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ABSTRACT. This paper deals with the parallel analysis of monthly precipitation series
and drought indices in Croatia for the 1951-2010 period. The monthly precipitation
amounts for the nine meteorological stations that are representing the majority of climate
types in Croatia were used. In order to determine the precipitation variability features and
the drought occurrence frequency, the analysis was conducted over four 30-year periods
(1951-1980, 1961-1990, 1971-2000 and 1981-2010). As a measure of drought, the
Standardized Precipitation Index (SPI) and the Rainfall Anomaly Index (RAI) were used.
The precipitation amount decrease and the variability increase were determined for many
of the analysed stations, but there are significant regional and seasonal differences. Using
RAI and SPI6 several drought episodes in the research period were determined. The
drought occurrence in the warm part of the year (April to September) that corresponds to
the vegetation period in Croatia was analysed.
Keywords: drought, precipitation variability, drought indices, Croatia

1. INTRODUCTION
Drought is a natural phenomenon that has major ecological, economic, social and
political impact and can occur in almost all climatic zones. Although the economic
impact of drought on agriculture is most often analysed, it has many other social
impacts. There are many types of droughts, due to their origin - meteorological,
agricultural, hydrological, ground-water, stream-flow and socio-economic drought
(Lloyd-Hughes and Saunders, 2002; Espinosa, 2019). The meteorological drought,
that is caused by precipitation deficiency over some prolonged period (Martins et al,
2012; Potop et al., 2014; Salehnia et al, 2017), will be analysed in this paper. In Europe,
the drought is a usual phenomenon in the southern (Mediterranean area) and
southeastern part of the continent, but there were droughts in 1989, 1991 and 2003 that
had impacted all the areas of Europe (Blenkinsop and Fowler, 2007; Tadić et al, 2015).
In the Mediterranean area drought is most often in the warm part of the year, due to
precipitation amount minimum in the summer months. On the Croatian coast, it is
usually July. There have been many papers that deal with the occurrence of the drought
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in the Mediterranean area (Bordi et al., 2001; Blenkinsop and Fowler, 2007; Livada
and Assimakopoulos, 2007; Martins et al., 2012; Potop et al., 2014). In several studies,
the relationship between precipitation variability and drought occurrence were
analysed (Martins et al., 2012; Liu et al., 2017; Ayanlade et al., 2018). In many of these
studies, the decrease of precipitation is connected to the irregularities in hydrological
regimes and consequently, the affected areas become more prone to droughts.
In Croatia drought has been addressed as a part of the climate change issue, as
well as a natural risk. Drought can occur in any part of Croatia, but it often occurs in
the southern part of the coastal region of Croatia and the eastern part of the country.
As the eastern part of the country is mainly an agricultural area, this can have a major
impact on the part of the economy that is related to the agriculture (Perčec Tadić et
al., 2014; Ljubenkov and Cindrić Kalin, 2016). Tourism is developing in the coastal
part of the country, so the impact of drought on the overall economy is not that
significant. Due to an impact on the economy, there are papers dealing with the
drought analyses in Croatia. The main objects of the scientific interest are extreme
drought episodes as well as drought-prone areas (Cindrić, et al, 2010; Cindrić et al.,
2016; Ljubenkov and Bonacci, 2011). Most of studies that deals with the drought are
based on meteorological indicators of dry periods analyses and mostly used drought
indices in the studies are Standardized Precipitation Index, Aridity Index, Palmer
drought index (Cindrić and Kalin, 2012; Cindrić et al., 2010; Cindrić et al., 2016;
Gajić-Čapka and Cindrić, 2011; Gajić-Čapka et al., 2015; Perčec Tadić et al., 2014).
Several researches deal with drought analyses of regions that are most vulnerable to
the drought – eastern (Mihajlović, 2006; Tadić et al., 2015) and southern (Juras, and
Cindrić, 2009; Ljubenkov and Bonacci, 2011; Ljubenkov and Cindrić Kalin, 2016)
part of Croatia. Just a few papers deal with hydrological indicators of drought
(Ljubenkov and Cindrić Kalin, 2016).
The aim of this paper is to analyse monthly precipitation series and drought
indices in Croatia for the 1951-2010 period. To determine the precipitation
variability features and the drought occurrence frequency, the analysis was
conducted over four 30-year periods (1951-1980, 1961-1990, 1971-2000 and 19812010). The SPI6 were also analysed as this is the recommended timescale for
agriculture drought and it may be related to the lack of precipitation affecting the
water level in rivers and lakes. Most attention is dedicated to the drought occurrence
in the warm part of the year (April to September) that corresponds to the vegetation
period. The analyses will also be conducted both for the months with high
precipitation variability values and for months with a significant increase in
precipitation variability.

2. DATA AND METHODS
2.1. Data used
Monthly precipitation amounts for the nine meteorological and climatological
stations for the 1951-2010 period were used to analyse precipitation variability and
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the occurrence of the drought (Table 1). Data were obtained from the Meteorological
and Hydrological Service in Zagreb, Croatia.
Table 1. Geographical coordinates of the nine meteorological and climatological
stations used in the study
station
Hvar
Ogulin
Osijek
Rovinj
Slavonski Brod
Split-Marjan
Varaždin
Zadar
Zagreb-Maksimir

latitude (N)
43° 10' 16''
45° 15' 46''
45°34'
45°06'
45° 9' 33''
43° 30' 30''
46° 16' 58''
44° 7' 48''
45° 49' 19''

longitude (E)
16° 26' 13''
15° 13' 20''
18°40'
13°38'
17° 59' 43''
16° 25' 35''
16° 21' 50''
15° 12' 21''
16° 2' 1''

altitude (m)
20
328
84
20
88
122
167
5
123

Stations are selected in such a way that they are placed equally over Croatia and
represent the majority of climate types that occur in Croatia (Fig. 1). According to the
Köppen climate classification, the dry season occurs only in the southern coastal part
of Croatia. Mediterranean climates (Cs) that are present in that part of the country have
dry summers, so there is a high probability of the drought in the summer months.

Fig. 1. Meteorological and climatological stations used in the study and the Köppen
climate types in Croatia (source: Šegota and Filipčić, 2003).
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There are two types of annual precipitation course – maritime and continental –
and both are present in Croatia. The Osijek, Slavonski Brod, Varaždin and ZagrebMaksimir stations have continental, and Hvar, Ogulin, Rovinj, Split-Marjan and
Zadar stations have maritime type of precipitation course. For the stations with
continental precipitation course, the maximum precipitation occurs in a warm part
of the year, between April and September, while for the stations with maritime
precipitation course maximum precipitation occurs in cold part of the year, between
October and March (Fig. 2).

Fig. 2. Annual course of precipitation for analysed stations for 1951-2010 period

2.2. Methods
As a measure of precipitation variability, the coefficient of variation (or relative
standard deviation) is used. It is defined as the ratio of the standard deviation (σ) to
the mean value and it is expressed as a percentage. Coefficient of variation is often
used as a measure of precipitation variability in many studies in Croatia (Šegota,
1969; Gajić-Čapka, 1982; Juras, 1995; Milković, 1998).
To determine the trend of precipitation, a linear trend was calculated for 30-year
periods. The significance of the trend was determined by the Mann-Kendall trend
test, which is mostly used for that purpose.
In order to analyse the drought occurrence, the Standardized Precipitation Index
(SPI) and Rainfall Anomaly Index (RAI) methods were used. The SPI index is
widely used drought index (McKee et al, 1995; Perčec Tadić et al, 2014; Tadić, 2015;
Ljubenkov and Cindrić Kalin, 2016, Salehnia et al., 2017) because it is applicable in
all climate types (Santos et al., 2010). It is based on the probability of occurrence of
a certain deviation from an average amount of precipitation and for a given
timescale. It is calculated using a probability density function of the gamma
distribution as follow:
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where Γ(α) is the gamma function; p (mm) is the amount of precipitation (p > 0); α
is the shape parameter (α > 0); and β is the scale parameter (β > 0).
If the SPI is computed at a timescale of δ-month, the variable to be analysed is
the monthly precipitation, for δ = 1, and the cumulative precipitation in periods of δ
consecutive month, for δ > 1 (Salehnia et al., 2017). In the paper, the SPI6 was
calculated as this is a recommended timescale for agriculture drought (Hayes et al.,
1999) and it can be associated with the lack of precipitation that impacts the water
level in rivers and lakes (Espinosa et al., 2019).
The RAI considers two anomalies, i.e., positive anomaly and negative anomaly.
First, the precipitation data are arranged in descending order. Then ten highest values
are averaged to form a threshold for positive anomaly and ten lowest values are
averaged to form a threshold for negative anomaly. The thresholds are calculated
using the equation (Salehnia et al., 2017):
4, 4
𝑃 = ±3
,
(2)
5, 4

where p is the precipitation amount for each year (mm); 𝑝 is the long-term average
precipitation (mm); and 𝑚 is the average of the ten highest values of p for the positive
anomaly and the average of the ten lowest values of p for the negative anomaly.
SPI and RAI were calculated using the MDM (Meteorological Drought Monitor)
software application developed by AgriMetSoft for calculating meteorological
drought indices.
The SPI and RAI values are categorized corresponding to drought intensity
proposed by McKee et al. (1993) and Salehnia et al. (2017), respectively, and
presented in Table 2. A drought event occurs any time the SPI and RAI are
continuously negative and reaches an intensity of -1 and -1,2 or less, respectively.
Table 2. Drought classification according to SPI and RAI
class
extremely wet
very wet
moderately wet
normal
moderately dry
severely dry
extremely dry

SPI
≥ 2.00
1.50 – 1.99
1.00 – 1.49
0.99 – - 0.99
- 1.00 – - 1.49
- 1.50 – - 1.99
≤ - 2.00

class

RAI

extremely wet

≥ 0.3

moderately wet
normal
moderately dry
severely dry
extremely dry

0.3 – - 0.3
- 0.3 – - 1.2
- 1.2 – - 2.1
- 2.1 – - 3.0
≤ - 3.0

After the SPI is calculated the number of years with the drought events is
calculated for each of four 30-year periods (1951-1980, 1961-1990, 1971-2000 and
1981-2010). Also, a change in precipitation variability was determined for each 30year period to analyse the relationship between precipitation variability and drought
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occurrence change. Since drought is most pronounced in the warm part of the year
and summer, the analyses in this study will focus mainly on that part of the year.

3. RESULTS AND DISCUSSIONS
3.1. Trend analyses
Trend analyses of the precipitation amount changes for the 1951-2010 period
show that most stations have experienced a decrease in precipitation, although there
are significant regional and monthly differences (Table 3). Precipitation amount
decreased in July (statistically significant in Hvar and Rovinj) and increased in
September (statistically significant in Slavonski Brod). Apart from the decrease in
precipitation amount in Varaždin in May, there is no other statistically significant
trend in precipitation change. Since for most of the months in the warm part of the
year, the precipitation amount decreased and there is a greater sensitivity on drought
occurrence in that part of the year, the analyses will focus on that period.
Table 3. Linear trend changes of monthly and annual precipitation amount (mm per
year) for researched stations for 1951-2010 period
I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

YEAR

Hvar

-0.31

-0.40

0.10

0.01

-0.09

0.27

-0.24

0.34

0.03

0.21

-0.11

0.16

-0.02

Ogulin
Osijek
Rovinj
Slavonski
Brod
SplitMarjan

-0.46

-0.31

-0.37

0.02

-0.58

0.12

-0.46

-0.29

0.69

0.07

-0.21

0.39

-1.38

-0.03

-0.36

-0.01

-0.15

-0.12

0.12

-0.24

0.43

0.56

0.29

0.13

-0.22

0.40

-0.29

-0.45

-0.25

0.03

0.04

0.27

-0.70

0.09

0.28

-0.25

0.07

0.11

-1.03

0.21

-0.42

0.08

0.04

-0.23

-0.25

-0.15

0.08

0.70

0.33

0.02

-0.34

0.05

-0.05

-0.12

-0.02

0.05

0.02

-0.02

-0.33

0.00

0.51

0.08

-0.01

-0.53

-0.43

0.59

0.19

-0.44

-0.10

-1.83

0.49

-0.85

-0.42

-0.03

-1.66

0.29

0.35

-0.05

-0.14

-0.86

-0.23
-0.15
0.14
-0.16
-0.75
-0.21
-0.63
-0.08
Varaždin
-0.16
-0.21
-0.24
0.24
0.13
-0.14
-0.29
-0.18
Zadar
Zagreb-0.21
-0.15
0.03
0.00
-0.61
-0.38
-0.40
0.41
Maksimir
Note: bolded values mark the significant trend change at level α = 0,05

3.2. The drought episodes in 1951-2010 period
The drought analysis for the 1951-2010 period using RAI shows that the droughts
occurred during the summer months in the most stations (Fig. 3). Droughts were
most often present only in a part of the country, although the impact of the extreme
and widespread droughts can be detected. In July, significant episodes of the 1989
drought could be observed in all researched stations, and in August the droughts of
1962 and 2000 are even more visible. Although similar drought episodes could have
been determined for almost all months of the year, these months were presented
because then the precipitation minimum and precipitation variability maximum
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occur in most stations in Croatia (Maradin et al., 2014). Although drought can occur
in July and August due to precipitation features, it is interesting to note that there
have been many years with extreme wet events in these months.

Fig. 3. RAI in the July and August for the researched stations for the 1951-2010 period

To compare the reliability of the RAI as a drought indicator, the SPI6 for
September have been determined, because it can be used as an indicator of wetness
in vegetation period from April till September (Fig. 4). SPI6 refers to the
precipitation accumulation period of 6 months that, in this example, ends in
September. This indicator identifies drought episodes that could have a significant
impact on agriculture in the years 1952, 1962, 1992, 2000 and 2003 for most of used
stations. These results are somewhat consistent with the results obtained by the RAI.
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The threshold of the category extremely dry was exceeded only for the Varaždin
station in 1992.

Fig. 4. SPI6 in the September for the researched stations for the 1951-2010 period

3.3. Analysis of the precipitation variability and drought occurrence
The SPI and coefficient of variation for four 30-year periods were calculated to
determine the relationship between precipitation variability and the drought
occurrence. Many studies already establish the fact that the variability of the
precipitation would increase due to current or predicted climate change (O’Gorman
and Schneider, 2009; Martins et al., 2012). In this study, the precipitation variability
increase could be expected as a result of a precipitation amount decrease for most of
the stations. As an average precipitation decrease, the similar absolute changes from
year to year can lead to the higher values of precipitation variability.
The values of precipitation variability show an overall increase for most of the
stations (Tables 4 and 5). This increase is more pronounced for the warm part of the
year than for the annual variability values. Consecutive increase in annual
precipitation variability for 30-year periods is generally determined for the Hvar,
Osijek, Rovinj and Split-Marjan stations, and for the warm part of the year, it is
determined for all the station except Ogulin station. This may be since the decrease
in precipitation has more effect on the variability in stations with a relatively small
amount of precipitation. Therefore, as the Ogulin station has the highest precipitation
amounts of all analysed stations, no increase in precipitation variability for that
station was established. To find the cause for this, further analyses of the factors
affecting precipitation change and variability need to be conducted.
To determine the occurrence of the drought, all the years with the dry conditions
(extremely dry, severely dry and moderately dry events according to the SPI) were
summed for each 30-year period. The total number of months included in the
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analysis in each 30-year period is 360 for annual and 180 for a warm part of the year
analysis (Table 4 and 5). The annual drought occurrence ranges from 41 (11.4% of
the total of 360 months) in Varaždin for the 1951-1980 period to 70 (19.4%) in Hvar
for the 1981-2010 period. The drought occurrence in a warm part of the year ranges
from 17 (9.4% of the total of 180 months) in Varaždin for the 1951-1980 period to
36 (20.0%) for both Hvar and Varaždin for 1981-2010 period. The range is larger
for the warm part of the year as expected, but it is important to note that Varaždin is
the station with the lowest and highest drought occurrence for the warm part of the
year (though for different 30-year periods). This confirms the fact that droughts can
occur in any part of Croatia.
Table 4. Annual values of precipitation variability - VAR (%) and drought occurrence
- DRO for four 30-year periods for analysed stations (N = 360 months)
16.6
17.6

Slavonski
Brod
17.9
14.4

SplitMarjan
14.3
16.4

19.2
23.1

16.0
23.1

15.7
16.4

46
48

49
55

48
47

54
58

54
57

51
58

VAR

Hvar

Ogulin

Osijek

Rovinj

1951-1980
1961-1990

15.8
20.5

15.4
16.1

16.7
15.5

1971-2000
1981-2010
DRO

22.5
23.6

15.8
13.1

1951-1980
1961-1990

46
56

1971-2000
1981-2010

63
70

Varaždin

Zadar

17.0
17.8

19.9
19.5

ZagrebMaksimir
16.6
15.7

20.0
21.2

16.0
15.8

17.0
18.5

15.0
13.3

54
60

49
50

41
44

43
57

50
57

56
53

61
65

54
66

55
66

61
63

Table 5. Values of precipitation variability - VAR (%) and drought occurrence - DRO in
warm part of the year (from April to September) for four 30-year periods for analysed
stations (N = 180 months)
21.3

Slavonski
Brod
21.9

SplitMarjan
29.7

24.0
24.7
35.1

20.1
21.3
24.7

28.6
32.0
34.1

19
22

26
23

27
28

24
29

25
29

26
25

VAR

Hvar

Ogulin

Osijek

Rovinj

1951-1980

29.1

20.8

20.4

1961-1990
1971-2000
1981-2010

39.4
40.7
42.6

21.6
25.1
23.6

19.2
24.1
33.2

DRO
1951-1980
1961-1990

21
22

21
20

1971-2000
1981-2010

28
36

24
27

Varaždin

Zadar

21.6

25.1

ZagrebMaksimir
20.8

21.9
25.7
25.2

28.5
29.0
36.2

19.7
25.7
25.7

27
25

17
21

20
24

26
28

28
30

27
36

20
27

30
32

The values of drought occurrence show that the drought signal is much clearer
than the signal of precipitation variability change (Tables 4 and 5). Most stations
show an increase in the drought for annual values as well as for the warm part of the
year. Even in the stations where the variability decreases, the drought occurrence
increase. The only exception is Slavonski Brod station, where the annual values of
drought events decrease as well as in the warm part of the year. Furthermore, despite
the increase in precipitation variability in the warm part of the year, the number of
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drought decrease. But it must be noted that in this case there is no significant decrease
of drought, especially in the warm part of the year (27-28-26-25 for each 30-year
period).
Although it was not possible to present monthly changes in the precipitation
variability and SPI here, they show even more inconsistencies. For example, the
increase of precipitation variability and increase of drought occurrence for August is
determined for the Hvar, Ogulin, Split-Marjan, Varaždin and Zagreb-Maksimir
stations. In the other stations, the increase in variability was, in general, determined,
but there were no significant changes in drought occurrence. Only at the Slavonski
Brod station, there has been a clear decrease in the number of drought occurrence.
These unclear results may be result of usage of 30-year period, which is by some
authors (Tadić et al., 2015) minimal period for the SPI application. We may assume
that more reliable results could be obtained if the longer periods (40- or 50-year)
were used.
The results obtained in this study correspond to similar studies that also found a
decrease in precipitation amounts and an increase in drought occurrence in Croatia
(Cindrić et al., 2010; Perčec Tadić et al., 2014; Gajić-Čapka et al., 2015). However,
this relationship is complex and there are numerous regional and seasonal
differences, so more detailed researches are needed to identify all the factors that
affect it. It is important to note that an increase of the precipitation variability may
also be due to an increase in extreme wet episodes (more in intensity than in
frequency), so increase in variability may not correspond to an increase in drought
occurrence. Due to the impact of drought on the economy, this relationship needs to
be further researched with particular emphasis on local drought-prone areas.
5. CONCLUSIONS
The paper analyses the relationship between changes in precipitation variability and
the drought occurrence using monthly data of precipitation amounts for nine
meteorological and climatological stations in Croatia for the 1951-2010 period. The
coefficient of variation was used as an indicator of the precipitation variability and SPI
and RAI were used as an indicator of drought. This paper mainly analysed changes in
the warm part of the year. Several drought episodes were determined in the research
period using RAI and SPI6.
The increase in precipitation variability, as well as increase in drought occurrence,
were determined for most researched stations, but there were stations where despite
the variability increase the drought occurrence decreased, and vice versa. To determine
a more significant relationship between changes in researched variables, a larger
number of stations should be used and the analyses should be performed on different
time scales. With a larger number of stations, the regional differences in drought
occurrence could be studied in more detail, and the factors of changes could be
identified. As climate scenarios suggest a further increase in precipitation variability
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and drought occurrence, such a result could benefit the agriculture and watery
management system and, consequently, the economy as a whole.
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