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Abstract—The spatiotemporal dynamics of land covers of representative catchments of the Altai region (Altai 
Krai and Republic of Altai) was analyzed using remote sensing data and GIS techniques. The following key 
areas were used: the adjacent basins of Lake Gor’koe and the Kasmala and Barnaulka rivers on the Ob Plateau 
(Altai krai) were used for the inland drainage area of the Ob-Irtysh interfluve and the left bank of the Upper Ob; 
the Bol’shaya Rechka basin on the Biisk-Chumysh Upland and ancient Ob terraces (Altai krai), for the right 
bank of the Upper Ob; the Belaya river basin (Altai krai) for the low mountains and middle mountains of the 
Northwestern province of Russian Altai, and the Maima river basin (Republic of Altai) for the low mountains 
and middle mountains of the Northern and Northeastern Altai provinces. The algorithm for analyzing the actual 
state of land covers and identifying the main vectors of their transformation was adapted to the study area. A 
series of multitemporal Landsat images for three time slices was used. It is found that the plain catchments of 
the steppe and forest-steppe zones are characterized by a smaller amplitude of land cover change as compared 
to the mountain zones. For the inland drainage area of the Ob-Irtysh interfluve and the left bank of the Upper 
Ob, a reduction of the arable land and a high natural dynamics of water bodies are most indicative. The right 
bank of the Ob is characterized by the lowest dynamics of all types of land cover and a significant dynamics 
of artificial water bodies. In the mountain basins, a noticeable decrease in the forest areas largely in favor of 
natural grass communities was caused by the economic activities. It is also shown that the directions of changes 
and transitions of different types of land covers can differ greatly for different groups of landscapes.
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INTRODUCTION
The term ”land use/land cover change” has gained 

widespread acceptance in the foreign English-
language literature (henceforth to be referred to as 
LC). National geography introduced this terminology 
relatively recently. To date it has a great number of 
synonyms, and the commonest of them are: “classes 
of land use”, “classes of underlying surface”, 
“landscape cover”, and “agricultural areas”. In some 
publications, the notion of “land covers” is equated 
with the “geosystem”. The term “LC” implies 
expressing the biophysical properties of the terrestrial 
surface in the categories of its states (forests, bogs, 
croplands, structures and buildings, water surface of 
lakes, etc.). To use this notion does not require any 
rigorous schemes of the landscape hierarchy. The 
hierarchical level of mapping a territory is usually 
determines by the scale corresponding to the goals of 
an investigation [1].

It is speculated that the current LC dynamics, along 
with an increase in carbon dioxide concentration in 
the atmosphere and the transformation of the nitrogen 
cycle, is one of the three proved global changes on 
our planet Earth [2]. The LC dynamics has influence 
on the climate, biodiversity and ecosystem services, 
which, in turn, has implications for decision-making 
in the realm of land use [3]

Central to the LC dynamics can be slow 
progressive, often disastrous, changes, such as wars, 
outbreaks of diseases, economic crises, etc. [4–7]. 
One of the most dramatic developments of the last 
several decades was the breakdown of socialism in 
Eastern Europe and in the former Soviet Union in the 
early 1990s and the accompanying transition of the 
economy controlled by the state to a market economy 
[8]. In some countries and in many regions of Russia 
this brought about large-scale changes in the LC 
structure: cropland and pasture abandonment, illegal 
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felling, anthropogenic fires, etc. [9–14]. However, the 
regularities in the LC dynamics over the last several 
decades have not yet been fully understood [15], 
because they have a regional specific character.

Earth remote sensing data (ERSD) are becoming 
the main source of information on the LC dynamics 
[16–18]. ERS data are being used to such an extent that 
they have long gone far beyond the scope of scientific 
research and “encroached” upon many economic 
sectors, such as agriculture, the oil and gas sector, etc. 
Analysis of spatiotemporal changes in landscapes is 
of paramount importance for understanding a great 
number of social, economic and ecological problems 
[19] and can provide valuable information for 
appropriate managerial decision-making.

THE OBJECT AND METHODS
As the objects for study, we used several 

representative drainage basins of the Altai region: the 
basins of the Kasmala and Barnaulka dingles of old 
runoff (DORs) (that include the contemporary basins 
of Lake Gor’koe (drainless) and of the Kasmala and 
Barnaulka rivers)) as well as of the Bol’shaya Rechka, 
Maima and Belaya rivers (Fig. 1). These basins are 
extremely heterogeneous in their landscape structure 
and hydrological characteristics. Seen from this 
perspective, each basin is characteristic for particular 
physical-geographical conditions of Altai.

The Kasmala basin (the basins of Lake Gor’koe 
and the Kasmala river) and the Barnaulka river basin 
are combined into a single key territory, Kasmala–
Barnaulka, because they inherit the contiguous DORs 
of the same name, combining the different directions 
and the pattern of the runoff as well as the landscapes 
of the drainless region of the Ob-Irtysh interfluve 
and the Upper Ob basin. The basin of the Bol’shaya 
Rechka is typical for the right bank of the Upper Ob. 
In this area, the catchments of the small and medium-
sized rivers occur on the surface of the Biisk-Chumysh 
upland and the old Ob terraces. A common feature for 
all of the aforementioned basins is a combination of 
particular landscapes: plain zonal (steppe and forest-
steppe), extrazonal pine forests that emerged on sandy 
deposits in the bottoms of DORs and the terraces of 
the Ob river as well as intrazonal hydromorphic and 
semihydromorphic landscapes. The lowland territory 
has a long history of development, and agriculture and 
forestry are pursued in immediate spatial contact. 

The Maima and Belaya river basins are 
representative the low- and middle-mountain 
territories of the northern macroslope of Russian 
Altai which make up most of the spring flood runoff 
in the Upper Ob basin [20]. The landscape structure 
is dominated by mountain-forest (subtaiga and chern-
taiga) landscapes, while the lowlands refer to the 
forest-steppe low mountains.

Fig. 1. Location of the key basins within Altai krai and the Republic of Altai.
1 – model basins; 2 – boundaries of regions.
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The algorithm of this research is based in 
integrating GIS technologies and methods of 
processing multitemporal satellite images and includes 
seven stages: selection and retrieval of images, 
pre-classification processing, classification, post-
classification processing, verification and modification 
of material obtained, comparison of multitemporal 
data, and analysis of spatiotemporal changes. 

As ERSD, we used Landsat imagery (the MSS, 
ETM+ and OLI scanners). Publicly available global 
data archives [21] afford exceptionally ample 
opportunity for retrospective analysis. Landsat images 
have a large number of spectral channels, high spatial 
resolution, broad temporal coverage and free access 
to the database. 

The initial stage involved selecting cloudless and 
low-cloud scenes of one or several images taken at 
dates as closely separated as possible. The study used a 
total of 25 scenes (path/row) (Table 1). The Kasmala–
Barnaulka key territory is covered by three imaging 
scenes in all time periods, and the Belaya basin (see 
Table 1) by two scenes in 2014. The other periods are 
covered by one scene each, per time slice. 

In selecting ERSD, it is important to use images from 
different years but for closely spaced dates of the same 
season in order to reduce the likelihood that seasonal 
changes would be perceived as long-term changes. 
For contrasting (in landscape structure) territories 
encompassing mountains and valleys it is necessary 
to select replicating images from different seasons and 
for the same time slice. Spring images are convenient 
for creating the mask of agricultural lands but at that 
time the mountain territories have not yet fully freed 
themselves from snow, which causes problems with 
an automated classification. Furthermore, there arise 
difficulties in processing images because of the presence 
of shadows which can be classified a water bodies, for 
example. Because of this, it is very important to select 
input data with high quality. 

An automated classification was carried out in 
several stages. The first stage involved creating the 
mask of agricultural lands, because the classification 
procedure posed problems with separation of this type 
of LC from the surroundings LCs as a result of the 
overlap of spectral signatures. The mask of agricultural 
lands was created by calculating the NDVI index and 
selecting the values corresponding to the open soil (the 
dates of images were specifically selected when the 
fields were not under crops). The second stage involved 
an unsupervised ISODATA image classification by using 
the resulting mask of agricultural lands. Validation of the 
classification (and, where necessary, the introduction of 
changes in the resultant data) of the open spaces was 
carried out by calculating the MNDWI index [22]. This 
method of identifying water bodies from information 
of multispectral data relies on the fact that radiation 
is absorbed by water in the infrared band. Hence, it is 
possible to effectively reveal open water spaces.

In this study, to analyze LC changes used satellite 
images taken by different imaging systems and featuring 
different characteristics, including spatial resolution. 
Comparison of such images can lead to erroneous 
conclusions about LC change, especially small objects, 
because of the different completeness of interpretation 
and the exclusion (from the analysis) of objects 
displayed on a higher-resolution image and not seen on a 
lower-resolution image. For a correct analysis, material 
to be compared was brought to the same detail (60-m 
cell) adopted according to the worst spatial resolution 
of the Landsat 2 MSS images used. Such a procedure 
decreases detail of spatial analysis but increases the 
range of investigation of temporal changes.

The investigations were made for three time slices 
(see Table 1): I – 1975–1976, II – 2001–2003, and 
III – 2014–2016. Four types of LC were considered: 
the water surface of lakes and ponds (W), agricultural 
lands (croplands) and settlements (АS – agriculture/
settlement), closed forests (F), and natural grass 

Table 1. Scenes of Landsat images for the key drainage basins of the Altai region

Time 
slice Imaging system

Kasmala-Barnaulka Bol’shaya Rechka Maima Belaya

date Path/Row* date Path/Row date Path/Row date Path/Row
I Landsat 2 MSS 8.14.1975

5.9.1976
5.9.1976

161/24
160/24
160/23

8.30.1975 159/23 9.9.1976 157/24 6.1.1975
8.301975

159/24

II Landsat 7 ETM 5.25.2001
5.25.2001
5.2.2001

149/24
149/23
148/23

5.27.2001 147/23 5.13.2001
8.17.2001

145/24 8.9.2002
5.24.2003

148/24

III Landsat 8 OLI 5.8.2015
5.8.2015
5.1.2015

149/24
149/23
148/23

5.28.2016 147/23 5.14.2016
9.3.2016

145/24 5.7.2014
5.7.2014
8.11.2014
8.11.2014

147/24
147/25
147/24
147/25

*Path/Row – coordinates of the scene according to the WRS2 intermap relationship used to catalog Landsat data. 
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communities (GSW – grassland, steppe, wetland). Of 
course, analysis of changes in settlements is essential 
to assessing the anthropogenic dynamics of landscapes 
but it was not identified as an independent type of 
LC within the framework of this study. Settlements 
constitute a complex cluster of objects (the open soil, 
water bodies, buildings, and asphaltic roads), the size 
of which is in most cases below the resolution of 
the Landsat images. Because of the similarity of the 
spectral signatures (with, for example, the signatures 
of the open soil, grassland or the water surface), there 
arise problems with a classification of the images, 
as the value of the reflection coefficient of a pixel 
is a combination of the reflection coefficients of 
all types of surface falling within this pixel. In the 
present context, this does not play a significant role 
in assessing the area of the types of LC in view of the 
small proportion of large urbanized territories.

The resulting LC maps were analyzed in QGIS 
Desktop 2.18 (MOLUSCE – Modules for Land Use 
Change Simulations). MOLUSCE makes it possible 
to partly automate the analysis of the dynamics of 
the spatial structure from a series of maps or satellite 
images displaying the current state of the territory, for 
different periods of time [23].

RESULTS AND DISCUSSION
As a result of the classification of multitemporal data, 

we obtained a number of LC maps corresponding to the 
imaging dates (Fig. 2) and carried out a spatiotemporal 
analysis of LC of the key river basins at the level of 
groups of landscapes (Tables 2–5). Results of analysis 
are used to compile transition matrices [24, 25, 26] 
which describe the spatial frequency of transitions of 
the outlines of different landscape units to one another 
on images from different years (Fig. 3).

The Kasmala–Barnaulka key territory. The 
indices of groups of landscapes [27] correspond to the 
subtypes of landscapes (natural subzones): dry steppe 
(I), moderately dry steppe (II), and southern forest-
steppe (III). We identified the kinds of landscapes: zonal 
watershed-loess (A), intrazonal halohydromorphic 
(B), and extrazonal psammomorphic (C). The names 
of the groups of landscapes are formed by a matrix 
method: for instance, I-A – group of dry steppe zonal 
watershed-loess landscapes, etc.

The Bol’shaya Rechka basin. The indices of the 
groups of landscapes are the same as those described 
above for the Kasmala–Barnaulka key territory: subtype 
of landscapes (natural subzone) – middle forest-steppe 
(IV). The kinds of landscapes – zonal and intrazonal 
(AB) and extrazonal psammomorphic (C).

The Maima basin. The indices of groups of 
landscapes [28]: provinces – Northern Altai (с), 
Northeastern Altai (d); altitudinal belts – forest-steppe 

belt (1), forest belt (2). 1-с – expositional forest-steppe 
of the low-mountain portion of the basin, including 
the lower reaches of the Maima valley; 2-c – subtaiga 
and mountain-taiga subbelts of the low mountains and 
middle mountains of the basin, including the main 
part of the Maima valley, and 2-d – chern-taiga and 
mountain-taiga subbelts of the low mountains and 
middle mountains of the basin, including the valleys of 
the right tributaries of the Maima.

The Belaya basin. The indices of groups of landscapes 
[28]: Northwestern Altai province (b); altitudinal belts 
– forest-steppe (1), forest (2 and subalpine (3).1-b – 
expositional forest-steppe of the low-mountain portion 
of the basin, including the lower reaches of the Belaya 
valley; 2-b – chern-taiga and mountain-taiga subbelts of 
the low mountains and middle mountains of the basin, 
including the main section of the Belaya valley and its 
tributaries, and 3-b – subgoletz-subalpinotype middle 
mountains (massifs) and pseudo-goletz low mountains 
(separate highest summits).

On the Kasmala–Barnaulka key territory, all types of 
LC are the most stable across time. However, a gradual 
decrease in the contribution (8 %) from croplands (AS) 
was recorded, which changed mainly to fallow lands and 
secondary steppes and, to a lesser extent, to forests. This 
process has been observed from the time of total plowing 
(development of virgin and fallow lands) during 1954–
1961. Within the zonal landscapes of the three subzones 
(I-A–III-A), the decrease made up from 4 to 12% of the 
area of the respective groups of landscapes. A far larger 
decrease in the contribution from croplands (from 9 
to 17%) is characteristic for the intrazonal landscapes 
(I-B–III-B). Here, unlike the zonal groups where this 
process was evolving more or less uniformly, an abrupt 
decrease is seen on the image from 2001. The plowing 
within the intrazonal groups of landscapes is limited by 
light mechanical composition of the soils (sandy loams, 
light loams and sands), and by the paleohydromorphism 
with which an abundance of salinized inconvenient-to-
cultivate is associated. These factors promoted an active 
transition of croplands to fallow lands and pastures. 

GSW are the most dynamical type. There is a 
possibility for their transition to croplands, overgrowing 
with forest or flooding from water bodies. A directional 
increase in the area of this type is generally proportional 
to a decrease in the areas of AS. The largest increase 
in the contribution from GSW occurs within the zonal 
(by 16%) and intrazonal (by 22%) landscapes of the 
southern forest-steppe subzone. In the other subzones, 
the increase is somewhat smaller: by as small as 
6% on the ouvals and even smaller in the intrazonal 
landscapes. The increase in the contribution from this 
type of LC in the southern forest-steppe may well be 
caused not only by the transition of the cropland to the 
fallow land but also by disafforestation. 
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Table 2. Matrices of land cover change of the Kasmala-Barnaulka key territory for groups of landscapes

L 1976 → 2001 W AS F GSW 2001 → 2015 W AS F GSW S 1976, 
km2

S 2001, 
km2

S 2015, 
km2

I-A

W 47.06 17.65 0 35.29 W 59.76 3.66 10.98 25.61 0.11 0.52 3.52
AS 0.01 92.19 0.16 7.64 AS 0.10 89.36 1.49 9.05 1650.29 1612.56 1520.6

F 0 35.14 10.02 54.84 F 0.16 28.49 61.64 9.71 30.8 8.04 52.04

GSW 0.15 49.70 1.47 48.67 GSW 0.70 34.81 10.35 54.14 161.47 221.56 267.27

I-B

W 70.71 22.49 3.40 3.40 W 83.05 0.36 8.59 8.00 4.33 5.34 14.57

AS 0.18 66.54 0.49 32.79 AS 1.98 54.12 4.29 39.62 242.14 265.38 177.84

F 0.04 21.21 19.90 58.85 F 19.98 1.00 70.77 8.24 15.18 7.67 51.81

GSW 0.76 41.30 1.36 56.58 GSW 1.47 15.02 15.27 68.24 242.3 225.56 260.58

I-C

W 97.44 1.34 0.29 0.93 W 97.71 0.04 1.67 0.58 128.68 148.23 185.21

AS 17.75 11.91 26.28 44.05 AS 19.43 4.91 39.21 36.44 62.05 36.68 3.5

F 0.36 1.10 91.87 6.67 F 0.85 0.02 95.99 3.15 786.34 837.99 933.52

GSW 4.17 8.79 45.91 41.14 GSW 15.24 0.89 65.40 18.47 215.41 169.57 72.1

II-A

W 75.81 4.84 8.06 11.29 W 57.71 4.57 6.29 31.43 0.4 1.12 4.93

AS 0.02 90.68 0.22 9.08 AS 0.20 89.84 1.37 8.59 1100.08 1082.28 1045.3

F 0.03 23.75 18.73 57.49 F 0.58 6.35 61.36 31.71 88.08 26.2 62.35

GSW 0.32 35.49 4.04 60.15 GSW 0.76 27.61 12.03 59.60 179.59 258.54 256.28

II-B

W 96.44 2.28 0.56 0.72 W 98.13 0.38 0.22 1.27 24.96 56.1 90.24

AS 5.46 61.80 1.70 31.04 AS 5.53 55.39 2.42 36.66 236.37 226.59 182.3

F 0.58 14.46 6.91 78.05 F 26.00 4.28 30.16 39.56 41.12 21.13 35.36

GSW 5.59 21.89 4.18 68.34 GSW 5.03 16.41 6.91 71.66 338.02 336.67 334.37

II-C

W 95.82 1.60 0.89 1.69 W 98.01 0.06 0.49 1.44 148.81 158.24 187.05

AS 11.49 19.12 45.90 23.48 AS 18.60 13.73 12.33 55.35 43.82 34.64 10.12

F 0.77 1.88 87.47 9.88 F 4.09 0.14 71.98 23.79 274.94 312.6 258.36

GSW 6.19 13.61 36.85 43.35 GSW 12.57 4.81 27.81 54.80 137.5 99.58 150.82

III-A

W 57.34 26.95 4.42 11.30 W 72.87 8.30 0.92 17.90 8.55 15.21 33.13

AS 0.13 84.81 1.38 13.69 AS 0.44 83.67 0.17 15.73 2877.97 2701.99 2467.62

F 0.83 28.48 17.00 53.70 F 2.70 14.23 7.42 75.65 224.2 128.24 20.9

GSW 0.99 40.03 10.29 48.69 GSW 0.89 24.62 0.88 73.60 487.35 752.65 1082

III-B

W 74.79 17.06 2.92 5.23 W 86.17 1.24 2.66 9.93 16.88 22.06 37.56

AS 0.39 73.34 2.31 23.96 AS 1.55 66.11 0.63 31.71 528.88 515.01 407.81

F 1.27 20.72 22.10 55.91 F 6.51 5.56 24.55 63.39 149.44 85.86 34.57

GSW 1.76 30.01 12.91 55.33 GSW 1.26 15.98 2.49 80.27 310.89 383.17 529.3

III-C

W 87.35 3.26 6.06 3.33 W 95.57 0.12 1.89 2.42 52.48 58.83 100.77

AS 2.71 30.09 44.58 22.62 AS 9.70 45.37 8.70 36.22 104.01 53.63 38,25

F 0.21 0.61 94.78 4.39 F 2.10 0.36 82.52 15.02 1069.19 1234.39 1048.84

GSW 3.00 5.36 65.39 26.25 GSW 9.34 6.62 15.87 68.18 262.23 141.06 303.27

Note. Here and in Tables 3–5, variations are expressed as a percentage of the total area of the type of land covers, L – index of the group 
of landscapes, and S – total area of the type of land covers for the respective time slice.
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Table 3. Matrices of land cover change within the Bol’shaya Rechka river basin for groups of landscapes

L 1975 → 2001 W AS F GSW 2001 → 2016 W AS F GSW S 1975, 
km2

S 2001, 
km2

S 2016, 
km2

IV-AB

W 57.41 14.81 15,43 12,35 W 44.22 13.18 20.49 22,11 0.58 7.24 6.02

AS 0.21 82.55 2,15 15,09 AS 0.08 81.41 3.31 15,20 1142.13 1117.55 1060.86

F 0.47 14.10 59,90 25,53 F 0.45 12.87 60.11 26,58 274.95 248.8 256.34

GSW 0.96 40.32 17,66 41,06 GSW 0.23 31.69 18.03 50,05 336.9 380.98 427.62

IV-C

W 30.98 0 48,35 20,67 W 6.09 0.18 86.90 6,83 8.52 37.5 2.94

AS 1.83 63.54 21,79 12,84 AS 0.03 78.67 14.39 6,91 14.72 11.81 9.82

F 2.28 0.14 86,73 10,85 F 0.04 0.04 95.83 4,10 1024.04 1055.71 1151.9

GSW 5.09 0.47 72,76 21,67 GSW 0.16 0.02 66.18 33,63 220.25 162.51 101.05

Table 4. Matrices of land cover change within the Maima river basin for groups of landscapes

L 1976 → 2001 W AS F GSW 2001 → 2015 W AS F GSW S 1976, 
km2

S 2001, 
km2

S 2016, 
km2

1-c

W 29.82 22.02 9.17 38.99 W 26.00 46.00 24.00 4.00 0.79 0.34 0.18

AS 0.43 53.08 1.77 44.72 AS 0.12 56.41 5.78 37.69 12.5 15.27 13.23

F 0.10 14.51 26.44 58.95 F 0.10 0.97 86.36 12.56 29.51 10.38 13.81

GSW 0.09 14.92 8.15 76.84 GSW 0.14 9.23 8.55 82.09 28.05 44.84 44.33

2-c

W 14.17 28.35 10.24 47.24 W 5.00 36.67 20.00 38.33 0.46 0.22 0.1

AS 0.38 47.36 7.97 44.28 AS 0 42.73 10.87 46.41 11.33 15.94 17.4

F 0.02 1.83 77.18 20.97 F 0.01 0.13 88.71 11.15 355.11 292.81 277.33

GSW 0.04 3.75 16.83 79.38 GSW 0.04 6.16 9.24 84.56 105.63 163.56 179.02

2-d

W 0 0 100.00 0 W 100.00 0 0 0 0 0.03 0.03

AS 0 33.98 20.46 45.56 AS 0 21.18 51.09 27.73 0.93 1.14 1.43

F 0 0.33 92.85 6.81 F 0 0.03 94.72 5.26 206.93 201.47 195.04

GSW 0.09 0.63 43.28 56.00 GSW 0 4.29 11.76 83.96 21.14 26.36 33.22

Table 5. Matrices of land cover change within the Belaya river basin for groups of landscapes

L 1975 → 2002 W AS F GSW 2002 → 2014 W AS F GSW S 1975, 
km2

S 2002, 
km2

S 2014, 
km2

1-b

W 64.70 0.07 6.04 29.20 W 91.81 0 1.46 6.73 5.43 3.69 3.79

AS 0 68.88 0.57 30.55 AS 0.04 89.44 0.02 10.50 46.4 39,68 47.02

F 0.05 0.99 57.18 41.78 F 0.13 0.07 57.35 42.44 100.82 73.32 47.46

GSW 0.05 2.61 5.85 91.49 GSW 0.10 3.81 1.80 94.29 257.57 293.53 312.84

2-b

W 45.66 – 27.74 26.60 W 86.23 – 10.14 3.62 3.82 1.99 1.99

F 0.02 – 93.43 6.55 F 0.02 – 90.31 9.68 871.91 838.66 767.68

GSW 0.06 – 21.33 78.60 GSW 0.10 – 6.95 92.95 107.52 142.6 213.84

3-b
F – – 62.59 37.41 F – – 79.77 20.23 17.92 11.76 12.82

GSW – – 1.68 98.32 GSW – – 8.80 91.20 32.59 38.74 37.8

Note. Dash – no data for the type of land covers.
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Fig. 3. Matrices of land cover change for the key drainage basins, % of the total area of the basin.
Key drainage basins: а – Kasmala-Barnaulka, b – Bol’shaya Rechka, c – Maima, d – Belaya. 1 – water surface of lakes and ponds; 
2 – agricultural lands and settlements; 3 – forests; 4 – natural grass communities.
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Across the entire area of Kasmala–Barnaulka the 
forests changed little their areas (by a mere 4%). For 
separate groups of landscapes, however, this process 
differed greatly. Within the groups of landscapes I-A, 
I-B and II-A, II-B, the largest decrease in the proportion 
of forests was observed in 2001. Changes occurred 
within 2–9%, and in 2015 the contribution from forests 
in the dry-steppe subzone increased relative to 1975 but 
decreased in the moderately dry steppe. Furthermore, 
the dry steppe subzone shows a consistent increase in 
the contribution from forests (by 12% for the entire 
period) within the extrazonal © group of landscapes.

The situation is highly contrasting with forests 
within all groups of landscapes of the southern forest-
steppe subzone. As regards the kinds of landscapes 
A and B, there is taking place a substantial decrease 
in the proportion of forests making up 6 and 11%, 
respectively. Within landscapes of kind A, the area of 
separated forest stand and balka forests decreased by 
more than a factor of 10, and the transitions occurred 
mostly to natural grass communities. A decrease after 
2001 (the year in which the largest area of forests was 
recorded) in the proportion of forests also took place 
for kind C, making up 13%. Considering that this type 
includes all forests (including different anthropogenic 
modifications), the decrease in the area of pure pine 
forests was likely to be even larger.

Within the Bol’shaya Rechka basin the proportion 
of all types of LC in the overall structure changes 
little and does not exceed 1–3%. The area of AS 
remains virtually the same for the entire time period 
(within 3%). However, there occur direct and reverse 
transitions between this type of LC and GSW which are 
likely caused by the reciprocal spatial transposition (for 
instance, abandoned cropland → fallow, and fallow 
or secondary steppe → cropland). Unlike Kasmala–
Barnaulka, the contribution from GSW is insignificant 
in this case, although it is decreasing. This is due to a 
decrease in the area of this type (by 9%) in IV-C where 
it actively changes to forests (see Table 2). Within IV-
AB, on the contrary, the contribution from natural grass 
communities increases (by 5% for the entire period). 

The contribution from forests does not increase 
substantially across the entire basin (up to 3%). This 
occurs in spite of an increase in their area within IV-C 
(by 10%) where they were gradually occupying the areas 
of GSW. This process is driven by two factors: in the 
first place, regeneration of the areas of final cutting and, 
second, formation of swamp-subors on waterlogged 
territories. However, there also occur GSW in place of 
the forest, which was most likely caused by new felling 
or fires mostly in the vicinities to large settlements. 
Within IV-AB there occurs a slight decrease in the 
contribution from (as small as 1%) caused by felling, 
fires, etc. (an identical transformation in AS and GSW).

Noteworthy is the dynamics of the areas of the water 
bodies within the lowland basins under consideration. 
Unlike the Bol’shaya Rechka basin, there also exist 
large natural lakes, in addition to the ponds, on the 
Kasmala–Barnaulka territory. The investigations 
within the Kasmala basin showed that the area of the 
ponds was gradually decreasing after their maximal 
development in the mid-1980s [29]. According to 
the three time slices considered in this study, there is 
an increase in the proportion of the areas of W from 
3.08% in 1976 to 5.40% in 2015 г. within the basins 
of the Kasmala–Barnaulka territory. Nevertheless, 
most likely these changes are not unidirectional but 
are associated with the hydrothermal conditions of a 
particular year.

The Bol’shaya Rechka basin showed in 2001 
an increase in the area of W, largely due to the 
construction of hydropower structures (by a factor of 
12 in the group of landscapes IV-AB). During 2001–
2016, in the IV-AC group this type of LC remained 
relatively stable, decreasing slightly its area because 
of the disappearance of a number of ponds. At the 
same period the group of landscapes IV-C showed a 
significant reduction in the area of the water bodies 
caused by vegetation infill of the lakes. 

The LC structure underwent the largest transformation 
across time. While W and AS change weakly their 
contributions in the LC structure, F and GSW are the 
most dynamical. Actually, the transitions occur mainly 
between these two types of LC. Currently the two basins 
show the main tendency for a dramatic decrease of the 
contribution of forests in the LC structure (by 11–14%). 
In the Belaya basin, the largest decrease (actually more 
than half the area) occurred in the most developed forest-
steppe portion of the basin (1-c) where forests grew in 
expositionally favorable areas. In the vastest portion 
of the basin belonging to forested low mountains (2-
b), the areas of forests also decreased (by 11%), which 
occurred even in spite of the establishment of the Tigirek 
nature reserve in the upriver basin. In the Maima basin, 
the largest reduction in forests occurred within the 
subtaiga and mountain-taiga portion (2-с) (by 17%). 
These territories are also relatively well developed and, 
considering the fact that the slope surfaces are dominant, 
a reduction in forested areas creates serious risks of 
hazardous hydrological processes [30].

For comparing the key basins, we constructed the 
matrix of Pearson correlation coefficients (Table 6) 
reflecting the degree of correlation between basins 
according to the proportion of the area of each type 
of LC for three time slices (12 pairs of data). The 
closest correlations at the significance level p < 0.05 
are observed between the Maima and Belaya basins. 
As pointed out above, the changes in LC in these basins 
show very similar tendencies. The correlations between 
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Table 6. Matrix of Pearson correlation coefficients for the LC structure of drainage basins (1975–2015).

Kasmala-Barnaulka Belaya Bol’shaya Rechka Maima
Kasmala-Barnaulka 1.00
Belaya –0.12 1.00
Bol’shaya Rechka 0.66 0.52 1.00
Maima –0.11 0.96 0.62 1.00

Note. Values of a significant correlation are printed in bold.

the Kasmala–Barnaulka and Bol’shaya Rechka basins 
are also significant. The correlation between them is 
not as close, perhaps because of a substantial difference 
in the course of development of the water bodies. 
Furthermore, there is a reliable correlation between 
the Maima and Bol’shaya Rechka basins. The fact that 
forests are dominant in the LC structure makes the 
Bol’shaya Rechka basin similar to mountain basins.

CONCLUSIONS
For the territory of the Altai region the algorithm 

of quantitative analysis of the land cover dynamics 
(land use/land cover change) for 1975–2016 has been 
tested on the basis of multi-temporal Landsat images. 
As the model sites, four representative drainage basins 
(Kasmala–Barnaulka, Bol’shaya Rechka, Maima and 
Belaya) were used, which illustrate the landscape 
diversity and different moralities of nature management 
in the region. A specific feature of this research that 
distinguishes it from foreign efforts is the fact that the 
spatiotemporal dynamics of land covers within the 
basins is assessed for the main groups of landscapes. 

The findings have shown that the dynamics of 
landscapes for the period under consideration has 
a specific character in different natural zones and 
subzones as well as within plain and mountain 
territories. The following peculiarities and regularities 
have been revealed:

– the lowland basins of the steppe and forest-steppe 
zones are characterized by a smaller amplitude of land 
cover change (as small as 8%) when compared with the 
mountain zones (up to 14%);

– most characteristic for the steppe and southern 
forest-steppe subzone (the left bank of the Ob) is a 
decrease in the proportion of arable (dominant in the 
area) lands, and a high natural dynamics of water bodies;

– the forest-steppe zone (the right bank of the Ob) 
shows the smallest dynamics of all types of land covers 
(as small as 4), with a significant dynamics of artificial 
water bodies (group of landscapes IV-АB within the 
Bol’shaya Rechka basin: 0.58 km2, 7.24 and в 1976 г., 
7.24 km2 в 2001 г. и 6.02 km2 в 2016 г. in 1976, 2001 
and 2016, respectively) and

– the mountain basins dominated by forested areas 
(the Maima and Belaya rivers) are characterized by a 

considerable decline in their proportion (down to 14%), 
largely in favor of the natural grass communities, as a 
result of th economic activities.

 The algorithm used in this study can be employed 
in carrying out a comparative analysis of the 
transformations at the regional level, identifying the 
general evolutionary patterns of natural systems and 
modeling their state, and establishing the system of 
regional and global monitoring.
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from the Russian Foundation for Basic Research 
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