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Abstract: One highly important segment of agricultural production is the agroecological condition 
of a given area, including climatic conditions, which have been changing recently. Croatia belongs 
to a climate zone also known as a climate hot spot, characterised by a pronounced sensitivity to 
climate change. In order to determine if the climate has changed in the Osijek area, climatic ele-
ments and agroclimatic indicators were analysed for a referent period (1961∑1990) and a recent 
period (1991∑2018). The analysis shows that the climate has changed in the recent period as com-
pared to the referent period. The identified climate changes manifest in higher mean air tempera-
tures, higher precipitation amount, increased actual evapotranspiration and prolonged vegetation 
periods in the recent period. Furthermore, hydrothermal condition analysis shows that the ten 
warmest years and vegetation periods in the studied 58-year period were within the past 26 years. 
Due to the identified climate change and the assumption that the climate will continue to change 
in the future, adaptation and mitigation measures will have to be applied in agricultural produc-
tion. For a more reliable assessment of agroclimatic conditions at certain area, it is recommended 
to analyse other climatic elements as well, such as the number of consecutive dry or rainy days 
above the critical precipitation threshold, wind, solar radiation, insolation, etc. 
 
Key words: climate change, agroclimatic indicators, precipitation, air temperature, aridity in-
dex, evapotranspiration, air temperature thresholds, Osijek, Croatia 
 
Sažetak: Vrlo važan segment poljoprivredne proizvodnje čine agroekološki uvjeti određenog po-
dručja, uključujući klimu koja se u posljednje vrijeme mijenja. Hrvatska pripada klimatskom po-
jasu poznatom i kao vruća klimatska točka koju obilježava izražena osjetljivost na klimatske pro-
mjene. Kako bi se utvrdilo je li došlo do promjene klime na osječkom području, analizirani su 
klimatski elementi i agroklimatski pokazatelji za referentno razdoblje 1961. ∑ 1990. i sadašnje 
razdoblje 1991. ∑ 2018. godine. Analizom je utvrđeno kako je došlo do promjene klime u sada-
šnjem razdoblju u odnosu na referentno razdoblje. Utvrđene klimatske promjene očituju se u vi-
šoj prosječnoj temperaturi zraka, većoj količini oborine, povećanoj stvarnoj evapotranspiraciji i 
produženomu vegetacijskom razdoblju u sadašnjem razdoblju. Također, analiza hidrotermičkih 
značajki klime pokazala je da su od deset najtoplijih godina i vegetacijskih razdoblja u ukupno 
istraživanome 58-godišnjem razdoblju, sve godine i razdoblja utvrđeni u posljednjih 26 godina. S 
obzirom na utvrđenu promjenu klime i pretpostavku da će se klima u budućnosti i dalje mijenja-
ti, bit će potrebno provoditi mjere prilagodbe i ublažavanja klimatskih promjena u poljoprivred-
noj proizvodnji. Za pouzdaniju ocjenu agroklimatskih uvjeta određenog područja preporučuje se 
analizirati i druge klimatske elemente poput broja uzastopnih sušnih odnosno kišnih dana iznad 
kritičnoga oborinskog praga, strujanje, Sunčevo zračenje, osunčavanje itd. 
 
Ključne riječi: klimatske promjene, agroklimatski pokazatelji, oborina, temperatura zraka, in-
deks ariditeta, evapotranspiracija, temperaturni pragovi, Osijek, Hrvatska



1. INTRODUCTION 

Osijek-Baranja County, with its centre in 
Osijek, is a predominantly flat area with 
plentiful water resources, fertile soils and a 
climate suitable for agricultural production. 
It is thus one of the most intensive agricul-
tural areas in Croatia. In Osijek-Baranja 
County, 260,778 ha of agricultural land is 
cultivated, of which 95.1% consists of arable 
land and gardens, 1.7% orchards, 1.0% pas-
tures, 1.0% vineyards and 1.2% meadows 
(OBZ, 2020). According to Köppen climate 
classification, which is defined by mean an-
nual precipitation and temperature course, 
Osijek-Baranja County has a Cfwbx climate 
i.e. a warm temperate rainy climate (Zani-
nović et al., 2008). According to Köppen cli-
mate classification, the area has an average 
highest monthly temperature below 22°C, it 
has no extremely dry months during the 
year, the month with the least precipitation 
is in the cold part of the year, and it has one 
precipitation maxima (in early summer) in 
its annual precipitation course (Penzar and 
Penzar, 2000). 
 
Climate change will have both positive and 
negative impacts on agricultural production 
in various parts of the world. Considering cli-
mate change impact predictions, Croatia be-
longs to a zone with pronounced sensitivity 
to climate change, for which a further in-
crease in air temperature (by 2∑6°C) is pre-
dicted; a decrease in precipitation is also pre-
dicted, the largest being up to -40% in spring 
and summer as compared to 1971∑2000 
(Srnec et al., 2017). Projections for the agri-
cultural sector include: changes in the dura-
tion/length of vegetation periods; frequent 
droughts, which will lead to higher demand 
for irrigation and lower yields; more frequent 
floods and stagnation of surface water, which 
will also lead to lower yields or will destroy 
them completely; the emergence of new di-
seases; disorders in reproduction, animal 
growth and quality of animal products (Croa-
tian Ministry of Environmental Protection 
and Energy, 2020). Therefore, it will be a ma-
jor challenge to produce sufficient food 
through agricultural production adapted to 
climate change while simultaneously mitiga-
ting climate change in the agricultural sector 
(Smith and Olesen, 2010; Jug et al., 2017).  
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Determining the impact of climate change on 
certain areas helps us define the degree of vul-
nerability and the best adaptation measures to 
implement. In order to determine the impact 
of climate change in the Osijek area, climatic 
elements (air temperature and precipitation) 
and agroclimatic indicators (rain factor, air 
temperature thresholds, soil water balance 
and aridity index) were analysed for two peri-
ods: 1961∑1990 and 1991∑2018. 
 
2. MATERIALS AND METHODS 

The impact of climate change in the Osijek area 
was determined by comparing climatic ele-
ments and agroclimatic indicators in a referent 
period to those in a recent period. The period 
selected as representative of the climate during 
the last century is a referent 30-year climatologi-
cal period from 1961∑1990; the period repre-
sentative of the recent climate is a 28-year peri-
od from 1991∑2018. Climatic conditions were 
described and agroclimatic indicators were cal-
culated based on the climatic element data 
(mean air temperature and precipitation) col-
lected at the main Osijek-Čepin meteorological 
station (h = 89 m n.m., ϕ = 45°30’9” N, λ = 
18°33’41” E) from the Croatian Meteorological 
and Hydrological Service’s network of meteo-
rological stations. The analysis describes the 
annual course of mean monthly air tempera-
ture and total monthly precipitation amount, 
as well as agroclimatic indicators: rain factor, 
vegetation periods with air temperatures above 
5°C, 10°C, 15°C and 20°C, soil water balance 
(evapotranspiration) and aridity index. 
 
Hydrothermal characteristics were identified 
based on the ten years with the highest and 
lowest mean air temperatures and total pre-
cipitation during the vegetation period 
(April∑September) and the calendar year 
throughout the entire 58-year period from 
1961∑2018.  
 
Rain factor (RF) was calculated and interpre-
ted according to Lang for annual values (Eq. 1) 
and according to Gračanin for monthly va-
lues (Eq. 2) (Butorac, 1976): 
  
 

(1) 
 
where Py is annual precipitation (mm) and Ty 
is mean annual air temperature (°C). 



 
(2) 

 
where Pm is monthly precipitation amount 
(mm) and Tm is mean monthly air tempera-
ture (°C). 
 
An air temperature threshold of 5°C is consi-
dered the cardinal temperature (Tc) for inten-
sive development of winter crops, i.e. winter 
crops begin their growth and development 
when temperatures are above this threshold 
(Mesić, 2009). Spring crops begin to germinate 
at 10°C, while a temperature of 15°C is impor-
tant for pollination and flowering. Tempera-
tures above 20°C are suitable for thermophilic 
cultures. Knowing the beginning and the end 
of the periods with temperatures above a cer-
tain threshold is important in the implementa-
tion of certain agrotechnical measures and the 
selection of cultivars and hybrids. 
 
The duration of vegetation periods with air 
temperatures above threshold values of 5°C, 
10°C, 15°C and 20°C, n (days) was calculated 
according to Butorac (1976): 
 
for the beginning of the period with tempera-
tures above cardinal values (5°C, 10°C, 15°C, 
20°C): 
 
 

(3) 
 
 

(4) 
 
 
and for the end of the period with tempera-
tures above cardinal values (5°C, 10°C, 15°C, 
20°C): 

 
 

(5) 
 
 

(6) 
 
 
where Ta is the mean monthly air temperature 
at the beginning/end of the period closest to 
but below the cardinal value, Tb is the mean 
monthly air temperature (at the 
beginning/end of the period) closest to but 

higher than the cardinal value, Tc is the cardi-
nal temperature (5°C, 10°C, 15°C, or 20°C) 
and x is the number of days to be added to the 
middle of the month with a temperature a (for 
the beginning of the period) or with a tempera-
ture b (for the end of the period) 
 
Soil water balance (the calculation of poten-
tial evapotranspiration, PET) was calculated 
according to the Thornthwaite method (Pen-
zar and Penzar, 2000). Actual evapotranspira-
tion (AET), soil water deficit (D) and soil wa-
ter surplus (S) were determined as 
 
AET = PET if (R0+P)>PET 
AET = R0+P if (R0+P)<PET 
R=(R0+P)-AET max 100 mm 
D= AET-(R0+P) if (R0+P)<AET 
S= (R0+P)-AET-R if (R0+P)>(AET+R) 
 
where P is total monthly precipitation in the 
current month (mm), R0 is soil water reserve 
from the previous month at a depth of up to 40 
cm (mm), R is soil water reserve in the current 
month at a depth of up to 40 cm (mm). 
 
Monthly aridity index (AI) was calculated and 
interpreted according to UNEP (1992) and 
Perčec Tadić et al. (2013):  
 
 

(7) 
 
 
where P is total monthly precipitation (mm) 
and PET is monthly potential evapotranspira-
tion (mm). 
 
The aridity index (AI) is interpreted as follows 
 

 
3. RESULTS AND DISCUSSION 

3.1. Air temperature 

In addition to precipitation amount, air tem-
perature is the most important climatic ele-
ment for agricultural production. During the 
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            AI < 0.05 Hyper-arid  
0.05 ≤ AI < 0.20 Arid  
0.21 ≤ AI < 0.50 Semi-arid 
0.51 ≤ AI < 0.65 Sub-humid 
0.65 ≤ AI Humid



1961∑1990 referent period in the Osijek area, 
the annual course of mean monthly air tem-
perature indicates a continental climate with 
springs warmer than autumns by 0.2°C on ave-
rage. The mean air temperature of the vegeta-
tion period is 17.6°C and is 6.8°C higher than 
the multi-year average. During the recent 28-
year period, the annual course of monthly air 
temperature also indicates a continental cli-
mate, but with springs warmer than autumns 
by 0.5°C on average. Mean air temperatures in 
the recent period during all seasons, vegeta-
tion periods and annually were higher than in 
the referent period, with more pronounced 
changes in summer (JJA period ∑ 1.4°C) and 
winter (DJF period ∑ 1.1°C) (Tab. 1). The 
same results were obtained by the Croatian 
Ministry of Environmental Protection and 
Energy (2018), who recorded positive trend of 
air temperature for Republic of Croatia, with 
the biggest contribution of summer trends to 
the overall positive trend of air temperature. 
Determined increase in mean annual air 
temperature by 0.9°C in the recent period is 
almost in line with the prediction of future cli-
mate changes by the scenario RCP4.5 that pre-
dict an almost uniform increase of mean annu-
al values of air temperatures by 1.0 to 1.2°C 
throughout Croatia for the period 2011∑2040. 
 
During the year, mean monthly air tempera-
tures begin to rise from the coldest (January) 
until the warmest (July) month of the year; it 
then begins to decrease from mid-summer until 
January ∑ the coldest month of the year (Fig. 1). 

During the period 1961∑1990, the mean annu-
al air temperature was 10.8°C (Tab. 1). Mean 
air temperatures range is 19.3∑23.8°C in July 
and -7.7∑3.5°C in January. The temperature is 
more stable in the warmer part of the year 
(April∑October) than in the colder part of the 
year (November∑March), as indicated by the 
temperature variability expressed by standard 
deviation. The smallest standard deviation 
was identified for the June∑August period 
(1.0∑1.2°C); the highest standard deviation 
was identified for January and February 
(2.8∑2.9°C) (Fig. 1). 
 

58 Hrvatski meteoroloπki Ëasopis � Croatian Meteorological Journal, 54/55, 2019/20

Table 1. Mean, maximum and minimum seasonal air temperatures (°C) and standard deviation for the sea-
sons, vegetation periods and annually at the Osijek-Čepin meteorological station during the periods 
1961∑1990 and 1991∑2018. 

Tablica 1. Srednje, maksimalne i minimalne sezonske temperature zraka (°C) te standardna devijacija po go-
dišnjim dobima, u vegetacijskom razdoblju i godišnje na meteorološkoj postaji Osijek-Čepin tijekom raz-
doblja 1961. ∑ 1990. i 1991. ∑ 2018.

Abbreviations: MAM: March∑May; JJA: June∑August; SON: September∑November; DJF: December∑Febru-
ary; VEG: April∑September; sd: standard deviation; max: maximum; min: minimum. 

Skraćenice: MAM: ožujak ∑ svibanj; JJA: lipanj ∑ kolovoz; SON: rujan ∑ studeni; DJF: prosinac ∑ veljača; 
VEG: travanj ∑ rujan; sd: standardna devijacija; max: maksimum; min: minimum. 

1961∑1990 1991∑2018 
MAM JJA SON DJF VEG ANN MAM JJA SON DJF VEG ANN 

mean 11.3 20.3 11.1 0.4 17.6 10.8 12.1 21.7 11.6 1.5 18.6 11.7 
sd 1.1 0.6 1.1 1.9 0.6 0.6 1.0 1.0 1.0 1.6 0.9 0.8 
max 13.1 21.8 12.9 3.0 18.7 11.8 13.7 23.8 13.6 5.0 20.1 12.9 
min 8.9 19.1 9.2 -4.3 16.1 9.7 10.4 20.1 9.6 -1.5 17.2 10.2

Figure 1. Mean monthly air temperature (mean, °C) 
for the Osijek-Čepin meteorological station during 
the periods 1991∑2018 (red line) and 1961∑1990 
(green line) and the mean+sd and mean-sd intervals 
for the period 1961∑1990 (grey lines). 

Slika 1. Srednja mjesečna temperatura zraka na 
meteorološkoj postaji Osijek-Čepin tijekom razdo-
blja 1961. ∑ 1990. (zelena linija) i 1991. ∑ 2018. (cr-
vena linija) te intervali srednjak + sd i srednjak - sd 
za razdoblje 1961. ∑ 1990. (sive linije).



The increase in precipitation was also record-
ed by the Croatian Ministry of Environmental 
Protection and Energy (2018), which deter-
mined a predominantly insignificant but posi-
tive trend for the eastern lowland areas of 
Croatia (where Osijek is located) during the 
recent 50-year period from 1961∑2010. The 
positive trend in annual precipitation in the 
eastern lowland area was primarily caused by 
a significant increase in autumn precipitation, 
as was also determined by the current study. 
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During the recent period (1991∑2018), the mean 
annual air temperature was 11.7°C, which is 
0.9°C higher than the mean annual air 
temperature of the referent period (Tab. 1). 
The mean air temperatures range is 19.9∑24.8°C 
in the warmest month and -5.1∑6.8°C in the 
coldest month. In the spring and summer 
months, mean monthly temperatures were 
higher than the corresponding referent mean 
monthly temperatures, which caused above-
average mean values for the vegetation period 
and the year (Fig. 1). 
 
3.2. Precipitation 

During the referent period in the studied area, 
mean annual precipitation amounted to 650 
mm (Tab. 2); June was the month with the 
highest amount of precipitation (88 mm). 
More precipitation (57%) fell on average in 
the warmer part of the year than in the colder 
part (Fig. 2). This precipitation is very useful 
to plants during the growing season. 
 
Mean annual precipitation in the recent peri-
od (1991∑2018) is 707 mm, which is 57 mm 
higher than in the referent period. In the re-
cent period, small changes (from 2% to 6%) 
were recorded in mean annual, spring, sum-
mer and winter precipitation regime, while an 
increase of 37% in the autumn regime was 
recorded as compared to the referent period. 

Abbreviations: MAM: March ∑ May; JJA: June ∑ August; SON: September ∑ November; DJF: December ∑ 
February; VEG: April ∑ September; P: mean; sd: standard deviation; cv: coefficient of variation; Pmax: maxi-
mum; Pmin: minimum.  

Skraćenice: MAM: ožujak ∑ svibanj; JJA: lipanj ∑ kolovoz; SON: rujan ∑ studeni; DJF: prosinac ∑ veljača; 
VEG: travanj ∑ rujan; P: srednjak; sd: standardna devijacija; cv: koeficijent varijacije; Pmax: maksimum; Pmin: 
minimum 

Table 2. Mean, maximum and minimum precipitation amounts (mm), standard deviation and coefficient of 
variation for the seasons, vegetation periods and annually for the Osijek-Čepin meteorological station during 
the periods 1961∑1990 and 1991∑2018. 

Tablica 2. Srednje, maksimalne i minimalne količine oborine (mm) standardna devijacija i koeficijent varija-
cije po godišnjim dobima, u vegetacijskom razdoblju i godišnje, za meteorološku postaju Osijek-Čepin tije-
kom razdoblja 1961. ∑ 1990. i 1991. ∑ 2018.

1961-1990 1991-2018 
MAM JJA SON DJF VEG ANN MAM JJA SON DJF VEG ANN 

P 157 211 143 139 368 650 167 207 196 142 390 707 
sd 52 65 49 55 72 103 55 91 70 60 149 161 
cv 0.33 0.31 0.34 0.39 0.20 0.16 0.33 0.44 0.36 0.43 0.38 0.23 
Pmax 285 459 246 319 613 885 282 519 318 295 699 1038 
Pmin 78 138 63 46 246 467 35 78 45 1 155 317

Figure 2. Mean (blue bars), maximum (blue line) 
and minimum (yellow line) monthly precipitation 
amounts for the Osijek∑Čepin meteorological sta-
tion during the 1991∑2018 period and mean month-
ly precipitation amounts for the 1961∑1990 period 
(green bars). 

Slika 2. Srednja (plavi stupići), maksimalna (plava li-
nija) i minimalna (žuta linija) mjesečna količina obo-
rine za razdoblje 1991. ∑ 2018. i srednja mjesečna ko-
ličina oborine (zeleni stupići) za razdoblje 1961. ∑ 
1990. za meteorološku postaju Osijek-Čepin.



3.3. Hydrothermal climatic characteristics 

The identification of hydrothermal climatic 
characteristics determined that all ten of the 
warmest years and vegetation periods through-
out the entire 58-year studied period were 
recorded during the recent period, i.e. since 
1992 (Tab. 3). Similar results were recorded 
worldwide, where nine out of the ten warmest 
years since the beginning of systematic meteo-
rological measurements were recorded in the 
21st century (Croatian Ministry of Environmen-
tal Protection and Energy, 2018). Furthermore, 
similar results were also recorded by Maj-
storović (2015) for the area of Bosnia and 
Herzegovina, by Bilandžija et al. (2019) for the 
Đurđevac area and by Bilandžija (2019) for the 
Zagreb area. The majority (eight out of ten) of 
the coldest years and vegetation periods in the 
entire 58-year studied period were recorded 
during the referent period (Tab. 3). 

 

The analysis of the precipitation regime 
showed that there is no clear grouping of "dry" 
and "wet-rainy" years. In the entire 58-year 
study period, four out of the ten driest years 
and seven out of the ten driest vegetation 
periods were recorded in the recent period 
(Tab. 3). Seven out of the ten wettest/rainiest 
years and eight out of the ten wettest/rainiest 
vegetation periods were recorded in the recent 
period. The increase in the driest and wettest 
vegetation periods in the recent climate has had 
a negative impact on agricultural production, as 
too little or too much precipitation causes 
damage. Similar results showing no clear 
grouping of the driest or wettest years have also 
been determined by other authors for the 
Neretva and Trebišnjica River Basin, as well as 
for the Đurđevac and Zagreb areas (Bašić et al., 
2016; Bilandžija et al., 2019; Bilandžija, 2019). 
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Table 3. Hydrothermal climatic factors for the Osijek-Čepin meteorological station during the 1961∑2018 period. 

Tablica 3. Obilježja hidrotermičkog režima za meteorološku postaju Osijek-Čepin tijekom razdoblja 1961. ∑ 2018.

Table 4. Lang's and Gračanin's rain factor for the Osijek-Čepin meteorological station during the periods 
1961∑1990 and 1991∑2018. 

Tablica 4. Langov i Gračaninov kišni faktor za meteorološku postaju Osijek-Čepin tijekom razdoblja 1961. ∑ 
1990. i 1991. ∑ 2018.

Abbreviations: ph: perhumid; h: humid; sh: semihumid; sa: semiarid; a: arid climate. 

Skraćenice: ph: jako vlažna; h: vlažna; sh: poluvlažna; sa: polusuha; a: suha klima. 

Period I II III IV V VI VII VIII IX X XI XII year 

1961∑1990 - 25.8 7.4 4.7 3.6 4.5 3.1 2.9 2.7 3.7 10.5 57.2 60.4 
- ph h sa sa sa a a a sa h ph sh 

1991∑2018 53.5 19.7 6.4 4.2 4.1 3.9 2.9 3.0 4.0 5.5 8.8 40.4 60.3 
ph ph sh sa sa sa a a sa sh h ph sh 



3.4. Rain factor 

According to Lang's rain factor (Tab. 4), the 
Osijek area is characterized as a semihumid 
(sh) climate in both of the studied periods. Ac-
cording to Gračanin's monthly rain factor, 
nine months in the recent period have the 
same corresponding monthly values as in the 
referent period. The exceptions are March, 
which became drier and September and Octo-
ber, which became wetter in the recent period 
as compared to the referent period (Tab. 4). 
 
3.5. Air temperature thresholds 

The analysis of air temperature thresholds in 
Osijek showed that all researched vegetation 
periods with temperature thresholds of 5°C, 
10°C, 15°C and 20°C began on average 8 days 
earlier and ended on average 5 days later in 
the recent period than in the referent period. 
Vučetić et al. (2018) and Vučetić and Vučetić 
(2018) also note that some phenological pha-
ses of olive and grapevine varieties in Croatia 
begin earlier than in the past. Vegetation peri-
ods with air temperature values above 5°C are 
11 days longer, those above 10°C are 9 days 
longer, those above 15°C are 8 days longer 
and those above 20°C are 24 days longer in the 
recent period as compared to the referent pe-

riod (Tab. 5). The obtained results are in ac-
cordance with projections for the agricultural 
sector considering the duration of vegetation 
periods, such that longer vegetation periods 
will allow the cultivation of some new vari-
eties and hybrids, however this will make it 
impossible to cultivate some traditionally 
grown crops (Croatian Ministry of Environ-
mental Protection and Energy, 2020). 
 
3.6. Soil water balance 

According to the soil water balance for the pe-
riod from 1961∑1990, annual actual evapotran-
spiration amounted to 552 mm (Tab. 6). Fur-
thermore, water deficiency was determined 
for the period from July∑October in the 
amount of 135 mm; water sufficiency was 
recorded for January∑March in the amount of 
106 mm (Fig. 3 left). During the recent period, 
the amount of actual evapotranspiration was 
38 mm higher than in the referent period, 
amounting to 590 mm (Tab. 6). Water suffi-
ciency occurs during the winter months and 
March in the amount of 116 mm, while water 
deficiency was determined for July∑Septem-
ber in the amount of 72 mm in the recent peri-
od from 1991∑2018 (Fig. 3 right). The 7% in-
crease in actual evapotranspiration in the re-
cent period is in accordance with future cli-
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Table 5. Beginning, end and duration of vegetation periods for temperature thresholds of 5°C, 10°C, 15°C 
and 20°C for the Osijek-Čepin meteorological station during the periods 1961∑1990 and 1991∑2018. 

Tablica 5. Početak, završetak i trajanje vegetacijskih razdoblja za temperaturne pragove od 5 °C, 10 °C, 15 °C 
i 20 °C za meteorološku postaju Osijek-Čepin tijekom razdoblja 1961. ∑ 1990. i 1991. ∑ 2018.

Cardinal temperature of 5°C 
Period Beginning End Duration in days 

1961∑1990 10 March 18 November 254  
1991∑2018 5 March 24 November 265  

Cardinal temperature of 10°C 
Period Beginning End Duration in days 

1961∑1990 7 April 21 October 198  
1991∑2018 2 April 25 October 207 

Cardinal temperature of 15°C 
Period Beginning End Duration in days 

1961∑1990 7 May 24 September 141  
1991∑2018 1 May 26 September 149  

Cardinal temperature of 20°C 
Period Beginning End Duration in days 

1961∑1990 25 June 18 August 55  
1991∑02018 9 June 26 August 79



3.7. Aridity index  

According to the aridity index (Tab. 7), the 
months with the lowest aridity index values 
were July and August, which were charac-
terised by a semi-arid (sa) climate in the Osi-
jek area in the referent period. Furthermore, 

mate projections, which predict an increase in 
evapotranspiration from 5 to 10% in the peri-
od from 2011∑2040 in most parts of Croatia 
(Croatian Ministry of Environmental Protec-
tion and Energy, 2020). 
 

Table 6. Evapotranspiration for the Osijek-Čepin meteorological station during the periods 1961∑1990 and 1991∑2018. 

Tablica 6. Evapotranspiracija za meteorološku postaju Osijek-Čepin tijekom razdoblja 1961. ∑ 1990. i 1991. ∑ 2018.

I II III IV V VI VII VIII IX X XI XII Sum 
Referent period 1961∑1990 

PET 0.0 3.3 22.4 53.8 96.4 119.6 133.5 118.1 79.3 43.9 15.2 1.6 687.1 
R 100.0 100.0 100.0 100.0 62.1 30.4 0.0 0.0 0.0 0.0 42.1 92.1 626.7 
AET 0.0 3.3 22.4 53.8 96.4 119.6 95.2 58.5 44.8 41.3 15.2 1.6 552.1 
D 0.0 0.0 0.0 0.0 0.0 0.0 38.3 59.6 34.5 2.6 0.0 0.0 135,0 
S 46.9 36.9 22.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 106.2 

Recent period 1991∑2018 
PET 1.4 4.4 23.1 52.6 90.8 114.4 128.3 115.4 71.1 41.3 16.7 2.2 661.9 
R 100.0 100.0 100.0 98.6 79.2 45.4 0.0 0.0 0.0 23.5 63.8 100.0 710.6 
AET 1.4 4.4 23.1 52.6 90.8 114.4 110.2 65.9 67.1 41.3 16.7 2.2 590.3 
D 0.0 0.0 0.0 0.0 0.0 0.0 18.1 49.5 4.0 0.0 0.0 0.0 72,0 
S 43.2 38.1 20.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.3 116.4
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Abbreviations: PET (mm) ∑ potential evapotranspiration; R (mm) ∑ soil water reserve up to 40 cm depth; AET 
(mm) ∑ actual evapotranspiration; D (mm) ∑ water deficit; S (mm) ∑ water surplus. 

Skraćenice: PET (mm) ∑ potencijalna evapotranspiracija; R (mm) ∑ količina vlage u tlu do  40 cm dubine; AET 
(mm) ∑ stvarna evapotranspiracija; D (mm) ∑ manjak vlage; S (mm) ∑ višak vlage.

Figure 3. Soil water balance for the Osijek-Čepin meteorological station during the periods 1961∑1990 and 1991∑2018. 

Slika 3. Vodna bilanca u tlu za meteorološku postaju Osijek-Čepin tijekom razdoblja 1961. ∑ 1990. i 1991. ∑ 2018.

I II III IV V VI VII VIII IX X XI XII 
Referent period 1961∑1990 

AI - 12.049 2.000 1.000 0.607 0.735 0.485 0.495 0.565 0.941 3.764 
32.671 h h h sh h sa sa sh h h h 

Recent period 1991∑2018 
AI 32.880 9.594 1.898 0.973 0.787 0.705 0.505 0.571 0.944 1.570 3.412 23.859 

h h h h h h sh sh h h h h 

Table 7. Aridity index for the Osijek-Čepin meteorological station during the periods 1961∑1990 and 1991∑2018. 

Tablica 7. Indeks ariditeta za meteorološku postaju Osijek-Čepin tijekom razdoblja 1961. ∑ 1990. i 1991. ∑ 2018.



May and September were characterised by a 
sub-humid climate (sh). The recent climate 
period saw a change in climate with respect to 
aridity index values; the driest months (July 
and August) in the referent period became 
sub-humid (sh) in the recent period, while 
May and September became humid (h). 
 
4. CONCLUSION 

According to the obtained results, it can be 
concluded that there was a change in clima-
tic elements and agroclimatic indicators dur-
ing the recent period  1991∑2018 as com-
pared to the referent period 1961∑1990. The 
mean annual air temperature rose by 0.9°C 
in the recent period. The ten warmest years 
and vegetation periods in the entire 58-year 
period were recorded since 1992. Mean an-
nual precipitation amount has increased by 
57 mm in the recent period; no clear group-
ing of the driest/wettest years was deter-
mined. Both study periods were characte-
rized by a semi-humid climate according to 
rain factor. Vegetation periods with air tem-
perature values above 5°C, 10°C, 15°C and 
20°C were longer, beginning  on average 8 
days earlier and ending on average 5 days 
later in the recent period. Soil water balance 
shows that actual evapotranspiration in-
creased during the recent period. The aridi-
ty index indicates that July and August be-
came more humid in the recent period. This 
is in accordance with a positive linear trends 
in precipitation amount in Osijek in July 
and August during the long-term period 
1901∑2010 (Ferina at al., 2021). However, it 
should be emphasized that convective pre-
cipitation (heavy rain) prevails in summer 
months. Due to non-uniform distribution of 
summer rain, such a storm event can be fol-
lowed by prolonged dry period. Thus, the 
climate change is identified and adaptation 
and mitigation measures will have to be im-
plemented in future agricultural production, 
such as the cultivation of drought-resistant 
varieties, irrigation, conservation tillage, in-
terrow crops, etc. Furthermore, to more reli-
ably assess the agroclimatic conditions of 
certain areas and the corresponding impact 
of climate change on agricultural produc-
tion, other climatic elements and agrocli-
matic indicators must be included in re-
search, such as wind, solar radiation, insola-
tion duration, precipitation intensity, the 

number of consecutive dry or rainy days 
above the critical precipitation threshold, 
etc. 
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