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Climatic Variability of the Kulunda
Steppe

N. F. Kharlamova

Abstract Natural conditions are important, constantly acting factors in the territorial
organization of agriculture, which affect the efficiency of production. Among those,
climate is the primary and most important factor. This paper deals with the spatio-
temporal variability of the thermal regime and moistening conditions of the Kulunda
steppe as an element of the South Siberian agro-steppewithin the Eurasian steppe belt
of the forest steppe and steppe natural zones. Interannual variability of climate has a
great impact on agriculture. Better understanding and taking into account the factors
of climate variability allows solving problems related to climate change. Reducing
the vulnerability of various sectors, such as biodiversity, forestry and agriculture,
to climate variability by raising awareness of policy, work methods and technology
choices will in many cases reduce the long-term vulnerability of these systems to
climate change.

Keywords Climatic variability · Hydrothermal coefficient · Moistening
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3.1 Introduction

The Eurasian steppe belt of the forest steppe and steppe plays a leading role in the
global production of agricultural products. The geopolitical and resource importance
of these territories is increasing due to theworld population growth, shortage of fertile
land, climate change and the threat of food crises. In order to solve the fundamental
problem of optimizing the interaction between nature and society of Eurasia under
the conditions of global change of the natural environment, it is necessary to assess
the current and projected climate change (Shumova 2005, 2007; Kharlamova et al.
2014).
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Fig. 3.1 Changes in annual precipitation (mm/75 years) inRussia for the period 1936–2010. Source
Second Assessment Report (2014)

The Kulunda steppe belongs to the Russian steppe belt, which is a part of the
Eurasian steppe system. The climate change taking place here is a bright reflection
of global climate change and needs in-depth study, including an understanding of
regional features of the inland area of the South Siberian agro-steppe. Here, in the
Altai Krai, large areas of arable lands with fertile soils are concentrated. Their use
strongly depends on the state of the arid moderate continental climate (Kharlamova
and Silantyeva 2011a, b).

According to Roshydromet, during the past decades warming happened faster
and to a larger extent in the Russian Federation than in most other areas of the
world (Rosgidromet 2014). During the last 40 years, the average increase in global
temperature was about 0.17 °C per decade. In the territory of Russia, this rise in
temperature has been much faster with 0.43 °C per decade. The trend in annual
precipitation for the period 1936–2010 was positive for most parts of Russia, while
in the south-eastern part ofWestern Siberia, where theAltaiKrai is located, a negative
trend can be observed (Fig. 3.1).

It is necessary to study a longer period of observations throughout the steppe and
adjacent forest steppe natural areas of Russia for an in-depth understanding of the
temporal state and climate variability of the South Siberian agro-steppe.

3.2 Materials and Methods

Forest steppe and steppe zones of Russia extend in a continuous belt through the
Eastern European Plain, the Southern Urals and the West Siberian Plain to the Ob
River (steppe) and the Salair Range in the Altai Krai (forest steppe). To the east of
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Fig. 3.2 Distribution of steppes and forest steppes in Russia. Source http://savesteppe.org/ru/
steppe-oopt

the river Chumysh, the forest steppe and steppe are found only in the form of isolated
islands near Krasnoyarsk, Kansk and Irkutsk and in the intermountain river valleys
of the Altai and Sayan Mountains and Transbaikalian without the formation of a
zone band (Kharlamova and Kozlova 2015). The total area of the steppe natural zone
(northern and dry steppe) in the Altai Krai, the main territory of which lies within the
Kulunda Plain, is relatively small, but it is here that the main massifs of arable land
with the most productive chernozems and chestnut soils are concentrated (Fig. 3.2).

For the statistical analysis of the variability of the thermal regime and the annual
atmospheric precipitation regime of the territory of the forest steppe and steppe
zones of Russia during 1966–2012, the array of monthly open access data was used
by RIHMI-WDC (http: www.meteo.ru) for 33 weather stations located from the west
to the east of the Eurasian steppe belt. In order to assess the heat supply variety of
agricultural crops, the commonly used indicator in Russia is applied—the sum of
the active temperatures above +10 °C (�T > 10 °C). To estimate the conditions for
moistening agricultural areas, the two most commonly used indicators in Russia are
used: the hydrothermal coefficient by G.T. Selyaninov (HTC) and the moistening
coefficient by N.N. Ivanov (CH) (Rosgidromet 2012). The HTC value is included in
the list of indicators of aridity of the climate (Stadler 1987).

The HTC is defined by Selyaninov (1955) as the ratio of the sum of the growing
season precipitation to the sum of average daily temperatures of this period:

HTC = ΣP/(�T>10 ◦C) : 10,

http://savesteppe.org/ru/steppe-oopt
http://www.meteo.ru
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where �P—sum of precipitation for the period with t > 10 °C in mm during the
period with average daily air temperatures above 10 °C to the amount of heat (�T )
during the same period, decreased by 10 times (Selyaninov 1955).

According to the HTC values, the following gradation of humidity of areas was
identified:

• Moderately wet (1.3–1.5),
• Insufficient wet (1.0–1.3),
• Dry (0.7–1.0),
• Very dry (0.5–0.7),
• Extremely dry (HTC < 0.5).

When calculating the moistening coefficient (CH) by N.N. Ivanov, a one year’s
evaporation is calculated by the formula:

Eo = c Ƹθ, 

where Eo—evaporation in mm/year, θ—sums of temperatures above 10° (�T >
10 °C), c—coefficient of 0.18.

Accordingly, CH for the year is expressed by the formula:

CH = ,

where P—precipitation for a year in mm (Keltchevskaya 1971).
The study of the changes in the distribution of the territories of the Altai Krai, the

Republic of Altai and the Novosibirsk Region with the sums of active temperatures
above +10 °C (�T > 10 °C) characterizes variations of heat supply for growing
different crops, obtained by construction of empirical relationship ΣT>10 ◦C as a
function of altitude (z), latitude (ϕ) and longitude (λ) of the locality:

T>10 ◦C = f (z, ϕ, λ).

Estimation of the annual, monthly andmid-seasonal (winter—January, summer—
July) changes in air temperature, annual precipitation andmoistening coefficients CH
and HTC was conducted on the basis of linear trend coefficients b, °C/10 years and
mm/10 years.

3.3 Results and Discussion

The analysis of the thermal regime of forest steppe and steppe zones in Russia
for 1966–2012 shows that the mean annual air temperature decreases from west
to east from 11.9 (Krasnodar) to 0.8 °C (Barabinsk), the winter temperature from
−0.1 (Krasnodar) to −8.5°C (Barabinsk) and the summer temperature from 24.0
(Krasnodar) to 19.2 °C (Barabinsk).
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Table 3.1 Estimates of the linear trend of annual air temperature in forest steppe and steppe natural
zones of Russia, 1966–2012

Weather station b—coefficient of linear
trend, °C/10 years

Weather station b—coefficient of linear
trend, °C/10 years

Krasnodar 0.4 Armavir 0.2

Stavropol 0.2 Rostov-on-Don 0.2

Tsimlyansk 0.4 Volgograd 0.4

Chertkovo 0.3 Valuiki 0.4

Voronezh 0.5 Kalach 0.4

Tambov 0.4 Uryupinsk 0.4

Frolovo 0.4 Penza 0.4

Saratov 0.4 Ershov 0.4

Bezenchuk 0.4 Sorochinsk 0.5

Dombarovsky 0.4 Bredy 0.4

Troitsk 0.4 Makushino 0.4

Ishim 0.5 Russkaya Polyana 0.4

Tatarsk 0.4 Barabinsk 0.5

Slavgorod 0.7 Rubtsovsk 0.4

Zmeinogorsk 0.4 Kamen-on-Ob 0.4

Rebrikha 0.3 Barnaul 0.3

Biysk, Zonalnaya 0.4 Average 0.4

The average annual rate of change of temperature in Russia with forest steppe
and steppe landscapes in 1966–2012 was 0.4 °C/10 years (Table 3.1). The obtained
results almost completely coincide with the estimates given in the Second Roshy-
dromet Assessment Report, according to which the rate of warming over the period
1976–2012 was 0.52 °C/10 for the European territory of Russia and 0.29 °C/10 for
Western Siberia (Rosgidromet 2014).

The rate of warming increases from the western to the eastern border areas of the
forest steppe and steppe landscapes of Russia with increasing continental climate.
Thus, the areas of the least increase in the annual air temperature are the south-western
regions of Russia (Rostov-on-Don, Stavropol and Armavir). More intensive increase
in annual temperature is observed in the West Siberian forest steppe (Barabinsk and
Ishim), reaching the maximum values of 0.7 °C/10 years (Slavgorod) within the
Kulunda steppe of the Altai Krai (Fig. 3.3).

Due to the large extent of the territory of Russia and the variety of its natural
conditions, climatic change occurs unevenly and warming occurs at different rates
in different seasons. A higher rate of temperature rise is typical for winter, which is
0.6 °C/10 years, whereas in summer, the rate of the rising average temperature in
the forest steppe and steppe zones of Russia is two times less with 0.3 °C/10 years
(Table 3.2). Thus, the results of studies indicate significant changes in the thermal
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Fig. 3.3 Spatial distributions of the coefficients of linear trends mean annual air temperature
(°C/10 years) in the forest steppe and steppe natural zones of Russia, 1966–2012

regime throughout the forest steppe and steppe natural zones of Russia, characterized
by warming at an average rate of 0.4 °C/10 years. The highest rates of air temperature
increase are observed in the winter season, reaching the maximum values in the
European territory of Russia.

The study of the changes in the distribution of the territories of the Altai Krai, the
Republic of Altai and the Novosibirsk Region with the sums of active temperatures
above +10 °C (�t > 10 °C), which characterize variations in the heat availabil-
ity of growing a variety of crops, shows that with the continuing rate of warming
towards the end 2025, the sum of the active temperatures can increase by 300 °C or
more. Therefore, the boundaries of the territories with heat availability �T > 10 °C
equal to 2200–2400 and 2400–3000 °C (conditions of dry and extremely dry steppe)
can significantly advance northwards (Fig. 3.4, Mikhailova and Kharlamova 2006;
Mikhailova et al. 2008).

The variability of the annual precipitation is also characterized by non-
homogeneity (Kharlamova 2013a, b). The most noticeable reduction in annual pre-
cipitation during the period 1966–2012 was observed in the western regions of Rus-
sia, especially in the steppe regions of the Western Caspian (−100 mm/10 years,
Fig. 3.5). Negative trends in precipitation of lower values (−20 mm/10 years) were
observed in Azov forest steppe and south of the forest steppe zone of Altai. The
opposite tendencies of an increasing annual precipitation rate of 20 mm/10 years are
noted along the northern borders of the forest steppe zone of Russia and, in particu-
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Table 3.2 Estimates of the linear trend of averaged seasonal surface air temperature in forest steppe
and steppe natural zones of Russia, 1966–2012

Weather station b—coefficient of linear
trend, °C/10 years

Weather station b—coefficient of linear
trend, °C/10 years

January July January July

Krasnodar 0.6 0.6 Armavir 0.5 0.3

Stavropol 0.4 0.4 Rostov-on-Don 0.5 0.4

Tsimlyansk 0.7 0.5 Volgograd 0.8 0.5

Chertkovo 0.8 0.5 Valuiki 0.9 0.6

Voronezh 1.0 0.6 Kalach 0.9 0.4

Tambov 0.9 0.6 Uryupinsk 1.0 0.5

Frolovo 0.9 0.5 Penza 1.0 0.6

Saratov 1.3 0.2 Ershov 1.0 0.5

Bezenchuk 1.0 0.4 Sorochinsk 0.9 0.4

Dombarovsky 0.8 0.2 Bredy 0.8 0.2

Troitsk 0.7 0.3 Makushino 0.5 0.2

Ishim 0.6 0.1 Russkaya Polyana 0.3 0.0

Tatarsk 0.3 −0.1 Barabinsk 0.5 0.0

Slavgorod 0.2 0.0 Rubtsovsk 0 0.0

Zmeinogorsk 0.0 0.1 Kamen-on-Ob 0 0.1

Rebrikha −0.1 0.0 Barnaul −0.1 0.0

Biysk, Zonalnaya 0 0.2 Average 0.6 0.3

Fig. 3.4 Thermal conditions (the sum of active temperatures above +10 °C): a decrease in the
mean annual temperature by 1 °C; b modern; c increase in the mean annual temperature by 1 °C
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Fig. 3.5 Spatial distribution of coefficients of linear trends of annual sums of precipitation
(mm/10 years) in forest steppe and steppe natural zones of Russia, 1966–2012

lar, in the extreme north-east of this zone (40 mm/10 years), where there is a barrier
effect of the Kuznetsky Alatau.

Therefore, the most significant reduction in annual precipitation since the second
half of the twentieth century has been observed in the western regions of Russia,
especially in steppe of the Western Caspian, Azov steppe, forest steppe and steppe
natural zones of Altai. These areas are the most important agricultural regions of
Russia, and the identified trends will certainly impact the structure and quality of
agricultural production.

Average values of moistening coefficient (CH) by Ivanov of forest steppe and
steppe landscapes in Russia vary in the range from 20.8–29.2% (Akbulak, Rubtsovsk
and Slavgorod) to 69.2% (Zmeinogorsk, Table 4). Values of the hydrothermal coef-
ficient (HTC) in the forest steppe and the steppe vary from 0.4 (Slavgorod) to 1.2
(Zmeinogorsk). According to the range ofHTC, the followingmoistening zones have
been identified:

• Insufficiently wet (Krasnodar, Stavropol, Biysk and Zmeinogorsk),
• Dry (Bezenchuk, Frolovo, Uryupinsk, Chertkovo, Rostov-on-Don,Kamen-on-Ob,
Barnaul, Rebrikha),

• Very dry (Akbulak, Bredy, Russkaya Polyana, Rubtsovsk),
• Extremely dry (Slavgorod) (Table 3.3).
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Table 3.3 Mean values of HTC and CH coefficient of moisture of forest steppe and steppe land-
scapes of Russia, 1966–2012

№ Weather
station

Value of CH/(moistening
characteristic)

Value of HTC/(moistening
characteristic)

forest steppe

1 Krasnodar 55.7 (insufficient) 1.0 (insufficiently wet)

2 Kamen-
on-Ob

43.2 (insufficient) 0.8(dry)

3 Barnaul 55.5(insufficient) 0.9 (dry)

4 Rebrikha 48.1 (insufficient) 0.9 (dry)

Steppe

5 Stavropol 57.2 (insufficient) 1 (insufficiently wet)

6 Rostov-
on-Don

49.4 (insufficient) 0.9 (dry)

7 Chertkovo 47.3 (insufficient) 0.9 (dry)

8 Uryupinsk 44.7 (insufficient) 0.8 (dry)

9 Frolovo 38.2 (insufficient) 0.7 (dry)

10 Bezenchuk 44.3 (insufficient) 0.8 (dry)

11 Akbulak 29.2 (scanty) 0.5 (very dry)

12 Bredy 40.6 (insufficient) 0.7 (very dry)

13 Russkaya
Polyana

41.5 (insufficient) 0.7 (very dry)

14 Biysk,
Zonalnaya

59.7 (insufficient) 1.1 (insufficiently wet)

15 Zmeinogorsk 69.2 (insufficient) 1.2 (insufficiently wet)

16 Rubtsovsk 26.6 (scanty) 0.5 (very dry)

17 Slavgorod 20.8 (scanty) 0.4 (extremely dry)

With a general tendency towards reducing the degree of moisture with the increas-
ing continentality of the climate from the western borders of forest steppe and steppe
natural zones of Russia to the Altai Krai, there was a significant barrier effect of the
Altai and Sayan Mountain ranges, contributing to the increase in the availability of
moisture in the territory (Fig. 3.6).

Linear trends of CH and HTC, reflecting the overall long-term trend of moisture
variability during 1966–2012, are negative in most parts of the area under study (for
example, see weather station Slavgorod, Fig. 3.7), while only for some areas like at
the weather stations of Barnaul (Fig. 3.8) and Rebrikha, slightly positive trends are
noted.

Thus, in the course of the study of spatio-temporal variability of the degree
of moistening of forest steppe and steppe landscapes of Russia for the period
1966–2012, a general trend of increasing aridity has been identified. Against a long-
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Fig. 3.6 Spatial distribution of HTC (a) and CH (b) moistening coefficients in forest steppe and
steppe natural zones of Russia, 1966–2012
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Fig. 3.7 Changes of CH (a), HTC (b) values from 1966–2012 for Slavgorod

Fig. 3.8 Changes of CH (a), HTC (b) values from 1966–2012 for Barnaul
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Fig. 3.9 Changes in annual precipitation, weather station in Barnaul, 1838–2028; red line—
smoothed by low-pass filter, grey line—the annual value (without correction for wetting)

term negative orientation of linear trends, rhythmic periods of relative reduction and
increase in moisture are noted.

The results obtained in the study of relatively short time periods, as in this study
(1966–2012), may not correspond to long-term trends, identified on the basis of
long-term series of meteorological observations by the different weather stations.
Thus, the observed rhythm of wet and dry periods was determined on the basis of
the analysis of the distribution of annual precipitation at the Barnaul weather station
for the period 1838–2028 (Fig. 3.9; Kharlamova and Revyakin 2006; Kharlamova
2010). According to these observations, beginning in 2007, there was a tendency of
an increasing moisture content, which can be preserved in the coming years.

However, the peculiarity of modern climate change, beginning from the middle
of the twentieth century, is the change in the ratio of heat and moisture supply. Equal
amount of precipitation at the beginning and at the end of the twentieth century
provided different moisture, because at a higher temperature level, the moisture
content decreases. And if the rate of warming continues to increase in the coming
years, the increasing level of precipitation, projected by 2028 (Fig. 3.9), may not be
sufficient to increase the overall moisture content.

3.4 Conclusions

The spatio-temporal variability of the thermal regime and the humidification of the
Kulunda steppe indicate an appreciable increase in the annual air temperature (an
average of 0.4 °C/10 years) during the almost 50-year period of 1966–2012, espe-
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cially in the winter season. This concurs with an increase in the aridity of forest
steppe and steppe landscapes, where the main agricultural areas are concentrated.
Trends of annual precipitation and coefficients of humidification by Ivanov (moist-
ening coefficient, CH) and Selyaninov (hydrothermal coefficient, HTC) are negative
practically for the whole territory. The most noticeable decrease in annual amount
of precipitation and moisture since the second half of the twentieth century has been
observed in western regions, especially in steppe regions of the Western Caspian,
Azov steppes, forest steppe and steppe regions of Kulunda in the Altai Krai. The
problems in agriculture caused by climatic changes of a regional and global scale
are common for many regions. Therefore, the results of research on this topic on
the example of the South Siberian agro-steppe are very relevant beyond this study
region.
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