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Abstract. This article presents results for gully head cut retreat rates (GHRR) in the Pre-Kama region (Republic
of Tatarstan, Russia) based on monitoring (1984–1994 and 2015–2018) and the interpretation of high-resolution
satellite images (2004–2014). The results suggested that the mean linear GHRR have reduced by about five
times, from 1.6 m per year (1983–1994) to 0.4 m per year (2015–2018). The main reason for the significant
decrease in gully erosion was the increase in winter-spring air temperatures, which resulted in a reduction in the
depth of soil freezing and surface runoff. The impact of land use, as well as erosion control measures, which
were implemented in the study area during the late 1980s and early 1990s, was found to be less important.

1 Introduction

The problem of erosion of agricultural land in Russia has ex-
isted since the end of the 19th century (Dokuchayev, 1949;
Kern, 1928). Detailed studies of gully erosion were under-
taken in the mid-20th century by a number of researchers
(Dedkov, 1990; Stupishin et al., 1984; Zorina, 2006, etc.) in
the central and eastern parts of the Russian Plain. In the east
of the Russian Plain, a map of gully density based on topo-
graphic maps of different scales (1 : 100000, 1 : 50000 and
1 : 25000) was constructed for the period covering 1950–
1970s. The first data for GHRR were obtained in 1953, based
on the interpretation of aerial photographs. Unfortunately,
continuous gully headcut retreat monitoring that was stopped
in 1994.

In recent decades, the European territory of Russia (ETR)
has seen both climate change and a change in land use associ-
ated with the collapse of the Soviet Union in 1991 (Apukhtin
and Kumani, 2012; Ivanov et al., 2017, etc.). These changes
could be expected to affect the intensity of gully erosion.

However, the absence of modern gully monitoring in the
north of the forest-steppe zone does not provide a basis for
drawing conclusions and, therefore, it is necessary to resume
analysis. The purpose of this study is to provide a quantita-
tive assessment of modern gully erosion rate on the arable
lands of the Pre-Kama region of the Republic of Tatarstan,
European Russia.

2 Materials and methods

The research area is located in the western part of the
Pre-Kama region (16 620 km2) of the Republic of Tatarstan
(Fig. 1), between the Volga, Kama and Vyatka Rivers. The
average altitude within the study area is 150 m. Gully den-
sity ranges from 0.1 to 0.5 km km−2 (Golosov et al., 2018).
The geological structure of the territory of the Western Pre-
Kama region is composed of Permian rocks (mainly lime-
stones and dolomites) and Quaternary sediments (mainly
aleurites and clays). The climate of the study area is con-
tinental, with warm summers and moderately cold winters.
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Figure 1. The location of the Pre-Kama region in the Russian
Plain (a) and the Republic of Tatarstan (b). (Legend: 1 – the study
region, 2 – the study sites with measurement of GHRR, based on
the interpretation of high-resolution satellite images, 3 – the study
sites with measurement of GHRR, based on a monitoring, 4 – the
Kazan-Opornaya meteorological station, 5 – the Pestretcy gauging
station (at the Myosha River).)

According to the Kazan weather station, the average annual
temperature is +4.1 ◦C (1950–2017). The warmest month is
July (+19.8 ◦C), and the coldest month is January (−12 ◦C).
The annual average rainfall is 557 mm, of which 69 % falls
in the warm season.

Gully erosion was investigated using two approaches:
monitoring and interpretation of high-resolution satellite im-
ages. The headcuts of 48 gullies, located within four small
catchments, were monitored from 1983 to 1994. The moni-
toring stopped in 1995 and was re-launched in 2015. GHRR
was determined once per year for 1983–1994 and twice per
year (in May and September) for 2015–2018 by measuring
the distance from the gully head to a fixed metal steak, placed
upslope from gully head.

The interpretation of different-time satellite images was
carried out for 2004 and 2014. Images were, taken from the
WorldView-2, WorldView-3 and GeoEye satellites. The in-
put images were first processed and standardized to a com-
mon scale and projection. In the next stage, thalwegs were
digitized from images maded in 2004 and 2014 for each

gully. Finally, the maps were overlain and the thalwegs used
to calculate GHRR.

3 Results

Mean linear GHRR for the period 1983–1994 was esti-
mated at 1.6±0.5 m yr−1. During this time interval the high-
est GHRR were atypically associated with bottom gullies
growth. For the period 2015–2018, the GHRR was estimated
at 0.4± 0.1 m yr−1. A decrease in GHRR was therefore re-
vealed for 2015–2018 compared to 1983–1994.

The linear GHRR for slope gullies according to satellite
imagery were ranged from 0 to 3.4 m yr−1 during 2004–
2014, with an average rate of 0.3 m yr−1. At the same time,
about 70 % of all the gullies were found to exhibit inactive
headcuts.

Previous studies conducted in the territory of the Western
Pre-Kama have reported a slow attenuation in the growth rate
of the gullies: 2 m yr−1 in 1953–1958 (Stupishin et al., 1980),
0.8 m yr−1 in 1958–1985 (Butakov et al., 1987), 1.6 m yr−1

in 1983–1994, 0.3 m yr−1 in 2004–2014, and 0.4 m yr−1 in
2015–2018.

On the East European Plain, about 80 % of the increase
in gullies is observed during the period of spring snowmelt.
Therefore, meteorological parameters characterizing winter-
spring conditions (Table 1) need to be taken into account
when interpreting data for GHRR. All of the parameters that
were taken into account in this study are characterized by
significant changes, especially over the recent decades. Thus,
since the 1980s, there has been an increase in air temperature
during the winter spring periods. Also, there has been an in-
crease in precipitation and water storage in snow. However,
the increase in precipitation almost did not affect the height
of the snow cover. The observed changes in such winter-
spring meteorological parameters have generally good agree-
ment with water flow characteristics in the Myosha River
during the spring flood (Fig. 2). Thus, since the 1980s, max-
imum annual discharges and total water runoff depth in the
basin during the spring have been decreased by 31 %. There-
fore, it is very likely that the reduction of surface water runoff
was the main reason for decreasing of the GHRR in the re-
gion.

One of the most significant human factors that influences
gully erosion rates, by changing the structure of the upper
soil layer (e.g. Valentin et al., 2004), is the area of cultivated
land. However, there were no significant changes in the area
of cultivated land in the Myosha River basin in 2015 com-
pared to 1985 (Ivanov et al., 2017). The study area was ac-
tively ploughed even in the 1990s. The main crops grown are
wheat, barley and corn. In the recent years, perennial grasses
have also been introduced into rotations.

Another reason for the reduction in the GHRR in this re-
gion was the implementation of erosion control measures that
began in the late 1970s. In total, about 120 erosion control
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Table 1. Some climatic characteristics for the study region Taw – the mean long-term air temperature for the winter period (December to
February), Tam – the mean long-term air temperature for March, N – the number of days in the winter period with daily temperatures above
0 ◦C, A – the duration of the cold period (the number of days with a stable average daily temperature below zero), P – the mean long-term
precipitation for the cold period, H – the mean long-term snow depth for the winter period, S – the average long-term water storage in the
snow for the first decade of March.

Periods Taw, ◦C Tam, ◦C N , d A, d P , mm H , cm S, mm

1980–1989 −10.1 −5.6 2.6 154 167 29.1 96
1990–1999 −9.8 −3.9 4.5 150 185 29.9 –
2000–2009 −8.7 −2.7 7.7 138 200 29.0 134
2010–2018 −9.6 −3.9 6 138 228 40.1 141

Figure 2. Long-term changes in water flow recorded at the Myosha
River, (a) maximum annual water discharges (during the spring
snowmelt period), (b) water runoff depth in the basin during the
spring flood period.

works were carried out within the study area. But, in the ab-
sence of the regular maintenance of anti-erosion structures
, their effectiveness reduced considerably. Hereby meaning
the reduction in GHRR is more associated with changing me-
teorological conditions rather than with application of ero-
sion control measures.

4 Conclusions

A decrease in the GHRR from 1.6 m yr−1 (1983–1994) to
0.4 m yr−1 (2015–2018) was established for the Western Pre-
Kama region of the Republic of Tatarstan (European Russia),
on the basis of monitoring and the interpretation of satellite

images. The linear GHRR derived from the monitoring were
found to be in good agreement with an estimate (0.3 m yr−1

for 2004–2014) based on the interpretation of satellite im-
ages. The change of hydrometeorological conditions, espe-
cially winter air temperatures is the main reason for the de-
crease of GHRR. Land use and erosion control measures did
not affect the development of gullying processes. The recent
trend of a decline in gully erosion intensity was consistent
with the earlier-reported decrease in soil erosion in the study
area (Sharifullin et al., 2018).

Data availability. We used a database of gullies, which is part of
the big database. I’ve added its in the text (Vanmaercke et al., 2016)
and in the references. Part of the data of gullies was resently re-
ceived during fieldwork and was not been published In addition,
meteorological information about daily precipitation data were pro-
vided by the RIHMI World Data Center (http://aisori-m.meteo.ru/
waisori/, RIHMI World Data Center, 2018). Information about hy-
drological characteristic was downloaded from Automated informa-
tion system of the state monitoring of water bodies (AIS SMWB)
(https://gmvo.skniivh.ru/, AIS SMWB, 2018) and were collected
from Hydrological Yearbooks, which are available-only in printed
version.
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