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ABSTRACT. In this paper, we investigate the 

spatial and temporal characteristics of the 

spring-summer atmospheric drought using 

various indicators from the meteorological 

station observations in the European Russia 

in May – August 2010. 

Drought indicators suggest that the drought 

2010 was not the most extensive. Weather 

conditions in the winter and spring of 2010 

contributed to the occurrence of dry conditions 

in the central part of European Russia in May. 

It has been found that the most impact of 

the severe drought was on the territory of 

the Volga region. Drought began in May and 

lasted for 4 months. The intensity of severe 

and extreme drought increased from May to 

August. In the south of European Russia, severe 

and extreme drought was observed.

Analysis of the macrocirculation conditions 

of the drought formation has shown the 

likelihood of its occurrence in the European 

Russia in the near future.

KEY WORDS: drought, Selyaninov 

hydrothermal coefficient, Palmer Drought 

Severity Index, Soil Water Index, European 

Russia

INTRODUCTION

Drought as a hazardous natural phenomenon 

is determined primarily by meteorological 

factors. Although there have been many 

regional Russian drought studies, the 

researchers continue to examine drought 

conditions, frequency, and duration of 

climate-caused drought periods, especially 

in the grain-producing regions of Russia 

[Drozdov, 1980; Zoidze & Khomyakova, 

2000; Zolotokrylin et al., 2007; Loginov, 

2002; Meshcherskaya et al., 2011; Semenov, 

2012; Rauner, 1981; Ulanova& Strashnaya, 

2000]. Severe drought of 2010 in European 

Russia was the cause of new scientific 

studies [Volodin, 2011; Ivanova et al., 2011; 

Mokhov, 2011; Frolov & Strashnaya, 2011; 

Barriopedro et al., 2011; Blunden et al., 2011; 

Grumm, 2011; Lau & Kim, 2012; Schubert et 

al., 2011]. Research interest is caused by a 

negative influence of drought on agricultural 

productivity and instability of characteristics 

of the dry periods in a changing climate.

Meteorologically connected record-

breaking extreme events were observed 

during the summer of 2010: a heat wave 

and wildfires in European Russia and the 

severe flood in Pakistan. Drought was caused 

by an extraordinarily strong and prolonged 

extratropical atmospheric blocking event in 

association with a large-scale atmospheric 

Rossby wave spanning over European 

Russia, Kazakhstan, and the northwestern 

China–Tibetan Plateau region. The heat 

wave was amplified by a positive feedback 

through changes in the surface energy fluxes 

between the atmospheric blocking pattern 

and land with below-normal soil moisture 

[Lau and Kim, 2012]. Anomalously heavy rain 

events over northern Pakistan occurred due 

to the southward penetration of extratropical 

potential vorticity in the deep trough east 

of the European blocking [Galarneau et al., 

2012; Hong et al., 2011]. The discussion 
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about the connection between the events 

of summer 2010 with the anthropogenous 

climate change is not complete. On the one 

hand, the natural variability of climate was 

the main cause of the heat wave in European 

Russia [Dole et al., 2011]. On the other hand, 

the record heat in July 2010 would not have 

happened without the large-scale climate 

warming [Rahmstorf & Coumou, 2011].

The authors investigated the genesis 

and dynamics of hazardous atmospheric 

drought (criteria recommended by the 

Hydrometeorological Research Center of Russia) 

and its conjunction with the macrocirculation 

processes in the 20 – early 21 century over 

the European Russia in their previous studies 

[Cherenkova, 2007; Cherenkova, 2012; 

Cherenkova & Kononova, 2012].

Some papers claimed that: 1) severe and 

extreme drought in 2010 was manifested 

in the south of European Russia and 2) 

drought like the drought in 2010 was not 

observed in the European part of Russia 

for 75 years of instrumental meteorological 

observations [Meshcherskaya et al, 2011; 

Frolov & Strashnaya, 2011].

The goal of this study is to identify the spatial 

and temporal characteristics of the spring-

summer atmospheric drought in May – 

August 2010 over the European part of 

Russia using quantitative indices of drought. 

We also sought to answer the question, what 

was the area of extreme drought in 2010, 

compared with similar droughts in European 

Russia in the XX – early XXI-st century. This 

paper is focused on the investigation of 

regional peculiarities of spring and summer 

atmospheric drought with the emphasis on 

the study of severe and extreme drought and 

macrocirculation conditions of its formation 

as an event with the greatest negative 

impact on agricultural production. 

DATA AND METHODOLOGY

The identification of atmospheric drought 

on the plains of European Russia from May to 

August, 2010, is based on the well-known, in 

Russian Federation, Selyaninov Hydrothermal 

Coefficient (HTC) and the most widely used, 

in the USA, the Palmer Drought Severity 

Index (PDSI). 

The Hydrothermal Coefficient is calculated 

as

HTC = P/0,1 • T>10°C, (1)

where T>10°C is the sum of daily mean 

air temperature in the period with daily 

temperature above 10°C, P is the daily 

precipitation sum over the same period 

[Selyaninov, 1928]. For a more consistent zonal 

comparison of the results, we considered the 

normalized standard deviation anomalies of 

HTC [Zolotokrylin & Titkova, 2012].

In this work, we used the data set VNIIGMI 

MTsD on observations of air temperature 

and the daily total precipitation for 1936–

2010 (www.meteo.ru) for calculation of 

the Hydrothermal Coefficient. Results were 

obtained from the data of 44 weather stations 

located in European Russia. Anomalies and 

the standard deviation of the normalized HTC 

anomalies were evaluated in comparison 

with the average for the period 1936, 2010. 

The monthly gridded global PDSI values 

(2,5° × 2,5° resolution) are taken from the 

global dataset [Dai et al., 2004]. The Palmer 

Drought Severity Index is based on the use 

of empirical coefficients for calculating the 

regional water resources, standardized to 

the local climate. The index is the sum of the 

current moisture anomaly and combined 

with weighting factors of previous values of 

the index. Moisture anomaly is defined as:

d = P – P̂ , (2) 

where P – the monthly amount of 

precipitation, P̂ – potential values climatically 

appropriate for existing conditions (CAFEC) 

[Palmer, 1965]. The definition of P̂  is a simple 

analog of the water balance equation:

ˆ
i i i iP PE PR PRO PL= α +β + γ −δ . (3)
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The weighting factors are called the water-

balance coefficients and are found in the 

following manner:

      

    

i i
i i

i i

i i
i i

i i

ET R

PE PR

RO RO

PRO PRO

α = β =

γ = γ =

where i ranges over the months of the 

year, ET – evapotranspiration, R – recharge, 

RO – runoff, L – loss, PE – potential 

evapotranspiration, PR – potential recharge, 

PRO – potential runoff, PL – potential loss. 

The bar over a term indicates an average 

value, which depend on the available water 

holding capacity (AWC).

The moisture departure is weighted using 

K for comparability of the index values in 

the different months of the year in different 

locations. K is called the climatic characteristic 

and defined as:
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where Dj is the average of the moisture 

anomaly for month j.

As a result, we obtain the Palmer moisture 

anomaly index (Z index):

Z = Kd (6)

Z index can indicate wet or dry conditions 

during a single month without regard to 

a recent trend of the ratio of heat and 

moisture. 

Monthly values of the Palmer Drought 

Severity Index are calculated as:

PDSIi = 0,897•PDSIi – 1 + Zi /3. (7)

The advantages of this methodology are 

demonstrated in the comparability of the 

values in any place and at any time of year, as 

well as in the ability to take into account the 

moisture conditions in previous months. The 

inability to account for evapotranspiration of 

frozen ground and snow accumulation limits 

the index usage [Alley, 1984]. 

The area was calculated as the percentage 

area of the drought from the area of research 

territory (%). The intensity of the drought 

or its severity is reflected in an identified 

type of drought (Table 1). Analysis of the 

area and intensity of drought in European 

Russia showed that the area and intensity 

correlate with a coefficient of 0,98 for the 

normalized HTC anomalies and 0,96 for the 

Palmer Drought Severity Index. 

To analyze the long-term fluctuations of 

global atmospheric circulation we applied 

the classification of elementary circulation 

mechanisms (ECMs) for the Northern 

Hemisphere developed by B.L. Dzerdzeevskii 

[Dzerdzeevskii, 1962; Dzerdzeevskii, et 

al., 1946]. The results obtained using this 

classification (the long-term series of 

alternations of ECM, patterns of circulation, 

most recent publications, list of all publication 

where this classification was used) during the 

period from 1899 to present are placed on 

the website www.atmosphertccirculation.ru 

[Kononova, 2009]. 

Table 1. Classifi cation of the drought intensity

Severity classes Normalized HTC anomaly Palmer Drought Severity Index

Mild drought –1.00 to –1.24 –1.00 to –1.99

Moderate drought –1.25 to –1.49 –2.00 to –2.99

Severe drought –1.5 to –1.74 –3.00 to –3.99

Extreme drought Below  –1.75 Below –4.00
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There is an elementary circulation 

mechanism classification of cyclone and 

anticyclone finding and tracking scheme for six 

sectors – Atlantic, European, Siberian, Far East, 

Pacific and American sector [Dzerdzeevskii, 

1968]. According to the cyclogenesis 

in the European sector (0 °–60 ° E), the 

elementary circulation mechanisms (ECM) are 

grouped into: Western zonal group, Northern 

meridional group, Southern meridional group 

and Stationary position group (Table 2). 

We also used the Soil Water Index (SWI) data 

set from satellite observations of the Institute of 

Photogrammetry and Remote Sensing (Vienna 

University of Technology) for evaluation of soil 

moisture anomalies in May–August 2010. The 

data with a resolution of 12,5 km are available 

for the period from 1992 without the gap 

period in 2001–2003 [Naeimi et al., 2009]. The 

Soil Water Index can be interpreted as the 

soil moisture content (%) in the first 1 meter 

of the soil ranging between wilting level and 

field capacity. Soil moisture anomalies were 

calculated over the period 1992–2010.

RESULTS AND DISCUSSION

According to the normalized anomalies of 

the Selyaninov Hydrothermal Coefficient 

(as shown in Figure 1) large-scale drought 

covered 19% of the territory of European 

Russia in 1936, 22% in 1938, 18% in 1939, 

38% in 1972, and 25% in 2010. According to 

the Palmer Drought Severity Index, a group 

of dry years was observed from 1936 to 1939 

when the severe drought area increased from 

35% (in 1936) to 42% (in 1939). Extensive 

severe droughts in the European Russia were 

observed in 1972 (36% of the territory), 1975 

(20%), 2002 (25%) and 2010 (31%). Extreme 

drought occupied less area, but was also 

extensive.

So, the greatest area of spring and summer 

strong drought in European Russia in the 

period 1936–2010 was in 1972 (according 

to the HTC normalized anomalies). The 

priority of the largest area of similar drought 

according to the Palmer Drought Severity 

Index was in 1939. This can be explained 

by the cumulative effect of several years of 

drought in the PDSI calculation.

Let’s consider weather conditions in the 

European part of Russia in 2010. Winter was 

cold over large areas of European Russia. 

The highest mean monthly air temperature 

anomaly was observed in January over the 

central part of the territory (on average, 

5 degrees lower than the historical average). 

In the south and west of the territory, the 

Table 2. The distribution of drought -related ECMs in the circulation groups for European Russia

Western zonal Northern meridional Southern meridional Stationary position

2a, 2v, 6, 7al, 7bl 4b, 4v, 8bl, 8gl, 8gz, 10a, 
10b, 12a, 12bl, 12vl

2b, 8bl 3,8a, 9a, 9b, 13l

The propagating edge of 
the Azores anticyclone

The Arctic air intrusions The outputs of the 
Mediterranean cyclone 
tracking

Persisting anticyclone in 
the region

1. Zonal ECMs for the Northern Hemisphere without blocking events with three outputs of the Mediterranean 
cyclone tracking: 2a – towards Central and Western Europe, along the Pacifi c coast, across North America; 2b – from 
the Mediterranean via the Black Sea and Caspian Sea basins in the direction of the Volga and Ural basins along the 
Pacifi c coast and across North America; 2v – across the Caspian and Aral Sea in the direction of the Ob and Yenisei 
River basins, along the Pacifi c coast, across North America. 2) Disturbance of zonal circulation ECMs for the Northern 
Hemisphere: 3 – blocking anticyclone over the Atlantic; 4b – blocking event over European Russia; 4v – blocking 
event over the Urals and Western Siberia; 6 – blocking anticyclone in the Pacifi c sector; 7al – blocking event over 
the east of North America; 7bl – blocking event over the west of North America. 3) Northern meridional ECMs for 
the Northern Hemisphere. Two blocking events: 8a – over the east of North America and Western Europe; 8bl – over 
European Russia and Eastern Siberia; 8vl – over Eastern Siberia and the Pacifi c Ocean; 8gl – over the Atlantic and 
Western Siberia; 8gz – over the Atlantic and Eastern Siberia; 9a – over the Atlantic and Pacifi c Ocean; 10a – over 
European Russia and the east of North America; 10b – over the east of European Russia and west of North America. 
12a – four blocking events, one of them over European Russia. Three blocking events: 12bl – one of them over the 
sector from 40°E to 100°E.; 12 vl – one of them over the basin of the Volga and Ob. 4) Southern meridional ECMs for 
the Northern Hemisphere: 13l – four outputs of the Mediterranean cyclone tracking.
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winter amount of precipitation almost 

twice exceeded the long-term average 

values (Table 3). On the contrary, spring 

was warm. A shortage of precipitation was 

in the center of European Russia (in April, 

40% of the historical averages). Part of the 

winter precipitation decreased due to the 

abnormally cold winter and the deep soil 

freezing. 

The genesis of the drought in May–August 

2010, in the European Russia, is shown in 

Figures 2 and 3. It should be noted that 

although the intensity and extent of drought, 

according to both indexes, demonstrate small 

differences, the results based on the analysis 

of the PDSI values largely repeat those based 

on the normalized HTC anomaly variations 

due to a high correlation between them 

(correlation coefficients: 0,81 for the mild 

drought, 0,83 for the moderate drought, and 

0,76 for the severe drought). This difference 

may reflect the contribution of moisture 

conditions of the previous periods into the 

PDSI calculation.

A persistent anticyclone formed over European 

Russia in early May due to the penetration of 

Arctic air. Recurring invasion of the Arctic cold 

air rapidly warmed over the continent and 

supplemented anticyclone throughout the 

month. As shown in Fig. 2a, the severe and 

extreme drought in 2010 occurred in May in a 

small area in the Volga region according to the 

PDSI values, and the severe drought began in 

June according to the normalized anomalies 

of the HTC (Fig. 3a). A severe drought spread 

in all directions during June–August, but the 

furthest to the south-east, covering 11% of 

the territory in June, 21% in July, and 31% 

in August. There was an alternation of the 

processes in June and July that characterizes 

circulation groups “Stationary position” 

and “Northern meridional.” In addition, the 

territory was under the influence of the 

air of the eastern periphery of the Azores 

anticyclone during 25–28 June and 21–22 

July. The average monthly temperature in 

July and August in central and south-eastern 

European Russia exceeded the long-term 

average by 5–7 degrees. There was almost 
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Table 3. Average deviation of temperature (°С) (1) and precipitation (%) (2) over European Russia 

in comparison with the period 1961–1990

December January February March April May

1 2 1 2 1 2 1 2 1 2 1 2

–1.2 120 –3.6 104 –0.9 123 0.3 135 1.7 77 3.0 115

no rainfall (Table 4). On July 28, Mediterranean 

cyclone, which arrived to the southern 

borders of the European Russia, was unable 

to break the anticyclonic regime. The next 

Mediterranean cyclone arrived only on August 

27, during the end of drought. The maximal 

area of extreme drought was in July (14% of 

the territory) and August (12% of the territory) 

(Fig. 2b). The drought in the Volga region was 

observed in four months. Severe drought 

in western European Russia appeared only 

in July. In the south of the European Russia, 

there was only mild and moderate drought, 

which began in July. The intensity of severe 

drought increased from May to August. The 

boundary of drought extended in August in 

northern regions of European Russia, where it 

has been never observed. 

Fig. 2. Atmospheric drought in European Russia in: a) May b) June c) July and d) August, 2010 

according to the Palmer Drought Severity Index. The contours show the intensity of drought

gi113.indd   60gi113.indd   60 22.03.2013   11:00:3422.03.2013   11:00:34



6
1

 
EN

V
IR

O
N

M
EN

T

It is necessary to note that there were 

periods of more severe drought in the south 

of European Russia. For example, severe and 

extreme drought observed here in 1939, 

1972, 1984, and in the multiyear dry spell 

1949–1951. At hot summer in 2010, drought 

was not a severe one over the south of 

European Russia.

Summer atmospheric drought in 2010 

appeared in a period characterized by a 

decrease in the duration of the outputs 

of Mediterranean cyclones and increased 

northern meridional blocking events. The 

duration of circulation group “Stationary 

position” was the longest (60% more than 

the long-term average) in May–August 2010. 

Anticyclone supplemented incursions of 

arctic air (the duration is 8% higher the long-

term average) and air of the periphery of 

the Azores anticyclone (duration 29% of the 

average) into the European part of Russia. The 

duration of circulation group, characterized 

by the outputs of the Mediterranean cyclone 

tracking was 21% only in May and August 

compared with the long-term average for 

the period 1899–2010. In other words, the 

key features associated with the protracted 

heat wave included a combination of the 

increased duration of the circulation group 

of persisting anticyclone and the reduced 

duration of the outputs of the Mediterranean 

cyclone tracking. 

On the other hand, the extreme summer 

temperature anomaly can be explained 

not only the anomalous dynamics of the 

atmosphere, but also in advance (at least, 

in a month) by the negative anomaly of 

soil moisture in the region [Volodin, 2011]. 

Observed anomaly of soil moisture in 

May 2010 on the territory of the North 

Kazakhstan using Soil Water Index confirms 

the hypothesis (Fig. 4). Abnormally dry 

conditions resulted in the unevenness of 

vegetation, extremely short height of plants, 

and depression of photosynthesis, growth, 

and yield of field-grown crops. The most 

adverse conditions for the cereal crops 

growth (HTC less than 0,4) were observed in 

the most part of the territory of the Kostanai 

region, in the west and south-west of the 

Akmola region, in the north-west and south-

east of the North-Kazakhstan region. The 

Table 4. Mean monthly air temperature and precipitation anomalies in the summer of 2010 
on the territory of European Russia compared with the period 1961–1990

Station
Air temperature, °C Precipitation, %

June July August June July August

Astrakhan 3.4 3.9 4.0 24 0 5

Elista 3.3 4.5 5.3 19 166 7

Primorsko-Akhtarsk 2.7 3.0 4.7 82 52 55

Rostov-on-Don 4.5 5.8 7.7 17 132 9

Tsimlyansk 3.6 4.1 5.4 100 104 10

Aleksandrov Gay 4.9 5.6 5.9 0 33 26

Oktyabr'skij Gorodok 4.7 6.4 6.3 1 33 20

Voronezh 4.2 6.8 7.1 52 46 52

Kamennaya Steppe 5.0 7.0 7.3 4 35 55

Samara 4.9 6.6 6.8 9 2 51

Tambov 4.0 7.3 6.5 48 15 100

Makhachkala 2.4 2.4 2.8 27 15 7

Fig. 3. Atmospheric drought in European Russia in: a) May b) May–June c) May–July and 

d) May–August, 2010 according to the normalized anomalies of HTC. 

The contours show the intensity of drought
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prevailing easterly and southeasterly winds 

in May and June contributed to the transfer 

of warm air from North Kazakhstan in the 

Volga region.

Based on the analysis of fluctuations of the 

European sector atmospheric circulation in the 

period from 1899, we assume that drought can 

be expected in European Russia in the near 

future due to the increasing duration of the 

blocking events in the recent years (Fig. 5).

The abnormally hot weather over European 

Russia in 2010 has beaten the previous 

temperature record of a hot season in 

Western Europe in the summer 2003 due 

to its intensity, duration, and spatial extent. 

The temperature maxima of the historical 

records for 500 years have been exceeded on 

more than 50% of the territory of European 

Russia. The ensemble calculations show 

that, over the next 40 years, the probability 

of such abnormalities may increase 5–10 

times. However, despite these estimates, the 

probability of this phenomenon occurrence in 

the same region is very small until the middle 

of this century [Barriopedro et al., 2011].

CONCLUSIONS

It can be argued that the area of drought 

depends on the method of detection. 

According to the normalized anomalies of 

the Selyaninov Hydrothermal Coefficient 

and the Palmer index, the largest area of 

severe drought in European Russia was in 

1972 and 1939.

The cold winter of 2010, which prevented 

the recharge of soil moisture due to snow 

melting and spring moisture deficits, had 

an impact on the occurrence of drought 

conditions in the central part of European 

Russia in May.

Based on the above results, we argued 

that the drought in 2010 began in May in 

Fig. 4. Soil moisture anomaly in May 2010 

(negative anomaly in red)

ye
ar

s

days

Fig. 5. 10-year moving averages 

of the circulation groups anomalies duration in 

European Russia. Western zonal group 

is denoted by yellow line, Northern meridional 

group – by green line, Southern meridional 

group – by blue line, and Stationary position 

group – by red line
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the Volga region and was observed here for 

four months. During June–August, a severe 

drought spread in all directions. The intensity of 

drought has increased from May to August. The 

drought boundary extended in August to the 

northern regions of European Russia, where it 

has been never seen. The greatest impact of 

summer drought of 2010 happened in the 

south-eastern regions of European Russia. In 

the south of European Russia, a strong and 

extreme drought was not observed. 

According to the circulation conditions 

dynamics in the period from 1899, we 

can expect droughts in European Russia 

in the near future due to the increasing 

duration of the blocking process in the 

recent years.
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