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Abstract
This study analyzes the changes in different types of underlying surface in the Don river basin based on the analysis of
the Landsat archive of satellite imagery. Interest in this area is due to the fact that in recent years there has been a long
low-water period. The authors made the assumption that in addition to climatic factors, the formation of a low-water
period is affected by the change in economic activity in the region. Several key dates were chosen – middle 1980s
(1985-1986), middle 1990s (1995), middle 2000s (2005), the last 3-4 years, corresponding to the low-water period
(2015) – for which Landsat satellite images were analyzed, interpretation schemes based on automated and visual
methods were compiled and the areas of different types of land use were analyzed.
Keywords: low-water period, Don, satellite imagery, land use dynamics

INTRODUCTION
The study of the effect of various types of surface on the conditions of runoff formation is an extremely tricky and
complex problem. The predominance of a particular type of surface of the catchment area determines the conditions for
the infiltration of thawed and rainwater into the soil, the processes of formation of the slope and subsurface runoff, the
conditions for feeding the soil horizons. Ultimately, all of this is reflected in the maximum and low runoff from the
catchment area (Mikhailov, Dobrovolsky, Dobrolyubov, 2005; Evstigneev, 1990; Koronkevich, 1990; Anthropogenic
changes ..., 2003; Frolova, 2006) Forested and urbanized areas “perceive” the water coming to the surface in different
ways, appropriately redistributing it. Thus, the catchment surface transformation is an indirect factor of anthropogenic
impact on the runoff (Frolova, 2006). This problem is especially urgent for regions with a high degree of agricultural
development of the territory, anthropogenic runoff regulation through the creation of small reservoirs and ponds, a high
proportion of urbanized areas (Anthropogenic changes ..., 2003).
The Don river basin is one of the most densely populated and developed regions of Russia (Djamalov et al., 2010). It
covers an area of 422 thousand km2, which currently has a population of about 29 million people. The Don river and its
tributaries are the main sources of fresh water for the population. In addition, they play a key role in such sectors as
fisheries, recreation, water transport, hydropower (Tsimlyanskaya HPP). Don has always been famous for its
biodiversity and number of organisms that make up its water and floodplain ecosystems. At present, due to
anthropogenic load, these indicators have significantly decreased. In this regard, the low water period, the longest in the
history of observations in this basin, could lead to catastrophic consequences. A marked decrease in the water content of
the Don river started in 2007 and lasts till now.
One of the most important components of a comprehensive study of the low water period is the identification of the
basic prerequisites and mechanisms for its formation. The geographical position of the Don basin and the peculiarities
of the distribution of the population of our country allow us to speak of the two main possible causes of water stress.
One of them is the natural drought, caused by an abnormal decrease in precipitation, an increase in evaporation
following the growth of air temperatures. An additional contribution can be made by the growth of losses for infiltration
during winter thaws. Another possible reason is the growth of economic activity, which is very actively developed in
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this region. In addition to the direct growth of economic indicators, a significant change in the runoff of rivers can be
caused by a change in the structure of the water sector, leading to an increase in losses in the catchment area as a result
of infiltration or evaporation. The main object of research in this paper is the assessment of the change in the area of
various types of underlying surface in the basin and qualitative conclusions about its possible effect on the runoff
dynamics.

MATERIALS AND METHODS
With the development of space and information technologies, new methods for assessing the role of the anthropogenic
component in the formation of low water are emerging. One of them is the analysis of the transformation of the
catchment surface based on the use of satellite images corresponding to different periods of water content and water
management intensity. In the scientific literature one can find a large number of publications devoted to the application
of remote sensing data for the analysis of factors affecting runoff (Sheeja et al., 2011; Mout, Lancaster, 2008;
Thenkabail, Schull, Turral, 2005).
The key issue in analyzing the contribution of economic activity to the formation of water-stress periods is the
choice of the analyzed catchment areas, the choice of time samples and data sources to be investigated. To approbate
the methodology, several basins have been identified that are part of the Don river basin (Fig.1). The choice of
representative basins is complicated by the fact that the low water period under study is characterized by a significant
spatio-temporal heterogeneity. Therefore, when choosing the analyzed territory, the following factors were taken into
account:
•

availability of data on the total annual impact of water intake above the study station in the annual editions of
the “Hydrological Water Cadastre” (HWC);

•

The basin should be covered by no more than 6–7 images.

The following stations were taken as sections: a station near Novokhopersk on the Khopyor river (F = 35046
km2), a station near Liski on the Don river (F = 68968 km2) and the Southern Don region (F =78339 km2). A small
basin including the very upper reaches of Khopyor river (Panovka village, F = 982 km2) was also chosen for testing the
technique for interpretation of satellite images.
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Figure 1.The Don river basin and key basins: 1- Gauging section near Liski, 2 – gauging section near Novokhopersk, 3
- gauging section near settl. Panovka, 4 - Southern Don region
Estimation of the change in the area of different types of underlying surface was carried out on the basis of
satellite imagery, the area of plowed land, forests, etc. are given in the annual statistical reports (http://www.gks.ru/)
only for the subjects of the Russian Federation, but not for the boundaries of the basin. In the study, we used images
obtained by the American “Landsat” satellite survey systems, starting from Landsat-5. To identify the dynamics of
areas of different types of underlying surface over the past 30 years, the search for images for 4 time periods has been
carried out:
•

mid-eighties of the last century (1985–1986);

•

mid-nineties of the last century (1996–1998);

•

mid 2000s of the twenty-first century (2007);

•

last 2–3 years, corresponding to the low-water period (2014).
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The middle of the 1980s corresponds to the most intensive economic activity in the Don basin, which is mentioned in a
number of works (Anthropogenic impacts ..., 2003, Koronkevich, 1990, Shiklomanov 2008). The time sample of 1985
reflects the maximum degree of development of agricultural lands, indirectly related to the volume of water intake for
irrigation. The middle of the 1990s, on the contrary, corresponds to the greatest decline of the economy after the
collapse of the Soviet Union, a sharp reduction in water intake for agricultural needs. The middle of the 2000s reflects
the gradual revival of agriculture in the region, plowing of fallow fields before the low water period of 2007–2015. The
low water level in the subsequent years to a certain extent began to limit irrigation agriculture, intensified in the second
half of the 2000s. From the point of view of water resources, the middle of the 1980s, 1990s and 2000s corresponded to
periods when the water content was close to the average annual level. In this case, separate random peaks were
allocated representing years of increased water content of different parts of the basin, which on the whole slightly
change the overall situation of the development and the degree of transformation of the catchment surface. The period
of 2014–2015 corresponds to the low water period, which is of particular interest.
The accepted frequency of time samples is recognized as optimal, because, on the one hand, it allows to catch all the
significant trends in the changing areas and different stages of the country's social, political and economic life, and on
the other, does not lead to unnecessary detail and loss of time. Table 1 shows a list of the images used in the territory of
the studied water catchment area. It was not possible to pick up cloudless images for the basin upstream of the gauging
section of Liski for the low water seasons of the middle of 1980s. It should be noted that all the images used are at lowwater seasons in terms of hydrological seasons, this makes it possible to compare the areas of water bodies. The flood in
the Don basin has shifted to earlier periods since the early 1980s (Kireeva, Frolova, 2013). The beginning of the flood
occurs at the end of February – beginning of March, the ending usually occurs in late April – early May. This eliminates
the influence of seasonal features of the water regime on the accuracy of calculating the area of the water surface in
different spring-summer months.
Table 1. List of used satellite images
Gauging section
Novokhopersk

Panovka
Liski

Southern Don
Region

1985-1986
Landsat-5/TM
20.05.1985
20.05.1985
29.05.1985
29.05.1985
02.09.1985
-

1996-1998
Landsat-5/TM
09.06.1998
09.06.1998
18.06.1998
18.06.1998
14.07.1996
24.06.1996
26.06.1996
10.07.1996

01.08.1985
10.08.1985
15.08.1985
17.08.1985
19.08.1985
24.08.1985

22.07.1998
27.07.1998
14.08.1998
21.08.1998

2007
Landsat-5/TM
17.05.2007
17.05.2007
26.05.2007
26.05.2007
17.08.2007
10.08.2007
12.08.2007
17.08.2007
26.08.2007
07.08.2007
11.08.2007
21.08.2007
30.08.2007

2014-2015
Landsat-8/OLI
04.08.2015
04.08.2015
11.08.2015
11.08.2015
29.05.2014
19.07.2014
28.07.2014
30.07.2014
04.08.2015
6.08.2015
11.08.2015
13.08.2015
20.08.2015
29.08.2015

The images were processed in a specialized software Erdas Imagine 2014. Based on the satellite images
Landsat-5/TM and Landsat-8/OLI, mosaics were created for each year. Mosaics are synthesized images created using
the channels of the visible and near infrared ranges. Their spatial resolution was 30 m.
Since there were no ground surveys of the analyzed basins, it was not possible to formulate quality standards for
conducting a reliable controlled classification. As a result, the K-average classification was performed. The advantage
of this method is the simplicity of the algorithm and, as a consequence, the processing speed of a large array of
information. As input parameters, 15 classes, 10 iterations and a threshold value of 0.98 were specified. These
characteristics are established empirically and are recognized as representative. The resulting number of classes (15)
contains several subclasses of the same type. For example, on the fields, deposits and pastures, there were about 6
classes. Therefore, it was decided to allocate 4 classes of objects:
•

water objects (rivers and ponds);
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•

forests (forestlands, floodplain forests and forest cover of the ravine-narrow net) and uncultivated areas
(stumbled, saline lands are characteristic for the region of the southern Don);

•

fields (plough lands, fallow lands and pastures);

•

anthropogenic objects (settlements and roads).

This choice is due to the fact that allocation of classes of more fractional units (for example, arable lands and pastures
as a separate class) by automated methods is not feasible. This is explained by the inability to cover the entire catchment
area above the surveyed sections with a single-shot satellite survey, which in turn leads to the creation of a diverse
mosaic of satellite images, in which the state of the cultivated fields is fixed in different phenological phases (Fig. 2).

Figure 2. Results of image classification (TM/Landsat-5, 1985)
For each of the four time periods, a classification was carried out with a quality assessment of the selected classes. Most
accurately in the automatic mode, classes related to water objects (river network and ponds) were determined. Then the
forest class and the class of fields were determined. All other classes were classified as anthropogenic objects. Next, the
vectorization of the classification results was performed for manual quality control of the results – in the case of an
erroneous definition of a class of objects, a manual editing of the vector layer was performed with a change in the
corresponding attributive information.

RESULTS
As a result of the work done to interpret satellite images, the distribution of areas of water objects, forests,
anthropogenic developments and fields over the past 30 years for Panovka, Novokhopersk (for the Khopyor river), the
southern basin and for Liski station (Don river) for the last 18 years has been obtained. Let us note that the area of the
minimum object (lake), determined from the images, was 0.005 km2.
Figure 3 shows a fragment of an interpretation scheme reflecting the dynamic of types of the underlying surface in the
south basin. It is fairly well noticeable that new gardening partnerships appear on the site of the former fields. This
situation is more typical for territories near large populated areas (for example, Rostov-on-Don). In agricultural areas,
there is no apparent increase in the area of settlements.
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Figure 3. Fragment of an interpretation scheme (right – the blue polygons is settlements, 1985, left – the orange
polygons is settlements, 2015)
As can be seen from Table 2, all basins are characterized by a decrease in the area of fields and an almost twofold
increase in the area of forests and uncultivated areas, which is most likely due to a decrease in the volume of
agriculture. At the same time, there is an increase in the area of anthropogenic development, which is connected, on the
one hand, with urbanization, and on the other –with the duration of destruction of capital construction objects after the
transition to an abandoned state.
Table 2. Distribution of areas of water bodies, forest and uncultivated areas, anthropogenic housings and fields over
the past 30 years in the Don river basin by analyzed sections
1985
Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2

349
3556

Area, km2
Area, km2

30804
337

Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2

349
3556

Area, km2
Area, km2

30804
337

Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2

1566
29612

Area, km2
Area, km2

43949
3212

Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2
Area, km2
Area, km2

1996-1998
2007
2014
Khopyor basin (gauging section near settl. Panovka)
389
314
170
4761
5311
5875
29395
28934
28489
501
487
512
Khopyor basin (gauging section near Novokhopersk)
389
314
170
4761
5311
5875
29395
501

28934
487
Southern Don region
2507
2115
29142
29769

28489
512

42460
4682

-

43243
43008
3447
3447
Gauging section near Liski
523
460
870
1649

-

63934
3641

59558
5355

62308
4552

1723
30474

478
3577

The most interesting is the situation with water bodies, most of which are occupied by small ponds. The upper basin is
characterized by some decrease in the first decade of the XXI century with the following growth. It is interesting to see
a significant increase in ponds in the late eighties and in the nineties. But for the southern basin and for the basin with
the gauging section near Novokhopersk, the growth of water bodies at the end of the last century has been replaced by a
recession over the past 20 years. At the same time, the area of water bodies for the basin with a gauging section near
Novokhopersk reduced more than twofold. Probably, the decrease in the area occupied by water bodies is due to their
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overgrowing and transition to the status of wetlands that do not belong to objects with an “open water surface”. This
also illustrates the processes occurring during the low water period.
Despite the fact that a shorter period of observation has been taken for the Liski station, it is clear how the forest
coverage of the catchment area changed (Fig.4). From 1996 to 2014, the area of forests increased 4-fold, which is
associated with a reduction in land development and, as a consequence, overgrowing of fields. In addition to forest
coverage, the area of anthropogenic development also increased, due to expansion of the private sector and the growth
of industrial development since the middle of the 1990s. It can be noted that the ratio of the water surface area and the
area of anthropogenic development in 1996, 2007 and 2014 decreased by 2 times. So, in 1996 the ratio of these areas
was 0.6, in 2007 – 0.28, and in 2014 it decreased to 0.13. At the same time, the main factor forming this ratio is the area
of anthropogenic development, which has changed significantly in contrast to the water surface area.

Figure 4. Percentage of water and forest and uncultivated areas it total area for key basins: 1- Gauging section near
Liski, 2 – gauging section near Novokhopersk, 3 - gauging section near settl. Panovka, 4 - Southern Don region
The minimum value of the water surface area was 460.1 km2 in 2007, when a severe drought was recorded for the
territory of the European part of Russia. By 2014, the value increased to 477.7 km2, but never reached the value of
1996. This fact can be explained not only by the climatic changes that occurred during this period, but also by the
change in the water intake volume.
In general, the results obtained can be considered reliable and used to study the impact of economic activity on
the runoff of the Khopyor river and the upper reaches of the Don river.

DISCUSSION
According to the annual data of the State Water Cadaster (hereinafter – SWC), the maximum total change in runoff due
to water intake was observed in 2007 (0.01 km3) (State Water Cadaster. Resources of surface and ground waters, their
quality and use, 2007). The average value for the low water period was 0.009 km3. This is only 0.26% of the average
long-term runoff during the low water period. The maximum share of the total change in runoff compared with the
annual one was observed in 2009 – 0.36%. All these values allow us to speak about the absence of any significant
influence of the water intake on the runoff.
On the other hand, the impact of economic activity can be manifested indirectly, in combination with natural
factors. Thus, an increase in the area of water bodies can lead to an increase in evaporation losses. Based on reanalysis
data, it was obtained that evaporation from water bodies in 2007 was about 3.74%, and in 2014 – 2.13% of the total
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annual runoff. Despite the fact that the accuracy of such calculations is small, they allow us to judge the order of
magnitude of the investigated values. This type of loss is actually an order of magnitude greater than the losses due to
water intake. In the low water period, a reduction in the water surface area may to some extent reduce “water stress”, as
this leads to a reduction in evaporation losses from the surface of water bodies. Thus, the reduction in the area of water
bodies more than 2 times in 30 years, undoubtedly, led to a decrease in water losses due to evaporation. The increase in
forest coverage of the basin leads to the opposite consequences: the volumes of interception of overland runoff by the
root system of woody vegetation increase, which in turn affects the growth of evapotranspiration and gross evaporation.
To calculate the accurate quantitative values of the contribution of transformation to changes in the water content of
rivers, detailed field studies are needed, which are absent in this paper. At the same time, based on the results of the
conducted assessments, it cannot be asserted that economic activity plays a major role in reducing the water content of
rivers. This indicates the determinative role of climatic factors.
As a result of the work done, an analysis was made of the main possible anthropogenic causes of the decline in the
water content of the Khopyor River, the main left tributary of the Don in the gauging section (Novokhopersk) and
Upper Don in the gauging section of Liski. For the Khopyor river basin, assessment of the impact of the water complex,
based on satellite images and the annual publications of the SWC showed a slight contribution of both direct and
indirect anthropogenic factors to the potential change in the water content of the investigated watercourses. At the same
time, in addition to direct water intake from the river network and underground sources, an important role is played by
the increase in water losses, indirectly due to changes in economic activity. First of all, they include the growth of
evaporation losses due to an increase in the level of lake coverage and forest coverage of the basin.
For the upper reaches of the Don basin, on the contrary, a more significant contribution of anthropogenic activity is
observed, which is confirmed by a decrease in the ratio of the water surface area and the area of anthropogenic
development from period to period.
Nevertheless, the results obtained suggest that the change in the area of different types of underlying surface is not the
main reason for the formation of a low-water period. The volume of losses caused by economic activity of the
population does not exceed 5–7%.
It is also interesting to note the fact that for such a large river as the Don, the water regime of both the tributaries and
the main river can vary greatly in different parts of the basin. This study was carried out for the northern part of the Don
river basin, further similar studies are planned for the southern part.
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