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Abstract
The objective of this paper is to assess to what extent weather conditions that favor crop
production have changed over the past five decades in the lowlands of the Šumadija-
Pomoravlje District, an important agricultural area in Serbia. Meteorological data collected
from the climatological stations at Ćuprija and Kragujevac were analyzed for the period
1961/62–2011/12. Bioclimatic conditions were determined using the Aridity Index (UNEP),
the Moisture Availability Index (Hargreaves), the Reconnaissance Drought Index and the
difference between precipitation and potential evapotranspiration. The results show that in the
last two decades, compared to the previous three, the air temperature, number of annual
tropical days, potential evapotranspiration and water deficit suffered by crops all increased.
Severe drought events occurred more frequently during the past twenty years (every third or
fourth year). Detected changes in bioclimatic conditions do not favor crop production,
suggesting that a strategic approach to drought management is needed.
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Introduction
The Šumadija-Pomoravlje District features a combination of mountainous and hilly areas and
alluvial plains along rivers, the latter of which are very important from the point of view of
agricultural production. These plains represent around 70% of the total agricultural area in
this district. Cereal, fodder plant and vegetables are the most cultivated crops in this area. The
remaining 30% of agricultural land is made up of meadows, pastures, orchards and vineyards.
Agricultural production in this district, as in the rest of Serbia, occurs mainly in rainfed
conditions. The use of irrigation is restricted to smaller, local areas, which means that
agricultural production is directly dependent on climate conditions.
Climatic trends show regionally varying changes in temperature and rainfall in Europe and
worldwide (IPCC, 2014). The heterogeneity of climatic trends is also present in Serbia,
especially when precipitation is considered (Dedijer et al., 2007). A negative trend of annual
precipitation is characteristic of eastern part of the Serbia and climaxing in the region of
Negotin (Anđelković and Živković 2007), while a positive precipitation trend characterizes
mountainous areas of southwestern Serbia (Ducić et al., 2009; Lukovic et al., 2013). The
objective of this paper is to analyze long-term meteorological data and show to what extent
weather conditions in Šumadija-Pomoravlje District have favored plant production in the past
five decades and whether they are indicative of any trend change.

Material and method
Fifty-one-year monthly data (from 1961/62 to 2011/12) were obtained from the

National Hydrometeorological Service of Serbia, from two weather stations, located at
Kragujevac (Šumadija region) and Ćuprija (Pomoravlje region). The following parameters
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were assessed: mean annual air temperatures and mean air temperatures in the growing season
(April-September); annual precipitation totals and precipitation totals in the growing season;
and number of tropical days (Tmax>30oC) during the growing season. The annual data
discussed in this paper reflect the hydrologic year, which in Serbia and the extended region
begins in October and lasts until September of the following year. Plants’ water demand is
expressed via potential evapotranspiration, calculated applying the Thornthwaite method
(Thornthwaite, 1948; Kafle and Bruins, 2009). Bioclimatic moisture conditions were
determined by hydrologic year and by growing season. The following methods were used
with regard to the hydrologic year: Aridity Index (UNEP, 1992), Moisture Availability Index
– MAI (Hargreaves, 1992), and difference between potential evapotranspiration (ETo) and
total rainfall (P). Bioclimatic conditions by growing season (April-September) were
determined using the difference between potential evapotranspiration (ETo) and total rainfall
(P), and the Reconnaissance Drought Index – RDI calculated, according to Tsakiris and
Vangelis (2005). RDI was calculated as the ratio between total rainfall and potential
evapotranspiration for the 6 month period (April-September).

Results and discussion
The main climate parameters for Ćuprija (123 m a.s.l) and Kragujevac (185 m a.s.l.)

are shown in Table 1 and Fig. 1.

Tab. 1. Average air temperatures, precipitation (P), total potential evapotranspiration (ETo),
number of tropical days and average soil moisture deficit/surplus (P-ETo) at Ćuprija and
Kragujevac and average values for the Šumadija-Pomoravlje District

The average annual air temperature was 11.2oC, while growing season temperature averaged
17.6oC over the period 1961/62-2011/12. The warmest month was July, with an average
temperature of 21.3oC, and the coldest was January – 0.1oC (Fig. 1). The average annual
rainfall was 644 mm, of which 369 mm came during the growing season. The rainiest month
was June (80 mm), and the driest were February (Kragujevac 39 mm) and March (Ćuprija 44
mm) (Fig. 1).

Period

Temperature
(oC)

Precipitation
(P) (mm)

Potential
evapotranspiration

(ETo) (mm) Tropi-
cal

days

P-ETo (mm)

Hydr.
year

Grow.
season

(Apr-Sept)

Hydr.
year

Grow. season
(Apr-Sept)

Hydr.
year

Grow.
season

(Apr-Sept)

Hydr.
year

Grow.
season

(Apr-Sept)
Ćuprija

1961/62-1990/91 10.7 17.2 650 368 697 601 30 -46 -233
1991/92-2011/12 11.4 18.3 672 369 732 637 50 -60 -268
1961/62-2011/12 11.0 17.6 659 369 712 616 38 -53 -247

Kragujevac
1961/62-1990/91 11.0 17.3 633 373 704 601 26 -71 -228
1991/92-2011/12 11.9 18.6 627 363 747 644 44 -120 -281
1961/62-2011/12 11.3 17.7 630 369 721 619 33 -91 -250

Average
1961/62-1990/91 10.8 17.2 642 370 700 601 28 -58 -231
1991/92-2011/12 11.6 18.4 650 366 740 640 47 -90 -274
1961/62-2011/12 11.2 17.6 644 369 716 618 36 -72 -249
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Fig. 1. Mean monthly (1961/62-2011/12) air temperatures, precipitation totals and potential
evapotranspiration in the Šumadija-Pomoravlje District.

In the study area, the precipitation distribution during an average hydrologic year and
the monthly plants’ water demand for the period 1961/62-2011/12 (Fig. 1) shows that
abundant moisture was available in the winter months (November-February), when the plants
were quiescent and their needs minimal. The lack of water was greatest in July and August
(Fig. 1), when most crops undergo phenological stages sensitive to moisture deficit. A lack of
precipitation during this period can cause a dramatic decrease in yields (Challinor et al., 2005;
Jovanović and Stikić, 2012). A similar situation was noted in the Mačva-Kolubara District of
Serbia (Matović et al., 2013b), where plants were found to be under considerable stress in
July and August during 31 out of 51 growing seasons. According to the Moisture Availability
Index (Hargreaves, 1992), these were classified as semi-arid and arid conditions. The
potential evaporation (ETo) in the study area during the growing season was 618 mm on
average (Tab. 1).

Like the Mačva-Kolubara District (Matović et al., 2013b), the study area registered an
upward air temperature trend (Fig. 2).  Upward air temperature trends have been registered
across Europe (Jones and Moberg 2003), with regionally and seasonally different rates of
warming (IPCC 2014). On average, long-term (1901-2005) data indicate that air temperatures
in Europe are increasing more in winter than summer (Jones and Moberg, 2003). This also
applies to the study area and Serbia’s main breadbasket — the Province of Vojvodina (Lalić
et al., 2011). In the past two decades, compared to the previous three, temperatures during the
growing season (April-September) increased by 1.2oC, while the annual average was 0.8oC
(Tab. 1). The number of tropical days also increased significantly. In the study period there
were 28 tropical days per annum on average, while from 1992 to 2012 there were roughly 47
tropical days (Tab. 1), which is an increase by as much as 65% or more. This is consistent
with the findings of Klein and Können (2003) that from 1977 to 2000 there was a greater
increase in warm extremes in Europe than decrease in cold extremes. In addition, the latest
IPCC report (IPCC, 2014) stated that since 1950, high-temperature extremes have become
more frequent.
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Fig. 2. Time series and linear trends of mean air temperature for hydrologic year and growing
season in the Šumadija-Pomoravlje District, 1961/62-2011/12.

While in Vojvodina (Lalić et al., 2011) and the Negotin region of Serbia (Anđelković
and Živković 2007; Ducić et al., 2009) annual precipitation totals exhibited a downward
trend, an upward trend was noted in south-western Serbia (Ducić et al., 2009; Lukovic et al.,
2013). However, no significant precipitation trend was detected in the Šumadija-Pomoravlje
region during the study period.

Potential evapotranspiration (April-September) during the past two decades was found
to be some 30 mm higher (634 mm) than in the previous three decades (603 mm) (Tab. 1).
The increase in air temperatures and potential evapotranspiration, and the relatively unaltered
precipitation regime, have resulted in a greater water deficit was detected in the past two
decades (268 mm), compared to the previous three (232 mm) (Tab. 1). The Aridity Index
shows that the lowlands in the studied district belong to the humid climate category (Ćuprija
0.93, Kragujevac 0.88). The Moisture Availability Index—MAI, adjusted to southern Europe
(Hargreaves, 1992), indicates that the climate in the region is semi-humid (MAI 0.8). The
average difference between precipitation and potential evapotranspiration over an entire
hydrologic year revealed a precipitation deficit of 72 mm (Tab. 1). Judging by these values,
the average moisture availability should have been satisfactory. However, there is a general
disparity between moisture demand and moisture availability in Serbia in the summer months,
and that is why droughts impact spring crops the most (Matović et al., 2013a; Lalić et al.,
2011). The average difference between precipitation totals and potential evapotranspiration
during the growing season (April-September) was found to be 249 mm (Tab. 1). The average
RDI calculated for the 6 month time period (from April to September) was 0.60 (Fig.3). The
RDI distribution (Fig. 3) exhibits a greater scatter of data points in the last 20 years. If
according to Tsakiris and Vangelis (2005) a 0.7∙ averageRDI  is taken as an extreme drought
threshold (Fig. 3), then extreme drought events have been more frequent in the past two
decades (5 extremely dry periods in Ćuprija and 7 in Kragujevac), compared to the previous
three decades (1 in Ćuprija and 2 extremely dry growing seasons in Kragujevac).
Consequently, in the past 20 years farmland in the Pomoravlje region experienced extreme
drought events every fourth year, and in the Šumadija region as often as every third year.

y = 0.0256x + 10.514
R2 = 0.27     p < 0.001

y = 0.0343x + 16.854
R2 = 0.30     p < 0.001
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Fig. 3. Reconnaissance Drought Index (RDI) calculated for the 6 month time period (April-
September) in Šumadija (upper panel) and Pomoravlje (lower panel), 1962-2012.

Conclusion
Over the past five decades (1961/62-2011/12) in the Šumadija-Pomoravlje District an

increase in air temperatures, the number of tropical days per year, and an increase in potential
evapotranspiration have been noted. Bioclimatic conditions for the entire hydrologic year
were satisfactory (Aridity Index — humid condition, MAI — semi humid condition), but
during the growing season (April-September) there was a water deficit (250 mm on average
for reference crop). The RDI calculated for the growing season (April-September) shows
more frequent extreme drought events in the past 20 years (every third or fourth year),
compared to the previous 30 years. The study results, together with the IPCC report (IPCC,
2014), indicate that agriculture in Southern Europe is highly vulnerable to predicted climate
change, and constitutes a serious warning and call for strategic measures to be implemented
against increasing drought conditions.
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