,
146–164. DOI: 10.1111/j.1751-8369.2009.00128.x.
TCCCR, (n.d.), ADAM ADaptation And Mitigation Strategies: supporting European climate policy, Tyndall
Centre for Climate Change Research (TCCCR), [Internet], <available at: www.adamproject.eu>, [accessed:
10.11.2012].

U
UCAR, (2007), Model for the Assessment of Greenhouse-gas Induced Climate Change/ A Regional Climate
Scenario Generator (MAGICC/SCENGEN), The University Corporation for Atmospheric Research (UCAR)/
The National Center for Atmospheric Research (NCAR), Boulder, Colorado, [Internet], <available at:
http://www.cgd.ucar.edu/cas/wigley/magicc/index.html>, [accessed: 10.11.2012].
Ulbrich, U., Lionello, P., Belušić, D., Jacobeit, J., Knippertz, P., Kuglitsch, F.G., Leckebusch, G.C.,
Luterbacher, J., Maugeri, M., Maheras, P., Nissen, K.M., Pavan, V., Pinto, J.G., Saaroni, H., Seubert, S.,
Toreti, A., Xoplaki, E. and Ziv, B., (2012), “5 - Climate of the Mediterranean: Synoptic Patterns, Temperature,
Precipitation, Winds, and Their Extremes”, In: Lionello, P., (ed.), The Climate of the Mediterranean Region,
Elsevier, Oxford, 301-346. DOI: 10.1016/B978-0-12-416042-2.00005-7.
UNDP, (2004), Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policies and
Measures, Lim, B., Spanger-Siegfried, E., (eds.), Cambridge University Press, United Nations Development
Programme (UNDP), 258.
UNDP, (2009), Human Development Report-Croatia 2008, A Climate for Change: Climate change and its
impacts on society and economy in Croatia, United Nations Development Programme in Croatia (UNDP
Croatia), Zagreb, 282.
UNDP-COAST, (n.d.), United Nations Development Programme in Croatia (UNDP Croatia) - Conservation
and Sustainable Use of Biodiversity in the Dalmatian Coast (COAST), [Internet], <available at:
http://www.undp.hr/coast>, [accessed: 25.01.2013].

220

Vladimir Kalinski: Doctoral Thesis

LITERATURE

UNECE, (1998), Convention on Access to Information, Public Participation in Decision-making and Access to
Justice in Environmental Matters (Aarhus Convention), United Nations Economic Commission for Europe
(UNECE), 25.
UNEP, (1975), Mediterranean Action Plan (MAP), United Nations Environment Programme (UNEP), 5.
UNEP, (1976), Convention for the Protection of the Mediterranean Sea Against Pollution (Barcelona
Convention), United Nations Environment Programme (UNEP), 19.
UNEP FI CCWG, (2006), Adaptation and Vulnerability to Climate Change: The Role of the Finance Sector,
United Nations Environment Programme (UNEP) Finance Initiative (FI) Climate Change Working Group
(CCWG), 36.
UNEP-GRID Arendal, (2008), Vital Climate Graphics: Human health; United Nations Environment
Programme (UNEP)-GRID-Arendal, [Internet], <available at: http://www.grida.no/climate/vital/impacts.htm>,
[accessed: 15.12.2012].
UNEP-MAP, (2008), Protocol on Integrated Coastal Zone Management in the Mediterranean, Conference of the
Plenipotentiaries on the Integrated Coastal Zone Management Protocol (Madrid, January 20-21, 2008), Parties to
the Convention for the Protection of the Marine Environment and the Coastal Region of the Mediterranean
(Barcelona Convention), United Nations Environment Programme (UNEP)/Mediterranean Action Plan (MAP),
Madrid, Spain, 10.
UNESCAP, (2007), “Statistical Yearbook for Asia and the Pacific”, United Nations Economic and Social
Commission for Asia and the Pacific (ESCAP), Bangkok, 207.
UNESCO-IOC, (2012), Marine Spatial Planning Initiative, United Nations Educational, Scientific and Cultural
Organization (UNESCO) and Intergovernmental Oceanographic Commission (IOC), [Internet], <available at:
http://www.unesco-ioc-marinesp.be/>, [accessed: 12.11.2012].
UNFCCC, (2006), Technologies for adaptation to climate change, United Nations Framework Convention on
Climate Change (UNFCCC) Climate Change Secretariat, Bonn, 40.
Universität

Hamburg,

(n.d.),

Hamburg

Tourism

Model

(HTM),

[Internet],

<available

at:

http://www.fnu.zmaw.de/HTM.5681.0.html>, [accessed: 12.11.2012].
UNECE-WHO, (2008), Report of the Workshop on the protection of groundwater as a source of drinking water
in karst areas, Meeting of the Parties to the Protocol on Water and Health to the Convention on the Protection
and Use of Transboundary Watercourses and International Lakes, Malinska, Island Krk (Croatia), 14–15 April
2008, United Nations Economic Commission for Europe (UNECE) – World Health Organisation (WHO), 5.
UNPEI, (2011), Mainstreaming Climate Change Adaptation into Development Planning: A Guide for
Practitioners, Poverty-Environment Initiative (PEI) of the United Nations Development Programme (UNDP) and
the United Nations Environment Programme (UNEP), Nairobi, Kenya, 100.

221

Vladimir Kalinski: Doctoral Thesis

LITERATURE

UNWTO, (2001), Global Code of Ethics for Tourism, United Nations World Tourism Organisation (WTO),
Madrid; 8.
USAID, (2007), Adapting to climate variability and change: A guide manual for development planning, United
States Agency for International Development (USAID), Washington DC, 24.

V
Vafeidis, A.T., Nicholls, R.J., McFadden, L., Tol, R.S.J., Hinkel, J., Spencer, T., Grashoff, P.S., Boot, G. and
Klein, R.J.T., (2008), A new global coastal database for impact and vulnerability analysis to sea-level rise,
Journal of Coastal Research, West Palm Beach, Florida, 24 (4), 917–924. ISSN 0749-0208.
Vilibić, I, Orlić, M., Čupić, S., Domijan, N., Leder, N., Mihanović, H., Pasarić, M., Pasarić, Z., Srdelić, M.
and Strinić, G., (2005), A new approach to sea level observations in Croatia, Geofizika, 22, 21-57.
Vilibić, I., (2006), Seasonal sea level variations in the Adriatic, Acta Adriat., 47 (2), 141–158. ISSN: 0001-5113
AADRAY
Vojnić, D., (2006), Reforma i tranzicija. Kritički osvrt na događanja u prijelomnim vremenskim razdobljima,
Ekonomski pregled, 57 (5-6), 339-419.
Voss, R, May, W. and Roeckner, E., (2002) Enhanced resolution modelling study of anthropogenic climate
change: Changes in extremes of the hydrological cycle, Int J Climatol, 22, 755-777.
Vučetić, T., Vilibić, I., Tinti, S. and Maramai, A., (2009), The Great Adriatic flood of 21 June 1978 revisited:
An overview of the reports, Elsevier, Physics and Chemistry of the Earth, Parts A/B/C, 34 (17–18), 894-903.
DOI: 10.1016/j.pce.2009.08.005.

W
Waelbroeck, C., L. Labeyriea, E. Michela, J.C. Duplessya, J.F. McManusc, K. Lambeckd, E. Balbona, M.
Labracheriee, (2002), Sea-level and deep water temperature changes derived from benthic foraminifera isotopic
records, Quaternary Science Reviews, 21, 295–305.
Wakelin, S.L., Proctor, R., (2002), The impact of meteorology on modelling storm surges in the Adriatic Sea.
Global and Planetary Change, 34 (1–2), 97–119. DOI: 10.1016/S0921-8181(02)00108-X.
Wang G., (2005), Agricultural drought in a future climate: results from 15 global climate models participating in
the IPCC 4th assessment, Clim Dyn, 25, 739-753.
Willows, R. and Connell, R., (2003), Climate Adaptation: Risk, Uncertainty, and Decision-making, UKCIP
Technical Report, UK Climate Impacts Programme (UKCIP), Oxford, 154.
WMO, (n.d.), World Meteorological Organisation, [Internet], <available at: http://www.wmo.int/>, [accessed:
18.02.2013].

222

Vladimir Kalinski: Doctoral Thesis

LITERATURE

WMO, (2011a), 2001-2010 A Decade of Climate Extremes, World Meteorological Organisation (WMO),
Genève, 8.
WMO, (2011b), WMO statement on the status of the global climate in 2010, World Meteorological
Organisation (WMO), Genève, 1074, 20.
World Bank, (2008), Weather and Climate Services in Europe and Central Asia: A Regional Review, World
Bank Working Paper No. 151, Washington, DC, 114.
WTTC, (2012), Travel & Tourism Economic Impact 2012: Croatia, World Travel and Tourism Council
(WTTC), 24.
Yohe, G.W. and Neumann, J., (1997), Planning for sea-level rise and shore protection under climate
uncertainty, Climatic Change, 37 (1), 243-270.
Yohe, G.W. and. Schlesinger, M.E., (1998), Sea level change: the expected economic cost of protection or
abandonment in the United States. Climatic Change, 38, 447-472.

Z
Zaninović, K., (2006), Trends in indices of temperature extremes in Croatia, 1901-2004, Sixth European
Conference on Applied Climatology (ECAC), Ljubljana, Slovenia, 4-8 September 2006, [poster, abstract A00470].
Zaninović, K., Gajić-Čapka, M., Perčec Tadić, M. et al., (2008), Klimatski atlas Hrvatske/Climatic atlas of
Croatia 1961-1990., 1971-200., Državni hidrometeorološki zavod/Meteorological and Hydrological Service of
Croatia, Zagreb, 200.
Zervas, C., (2009), Sea Level Variations of the United States 1854-2006, NOAA Technical Report NOS COOPS 053, 194.
Znaor, D., and Callaway, J., (2009a), Vulnerability in water, In: Landau, S., Legro, S. and Vlašić, S., eds., A
Climate for Change: Climate change and its impacts on society and economy in Croatia, Zagreb: UNDP
Croatia, 95-118.
Znaor, D., and Callaway, J. (2009b), Vulnerability in Agriculture, In: Landau, S., Legro, S. and Vlašić, S.,
eds., A Climate for Change: Climate change and its impacts on society and economy in Croatia, Zagreb: UNDP
Croatia, 119-148.

223

Vladimir Kalinski: Doctoral Thesis

ANNEXES

9 ANNEXES

ANNEX 1: TABLES OF PRESENT AND FUTURE SEASONAL TEMPERATURE AND
PRECIPITATION AVERAGES FOR FIVE CROATIAN REGIONS
ANNEX 2: ADAPTATION DECISION FRAMEWORKS

224

Vladimir Kalinski: Doctoral Thesis

ANNEXES

ANNEX 1: TABLES OF PRESENT AND FUTURE SEASONAL TEMPERATURE AND
PRECIPITATION AVERAGES FOR FIVE CROATIAN REGIONS
Table A. Present seasonal temperatures averages; anomalies of the 20th century and constructed
projections for the end-of-century (2070-2100) under A2 SRES scenario (Nakičenovič et al., 2000) for five
Croatian regions. Sources for the base period: Zaninović et al., 2008. Sources for construction of 2070-2100
projections: TCCCR, n.d.; Bruci, 2007; Bruci, 2008; IPCC TAR, (n.d.); Trenberth et al., 2007; IPCC, n.d.; IPCC
2007a,b,c,d; van der Linden & Mitchell, 2009; MICE, 2005; PRUDENCE, 2010; PESETA, 2007a,b; Ciscar,
2009; Ciscar et al., 2011; STARDEX, 2005.

Average change
according to GCMs (°C)

New average value
according to GCMs (°C)

Average change
according to
downscaled RCMs (°C)

New average value
according to
downscaled RCMs (°C)

Difference: Base Period vs. 2070-2100
period (°C)

Difference: Base Period vs. 2070-2100
period (%)

New combined average value
constructed of average projected GCMs
and RCMs values (2070-2100) (°C)

Winter
(DEC –
FEB)

5,7

3,2

8,9

2,7

8,4

3

52

9

Spring
(MAR –
MAY)

11,9

2,8

14,7

2,7

14,6

3

23

15

Summer
(JUN –
AUG)

21,3

4,2

25,5

4,6

25,9

4

21

26

Autumn
(SEP –
NOV)

14,1

3,2

17,3

3,2

17,3

3

23

17

Per
annum

13,3

3,4

16,6

3,3

16,6

3

25

17

Winter
(DEC –
FEB)

7,8

2,7

10,5

2,7

10,5

3

34

11

Spring
(MAR –
MAY)

13,7

2,3

16,0

2,7

16,4

3

18

16

Summer
(JUN –
AUG)

23,1

3,4

26,5

4,6

27,7

4

17

27

Autumn
(SEP –
NOV)

16,2

2,7

18,9

3,1

19,3

3

18

19

Per
annum

15,2

2,8

18,0

3,3

18,5

3

20

18

Season

Seasonal Temperature Average for the Base
Period 1961-1990 (°C)

Southern Adriatic Coastal Area

Northern Adriatic Coastal Area

Location

Temperature Projections (2070-2100) under A2 scenario (°C)

GCMs

RCMs
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Winter
(DEC –
FEB)

-1,2

2,2

1,0

2,7

1,5

2

204

1

Spring
(MAR –
MAY)

6,4

1,8

8,2

2,7

9,1

2

35

9

Summer
(JUN –
AUG)

15,5

3,2

18,7

4,6

20,1

4

25

19

Autumn
(SEP –
NOV)

8,0

2,5

10,5

3,1

11,1

3

35

11

Per
annum

7,2

2,4

9,6

3,3

10,4

3

40

10

Winter
(DEC –
FEB)

0,5

2,7

3,2

3,1

3,6

3

644

3

Spring
(MAR –
MAY)

11,2

2,3

13,5

2,7

13,9

3

22

14

Summer
(JUN –
AUG)

20,1

3,4

23,5

4,6

24,7

4

20

24

Autumn
(SEP –
NOV)

10,9

2,7

13,6

3,2

14,1

3

27

14

Per
annum

10,6

2,8

13,4

3,4

14,0

3

29

14

Winter
(DEC –
FEB)

0,4

3,2

3,6

3,1

3,5

3

829

4

Spring
(MAR –
MAY)

10,4

2,8

13,2

2,7

13,1

3

26

13

Summer
(JUN –
AUG)

19,2

4,2

23,4

3,1

22,3

4

19

23

Autumn
(SEP –
NOV)

10,3

3,2

13,5

3,3

13,6

3

32

14

10,1

3,4

13,4

3,1

13,1

3

32

13

3

27

14

Per
annum
Per
annum

11,3
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New combined average value
constructed of average projected GCMs
and RCMs values (2070-2100) (mm)

Winter
(DEC –
FEB)

282,9

-2,2

276,7

5,6

306,8

9

3

292

Spring
(MAR –
MAY)

250,5

-4,1

240,3

-13,6

245,1

-8

-3

243

Summe
r (JUN
– AUG)

235,6

-11,8

207,8

-39,3

144,7

-59

-25

176

Autum
n (SEP
– NOV)

364,5

-7,1

338,6

-9,6

392,4

1

0

366

Per
annum

1133,6

-6,3

1063,4

-14,2

1089,0

-57

-6

1076

Winter
(DEC –
FEB)

278,8

0,6

280,4

7,9

252,3

-12

-4

266

Spring
(MAR –
MAY)

216,8

4,0

225,5

-8,6

151,3

-28

-13

188

Summe
r (JUN
– AUG)

153,6

-10,1

138,1

-36,8

66,9

-51

-33

103

Autum
n (SEP
– NOV)

301,0

-5,6

284,1

-9,6

202,9

-57

-19

244

Per
annum

950,2

-2,8

928,2

-11,8

673,4

-149

-17

801

Winter
(DEC –
FEB)

360,2

0,9

363,4

5,9

381,5

12

3

372

Season

Difference: Base Period vs. 2070-2100
period (%)

Seasonal Precipitation Average for the Base
Period 1961-1990 (mm)

Precipitation Projections (2070-2100) under A2 scenario
Difference: Base Period vs. 2070-2100
period (mm)

Mountai
nous
Area

Southern Adriatic Coastal Area

Northern Adriatic Coastal Area

Location

Table B. Present seasonal precipitation averages; anomalies of the 20th century and constructed
projections for the end-of-century (2070-2100) under A2 SRES scenario (Nakičenovič et al., 2000) for five
Croatian regions.
Sources for the base period: Zaninović et al., 2008. Sources for construction of average 2070-2100 projections:
TCCCR, n.d.; Bruci, 2007; Bruci, 2008; IPCC TAR, (n.d.); Trenberth et al., 2007; IPCC, n.d.; IPCC
2007a,b,c,d; van der Linden & Mitchell, 2009; MICE, 2005; PRUDENCE, 2010; PESETA, 2007a,b; Ciscar,
2009; Ciscar et al., 2011; STARDEX, 2005.

GCMs

RCMs

% change

New
average
level
(mm)

%
change

New
average
level
(mm)
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Spring
(MAR –
MAY)

319,3

1,5

324,1

-11,1

283,9

-15

-5

304

Summe
r (JUN
– AUG)

259,0

-10,8

231,0

-38,3

159,8

-64

-25

195

Autum
n (SEP
– NOV)

433,6

-5,6

409,3

-4,6

413,7

-22

-5

412

Per
annum

1372,1

-3,5

1327,9

-12,0
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ANNEXES

ANNEX 2: ADAPTATION DECISION FRAMEWORKS
Adaptation decision frameworks.
Source: Lu, X., (2011), Applying Climate Information for Adaptation Decision-Making, National
Communications Support Programme (NCSP), United Nations Development Programme (UNDP)-United
Nations Environment Programme (UNEP)-Global Environmental Facility (GEF), New York, 38.
.

Adaptation decision
Objective
framework

IPCC ‘seven-step
approach’
(Carter et al., 1996)

Guiding the assessment
of climate change impacts
and adaptation

UKCIP climate risk
decision framework
(Willows & Connell,
2003)

Facilitating the climate
risk assessment and
management through
informed decision-making

UNDP Adaptation
Policy Framework
(UNDP, 2004)

Facilitating the climate
risk assessment and
management

Australian
Greenhouse Office
climate risk
management
guidance
(Australian
Greenhouse Office,
2006)
USAID guidance on
integrating
adaptation into
development
projects (USAID,
2007)

Facilitating the climate
risk assessment and
management

Establishing the context
for adaptation and
guiding the climate risk
screening and climateproof project design

Target endusers

• Researchers

• National and
local governments
• Resource
managers
• Businesses
• Professional
associations

• Researchers
• Decision makers
at
different levels
• Donor agencies

• National and
local
governmental
bodies
• Businesses

• Development
agencies

Key components/steps
1. Define problem
2. Select method
3. Test method/sensitivity
4. Select scenarios
5. Assess biophysical and
socio-economic impacts
6. Assess autonomous
adjustments
7. Evaluate adaptation
strategies
1. Identify problem and
objectives
2. Establish decisionmaking criteria
3. Assess risk
4. Identify options
5. Appraise options
6. Make decision
7. Implement decision
8. Monitor
1. Scope and design an
adaptation project
2. Assess current
vulnerability
3. Assess future
vulnerability
4. Formulate adaptation
strategy
5. Continue the adaptation
process
1. Establish the context
2. Identify the risks
3. Analyse the risks
4. Evaluate the risks
5. Treat the risks
1. Screen for vulnerability
2. Identify adaptations
3. Conduct analysis
4. Select course of action
5. Implement plan
6. Evaluate
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