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Abstract In the framework of international project CC-WateSr
1
, Blato 

catchment on the island of Korcula at middle Croatian Adriatic coast is selected as 

karstic aquifer test bed. Air temperature and precipitation are analysed as basic 

input parameters used in hydrological calculations for water supply estimates. 

Analyses of present climate (1961-1990) contain intra-annual variability and 

extremes and their temporal variations during 1951-2009 period on monthly, 

seasonal and annual scale for stations within the catchment.  

In the second part, climate is analysed in simulations of three regional climate 

models. Comparison of simulations of present climate with these three models, 

local observations on stations from DHMZ network and time series from E-OBS 

database points to a need for bias correction. In this sense, statistical bias 

correction has been applied to all model simulations when compared to E-OBS 

values. Since there are differences present between E-OBS and local observations, 

further simple adjustment is developed. Climate change definied as a difference 

between future climate (2021-2050 and 2071-2100) and present climate (1961-

1990) in all three models points towards temperature increase. On the other hand, 

trend in precipitation amount points to higher variability in sense of sign and 

amount of change which also depends on model and season. 

1 Introduction 

The observed global and regional warming (IPCC 2007) is also present along 

the eastern Adriatic coast (Brankovic et al. 2013), which shows a tendency 

towards drier conditions that is a common feature for the broader European part of 

the Mediterranean. The fact that precipitation change is highly variable regionally 

increased the need for more accurate regional and local precipitation change 

analysis to improve the analysis of impacts. The results of analyses in air 

temperature and precipitation variability and trend in present and future climates 

within CC-WaterS project is aimed to be the input meteorological data for 

hydrological calculations of water balance needed for estimates and projections of 

water supply at three test locations at the eastern Adriatic coast. 

The climate of the observed catchment Blato on the island of Korcula is 

determined by the mid-latitude circulation dominantly modified by the sea, and 

the high orography of the Dinaric Alps and to a lesser extent by its elevation, relief 

configuration, soil type, etc. It is under the influence of the subtropical high 
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pressure zone during summer, which brings dry and warm weather. During cold 

part of the year the area is within the zone of the main western winds of moderate 

latitudes, where the exchange of cyclones and anticyclones is present. The sea 

with its large thermal capacity moderates air temperature extremes, cooling effect 

in summer and decreasing cold in winter. 

2 Data and Methodology 

The local climate conditions are described by the Vela Luka data from the 

reference period 1961-1990. Seasonality is described in terms of annual cycle of 

the mean monthly values, and their interannual variability by standard deviations 

for air temperature and coefficient of variation for precipitation. Extremes in 

annual and seasonal averages are discussed after their percentiles calculated from 

the empirical cumulative distribution function (CDF). 

Linear trends have been estimated for the annual and seasonal data series in 

the period 1951-2009. They have been tested for significance by the non-

parametric Mann-Kendall rank test (Mitchell et al. 1966). For the series showing 

the significant trend, a progressive analysis of the time series was performed in 

order to determine the beginning of this phenomenon (Sneyers, 1990).The short-

term fluctuations were eliminated by the weighted 11-year binomial moving 

average filter (Böhm et al. 2001). 

Present and future climate simulations using three limited area models are 

analyzed. The models are Aladin (Bubnova et al. 1995), Promes (Castro et al. 

1993) and RegCM3 (Pal et al. 2007). For 2m temperature and precipitation, time 

series for each model were considered and for present climate they are compared 

with local observations and with the E-OBS data (Haylock et al. 2008). There are 

three types of model data in this framework: 1) regional climate model (RCM) 

output: regridded to E-OBS grid (Jones 1999); 2) RCMcorr: bias corrected model 

output by E-OBS data (Déqué 2007, Formayer and Haas 2010); 3) RCMcorr_adj: 

further adjusted model time-series due to differences between E-OBS data and 

local observations. 

3 Results 

3.1 Air temperature and precipitation 1961-1990 

Mean annual air temperature cycle at Vela Luka area has maritime 

characteristics with the warmer autumn than spring and the difference is on 

average 2,4 °C. The winters (DJF) are mild with average air temperature of 8,2 °C 
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and the summers (JJA) are moderate (23,3 °C). On average, the warmest month is 

July (24,4 °C) and August is next to it (23,8 °C). The coldest month is January 

(6,7 °C), but in particular years it is February or rarely December. According to 

the standard deviation values of the mean monthly air temperatures, interannual 

variability is low (0,8 °C to 1,5 °C) due to the strong influence of the sea. July is 

the least likely to change its thermal character and November is the most unstable 

month. In the annual percentile cycle, the differences between the mean daily air 

temperatures of percentiles 98 and 2 are the greatest in November (5,6 °C) and 

February (5,4 °C) and the smallest differences occur in July (2,7 °C). 

The island of Korcula has the maritime type of annual cycle with the lowest 

precipitation amounts occurring during the warm half- year (April to September). 

In JJA it falls only 13% of annual precipitation, and the monthly minimum 

appears in July (23 mm). The cold half-year (October to March) receives 68% of 

the annual total with monthly maximum in November (110 mm). Certain years 

can experience a significant deviation in monthly amounts from the average 

precipitation conditions. There are years when months with normally abundant 

precipitation in autumn and winter, have amounts less than 10 mm. In summer 

months it can occure that very poor or no rain falls, or on the other hand that 

average monthly amount is exceeded more times. Coefficient of variation 

indicates these high interannual variations in mean monthly precipitations, which 

are higher than 61%.  

In Vela Luka the values of monthly precipitation percentiles and their 

deviation from median show high values especially from October to March. 

Monthly precipitation amounts which will be exceeded once in 50 years 

(percentile 98) show the greatest deviation from median in January (209 mm). The 

highest values of seasonal precipitation percentiles have winter and autumn. Their 

differences decrease for higher percentile values. Annual precipitation amounts of 

over 1078 mm can be expected once in ten years, and annual precipitation 

amounts of over 1154 mm once in 50 years.  

Extremely dry seasons can be supposed to be those with precipitation 

amounts lower than percentile 2. Their annual course follows those of mean 

precipitation, having the lowest percentile 2 value in summer (33 mm) and the 

highest one in autumn (121 mm). Extremely dry months are expected to be with 

precipitation amounts less than 11 mm (percentile 2) for all months except 

November for which percentile 2 value amounts 37 mm. In July, August and 

October there may be no precipitation. 

 According to the earlier study on the climatic conditions in the Adriatic river 

basins including average regime of water balance components (Zaninovic and 

Gajic-Capka 2005), the area of middle Adriatic islands suffers from the permanent 

shortage of water. Precipitation deficit is high and longlasting, from April to 

October. The runoff appears only occasionally in the years with exceptional rainy 

events in winter months. On average only about 5% of annual precipitation runs 

off only during the cold part of the year (November to March). 

 Precipitation spatial distribution is strongly modified by orography. 

According to mean annual isohyetal map for Croatia (1961-1990) (Zaninovic et al. 
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2008) the lowest amounts of 700 to 900 mm fall at the western part of the island 

of Korcula, the most part has 900-1250 mm at up to 400 m asl and on the hilly 

summits annual precipitation could be 1250-1500 mm. 

3.2 Trends in temperature and precipitation 1951-2009 

During the period 1951-2009 mean annual temperature anomalies in 1950s and 

1960s are mainly positive, during the next two dacades they show large 

interannual variability and according to the moving average series negative 

departures from 1961-1990 prevail. Since the mid 1990s warm period is present. 

Such fluctuations resulted with no trend in the observed 59-year period. Within 

recent shorter periods by the end of the first decade of the 21st century, air 

temperature trend is amplified, what is in accordance with the observed regional 

and global warming. Annual air temperature tendencies show an increase of 0,3 

°C/10yrs for 49-year period (1961-2009), 0,4 °C/10yrs for 39-year period (1971-

2009) and 0,5 °C/10yrs for 29-year period (1981-2009). The last two trends are 

statistically significant. The consequence of such temperature fluctuations is that, 

out of ten warmest years since the middle of the 20
th

 century, 5 of them were 

recorded before 1961 and 4 of them in the first decade of the21st century. 

Interannual variability is large in all mean seasonal air temperature. Despite 

that, their trends are statistically significant, but they are not in the same direction. 

Winter (DJF) and autumn (SON) mean air temperatures show decreasing 

tendency, and opposite to this, mean spring (MAM) and summer (JJA) air 

temperatures have negative trends. The progressive trend test indicates at the 

beginning of these trends. Negative trend begins in 1973, becoming significant in 

1990 for winter (DJF), and for autumn in 1973, statistically significant since 1990. 

Positive trend begins for spring in 2006 becoming significant at the end of the 

observed period in 2009, and for summer in 1998, significant since 2007. 

During the period 1951-2009 there is a decreasing tendency of annual 

precipitation over the island of Korcula. The contribution to the decrease in the 

annual totals mainly comes from the declining winter precipitation totals, as well 

as in the minor extent from decreasing autumn amounts. The progressive trend test 

for annual amounts indicates at the beginning of the negative trend in 1982, 

becoming significant in 1997, and for winter negative trend begins also in 1982, 

but significant in 1991. 

3.3 Simulations of regional climate models 

Fig. 3 shows comparison of RCMcorr with local observations and E-OBS 

data. The time period considered is 1951-2000 for both corrected model results 

and observations. E-OBS and model data are for the point (φ = 43°22'30'' N, λ = 
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16°37'30'' E) that is located approximately 50 km to the north from the 

meteorological station Vela Luka, because of the finite EOBS spatial resolution 

and data availability. In terms of annual cycle (Fig. 3. a and b) there is an almost 

exact match between all the graphs for temperature annual cycle. For precipitation 

annual cycle, there is an overlapping from May to August, but in other months 

EOBS and RCMcorr underestimate local observations. In terms of variability (Fig. 

3. c and d), all datasets show generally similar behaviour. Although standard 

deviation of local precipitation seems to be higher than that of the other data, for 

coefficient of variation there is a better agreement among all datasets.  

For extreme values, models behave in similar way. Promes and Aladin are 

approaching closely to the maximum precipitation amounts in local 

observations.Temperature trends are statistically significant for all time series 

except EOBS. This is an example when the corrected model output RCMcorr is 

closer to local observations rather than to EOBS. The changes in precipitation 

amounts in local observations in the last 20 years make the trend statistically 

significant according to Mann-Kendall test at the 5% level. For this test bed, the 

EOBS and RCMcorr temperatures are comparable to local observations, but no 

similarity was found for precipitation. This discrepancy entails a requirement of 

further adjustment to the available model data.  

Adjustment differences are applied to RCMcorr time series in order to create 

RCMcorr_adj. For each month, they represent the mean difference between each 

model and local observation during 1961-1990. This is not a standardized 

adjustment procedure and it is based on the recommendations made during the 

CC-WaterS TW3.3. The amplitude of adjustment differences are comparable 

among different models. The sign of the temperature adjustment differences is 

variable. Precipitation differences are smallest (close to zero) for the interval May 

to August, but otherwise negative differences prevail. After applying adjustment, 

temperature annual cycle is almost unaffected. However, for precipitation annual 

cycle of the models considered, a shift towards local observations can be seen.  

 

 
Figure 1. The Blato catchment: annual cycle a) mean monthly temperature, b) monthly 

precipitation amount; standard deviation c) mean monthly temperature, d) monthly precipitation 

amount (full lines) and coefficient of variation (dashed lines); time series e) mean annual 

temperature, f) annual precipitation amount; CDFs g) mean annual temperature, h) annual 

precipitation amount. Model time series are RCMcorr. 
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Variability of both temperature and precipitation is not changed. After 

adjustment, there are no important changes for time series of mean annual 

temperature and there are improvements in case of precipitation. For maximum 

precipitation amounts a somewhat higher improvement can be seen when 

compared to that in minimum precipitation amounts. 

The simulations of future climate are done under IPCC SRES A1B scenario 

(Nakicenovic et al, 2000). For Promes model data were available for 100 years 

only. Trends for RegCM3 and Aladin data are calculated from 150 years time 

series and for Promes from 100 years. The changes in temperature means between 

different periods (P1 minus P0, P2 minus P0) and temperature trends for all time 

series are statistically significant. However, changes in precipitation amounts and 

trends are more variable than for temperature and even differ in the sign. On the 

annual time scale there is a large negative, statistically significant, trend simulated 

by Aladin. 

4 Conclusions 

The combined influence of observed meteorological parameters, air 

temperature and precipitation, effects water balance components. The detected 

increase in air temperature in warm season causes an increase in 

evapotranspiration. Together with a decreasing tendency in precipitation, the 

precipitation deficit is expected to become larger in the warm season. In the cold 

part of the year runoff and the filling of aquifers could be reduced due to negative 

precipitation trend. 

The analysis for this test bed show that local observations and EOBS follow 

each other closely. The largest differences in precipitation are during winter and 

autumn. The annual precipitation curves of standard deviation and CDF indicate 

that local precipitation is more variable than EOBS precipitation. 

Comparison of raw (uncorrected) model results (RCM) with local 

observations and EOBS data for the time period 1951-2000 indicates for annual 

cycles of temperature and precipitation a spread among models. The Aladin time 

series follows the annual cycle and monthly standard deviations of local observed 

precipitation closely. For annual means of temperature and its CDF, all models are 

clearly separated from EOBS and local observations. 

In the period P1, Promes has the highest temperature increase when 

compared to the reference period P0. By the end of the 21 st century, Aladin and 

RegCM3 have similar amplitude of the changes in temperature means. On annual 

time scales, changes in precipitation in P1 with respect to P0 are not to be 

expected. However, according to the Aladin model, a decrease in precipitation 

amount becomes important when comparing P2 and P0. 
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