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1. Abstract 
The Standardized Precipitation Index (SPI) is a valuable tool to analyze the frequency and severity of 
drought events. Under the aspect of future climate change, it is important to know how drought 
conditions might change. In this study ‒ within the framework of CarpathCC project ‒, these future 
drought conditions were examined on the basis of SPI values in the Carpathian Region to map 
adequate adaptation measures. 

The results show that the frequency and severity of drought events are expected to be increased in 
the whole Region. However, significant regional differences are expected in the distribution and 
severity of drought events. The most affected areas by droughts are the Southwestern Carpathian 
subregion, the Southern Carpathian subregion and the Tarnave Mare area. 
 
2. Introduction 
Drought is a natural phenomenon, which is usually caused by the lack of precipitation over 
a sustained period of time. It is one of the most important climate-related natural hazards.  

Droughts can be classified as meteorological, hydrological and agricultural droughts 
[1]. The meteorological drought can be expressed by the drought indices. According to the 
National Meteorological and Hydrological Services (NMHSs) the Standardized 
Precipitation Index (SPI) is one of the most reliable indices to be used to characterize 
meteorological droughts [2]. 

The Standardized Precipitation Index [3, 4] is widely accepted and used throughout the 
world. According to its definition the standardized precipitation is simply the difference of 
precipitation from the mean for a specified time period divided by the standard deviation, 
where the mean and standard deviation are determined from past records [3]. The 
standardization allows the SPI to determine the severity and rarity of a current drought 
event [5]. The SPI can be calculated for a variety of timescales. This versatility allows the 
SPI to monitor short-term water supplies, such as soil moisture, and longer-term water 
resources such as groundwater supplies, lake and reservoir levels [6]. A great advantage of 
the SPI that it is also a useful tool to determine the wet periods and can be applied in the 
monitoring of flood events as well [7]. 

In this study - as a part of the CarpathCC project - SPI was used as an indicator to 
analyze drought events and to provide drought forecast regarding to the future climate 
change. The aim of the CarpathCC project was to analyze the Carpathian Region’s 
vulnerability to climate changes. The examinations were carried out for the entire 
Carpathian Region and for five representative focal areas, which are under the direct 
impacts of climate change: Iron Gates NP (RO), Tarnave Mare Area (RO), Rodna-
Maramures (RO), Bükk Mountains (HU) and Tatra Mountains (High Tatras, SK). 
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3. Materials and methods 
The CLAVIER database was used for the calculation of SPI values, where climate change 
was analyzed between 1951 to 2050, based on existing data and on very high detail climate 
projections with to fulfill the need of local and regional impact assessment. The Carpathian 
Region database is presented by a grid having 9113 cells, where each grid cell represents a 
7 by 11 km wide area (0.1 degree). The database contains minimum-, maximum- and mean 
daily temperature data and 6-hour daily precipitation data from 1951 to 2050. 

The calculation of SPI value is simple, requires only one input variable: the monthly 
precipitation data, ideally for at least 30 consecutive years. The monthly precipitation 
dataset was prepared from the 6-hour daily precipitation dataset by the Climate Data 
Operators 1.5.3 (CDO).  

Calculation of SPI begins with building a frequency distribution from precipitation data 
at a certain location for a specified time period [8]. The SPI can be computed for a 1-month 
total of precipitation as well as 48-months total of precipitation. A gamma probability 
density function is fitted to the precipitation data and the cumulative distribution of 
precipitation is determined. This step is followed by an equiprobability transformation 
made from the cumulative distribution fitted to a the standard normal distribution. This 
transformed probability is the SPI value [9]. Positive SPI values indicate greater than 
median precipitation (wet period), and negative values indicate less than median 
precipitation (drought period). 

This calculation can be done by applying the SPI calculators. In this study the 
SPI_SL_6 calculator was used (available at http://drought.unl.edu). The script is able to 
calculate SPI values for different time periods: 1, 3, 6, 12, 24, 48 months [9], that makes 
possible to analyze the changes of precipitation at different scales. The length of the 
calculated period is optional, but the minimum period is 30 years. The 1-month SPI reflects 
relatively short-term conditions, therefore it is applicable mainly in the agricultural sector. 
In regions where rainfall is normally low during a month, large negative or positive 1-
month SPI values may mislead the users. The 3-month SPI provides seasonal estimation of 
precipitation; it can also be applied for agricultural purposes. The 6-month SPI indicates 
medium-term trends in precipitation, it can be applied in hydrological researches. The 12-
month SPI (and longer periods) reflects long-term conditions, for example changes of 
groundwater level. 

The SPI_SL_6 computes the SPI values for discrete locations (‟precipitation stationsˮ). 
In this study the monthly precipitation data of 82 locations were used for the calculations 
(Figure 1.). The locations were selected from the CLAVIER database, where each location 
represent a grid cell with precipitation data from 1951 to 2050. 

The script is very easy to operate: the first step is to enter the number of monthly 
intervals (1–6). The first phase is to enter the SPI monthly intervals (1, 3, 6, 12 months 
etc.). After entering the input and output file names, the program calculates the SPI values 
and export them into an ASCII file. The SPI represents a cumulative probability in relation 
to the base period for which the gamma parameters were estimated [9]. Using the SPI as an 
indicator, a drought event is defined as a period in which the values are continuously 
negative [3], the wet period begins when the value rises above zero. 

The output files of the 82 locations were aggregated in a table and were joined to 
locations’ GIS layer. These point were used to interpolate the drought maps. 
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Figure 1 

Location of the SPI calculating points in the Carpathian Region 
 

Table 1 
Wet and drought period classification and probability of occurrence based  

on the SPI values [3, 10] 
Index value Class Probability 

             -  SPI≥  2.00 Extremely wet 0.023 
      1.50 ≤SPI≥  2.00 Very wet 0.044 
      1.00 ≤SPI≥  1.50 Moderately wet 0.092 
    –1.00 ≤SPI≥  1.00 Near normal 0.682 
    –1.50 ≤SPI≥–1.00 Moderate drought 0.092 
    –2.00 ≤SPI≥–1.50 Severe drought 0.044 
             -  SPI≤–2.00 Extreme drought 0.023 

 
4. Results and discussion 
4.1. Analysis of SPI values in the Carpathian Region 
The 1-, 3-, 6- and 12-months SPI values were calculated for each location for the 100 year 
period. Because of the above mentioned uncertainty only the 3-, 6- and 12-months SPI 
values were analyzed and the 1-month SPI was ignored. 

Analyzing the SPI values in the whole Carpathian Region, the most conspicuous change 
is that the climate is getting more arid. The trend fitted on the graphs (Figure 2) shows 
slight decrease in the mean of the SPI values, which indicates the increasing lengths of the 
dry periods. This increase is expressed both in the frequency and the severity of drought 
events. 
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Figure 2 
Mean SPI values of the Carpathian Region for the 3-, 6- and 12-months time scale  

(1951–2050) 

 



70                                           János Vágó–András Hegedűs–Endre Dobos                           

 
The most significant increase of drought events can be seen on the medium- and long-

term (SPI6 and SPI12) graphs. According to our study the frequency and severity of the 
short-term droughts (SPI3) will not change until the end of the period. On the basis of 30-
years average SPI values (Table 2) it can be stated that in the middle of the last century 
(1971–2000) the climate was slightly wetter (SPI: 0,040–0,063). While at the end of the 
examined period (2021–2050) the climate will get more arid, especially in case of long-
term droughts (SPI: -0,051–-0,126), the SPI values are in the ‟near normal” SPI class in the 
whole 100 years. 

The SPI indices can be used to analyze both wet and drought periods. The ‟normal” 
climate conditions are represented by –1<SPI<1 values. When the SPI value is below –1, or 
above +1, ‟not normal” conditions can be observed. According to the calculations (Table 
3), the frequency of these not normal events will increase as compared with the beginning 
of the period. The rate of the years between 1871 and 2000 with not normal climate 
conditions was 13-15%, while in the 2021–2050 period this rate will probably increase to 
21–23%. 

Analyzing the frequency of moderate, severe, and extreme drought conditions (Table 3) 
a well expressed increase can be recognized in 3-, 6-, and 12-months periods as well. The 
change is the most significant in case of severe and extreme droughts: according to the 
CLAVIER model output, in the 1971–2000 period the frequency of these droughts was 
very low (0-1,11%), while the frequency of these events will rise up to ~4-5% in the 2021-
2050 period. 

 
                                                                           Table 2 

30-years average SPI values of the Carpathian Region 

  SPI3 SPI6 SPI12 
1971–2000 0,040 0,041 0,063 
2021–2050 –0,051 –0,080 –0,126 

 

Table 3 

Percentage of different precipitation conditions  
in the period of 1971–2000 and 2021–2050  

in the whole Carpathian Region 
 
 

Not normal conditions (-1 ≥ SPI value ≥ 1) 
 

  SPI3 (%) SPI6 (%) SPI12 (%) 
1971–2000 13,33 14,72 15,56 
2021–2050 21,94 23,06 21,11 
 
Moderate drought conditions (-1,5 < SPI value < -1) 
 

  SPI3 (%) SPI6 (%) SPI12 (%) 
1971–2000 5,56 5,83 4,17 
2021–2050 11,39 14,72 11,67 
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Severe drought (-2 < SPI value < -1,5) 

 

  SPI3 (%) SPI6 (%) SPI12 (%) 
1971–2000 1,11 0,28 0,00 
2021–2050 3,61 4,72 5,00 
 

Extreme drought conditions (SPI value < -2) 
 

  SPI3 (%) SPI6 (%) SPI12 (%) 
1971–2000 0,00 0,00 0,00 
2021–2050 0,83 2,22 3,89 

 
4.2. Spatial analysis of SPI values – Drought maps 
Drought maps were created applying GIS based methods to characterize the changes in the 
drought conditions.  The bases of these maps were the above mentioned 82 SPI locations, 
where the drought indices were calculated for. The 1971–2000 and 2021–2050 periods 
were compared and examined.  

Instead of using the ‟raw” SPI values in the mapping process, the number of time 
periods was determined and mapped, which satisfied the drought criterion according to the 
following criterion: 

 
SPI < –1  (moderate drought conditions) 
SPI < –1,5  (severe drought conditions) 
SPI < –2  (extreme drought conditions) 
 

The number of these ‟selected” periods was compared to the whole 30-years period in 
each SPI locations, so the maps are visualizing the probability (%) of the 
moderate/severe/extreme drought events. 

 
4.2.1. Results of the analysis of drought maps 
4.2.1.1. Moderate drought events (Figure 3–4.) 
The probability of moderate drought events was much lower in the period of 1971-2000 

than it is expected in the period of 2010–2050 in short-, medium-, and long-terms for the 
whole Carpathian Region. 

The most endangered areas by the moderate drought events are the central part of the 
Southwestern Carpathian subregion with the Iron Gates NP and the eastern side of Southern 
Carpathians with Tarnave Mare Area. At the southern part of NW Carpathians (around 
Budapest) the probability of drought events is also expected to be increased. 

The least affected areas are expected to be the Rodna-Maramures Area and the eastern 
borders of NW Carpathians. 

 
4.2.1.2. Severe drought events (Figure 5–6.) 
The probability of severe drought conditions is expected to be increased in the 

Carpathian Region in the 2021–2050 period. In fact the change is more expressed than it 
was in case of moderate droughts.  
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The most affected areas are similar: Southwestern Carpathian subregion north from the 

Iron Gates NP and the eastern side of Southern Carpathians with Tarnave Mare Area. The 
probability of long-term (12 months) severe drought events could be also relatively high in 
the NW Carpathian subregion, at the western border of Bükk Mountains and in the Rodna-
Maramures area. 

The least affected areas by severe droughts are expected to be the Tatra Mountains and 
the NE Carpathian subregion. 

 
4.2.1.3. Extreme drought events (Figure 7–8.) 
The largest change is expected to be in the probability of the occurrence of extreme 

drought events between the 1971–2000 and 2021–2050 periods. While the increase of 
probability between the two periods was ~3,5x at moderate droughts, ~5x at severe 
droughts, in case of extreme droughts this change is ~7x. 

The most affected areas are the region between the Bükk Mountains and the northern 
part of SW Carpathian subregion and the Tarnave Mare Area. The probability of long-term 
(12 months) extreme drought events is even higher in the Eastern Carpathian subregion and 
in the eastern half of Rodna-Maramures Area. 

The least affected areas by extreme droughts could be the Tatra Mountains, the NE 
Carpathian subregion and in case of long-term drought events the region of Iron Gates NP. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



      Analysis of drought conditions int he Carpathians using standardized precipitation index …      73 

 

 
 

 
Figure 3 

Probability of short-term (3 months) moderate drought events (%)  
between 1971–2000 (above) and 2021–2050 (below) 

 



74                                           János Vágó–András Hegedűs–Endre Dobos                           

 

 
 

 
Figure 4 

Probability of long-term (12 months) moderate drought events (%)  
between 1971–2000 (above) and 2021–2050 (below) 
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Figure 5 

Probability of short-term (3 months) severe drought events (%)  
between 1971-2000 (above) and 2021-2050 (below) 

 



76                                           János Vágó–András Hegedűs–Endre Dobos                           

 

 
 

 
Figure 6 

Probability of long-term (12 months) severe drought events (%)  
between 1971-2000 (above) and 2021-2050 (below) 
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Figure 7 

Probability of short-term (3 months) extreme drought events (%)  
between 1971-2000 (above) and 2021-2050 (below) 
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Figure 8 

Probability of long-term (12 months) extreme drought events (%)  
between 1971–2000 (above) and 2021–2050 (below) 
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5. Conclusion 
On the basis of the examinations the following major conclusion can be drawn: 

 
• The frequency and severity of drought events are expected to be increased in the whole 

Carpathian Region. 
• This projected increase can be observed in all cases of moderate, severe and extreme 

droughts and in short-, medium-, and long term periods as well. 
• Significant regional differences are expected in the distribution and severity of drought 

events. 
• The long-term drought events are expected to occur mainly inside the Carpathian 

Mountains, especially in case of extreme droughts. 
• The most affected areas by droughts are the Southwestern Carpathian subregion, the 

Southern Carpathian subregion and the Tarnava Mare Area focal area. 
• The least affected areas are the Tatra Mountains focal area, the Rodna-Maramures Area 

and the NE Carpathian subregion. 
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