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Introduction and methodology 

The purpose of this deliverable is to provide harmonized analysis of historical climate over the Adriatic 
region, more specifically, over the location of the RESPONSe pilot areas. Description of the Activity 1 based 
on the RESPONSe Application form provides following setups: 

ά/ƭƛƳŀǘƻƭƻƎƛŎŀƭ Řŀǘŀ ŦǊƻƳ ǘƘŜ 5Ia½ ŀƴŘ !wt!± ²{ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪǎ ƛƴ Ŏƻŀǎǘŀƭ ŀǊŜŀ ǿƛƭƭ ōŜ 
employed for detection of climate change from 1961 to 2016. At the locations where specific observations 
exist for the common period, the trends in mean air temperature, precipitation amounts and wind gust as 
well as in the corresponding indices of extremes will be performed. Additionally, annual maxima of short-
term precipitation amounts will be analysed by means of the extreme value theory. Oceanographic 
ǾŀǊƛŀōƭŜǎΩ ǘǊŜƴŘǎ όǎŜŀ ƭŜǾŜƭΣ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǎŀƭƛƴƛǘȅύ ǿƛƭƭ ōŜ ŀǎǎŜǎǎŜŘ ƻƴ ƳƻƴǘƘƭȅ ƳŜŀƴ ǊŜŀƴŀƭȅǎŜǎ data 
from 1961 to 2016 over the Adriatic basin. Sea temperature, salinity and sea level data from the IOF 
database MEDAS and long-term operating tide gauges will be used for detection of climate change and 
regimes in the same ǇŜǊƛƻŘ ƻǾŜǊ ǘƘŜ ŜŀǎǘŜǊƴ !ŘǊƛŀǘƛŎέΦ 

In addition, Activity 1 deliverables is envisioned to include following elements in the analysis:  

άThis deliverable will provide climate change and climate regime assessments based on existing 
meteorological, climate and oceanographic data over the Adriatic sea and the Adriatic coast. Focus will be 
given to the project case study areas (Veneto coastal aǊŜŀΣ LǎƭŀƴŘ ƻŦ /ǊŜǎΣ wƛǾŜǊ YǊƪŀ ŜǎǘǳŀǊȅΣ 5ǳōǊƻǾŀőƪƻ-
Neretvanska County), and the general overview over the entire Adriatic region will be given. It will provide 
an improved knowledge of sea flooding in the coastal area, and on the statistics of the extreme weather 
and climate events in the recent observational period. The results of this deliverable will be basis for the 
evaluation of the regional climate models for the historical period in Act. 3.2.The climate potential of 
tourism will be analysed by means of climate index for tourism (CIT) for present and future climate. CIT 
integrates thermal, aesthetic and physical facets of atmospheric environment important for different types 
of tourism activities. Also, energy demands for cooling and heating will be considered using specific 
ŎƭƛƳŀǘƻƭƻƎƛŎŀƭ ƛƴŘƛŎŀǘƻǊǎΦέ 

Taking into account planned research activities, the results presented in this deliverable include: 

1. The analysis of the E-OBS 19.0 gridded dataset for the mean annual and seasonal temperature 
(mean, maximum, minimum) and total precipitation amount and corresponding linear trends.  

2. For the location of the selected cities along the Croatian and Italian coast, the time-series of the 
mean annual maximum and minimum temperature and annual number of summer days (days 
when maximum daily temperature > 25 °C) and annual number of tropical nights (days when 
minimum daily temperature >20 °C) based on the local observations (where available) and 
extracted and estimated from the E-OBS 19.0 dataset. 

3. Similarly as for the previous point but for the annual number of wet days (days when total daily 
ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww җ м ƳƳύΣ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ƘŜŀǾȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ Řŀȅǎ όŘŀȅǎ ǿƘŜƴ ǘƻǘŀƭ Řŀƛƭȅ 
ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww җ нл ƳƳύΣ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ŎƻƴǎŜŎǳǘƛǾŜ ŘǊȅ Řŀȅǎ ό/55ύ periods (period of at 
ƭŜŀǎǘ р Řŀȅǎ ǿƛǘƘ ǘƻǘŀƭ Řŀƛƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww Җ м ƳƳύ ŀƴŘ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ŎƻƴǎŜŎǳǘƛǾŜ ǿŜǘ Řŀȅǎ 
ό/²5ύ ǇŜǊƛƻŘǎ όǇŜǊƛƻŘ ƻŦ ŀǘ ƭŜŀǎǘ р Řŀȅǎ ǿƛǘƘ ǘƻǘŀƭ Řŀƛƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww җ м ƳƳύ ŀƴŘ ƳŜŀƴ ŀƴƴǳŀƭ 
precipitation amount. 
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4. The analysis of the extreme precipitation amounts for the selected return periods (based on the 
E-OBS 19.0 dataset (Cornes et al., 2018)), heating and cooling degree days (also based on the E-
OBS 19.0 dataset), Climate Index for Tourism (CIT; based on the ERA5 reanalysis (C3S, 2017)) and 
10-m wind speed (based on the ERA5 reanalysis) for the locations from the focus areas of the 
RESPONSe project (Italy: Lignano Sabiaddoro, Montermarciano and Brindisi; Croatia: Cres, 
~ƛōŜƴƛƪΣ 5ǳōǊƻǾƴƛƪύΦ 

5. Analysis of the ocean data available over the region, including several locations with the high-
quality long term observations of the sea surface temperature, sea level height and sea 
temperature & salinity through the Adriatic transect and available through the IZOR MEDAS 
database. 

Results presented in this deliverables should be considered indicative and as a demonstration of possible 
harmonized analysis of the atmospheric and oceanographic variables over the Adriatic region. For the 
specific locations more specific analysis may be performed using the same data source. Also, the approach 
was to use latest versions of the most relevant datasets in the climate community (E-OBS 19.0 gridded 
dataset and ECMWF/Copernicus ERA5 reanalysis) when no local observations were present or were 
present in a limited frequency or time span. It is also important to stress the limitations of the E-OBS and 
similar products. Their quality depends on the underlying station density used in the product preparation, 
and the limits in the interpolation algorithms. The values from the E-OBS dataset also represent mean 
values over its grid (approximately, 12.5 km x 12.5 km in the E-OBS 19.0), which leads to e.g. precipitation 
underestimation in E-OBS when compared to actual extreme precipitation events observed at the local 
stations (when available). 

Finally, the performed analysis was done in a harmonized approach for all locations considered, and 
provides joint overview of the status of the several relevant meteorological and oceanographic quantities 
along the Adriatic. This deliverable coming from the Activity 1 in the WP3 will be basis for the next steps 
in the same working package of the RESPONSe project. 
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Results and discussion 

1 Temperature and precipitation: mean climate over Adriatic region 

This subsection provides spatial maps of mean annual temperatures and precipitation amount (Fig. 1.1), 
and seasonal means of the same quantities (Fig. 1.2. to 1.5.). It summarizes the main climate 
characteristics over the broader Adriatic region estimated from the E-OBS (version 19.0; Cornes et al. 
2018) gridded dataset. 

 

Figure 1.1: Mean annual daily mean temperature (TG; units: °C), daily minimum temperature (TX; units: °C), daily 
maximum temperature (TX; units: °C) and mean annual total precipitation amount (RR; units: mm). Data source: 
E-OBS, data period: 1961-2018. 
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Figure 1.2: Mean seasonal daily mean temperature (TG; units: °C). First row winter (DJF) and spring (MAM); second 
row: summer (JJA) and autumn (SON). Data source: E-OBS, data period: 1961-2018. 
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Figure 1.3: Mean seasonal daily minimum temperature (TN; units: °C). First row winter (DJF) and spring (MAM); 
second row: summer (JJA) and autumn (SON). Data source: E-OBS, data period: 1961-2018. 
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Figure 1.4: Mean seasonal daily maximum temperature (TX; units: °C). First row winter (DJF) and spring (MAM); 
second row: summer (JJA) and autumn (SON). Data source: E-OBS, data period: 1961-2018. 
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Figure 1.5: Mean seasonal total precipitation amounts (RR; units: mm). First row winter (DJF) and spring (MAM); 
second row: summer (JJA) and autumn (SON). Data source: E-OBS, data period: 1961-2018. 
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2 Temperature and precipitation: linear trends over the Adriatic 
region 

This subsection provides spatial maps of linear trends of the mean annual and seasonal temperatures and 
precipitation amount (Fig. 2.1 to 2.4) based on the E-OBS v19.0 dataset (Cornes et al., 2018), for the period 
1961 ς 2018. While temperature trends based on the annual and seasonal means of daily mean, minimum 
and maximum temperatures are positive and statistically significant over most of the region and in all 
seasons, the linear trends in terms of the precipitation amounts show large variability in terms of the sign 
(both positive and negative trends are documented), amplitude and are rarely statistically significant. 

 
Figure 2.1: Linear trends in the mean seasonal and annual daily mean temperature (TG; units: °C/10 years). First 

row: First row: winter (DJF) and spring (MAM); second row: summer (JJA) and autumn (SON); third row: year. 
Dotted: statistically significant trends according to the Mann-Kendall significance test at the h=0.05. Data source: 
E-OBS, data period: 1961-2018. 
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Figure 2.2: Linear trends in the mean seasonal and annual daily minimum temperature (TN; units: °C/10 years). First 
row: First row: winter (DJF) and spring (MAM); second row: summer (JJA) and autumn (SON); third row: year. 
Dotted: statistically significant trends according to the Mann-Kendall significance test at the h =0.05. Data source: 
E-OBS, data period: 1961-2018.  
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Figure 2.3: Linear trends in the mean seasonal and annual daily maximum temperature (TX; units: °C/10 years). First 
row: First row: winter (DJF) and spring (MAM); second row: summer (JJA) and autumn (SON); third row: year. 
Dotted: statistically significant trends according to the Mann-Kendall significance test at the h =0.05. Data source: 
E-OBS, data period: 1961-2018. 
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Figure 2.4: Linear trends in the mean seasonal and annual total precipitation amounts (RR; units: mm/10 years). First 
row: First row: winter (DJF) and spring (MAM); second row: summer (JJA) and autumn (SON); third row: year. 
Dotted: statistically significant trends according to the Mann-Kendall significance test at the h =0.05. Data source: 
E-OBS, data period: 1961-2018. 
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Figure 2.5: Linear trends (relative with respect to the mean values during the 1961-1990 period) in the mean 
seasonal and annual total precipitation amounts (RR; units: %/10 years). First row: First row: winter (DJF) and 
spring (MAM); second row: summer (JJA) and autumn (SON); third row: year. Dotted: statistically significant 
trends according to the Mann-Kendall significance test at the h =0.05. Data source: E-OBS, data period: 1961-
2018. 
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3 Temperature and precipitation: annual time-series over the 
selected locations 

In this subsection, time-series of several relevant climate variables and indices are presented and 
summarized. Two types of climate information are considered: (1) local observations and (2) estimates 
based for the same locations extracted from the E-OBS v19.0 dataset (Cornes et al., 2018). Although local 
observations are considered as the primary source of the climate information, due to the gaps in the time-
series, we estimate the share of the missing year (here rather strict approach is performed: if there is any 
missing value for specific year, the whole years is removed from the subsequent graphical presentation 
and marked as missing data), the Pearson correlation coefficient between two time-series for each 
location and the estimation the linear trends based on the E-OBS time-series (also with the provision of 
the information related to the statistical significance).  

Results are presented for 

(1) Three Croatian stations in Figs 3.1 and 3.2. 
(2) Four stations from the Friuli-Venezia-Giulia region in Figs. 3.3 and 3.4. 
(3) Six stations from the Veneto region in Figs. 3.5 and 3.6. 
(4) Five stations from the Emilia-Romagna region in Figs. 3.7 and 3.8. 
(5) Three stations from the Marche region in Figs. 3.9 and 3.10. 
(6) Four stations from the Abruzzo region in Figs. 3.11 and 3.12. 
(7) Five stations from the Puglia region in Figs. 3.13 and 3.14. 

In summary, majority of the temperature related variables and indices shows rising and statistically 
significant changes, while changes in precipitation related variables and indices are more local specific. In 
some cases the time-series based on local observations and E-OBS v19.0 are shifted one from another, 
but even in these cases linear correlation coefficient is positive and high. 
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Figure 3.1 First column: time-series of the mean annual daily maximum temperature (TX; units: °C) and mean annual 
daily minimum temperature (TN; units: °C). Second column: annual number of summer days (days when TX>25 
°C) and annual number of tropical nights (days when TN>20 °C). Stations: selected three locations along the 
Croatian coast. Time period considered: 1961-2018. Data source: E-OBS (in blue) and local station data (in red). 
Additional information: the share of the missing years (for simplicity the missing year is defined if at least one 
daily observation is missing) in the local data (in red), the linear correlation coefficient between E-OBS and local 
station data (in magenta), linear trend from the E-OBS based time-series (with the results of the Mann Kendall 
significance test at the h =0.05; in blue). Separate graphs for each location are available in Supplemental material 
to this deliverable. 
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Figure 3.2 First row: time-ǎŜǊƛŜǎ ƻŦ ǘƘŜ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ǿŜǘ Řŀȅǎ όŘŀȅǎ ǿƘŜƴ ǘƻǘŀƭ Řŀƛƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww җ м ƳƳύ 
ŀƴŘ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ƘŜŀǾȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ Řŀȅǎ όŘŀȅǎ ǿƘŜƴ ǘƻǘŀƭ Řŀƛƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww җ нл ƳƳύΦ {ŜŎƻƴŘ ǊƻǿΥ 
annual number of consecutive dry days (CDD) periods (period of at least 5 days with total daily precipitation RR 
Җ м ƳƳύ ŀƴŘ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ŎƻƴǎŜŎǳǘƛǾŜ ǿŜǘ Řŀȅǎ ό/²5ύ ǇŜǊƛƻŘǎ όǇŜǊƛƻŘ ƻŦ ŀǘ ƭŜŀǎǘ р Řŀȅǎ ǿƛǘƘ ǘƻǘŀƭ Řŀƛƭȅ 
ǇǊŜŎƛǇƛǘŀǘƛƻƴ ww җ м ƳƳύΦ ¢ƘƛǊŘ ǊƻǿΥ ǘƛƳŜ-series of the total annual precipitation amounts (RR; units: mm/day). 
Stations: selected three locations along the Croatian coast. Time period considered: 1961-2018. Data source: E-
OBS (in blue) and local station data (in red). Additional information: the share of the missing years (for simplicity 
the missing year is defined if at least one daily observation is missing) in the local data (in red), the linear 
correlation coefficient between E-OBS and local station data (in magenta), linear trend from the E-OBS based 
time-series (with the results of the Mann Kendall significance test at the h =0.05; in blue). Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.3 Same as Fig. 3.1 but for the selected three locations from the Italian region Friuli-Venezia-Giulia. 
Separate graphs for each location are available in Supplemental material to this deliverable. 
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Figure 3.4 Same as Fig. 3.2 but for the selected three locations from the Italian region Friuli-Venezia-Giulia. 
Separate graphs for each location are available in Supplemental material to this deliverable. 
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Figure 3.5 Same as Fig. 3.1 but for the selected six locations from the Italian region Veneto. Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.6 Same as Fig. 3.2 but for the selected six locations from the Italian region Veneto. Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.7 Same as Fig. 3.1 but for the selected five locations from the Italian region Emilia-Romagna. Separate 
graphs for each location are available in Supplemental material to this deliverable. 
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Figure 3.8 Same as Fig. 3.2 but for the selected five locations from the Italian region Emilia-Romagna. Separate 
graphs for each location are available in Supplemental material to this deliverable. 
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Figure 3.9 Same as Fig. 3.1 but for the selected two locations from the Italian region Marche. Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.10 Same as Fig. 3.1 but for the selected two locations from the Italian region Marche. Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.11 Same as Fig. 3.1 but for the selected four locations from the Italian region Abruzzo. Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.12 Same as Fig. 3.2 but for the selected four locations from the Italian region Abruzzo. Separate graphs for 
each location are available in Supplemental material to this deliverable. 
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Figure 3.13 Same as Fig. 3.1 but for the selected location from the Italian region Puglia. Separate graphs for each 
location are available in Supplemental material to this deliverable. 
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Figure 3.14 Same as Fig. 3.2 but for the selected location from the Italian region Puglia. 
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4 Examples of user targeted climate analysis 

CLIMATE INDEX FOR TOURISM  

Adriatic area is very popular destination for holidays. As holidays and tourism are strongly modulated by 
weather and climate, climate index for tourism (CIT) was used to see what is the potential for different 
types of tourism at several destination along Adriatic coast. 

Climate index for tourism was originally designed to rate the climate resource of beach tourism (so called 
3S - sea, sand and sun tourism), De Freitas et al. (2009). It assesses daily weather asset by merging its 
thermal (T), aesthetic (A) and physical (P) facets. Bafaluy et al. (2014) modified the original 3S weather 
typology matrix to specifically rate different kinds of tourism, such as biking, hiking, golf, football, motor 
boating, sailing and cultural tourism. 

CIT expresses the integrated body-atmosphere energy balance as a thermal sensation, taking into account 
physical activity and clothing insulation. Thermal component (T) in this report is calculated by using 
physiologically equivalent temperature PET (Höppe, 1999, Matzarakis et al. 1999). Calculation was done 
by RayMan model (Matzarakis et al. 1999) and meteorological variables temperature at 2 m, relative 
humidity, wind speed and cloudiness were used. As CIT do not rely only on thermal aspects, cloudiness as 
aesthetical and wind and precipitation as physical facets were used. CIT was calculated for two different 
parts of day, in the morning 7 am (i.e., 7 UTC) and early afternoon 2 pm (i.e., 14 UTC) for 30 year period 
1981-2010, with the data obtained from ERA5 (C3S, 2017). CIT results can range from very poor tourism 
conditions (1 - unacceptable) to very good (7 - optimal) and to simplify discussion following categories are 
used: CIT= 1,2,3: unacceptable; CIT=4,5: acceptable and CIT=6,7 ideal conditions, respectively. 

Conditions for different types of tourism differ during year as well as during the day. We provide CIT 
estimates for the following locations: 

(1) Lignano (IT) in Fig. 4.1.1. 
(2) Montemarciano (IT) in Fig. 4.1.2. 
(3) Brindisi (IT) in Fig. 4.1.3. 
(4) Cres (HR) in Fig. 4.1.4. 
(5) ~ƛōŜƴƛƪ όIwύ in Fig. 4.1.5. 
(6) Dubrovnik (HR) in Fig. 4.1.6. 

At 7 am 3S tourism has completely unacceptable conditions in cold part of the year (from November to 
March). In April and October acceptable conditions start to occur but with a probability of less than 20 %. 
Ideal conditions are present between May and September with the highest probability in July (they 
increase from north to the south at both sides of Adriatic and reach 58 % in Dubrovnik). During a day, at 
2 pm, ideal conditions at some locations start already in April and they last till October. The highest 
probability of ideal conditions for 3S tourism is in July and August and can reach 71 % in Montemarciano. 
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Biking, hiking, golf, football and cultural tourism have similar distribution of categories. Unfavourable 
conditions in the cold part of the year prevail in the morning from November to February. Ideal conditions 
are present from April till October, with a very high probability greater than 80 % in July and August for 
all types except for golf. At 2 pm, the distribution of ideal conditions have a bimodal shape. Ideal 
conditions are slightly better in May and June and also in September and October in comparison with the 
warmest months (July and August). 

The conditions for motor boating and sailing are very similar. Completely unacceptable conditions prevail 
for both types of activities from November to March at almost all locations at 7 am, whereas at 2 pm small 
probability of acceptable conditions is present in the same period. From May to September, during 
afternoon ideal conditions for motor boating and sailing are dominant. 

It is noteworthy to observe that the results obtained with ERA5 are not always consistent with conditions 
encountered in real experience. For example, the real conditions found in Southern Italy at 2 pm are not 
suitable for playing football, especially in July and August. Such a difference could be ascribed to the 
limitations of ERA5 and similar products, already previously pointed out in this document.  

 
Figure 4.1.1 Mean monthly frequency of conditions for specific tourism activity based on the Climate Index for 

Tourism for location of Lignano, based on the ERA5 reanalysis for the period 1981-2010, estimated at 7:00 and 
14:00 UTC. 



 
 
 
 
 
 
 
 
 

32 
 

 
Figure 4.1.2 Mean monthly frequency of conditions for specific tourism activity based on the Climate Index for 

Tourism for location of Montemarciano, based on the ERA5 reanalysis for the period 1981-2010, estimated at 
7:00 and 14:00 UTC. 
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Figure 4.1.3 Mean monthly frequency of conditions for specific tourism activity based on the Climate Index for 

Tourism for location of Brindisi, based on the ERA5 reanalysis for the period 1981-2010, estimated at 7:00 and 
14:00 UTC. 

 






































































