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Abstract: The study presents an assessment of climate suitability for outdoor leisure activities in Romania using
the Holliday Climate Index (HCI) for the near future (2021-2040), focusing on unfavorable and good climate
conditions. The analysis employs data from an ensemble model in the context of RCP45 and RCP85 climate
change scenarios. The results indicate that the number of days with low weather suitability is decreasing in
almost the entire country, especially during the warm season, while during the winter and spring extended
regions may be characterized by a higher number of days favorable for outdoor activities than during the
current climate. An estimation of the impact of climate changes on tourism flux in Romania is further carried
out, suggesting that the increasing attractivity of climate conditions may lead to an increased number of tourist
overnights in the near future, more pronounced in rural destinations.
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1. Introduction

Climate changes pose challenges to all economic sectors and aspects of human life and tourism
is not an exception. As a ‘social, cultural and economic phenomenon’ [1], tourism has a transversal
impact in society in terms of economic development from local level (e.g., small villages) to national
level (e.g., population health) but also interpersonal relationships or country image as a place worth
knowing in person.

In Romania, tourism contributed about 3% to the GDP in 2019, although in 2020, due to the
pandemic, it dropped to only 1.6% - the lowest value since 2008 [2]. The hotels and restaurants sector
involved about 2.6% of the total employed population in 2021 [3], to which add other related
economic branches too (e.g., transport, tourism agencies, commerce). The positive impact of tourism
is maybe more visible in rural areas, where the development of agrotourism increased in the last
years, offering new opportunities for a better socio-economic situation in villages where other options
are scarce.

The tourism intensity in Romania, just like in other countries, is not uniformly distributed in the
territory. Brasov - Prahova Valley tourist corridor (combining Brasov and Prahova counties) is in
second place as a tourist attraction area of Romania; the center of Transylvania (Cluj, Sibiu and Mures
counties) registers a similar value, followed by Constanta, in the seaside [4]. Furthermore, about 62%
of the total accommodation capacity is concentrated in 12 counties from a total of 41 counties [5].
Nevertheless, the governmental support for tourism development, seen as an economic priority of
the country, encourages the revival of this sector and supports it through several directions like the
development of ecological, natural and rural tourism, cultural programs, tourism education etc.

While improvable points in Romanian tourism are linked mainly to administrative or economic
aspects (e.g., transport infrastructure, marketing), strong points are already in place and they reside,
among others, in the natural resources abundant in any place of the country. Romania includes a
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large variety of relief units — from the seaside (along the Black Sea) to mountains up to 2544m high
(Moldoveanu Peak in Fagaras Mountains). Five major rivers (Danube, Mures, Prut, Olt, Siret) flow
on the Romanian territory. Several lakes are spread across all major relief units - from glacial ones in
the mountainous area (Mioarele Lake — Fagaras Mountains, located at the highest altitude: 2282 m,
Bucura and Zanoaga Mare Lakes — Retezat Mountains, the largest glacial lake: 10 ha respectively the
deepest: 29 m) to those in Danube Delta and river-maritime banks (Techirghiol Lake, at 1.5 m altitude)
and anthropic lakes like the one from Portile de Fier [6]. All these assure a large palette of
opportunities for spending time in nature and thus provide the background for a variety of tourism
forms. Spa resources represent another natural treasure, with a diversity of ‘flavors’ including
thermal waters used mostly for external treatments, oligo-mineral waters recommended for internal
use in various diseases, salt mines recommended for respiratory diseases or mofettas (natural gas
emanations from volcanic sources with a very high carbon dioxide content) recommended in heart
diseases and not only.

Climate is yet another major natural asset in Romanian tourism. Romania's climate is temperate-
continental with oceanic influences from the west, Mediterranean influences from the southwest and
continental-excessive influences from the east. The multiannual average temperature is differentiated
latitudinally, with annual averages of 8°C in the north and over 11°C in the south, and altitudinally,
with annual average values of -2.5°C in the mountain floor (Varfu Omu - Bucegi massif) and 11.6°C
in the plains (Zimnicea, Teleorman county). The annual precipitation decreases in intensity from west
to east, respectively from over 600 mm to less than 500 mm in the Eastern Romanian Plain, less than
450 mm in Dobrogea and about 350 mm on the coast, while in the mountainous regions, it reaches
1000 -1500 mm [7]. The four seasons provide different opportunities for various tourism types;
pronounced tourism fluxes in mountainous resorts are seen during winter, while during summer
almost all resorts receive a large number of tourists, more marked on the seaside.

Climate changes are expected to have an impact on the tourism sector, both directly, through
changes in the weather and climate features which modulates the tourism demand as well as
indirectly, by affecting other resources (e.g., water availability) or economic sectors (e.g., energy)
which are linked to tourism. In Romania, the observed changes in the climate indicate that during
the period 1901-2020 the average temperature at the national level increased by more than 1°C, with
the largest increases during winter and summer [8] Furthermore, the number of days with convective
rain increased during 1991-2020 compared to the 1961-1991 period, and future projections show that
the number of days with heavy rain (over 20mm/day) will increase as well. The average snow layer
depth, instead, presents a decreasing tendency, with an intraseasonal difference in the behavior of
decreasing trends which are more pronounced in the month of February [8].

The direct impact of climate change on tourism in Europe has been comprehensively analyzed.
The risks for winter tourism, for example, due to the decrease of snow layer depth and air
temperature increase, are acknowledged by a large number of studies ([9]- [14]). For summer tourism,
studies indicate that the changed climate may become less favorable for tourism in some areas (e.g.,
Greece, Cyprus) due to increasing temperatures, while the northern countries may benefit from this
physical impact [15], [16]. Coastal tourism in some areas of the Mediterranean region may be
negatively influenced by increased temperature [17], while other risks associated with climate
changes are also pertinent for coastal tourism, like beach loss caused by shoreline recession [18] or
coastal storms. Urban tourism is also likely to be affected mainly due to the increase in temperature
associated with more intense thermal discomfort [19-20] amplified by the urban heat island effect.

Regarding Romanian tourism in particular, there are fewer studies focusing on the direct impact
of climate change on tourism. For seaside tourism, climate changes may provide new opportunities
for development [21], [22]. Mountain resorts may also benefit from increasing temperatures, despite
the negative effects induced by decreasing snow layer depth [23]. Increased temperatures and thus
thermal discomfort in urban areas [24- 27] suggest an implicit negative effect on urban tourism,
however not fully investigated.

In the present study, the direct impact of climate changes on climate suitability for tourism in
Romania is investigated based on the seasonal mean number of days with good and unfavorable
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weather conditions defined with the use of the Holiday Climate Index [28], in order to cover the gap
in the scientific literature. The data provided by Copernicus Climate Data Store [29] is used in the
context of two climate change scenarios for the near future period (2021-2040). Furthermore, the
impact of changes in climate suitability on tourism intensity as expressed through the number of
touristic overnights in 41 cities and 53 rural touristic destinations (Fig. 1) is investigated. Finally, the
implications and limitations of the results, highlighting also potential directions for improvement
and future research are discussed.

Figure 1. Map of selected touristic destinations.

2. Materials and Methods

HCI index comprises several facets of the weather (e.g., temperature, humidity, cloudiness, wind
speed, rain) such that to provide synthetic information which is assembled in classes (Table 1). The
index has been developed by [28] with a focus on urban areas, in order to characterize the weather
conditions suitable for outdoor leisure activities. Recently, it has been shown that the index is also
appropriate for describing the climate attractivity for tourism in rural areas [5].

Table 1. HCI rating system (after Scott et al, 2016).

Climate suitability classes Acronyms used in the
HCI values . .
(HCI rating) graphics

90 =100 Ideal I

80 +89 Excellent E

70+79 Very good VG

60 + 69 Good G

50 + 59 Acceptable A

40 +49 Marginal M

28 : ig Unacceptable UA

1019 Dangerous D

9+0
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2.1. Climate suitability for tourism in the context of climate changes

The estimation of changes in climate suitability for tourism in the near future (2021-2040) is
based on the ‘Climate Suitability for Tourism Indicators” dataset available from Copernicus Climate
Data Store [30]. The dataset contains monthly ensemble mean values of HCI as well as daily data
obtained by downscaling large-scale information from six Global Climate Models (GCM) with
regional model RCA4 [31] in the context of up to three RCP (Representative Concentration Pathways)
climate change scenarios. The HCI index has been computed based on [28], using the Effective
Temperature index for the thermal aspect, where the maximum value of near-surface air temperature
and minimum value of relative humidity were used [32]. For the estimation of changes in climate
suitability in the near future (2021-2040), the information on HCI used in this study is in the form
number of days with ‘good” weather conditions (i.e., HCI >70) and the number of days with
‘“unfavorable” weather conditions (i.e., HCI <50). These indicators are available at a monthly scale and
they are derived from the ensemble mean of all simulations available for each of the HISTORICAL
period (1986-2005) and RCP26, RCP45 and RCP85 scenarios for the period 2021-2040. Nevertheless,
in order to assure consistency throughout the study, only climate projections in the context of two
scenarios — RCP45 and RCP85 — are employed, as for the RCP26 scenario not all models have provided
simulations at daily scale needed for the second part of the analysis.

2.2. Impact of climate changes on tourism flux

The assessment of the impact of changes in climate suitability on the tourism flux is based on a
simple linear regression approach. As a first step, the regression model is built using monthly time
series of HCI and sectoral data in form of touristic overnights for the period 2010-2018. Next, the
model is applied to monthly series of HCI for HISTORICAL, RCP45 and RCP85 experiments. The
results are analyzed as the relative difference (in percent) between RCP45 or RCP85 and
HISTORICAL outputs of the regression model expressed as the mean number of overnights over the
selected 20 years period. The analysis is applied to 41 urban areas and 53 rural touristic destinations;
the latter are selected following the criteria described in [5].

For this part of the analysis, HCI is computed using data provided by the regional reanalysis
dataset UERRA [33] for 2 m of air temperature, 2 m of relative humidity, total cloud cover, and 10 m
of wind speed; total precipitation was provided by the global reanalysis dataset ERA5-Land [34].
Both datasets are available through CDS. In the framework of this study, the 2 m air temperature and
relative humidity from the UERRA analysis at 12 UTC were used as proxies for daytime conditions
[5]. The sectoral data is provided by National Institute for Statistics in Romania [3] in the form of
monthly number of touristic overnights in each locality, starting from 2010; the data refers to
accommodation units having more than 10 beds, regardless of the type of accommodation unit (e.g.,
hotel, agrotouristic boarding houses etc.). A linear regression model is fitted on the data for each
locality, at a 0.05 confidence level. It should be noted that the regression model reproduces the
seasonal variations in the number of overnights, but not the extreme values or the year-to-year
variations (e.g., Fig. 2). This is an expected limitation of the regression model, given that the number
of touristic overnights is influenced by much more factors than the weather, which is in no way
considered in this analysis. However, the trend in observed data is captured by the simulations.
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Figure 2. Temporal evolution of monthly touristic overnights between 2010-2018 at Baile Herculane
from sectoral data (blue line) and simulated by the linear regression model (orange line).

To apply the regression model on HISTORICAL, RCP45 and RCP85 data, time series of monthly
values of the index, derived from daily data, are used. In order to have a larger but common number
of ensemble members for the same scenario, five simulations that cover RCP45 and RCP85 climate
change scenarios have been selected, namely those driven by the following GCMs: ICHEC-EC-
EARTH, MPI-M-MPI-ESM-LR, MOHC-HadGEM2-ES, CNRM-CERFACS-CNRM-CMS5, IPSL-IPSL-
CM5A-MR. The time series for each locality are computed as the monthly mean of daily data
provided by the five models.

3. Results

3.1. Changes in climate attractivity for tourism in the near future (2021-2040) in Romania

The analysis focuses on two classes of climate suitability, namely days with ‘unfavorable’ climate
conditions (HCI <50) and days with ‘good’ climate conditions (HCI >70), as available from the
‘Climate Suitability for Tourism Indicators’ dataset [30] and aggregated at seasonal scale. This
categorization simplifies the rating system defined in Table 1 and it favors a practical approach (e.g.,
fast, synthetic overview), although the analysis may lose some local details.

The spatial distribution of the seasonal number of days with ‘unfavorable’ climate conditions
for outdoor leisure activities is presented in Figure 3. The reference simulation (HIST) for the period
1986-2005 indicates that the distribution of the number of ‘unfavorable” days is closely related to the
terrain orography, as expected, with a larger number of days associated with higher relief heights.
Seasonality is also pronounced. During winter all over the country may be experienced at least 10
such days (in the south), the number increasing in the sub-Carpathic areas to 20 days and in higher
mountainous areas to up to 50 days. The situation partially improves during spring, especially on
limited areas in the southern regions. The summer season is characterized by less than 2 days of
‘“unfavorable’ climate conditions in most parts of the country, except for the sub-mountainous and
mountainous areas. Even for those, the climate conditions are better during summer, as only higher
mountainous areas are characterized by up to 20 days of ‘unfavorable’ conditions; in isolated regions
(e.g., high mountain peaks) there persist up to 50 days of “unfavorable’ climate conditions for outdoor
activities.

In the near future (2021-2040) in the context of the RCP45 scenario the changes are generally of
small amplitude (1 day) in most of the country. Interestingly, the number of days with “unfavorable’
climate conditions for outdoor leisure activity is increasing compared to the reference period in all
the country except for the NE area and sub-mountainous and mountainous regions. In these zones,
the difference between the RCP45 and HISTORICAL simulations indicates, mostly during winter and
spring, a decrease of the ‘unfavorable’ number of days with an average of 1-2 days in most
mountainous areas and up to 3 days on isolated high peaks regions. This change has a larger
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amplitude during summer, where higher mountainous regions may experience up to 5 ‘unfavorable’
days less and even more on limited, isolated areas in the southern and eastern Carpathians.

A similar situation is found for the RCP85 scenario. However, in this case during winter more
regions in western, northern and south-eastern regions may have fewer days with ‘“unfavorable’
conditions (up to 1 day less). In summer, the impact of the climate changes is more visible in the
mountainous regions; slightly larger areas may experience less “‘unfavorable’ days than in the context
of the RCP45 scenario, but the amplitude of the change is in the same range (2-5 days less).

adaea
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Figure 3. (upper row) Seasonal mean number of days with “unfavorable’ climate conditions (HCI <50)
for outdoor leisure activities for HIST period (1986-2005); difference between seasonal mean number
of days with ‘unfavorable’ climate conditions for period 2021-2040 between RCP45 and HIST (middle
row) and between RCP85 and HIST (lower row) simulations.

Regarding the favorable climate conditions for outdoor leisure activities, the spatial distribution
of the seasonal mean number of days with ‘good’ conditions (HCI >70) is presented in Figure 4.
During the reference period 1986-2005, the southern, south-eastern and western regions register the
largest number of days with ‘good’ conditions, varying from 30-40 days during winter to almost the
entire season during summer. In these regions, shoulder seasons are also characterized by good
climate conditions, with up to 70 days (even 80 in limited areas) during spring and up to 80 days with
‘good’ conditions during autumn. The mountainous regions are marked by the lowest number of
‘good’ days, which in winter are as low as 2 and increase to 60-70 days during summer or a maximum
of 30 in limited, high areas. The spring season carries more of the winter characteristics, the number
of ‘good’ days in the Carpathians being still low (5-10 days on average), while the warmth of summer
is partially seen during fall to, when 30-50 days with ‘good” conditions are found in the mountainous
areas.

The simulations for the near future (2021-2040) indicate a positive change in the number of days
with ‘good’ climate conditions, differentiated spatially and seasonally. For the southern regions an
increase of more than 5 days with ‘good” conditions may be seen during winter, the area affected
being larger in the RCP85 scenario. This amplitude diminishes during the other seasons, such that in
summer and fall the improvement is in the order of 1-2 days of additional days with ‘good’
conditions. The western and eastern regions of the country also may benefit from additional 3-5 days
with ‘good” conditions during winter and even spring, while the improvement is in the range of 2- 3
additional ‘good” days during summer and fall. The improvement of climate conditions in the
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mountainous regions is also visible, varying from 1-2 supplementary days with ‘good’ conditions in
winter to up to 5 additional ‘good” days in summer. The distinct features of changes in the RCP85
scenario compared to the RCP45 scenario are more pronounced with respect to the spatial
distribution of these changes — in the RCP85 scenario, larger areas located mainly in the south and
north of the territory may experience an increased number of ‘good” days, especially during winter,
fall and spring. The amplitude of the changes is similar for the two scenarios with regard to the
number of ‘good’ days.

DIF MAM
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Figure 4. (Upper row) Seasonal mean number of days with ‘good” climate conditions (HCI >70) for
outdoor leisure activities for HIST period (1986-2005); difference between seasonal mean number of
days with ‘good’ climate conditions for period 2021-2040 between RCP45 and HIST (middle row) and
between RCP85 and HIST (lower row) simulations.

3.2. Estimating the impact of climate changes on tourism in the near future (2021-2040) in Romania

Changes in climatic conditions are expected to be reflected in each socio-economic sector
sensitive to climate. The direct impact of climate changes in tourism may be visible in the
modifications of touristic flux (e.g., incoming number of tourists, overnights etc.), but it will be further
modulated by the complex interaction between socio-economic aspects also affected, in various
degrees, by the climate changes (e.g., personal income, health, availability of new investments etc.).

Estimation of the direct impact of climate change on tourism demand is a research topic well
represented in scientific literature. Several studies explore the link between weather parameters like
air temperature [35-38], sunshine duration [35,36], presence of rain ([36,37] on the changes in touristic
overnights. Their methods are generally based on regression, with varying degrees of complexity of
the models. Climate indices are also used in studies focusing on this research topic. Hein and
collaborators [39] uses the Tourism Climate Index (TCI; [40]) to describe current climate suitability
and future climate changes in seven regions in Spain. They build a model linking TCI and foreign
visitors’ overnights at the regional level, but they also include a factor reflecting the ‘intrinsic
attractiveness of a region’. Ogur and Baikan [41] follow a similar approach to study the future
changes in international tourist arrivals in Turkey. Carillo and collaborators [42] employs both TCI
and Holliday Climate Index to study the potential change in climate suitability in the Canary Island,
although the estimation of the climate change impact is limited to the changes in specific suitability
classes of the two indices.
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The aim of this part of the analysis is to investigate if the changes in climate suitability for
tourism (i.e., HCI) in Romania may lead to quantifiable impact in terms of sector-specific indices (i.e.,
number of touristic overnights) and, if it is the case, to estimate the amplitude of this impact at the
level of urban and rural touristic destinations. In this exercise, there are not taken into account any
socio-economic factors or other types of factors like for example related to security issues which may
influence the tourism demand. A regression model is built, describing the relationship between HCI
and the overnights for the 2010-2018 period, based on monthly data, for each of the 94 destinations
considered initially. For the analysis, only localities for which the climate conditions explain at least
30% of the variability in the touristic overnights (R2>30) for the period 2010-2018 are retained. There
are 13 urban areas and 20 rural touristic destinations fulfilling this condition (Table 2 and Table 3).
The regression model is then applied to the ensemble monthly mean values of HCI for the historical
period (1986-2005) as well as for the near future (2021-2040) in the context of RCP45 and RCP85
scenarios, for each destination. The results are interpreted in terms of the mean relative difference
between the number of overnights corresponding to the climate change scenarios and those
corresponding to the historical period. This approach accounts for the uncertainty associated with
the models employed (e.g., the models and the ensemble mean are “‘warmer’ than the reanalysis) as
well as for the limitations associated with the regression model (e.g., it is derived for a 9-year period
and applied for 20 years period).

The expected improvement in the climate conditions may lead to an increase in the touristic
overnights in all the selected destinations. For the urban destinations (Table 2), the change is generally
in the order of 2-3.5 % compared to the reference period in the context of both scenarios, while for
three destinations (Constanta, Piatra Neamt and Tulcea) the potential increase is slightly higher (5.21
% in the context of RCP45 scenario for Piatra Neamt). It is worth noting that, except for Constanta,
all the other urban destinations in Table 2 are small-medium cities, where forms of tourism less
dependent on the weather and climate (e.g., business, conferences, medical tourism etc.) are not too
strongly developed. The relatively high increase for Constanta may be explained by its location in
the seaside, as well as by the fact that number of touristic overnights for this city incorporate also
those for the well-known seaside resort Mamaia.

For the rural destinations (Table 3), the impact of improving climate conditions may lead to a
more pronounced increase in the touristic flux. In the context of the RCP45 scenario, eight
destinations may benefit from an improvement of 2.8- 4.67 % in the mean number of touristic
overnights, while for five destinations the increase may vary between 5.5 and 8.8 % compared to the
reference period. The highest increases are in the range of 9.89-14.79 % and they are found for
Baltatesti, Praid, Sangeorz Bai and Slanic Moldova. The similar amplitude of the results are found for
the RCP85 scenario, the difference compared to the RCP45 scenario being generally in the range of -
1% and 1%, with a minimum of -1.2% (Baile Olanesti) and a maximum of 2.92% (Sangeorgiu de
Mures). It is interesting to note that for half of the selected rural destinations, the potential increase
in the mean number of touristic overnights is slightly larger in the context of the RCP45 scenario;
however, for at least one rural destination (Sangeorgiu de Mures), the climate conditions associated
with RCP85 scenario may lead to a significantly larger increase than in the context of RCP45 scenario
(14.01 % compared to 11.08 %). The higher impact of better climate conditions for outdoor leisure
activities in the rural destinations compared to the urban destinations confirms once more the strong
dependency of the tourism flux in these localities on the climate conditions. Considering that, with
the exception of one locality (Gura Humorului) in all the other 19 rural destinations balneary tourism
is dominant, these results are in agreement with other studies (e.g., [43]) showing that for this type
of tourism, the main activities, apart from the balneary treatment itself, are walking and other light
relaxation activities outdoor.
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Table 2. Linear regression model-based estimation of the impact of climate changes in the number of
touristic overnights for the period 2021-2040, in RCP45 and RCP85 climate change scenarios, for urban
localities for which climate conditions explain at least 30% of the variability in touristic overnights
during the period 2010-2018.

R? for Mean Mean relative Mean relative
No. Locality regression overnights . overnights . overnights
model on 2010- (sectoral data) difference RCP45-difference RCP85-
2018 period 2010-2018 HIST [%] HIST [%]
1 Alba Iulia 40.22 7369 2.77 2.63
2 Arad 53.02 18460 2.01 2.08
3 Bistrita 37.05 7602 2.87 3.16
4 Braila 35.23 14946 3.16 3.00
5 Constanta 57.14 129507 4.80 4.95
6 Targu Jiu 30.48 7216 241 2.09
7 Miercurea Ciuc 36.83 5869 3.12 3.47
8 Deva 31.51 4342 2.35 2.35
9 Slobozia 45.42 1519 247 2.44
10 Piatra Neamt 60.46 6310 5.21 5.11
11 Zalau 33.36 3295 2.84 3.25
12 Tulcea 49.06 8236 3.92 3.68
13 Ramnicu Valcea 44.83 7635 2.62 2.23

Table 3. Linear regression model-based estimation of the impact of climate changes in the number of
touristic overnights for period 2021-2040, in RCP45 and RCP85 climate change scenarios, for rural
destinations for which climate conditions explain at least 30% of the variability in touristic overnights
during the period 2010-2018.

Mean relative

R f(-)r Mean overnights Mean r?latlve overnights
) regression overnights )
No. Locality model on 2010- (sectoral data) difference difference
2018 period 20102018 R CPas-HIST [%] RCP?;;]HIST
1 Amara 59.29 13229 3.77 3.64
2 Baile Govora 61.07 9303 4.18 3.43
3 Baile Herculane 55.05 36713 8.31 7.21
4 Bdile Olanesti 65.86 26810 6.67 5.47
5 Baile Tusnad 47.07 10249 8.88 8.86
6 Bala 43.07 3249 4.49 3.55
7 Baltatesti 61.49 5115 14.79 14.35
8 Boghis 33.84 907 4.33 4.94
9 Buzias 51.95 8576 2.79 3.10
10 Covasna 64.78 31611 6.77 7.38
11 Geoagiu 61.65 11755 3.10 3.31
12 Gura Humorului 30.57 6702 5.77 5.87
13 Moneasa 67.54 7457 7.86 8.77
14 Ocna Sibiului 32.95 1347 4.67 4.09
15 Praid 35.51 2122 9.89 10.56
16 Sangeorz_Bai 57.53 3579 11.08 14.01
17 Slanic Moldova 51.96 7086 12.45 11.45
18 Sovata 63.62 28656 6.15 6.62
19 Tasnad 443 1441 2.94 3.65
20 Slanic (Prahova) 49.33 5682 5.65 4.87

4. Discussion and Conclusions

The changes in climate suitability for tourism in Romania in the near future (2021-2040) in the
context of RCP45 and RCP85 climate change scenarios are investigated. The analysis employs the
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Holiday Climate Index and it focuses on seasonal changes in the number of days with “unfavorable’
climate conditions (HCI <50) and ‘good’ climate conditions (HCI >70). Furthermore, an attempt of
estimating of the direct impact of these changes on the tourism flux in urban and rural destinations
in Romania is presented.

In the context of both RCP45 and RCP85 climate change scenarios, the climate suitability for
tourism in Romania is expected to improve. The seasonal mean number of days with “unfavorable’
conditions is expected to decrease especially during summer and in the mountainous regions (up to
5 ‘“unfavorable’ days less). The improvement is more pronounced for the seasonal mean number of
days with ‘good” conditions, which increases with up to 5 days during winter in almost the entire
country. In the other seasons, this change is less marked, except for the mountainous areas where
during summer up to 5 additional ‘good’ days may be experienced. In the RCP85 scenario, the impact
is visible on a larger spatial scale compared to the RCP45 scenario, such that more areas located
mainly in the south and north of the territory may experience an increased number of ‘good” days,
especially during winter, fall and spring.

The estimate of the direct impact of changes in climate conditions on tourism flux is based on a
simple regression model and it considers initially 41 urban and 53 rural destinations. By requiring
that climate conditions explain at least 30% of the variability in the touristic overnights during the
period 2010-2018, only 13 urban and 20 rural destinations are further used for analysis. The results
suggest that the improvement in the climate conditions for outdoor leisure activities may be
associated with an increase in the mean number of touristic overnights. The magnitude of the impact,
however, is differentiated both between the urban and rural destinations, as well as inside the same
‘category’ of destinations, even at a similar degree of explained variability.

For the urban destinations, the impact is in general below 3%. Only three destinations may
experience a larger increase -around 5%- in the mean number of touristic overnights. The results
suggest that despite the quite robust influence of climate conditions on the tourism flux, for these
urban areas, the sole improvement of climate conditions may not be sufficient for a relevant increase
in the mean number of touristic overnights. Products and forms of tourism more independent of
weather and climate, based on other resources than the natural ones, should be developed with the
view of consolidating tourism as a bigger contributor to local incomes. The same is valid for seaside
urban destinations (Constanta, Tulcea, Braila) where the geographical location and the apparently
greater tourism demand should not be the only assets exploited.

The rural destinations, instead, may observe a more pronounced increase of tourism flux in the
conditions of improvement of climate suitability, with values as high as 14% in the RCP85 scenario.
These are mainly balneary destinations, for which light outdoor recreational activities are the specific
types of touristic activities. Just as the case for urban destinations, the increase in tourism intensity
due to the improvement of climate suitability is not sufficient to guarantee the revitalization of
tourism in these destinations. Further improvements in the quality of touristic infrastructure and
services is needed, as confirmed also by the governmental policies (e.g., [44], [45])

The study presents inherent limitations, for example related to the uncertainty of climate change
scenarios (e.g., [46], [47]) or the uncertainty associated with climate models employed in the
simulations of the climate change projections. More specific limitations are also associated with the
regression model used to estimate the direct impact of changes in climate suitability on tourism flux.
The model is ‘trained” with 9 years of data, but is then applied to 20-year period; this may affect the
quality of the regression for the reference and near-future periods in terms of capturing the extreme-
value range. On the other hand, the type of linear regression we used in this study is a simplistic way
to model the analyzed link. However, for now it suggests the very robust signals and by expressing
the results of the analysis in terms of the mean relative difference between the two periods, it is
expected that the model-related uncertainties to be diminished. For a more comprehensive analysis,
it should be taken into account that climate changes may imply other impacts as well (e.g., on water
availability) affecting the tourism flux. Studies accounting for both the direct and indirect impact of
climate change on tourism (e.g., [48], [49]) highlight that the response of the tourism sector to climate
changes is complex and pertains to economic and social levels as well. By considering the additional
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impacts of climate change on tourism in Romania, the estimation provided here would change.
Future approaches using more sophisticated models will be further used to better capture the details
of analyzed link between climate change and tourism-related indicators.

Nevertheless, by documenting the expected changes in climate suitability for tourism in
Romania, the study contributes to the research on this topic targeting South-Eastern Europe. The use
of the Holiday Climate Index aligns the study with the most recent approaches (e.g., [50] - [53]). The
estimation of the direct impact of changes in climate suitability on tourism flux at the destination
level may provide useful insights to local authorities and tourism investors. The climate changes may
positively impact the tourism sector in Romania, however, the amplitude of this impact is not high,
especially in medium-sized urban areas. Further direction of research may consider in more depth
the impact of various tourism types in the specific conditions of the Romanian context, as well as by
considering indirect impacts of climate changes (e.g., through thermal comfort) which also have a
significant influence on tourism.
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