Land Use and Cover Change under Agricultural
Development and Climate Change in Russia
Elena V. MILANOVA ¹, Andrei P. KIRILENKO ², Nikolay M. DRONIN ¹
¹ Faculty of Geography, Lomonosov Moscow State University
Leninskie Gory, 119992 GSP-2, Moscow, Russia, emilanova@fund-sd.ru
² University of North Dakota (Grand Forks, ND, USA)

1. Introduction
Land use and land cover change is a complex process, driven
by both natural and anthropogenic transformations (Fig. 1).
In Russia, the major driver of land use / land cover change is
agriculture. It has taken centuries of farming to create the existing spatial distribution of agricultural lands. Modernization
of Russian agriculture started ﬁfteen years ago. It has brought
little change in land cover, except in the regions with marginal
agriculture, where many ﬁelds were abandoned. However, in
some regions, agricultural lands were dramatically impacted by
changed management practices, resulting in accelerating erosion and reduced biodiversity. In other regions, federal support
and private investments in the agricultural sector, especially
those made by major oil and ﬁnancial companies, has resulted
in a certain land recovery.
Between the natural factors that shape the agriculture in Russia, climate is the most important one. In the North European
and most of the Asian part of the country, the most important
factor is temperature. Long season with negative temperatures
leads to a short growing period and low growing degree days,
which puts strong restraints on crop varieties and average
yields. In warmer steppe region of the South European part of
the country with productive Chernozem soils, agriculture is primarily controlled with the spatial and temporal precipitation
pattern. Here, frequent droughts lead to signiﬁcant year-to-year
yield variability. Evidently the future of agricultural land use in
the country will be largely determined by the temperature and
precipitation shift, which is discussed in this article.

Fig. 1 — Land use and land cover change

The structure of agricultural lands exhibits signiﬁcant geographical diversity. Most of Russia is in the forest, tundra, and
steppe vegetation zones (Fig. 2), and is considered a high-risk
agriculture zone. In the northern and northeastern part of the
country, the agriculture (primarily growing grasses and cereals
for fodder) is limited with permafrost and insuﬃcient growing
degree days. In the south, agriculture is limited in the arid and
semi-arid lands. The best agricultural lands in Russia are located
in the steppe zone, inside a wide 1,500 km across zone south
of 55°N latitude, which is ﬂanked by the broadleaf forests in
the north and semideserts, in the south (Fig. 3). Between these
two areas of limited or no agricultural use, cereal crops prevail
in the forest-steppe and steppe zones, with increasing share
of land under cash crops, such as sugar beets and sunﬂowers
along the north-south gradient (Fig. 4). In the Far East region,
signiﬁcant areas are under soybeans.
The steppe (Fig. 2) is the most important for food production
vegetation zone. Fertile Chernozem soils and moderate climate
of the steppe region ensure that more than 40% of the total Russia’s harvest is produced here. The region provides employment
for 30% of the total rural population of the country. In West
Siberia, the steppe zone is much narrower, with forest steppe
strips. Further east, in Central and East Siberia, the steppes
are mostly localized in depressions and on the low parts of the
slopes of mountain lands. Along the north-south transect, the
transitional forest steppe in the north is replaced by northern
and, further, by southern steppe. In the forest-steppe, tree stands
alternate with open grasslands. In the European part of the
country, these tree stands are formed with oak and other broadleaf species and nowadays are largely cleared for agriculture.
Forest steppe, birch and aspen are common in West Siberia.
Further south, the forest steppe is replaced by the steppe
grasslands on fertile Chernozem soils. Here, the annual amount
of precipitation is 250–400 mm vs. 400–500 mm in the forest
steppe. Smaller precipitation limits the tree species to forested

2. Agriculture in Russia: an Overview
According to the Russian Federal Land Register Service, more
than 220 million ha, which constitutes close to 13% of the
total territory of the Russian Federation, are designated for
agricultural use. Approximately 53% of this area (7% of the
Russian territory) is used for growing grain crops, and it is
divided between the winter (30%) and the spring (70%) crop
varieties. Winter crops usually have higher yields, making up
to 40% of the total grain harvested in Russia. Climatically, the
wheat growing regions resemble those in Canada, the United
States, and Argentina, with smaller yield, which trails Canada’s by about 10%. Other important crops include sugar beets,
ﬂax, sunﬂowers, potatoes, and vegetables, feed roots, grass and
legumes, and fruits. The yield of potatoes, sugar beets and feed
crops falls behind the typical for the North America ones even
more dramatically, than the grains are. Better management and
improved technology might result in a modest yield increase,
higher eﬃciency, and reduced post-harvest losses, bringing signiﬁcant economic gains.
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Fig. 2 — Vegetation zones of Russia (data Stolbovoi and McCallum 2002).

Fig. 3 — The areas of high, considerable, and low agriculture development in Russia
(data Stolbovoi and McCullum 2002).
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Fig. 4 — Geography of Russian agriculture (data Stolbovoi and McCallum 2002)
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Fig. 5 — Irrigated land as a percentage of total land under agriculture (Döll and Siebert 2000)
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The following two laws regulate the use of agricultural lands.
In 2001, the new Land Code came into force. The Land Code
regulates the transfer of the state-owned lands to private ownership; however its applicability to agricultural lands is limited.
A separate Federal Law ‘On Circulation of Agricultural Lands’
was adopted in 2002. The Law regulates the ownership, usage,
and rezoning of the land designated for agricultural use. The
Law limits the usage of agricultural lands only for agricultural
production.
The transformation of society and economics in Russia
throughout the past 15 years brought signiﬁcant changes in
land use, especially in the agricultural belt of steppes. The area
under crops has decreased to all food crops, with exception of
potatoes and vegetables; the latter mostly grown on lands in
individual ownership. Between the cash crops, the area under
sunﬂowers has been increased signiﬁcantly, with sunﬂowers
replacing sugar beets and cereals. The collapse of livestock
production has reduced the area under fodder, especially in the
areas traditionally specializing in dairy farming. The areas with
marginal agriculture and those specializing in pastoral sheep
breeding experienced the smallest decline in grasslands and
ranges. Considerable areas of arable lands were abandoned
or put into grazing due to land degradation (e.g., up to 50% of
the soil humus is lost in some areas), impacting biodiversity
and leading to rural depopulation (Milanova et al. 2005). This
land cover and land use change in agricultural regions of the
forest-steppe and steppe vegetation zones is usually driven by
extensive farming (e.g., up to 90% of lands in some areas are
converted to crop production), industry (such as the hydropower plants on the plain rivers), and by urban sprawl. Further,
these drivers are steered by the social and economic transition:
changes in ownership, stagnation of agriculture, re-industrialization, infrastructure development, and others.

ravines and valleys. Originally, steppe was almost exclusively
used for grazing, however currently the tillable lands are
almost entirely under cultivation. The non-tillable lands, especially those in the Caspian Sea area, have an annual amount of
precipitation less than 250 mm and are rather similar to semideserts. These lands have limited grazing use: even though the
soils are relatively fertile under irrigation, the total area under
irrigation is less than 5% of the total area under agriculture in
Russia (Fig. 5). Water shortage is the dominant factor limiting
the irrigation in the country as the rivers of the southern slope
have already exhausted their water reserves; further, signiﬁcant water resources of the Don River are used downstream for
rehabilitation of the water ecosystem of the river and Taganrog
Gulf of the Azov Sea (Gaponenko 2003).
Until the 18th century, agriculture in Russia was limited to the
forest zone. According to L.V. Milov (2001), agricultural practice
in the forest zone demanded extraordinary eﬀorts from the peasants providing very limited and highly variable yields due to short
growing seasons. An acceptable yield could be guaranteed only
with suﬃcient fertilization with cattle manure, which in turn
required a sizable livestock. On the other hand, the extremely
long, over 200 days, cold period would have mandated a sizable
amount of silage for cattle overwintering. This fatal correlation
between the yield and forage had not been resolved until the
Russian peasants started to relocate into the rich Chernozem soil
lands of the forest steppe and steppe zones.
At the end of the 18th century, permanent crisis of agriculture in the forest zone initiated fast conversion of steppes of
the European Russia into arable lands. Agricultural development of the virgin steppes permitted large-scale export-oriented
production of cereals. Since the mid-19th century, these areas
have become the principal breadbasket for the entire country.
During the 20th century, land use change in Russia has resulted
in a very distinct separation between the net food-consuming
industrialized North and food-producing agricultural South,
with the boundary located north of the forest steppe vegetation zone. During the same time, the new factor, droughts, has
become the principal factor limiting food security. Nowadays,
the large-scale grain production in the steppe zone is important
for both internal consumption and for export, while it is threatened by poor management practice and climate change.

4. Agriculture and Biodiversity
Agricultural intensiﬁcation creates new threats to biodiversity.
That includes ploughing of all tillable lands, which increases
the rate of soil erosion, overgrazing, which increases pasture
degradation, landscape fragmentation by the ﬁelds and infrastructure, etc. Degradation aﬀects more than 70% of land
under agriculture in some regions of European Russia, such as
Chernozemie in South-central Russia, Volga region, Kalmykia
Black Lands, and the plains of North Caucasus. In the Asian
part of the country, land degradation is particularly severe in
the Republics of Altai, Tyva and Buriatiya.
On the other hand, easement programs run on the agricultural lands provide an opportunity for biodiversity conservation.
The role of agricultural lands in preserving steppe biodiversity
is of particular importance as close to ¼ of the entire steppe
zone has already been converted into semi-natural agricultural
landscapes: meadows, pastures, hay ﬁelds, and fallows. Many
species live predominantly or exclusively on these agricultural
lands. That includes more than 6,000 species of plants, about
100 species of mammals, 150–180 species of birds and thousands species of insects and other invertebrates found in the
steppe grasslands (Smelansky 2003). These and other species
may become endangered if the current practice of agricultural
management is changed. As an example, many eagle species,
included in the IUCN Red List of Threatened Species inhabit
the ranges of the steppe zone of European Russia and Southern Urals; the change of land use would threaten their habitat
(Smelansky 2003).

3. Policy
The reform in Russian agriculture began in 1991–1993 with the
changing of property rights. Up until that time, the land had
been under federal ownership; now, the farmers received partial
ownership, however little change in land use followed: similar
to the Soviet practice, Russia’s agriculture is still dominated by
the former collective farms. A relatively small area of the land
had been granted to individual farmers and has undergone signiﬁcant changes. The agricultural production on plots of land
belonging to individual farmers is considerably more intense
than that on the collective farms’ lands. Even though the total
area of agricultural land in individual ownership is only 13%
to 24% (depending on the crop), its contribution to agricultural
production is disproportionally higher. Frequently, the property
rights for farmland are being acquired (usually through leasing)
by large investors, such as oil companies or banks. During the
denationalisation process, the lands (usually the grasslands and
ranges) were also allotted to municipal entities and are owned
by rural administrations. In total, 62% of agricultural lands is
either private or municipal property.
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Fig. 6 — Climate change impact on annual air temperature. Present, 2020s, 2050s, and 2080s.
For future climate, a mean of four SRES scenarios and five GCMs (18 simulations altogether) is presented.
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Fig. 7 — Climate change impact on the difference between annual precipitation and potential evapotranspiration. Present, 2020s, 2050s, and 2080s.
For future climate, a mean of four SRES scenarios and five GCMs (18 simulations altogether) is presented.
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Tab. 1 — Climate change on the Russian territory compared to the 1961–1990 climate
average of the projections of five GCMs. The tables present temperature, precipitation,
and the change in the difference between annual precipitation and the potential
evapotranspiration for the entire territory of the country (Russia) and for the areas with
high and considerable development of agriculture (Agro – see Fig. 3 for definition).

Although the monetary value of biodiversity is rarely taken
into account, maintaining biodiversity is important for both
agriculture and the well being of local communities. Seminatural and natural fodder ﬁelds area in Russia represents more
than 70 million ha (including 26 million ha in steppe and foreststeppe), or 32% of all fodders, and provides more than $2 billion
in hay and other phytomass (Smelansky 2003; notice a factor
3 error in monetary value calculation). Another example of
economic importance of biodiversity is bee keeping, with wild
plants growing in steppe lands converted to agriculture serving
as melliferous herbs (Smelansky 2003). Other examples include
medicinal plants, edible plants, and mushrooms. Semi-natural
landscapes are also important for ensuring preservation of
ploughed ﬁeld fertility and self-recovering of territories. During
the agricultural crisis of the 1990s, 10 million ha of agricultural
land in Russia was abandoned, with the fallow area ranging
from 3–4% in Rostovskaya area and Altaisky region to 70% in
Tyva; the ﬂow of seeds and resettlement of soil invertebrates
from the adjacent natural and semi-natural lands had ensured
quick recovery of these lands.

A. Change in annual temperature
Scenario

2020s

2050s

2080s

Russia

Agro

Russia

Agro

Russia

Agro

A1FI

1.6

1.5

3.9

3.6

6.4

5.9

A2

1.7

1.6

3.6

3.2

6.1

5.5

B1

1.7

1.5

2.8

2.5

3.6

3.3

B2

2.0

1.8

3.3

3.0

4.7

4.2

Mean

1.8

1.6

3.4

3.1

5.2

4.7

B. Change in annual precipitation
Scenario

2020s

2050s

2080s

Russia

Agro

Russia

Agro

Russia

Agro

A1FI

29

17

67

41

111

68

A2

31

20

64

41

109

70

B1

31

20

50

34

66

44

B2

36

24

61

41

86

57

Mean

32

21

61

39

93

60

5. Russian Agriculture and Climate Change
C. Change in the difference between annual precipitation and the potential evapotranspiration. Higher numbers correspond to more profound water shortage.

The recent IPCC report (IPCC 2007), combining the results of
the general circulation models, placed the upper limit of the
expected temperature increase within the next seven decades
at more than 5 °C. Since the eﬀect of global warming is even
more profound at high latitudes, northern countries, like Russia, can reasonably expect even higher temperature rise. There
is no doubt that such high impact will signiﬁcantly aﬀect the
agricultural sector, but at what rate, or even if negatively or
positively, is still under research. The reason for that is that
the eﬀect of global warming is at least two-fold. On one hand,
higher temperatures will increase the length of vegetation
period and reduce the risks connected with spring and winter
frosts. On the other, increasing temperature with decreasing
precipitation will lead to higher probability of summer
droughts. Taking into account that the steppe zone of Russia is
the principal agricultural producer of grain for domestic and
export requirements, any research of climate change impacts
should include the changes in the risk of droughts. We used the
simulations of ﬁve diﬀerent Global Circulation Models (GCMs):
CGCM2, CSIROmk2, ECHam4, DOE PCM, and HadCM3, for
three pre-set time periods: 2020s, 2050s, and 2080s. For each of
the GCMs, several IPCC/SRES scenarios that reﬂect diﬀerent
pathways of global development: A1FI, A2, B1, and B2, have
been employed (Nakićenović et al. 2000). An ensemble of diﬀerent GCM simulations and SRES scenarios (Mitchell et al. 2004)
gives an estimate of the likely range of temperature change for
the territory of Russia.
All climate change scenarios show signiﬁcant temperature
increase and moderate precipitation increase. In the 2020s the
annual temperature is estimated to increase by 1.8 °C for all of
Russia and by 1.6°C (compared to 1961–1990 baseline temperature) for the main agricultural zone in steppes (Fig. 6), which is
well below the EU critical warming threshold of 2 °C. There is
little diﬀerence between the simulations done under the diﬀerent SRES scenarios (Tab. 1). There is an annual precipitation
increase of 32 mm on average, with a small increase or decrease
in the diﬀerence between potential evapotranspiration (PET)
and precipitation (P), a value that provides information on
moisture deﬁcit (Fig. 7). For the areas of high and considerable
development of agriculture (see Fig. 3 for location), there are

Scenario

2020s

2050s

2080s

Russia

Agro

Russia

Agro

Russia

Agro

A1FI

23

84

79

219

173

400

A2

11

70

42

156

111

302

B1

24

84

49

147

75

202

B2

15

80

38

146

70

218

Mean

17

79

51

165

105

278

smaller changes in temperature, yet the precipitation increase
is also smaller (Fig. 7).
In the 2050s, the annual temperature is simulated to increase
by 3.4 °C for all of Russia and by 3.1 °C for main agricultural zone
of the country, which is above the low-threat threshold (Fig. 6).
Between the scenarios, there is a large diﬀerence between the
mean temperature increase of 3.6 °C for the A1FI scenario,
which assumes fast growing global economy relying on fossil
fuel use, and a smaller temperature growth of 2.5 °C under the
“sustainable growth” B1 scenario. Precipitation increase by 14
to 65 mm, i.e. by 3% to 13%, compared to the baseline climate
(Tab. 1). The increasing water deﬁcit leads to aridiﬁcation,
which aﬀects most of the North Caucasus and Low Volga and
threatens conventional farming (Fig. 7).
The 2080s climate simulation shows a negative change to
accelerate in the main agriculture zone. The annual temperature increases by 4.7 °C for the agricultural regions on average
(5.2 °C for all of Russia – see Tab. 1) with a signiﬁcant diﬀerence
between the scenarios: 3.3 °C temperature increase for B1 compared to 5.9 °C for A1FI. The precipitation in the agricultural
regions is projected to increase by 44 to 70 mm, with smaller
increase or a decrease in the most productive area in the South
European part of Russia. This results in a sharp decrease of
water availability for the rain-fed agriculture in North Caucasus, Low and Middle Volga, and Chernozem regions (Fig. 7).
Alcamo et al. (2007) demonstrated the eﬀect of a similar
climate change in Russia’s agriculture, projecting increased
frequency of yield shortfalls (deﬁned as a year with the yield
falling below 50% of the average – see Tab. 2). This increasing
risk of rain-fed agriculture, combined with the low irrigation
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Tab. 2 — Number of years per decade in which food production shortfalls occur
in several of the main crop growing regions simultaneously (Alcamo et al. 2007).
Range due to difference in climate scenarios from GCMs.
Scenario

Baseline
>5

2020s
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2080s

>8

>5

>8

>5

>8

A2

2

0

3–4

1–2

6

3–4

B2

2

0

3

1

5–6

2–3

capabilities (only 5% of the agricultural lands are irrigated – see
Fig. 5), may result in increasing land conversion to large irrigation projects, possibly resurrecting the plan to divert northern
rivers.

6. Conclusion
Many spatial features of land use / land cover of Russia, especially those associated with agriculture, have persisted through
all of the political upheavals of the 20th century. Modern Russia
is a country with transitional economy, which includes both
the elements of free market and administrative economics,
inherited from socialism. On the national level, the wholesale
and retail prices for agricultural produce are generally determined by supply and demand. However, at a regional level the
agriculture and food prices are frequently controlled by local
administration. In the USSR, the administrative regions usually
produced a similar mix of crops, regardless of climate and soil
conditions. This mix would include wheat, rye, fodder, potatoes, roots, and perennial grasses. Additionally, the population
increasingly relies on subsistence farming. This low level of
agricultural specialization is still preserved (Nefedova 2003).
Despite the low agricultural specialization between the
regions, on the national level there is a distinct diﬀerence
between agriculture of the forest and steppe zones. This difference has increased during the past 15 years, when many
marginal lands inside the forest zone were abandoned. On the
other hand, agriculture of the steppe and forest steppe zones
in the European part of Russia, e.g. in North Caucasus and
Central Chernozem regions, received a boost of investments,
including those from large and wealthy oil, energy, and mining
companies.
Aside from political and economic reforms, bringing new
investments into the regions, best suited for large-scale agriculture, climate change is likely to redeﬁne these regions, bringing
large-scale land use and land cover change. Yield models based
on GCM simulations show an increase in potential yield in
central and northern regions and a drop in yields, due to an
increasing frequency of droughts, in currently the most productive Southern European region of Russia. It is likely that
the most productive regions will have to cope with increasing
crop failure by shifting their strategy from producing crops for
export to local consumption. Adaptation to the new climate
through shifting the agriculture further north will be limited by
shortage in fertile soils. Another adaptation strategy is a major
increase in irrigated area, which, however, will be limited with
seasonal water shortage.
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