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Abstract—Results of assessment are presented for the relationship between the forest cover of small dry valleys
and their spectral response through analysis of object data in the forest–steppe natural zone of the Central Cher-
nozem region of Russia. The SWIR reflectance of small dry valleys is shown to be tightly correlated with the per-
centage of forest cover. The greater the forest cover, the lower the SWIR reflectance. A logistical dependence
can be used to obtain spectral-response estimates for forest cover in the SWIR range. Spectral-response esti-
mates are found for the forest cover of small dry valleys in the Central Russian forest steppe from Landsat data
in the mid-1980s, early 2000s, and late 2010s. Recent decades have seen an increase in the forest-cover percent-
age of small dry valleys throughout most of the region. From the mid-1980s to 2018, the forest cover increased
from 16 to 45%. During the study period, an increase is observed in intraregional differences in the forest cover
of ravines. Currently, this indicator varies more significantly within the region than in the mid-1980s.

Keywords: small dry valleys, forest cover, Central Russian forest–steppe, remote sensing data, spectral
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INTRODUCTION
Small dry valleys are a characteristic component of

the Central Russian forest–steppe landscapes within
the Central Chernozem region (Mil’kov et al., 1978;
Nechetova and Narozhnyaya, 2010). Small dry valleys
are one of the few natural-landscape elements that can
help researchers identify regional trends in vegetation
cover. This is due to the degree of anthropogenic
transformation throughout most of the region and the
intensive agricultural use of the land. Changes in the
vegetation cover of small dry valleys (SDVs), primarily
those related to the forest-cover percentage, can serve
as an indicator of modern trends in the development of
natural vegetation.

At the beginning of the 20th century, the forest
cover of the Central Chernozem region (CCR) was
about 8.7% (Bugaev et al., 2006). In recent decades,
some growth has been recorded in the south of the
Central Russian Upland (on the territory of the Bel-
gorod oblast), mainly due to the SDV network (Ter-
ekhin and Chendev, 2018). Given the high anthropo-
genic load on most of the regional landscapes, SDVs are
one of the few factors that enable a natural increase in
forest cover (Chendev et al., 2016). Forest-cover indica-
tors can determine microclimatic (Ol’chev et al., 2017;
Bonan, 2008; Gao, 2012) and hydrological conditions
(Onuchin et al., 2017) and affect the appearance of the

landscape. For this reason, it is currently relevant to
conduct a modern and retrospective assessment of the
SDV forest cover in the CCR forest–steppe zone. A
study of modern trends in the development of SDV veg-
etation cover is relevant also because of the ongoing cli-
matic changes in the CCR (Lebedeva and Krymskaya,
2008; Novikova et al., 2017), which may be one of the
reasons for the changes in natural vegetation.

Modern and archival satellite information is one of
the most effective resources for spatiotemporal analy-
sis of forested lands (Pis’man et al., 2018; Kozoderov
et al., 2018; Kashnitskii et al., 2019; Terekhin, 2020).
The use of satellite data allows retrospective estimates
of forest cover (Kim et al., 2014; Belyaeva and Popov,
2016) and can be used to assess features of forest-veg-
etation development (Zhirin et al., 2004; Arkhipova,
2017; Danilova et al., 2017).

Changes in forest cover can lead to changes in the
spectral response of the land site (Marchukov, 2010;
Potapov et al., 2011; Terekhin and Chendev, 2018). A
quantitative analysis of these changes can, in turn, be
used to study the vegetation cover of SDVs, including
a spatiotemporal analysis of the tree-vegetation per-
centage in these valleys.

To assess changes in forested lands, researchers
most often use approaches based on machine-learning
algorithms and on spectral-response classifications
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Table 1. Characteristics of SDVs, which are used for ana-
lyzing the changes in forest cover and spectral response

Number of objects Number of objects Area, ha

Belgorod oblast 31 933.9
Voronezh oblast 28 876.2
Kursk oblast 34 741.0
Lipetsk oblast 28 389.7
Orel oblast 14 405.7
Tambov oblast 27 533.1
Total 162 3879.6
(Huang et al., 2002; Zhang et al., 2014; Potapov et al.,
2015; Khovratovich et al., 2019). These approaches
allow changes in forests to be mapped at different spa-
tial levels. Meanwhile, a study of development of forest
communities in treeless spaces as a successional pro-
cess requires an assessment of the influence of changes
in vegetation on their spectral response. This is due to
the fact that forest-development processes can have
different effects on spectral response in different parts
of the spectrum.

Currently, the problem of how to analyze changes
in the spectral response of SDVs, i.e., the changes aris-
ing from the formation of tree associations within
SDVs, largely remains an open question. Despite
being a typical element of landscapes, SDVs are not
general, universally widespread objects. They manifest
themselves most widely in certain regions, which
include the Central Russian forest–steppe (Drozdov,
1991). It is, therefore, relevant to investigate the spec-
tral response of SDVs, because this method can allow
researchers to approach the study of changes in their
vegetation cover at a new level.

The aim of this study was to quantitatively analyze
the spectral response of SDVs and its relationship with
the percentage of tree vegetation in ravines and to
study the regional trends in SDV forest cover in the
CCR in recent decades.

To this end, it was planned to perform the following
tasks.

— Informational assessment of spectral response in
the context of SDV forest-cover analysis.

— Quantitative assessment of the relationship
between SDV forest cover and the spectral character-
istics that are most closely correlated with this type of
forest cover.

— Spatiotemporal spectral-response analysis of the
SDV forest cover within the CCR forest–steppe in the
late 20th to early 21st centuries.

METHODS
The object of our research was SDVs located within

six regions of Russia: the Belgorod, Voronezh, Kursk,
Orel, Lipetsk, and Tambov oblasts. The SDVs were
selected on the basis of several criteria: (1) availability
of modern (2018) and archival (2000–2018) satellite
data of ultrahigh spatial resolution for the SDV sites,
(2) the absence of traces of artificial forestation in
recent decades, and (3) similar humidification condi-
tions for all the objects, i.e., the absence of swamps
within the ravines.

The sample was constructed in such a way as to
include SDVs from all the oblasts of the CCR, repre-
senting different parts of this region, which was neces-
sary to ensure an objective spatial analysis of forest
cover in the SDVs. We also sought to select objects
with different forest cover. The absence of signs of arti-
ficial forestation in the study period was determined by
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analyzing the 2000–2018 multitemporal satellite data
of ultrahigh spatial resolution (1 m/pixel), which were
obtained from open-access web services, mainly Goo-
gle Earth. The same images were used to analyze the
actual forest cover of the ravines. The level of detail of
the images enabled a reliable analysis of the modern
percentage of tree vegetation in the SDVs. As a result,
we selected 162 SDVs with a total area of 3879.6 ha
(Table 1).

The satellite images were processed in a geoinfor-
mation environment using manual digitization so as to
construct two vector contours—the boundary contour
and the 2018 forest-site contour—for each SDV. These
data were used to calculate the area and the current
forest-cover percentage of the SDVs.

Spectral-response analysis of the SDVs was carried
out in two stages. In the first stage, we assessed how
the forest-cover percentage was related with spectral
response and identified those spectral characteristics
that were informative for the analysis. In the second
stage, we studied the relationship between the forest
cover and spectral characteristics of the SDVs.

The relationship between the forest cover and spec-
tral response characteristics of the SDVs was assessed
in different spectral ranges from the Landsat OLI data.
For this purpose, we used the Landsat-8 OLI satellite
scene dated August 24, 2018, with Path 177 and
Row 024 parameters in the WRS-2 (Worldwide Refer-
ence System-2) and the SDVs covered by this scene.
The Path and Row parameters identify the location of
the Landsat images in the WRS-2, which is used to
determine their location on the Earth’s surface. The
satellite scene was selected so that it covered several
dozen target objects, i.e., so that the data obtained
could explain the relationship between the forest cover
and spectral response. August was chosen as the
period of research because it was the least cloudy
month of the year; therefore, it was easier to compile
cloudless image coverage of the region, which could be
used for territorial assessments of the spectral response
characteristics of the SDVs.

The Landsat OLI images were subjected to atmo-
spheric and radiometric correction and converted into
dimensionless spectral reflectance values. The spec-
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tral reflectance features of the SDVs were studied by
analyzing their response in the main spectral ranges,
covering the visible and infrared regions.

The reflective characteristics of the SDVs can also
be investigated using spectral vegetation indices, i.e.,
mathematical transformations of the original bright-
ness of the images. However, because of the diversity
of vegetation indices, their analysis, as well as analysis
of combinations of spectral-response characteristics
pertaining to different spectral ranges for assessing the
SDV forest cover, requires a separate study. Mean-
while, it should be noted that interpretation of vegeta-
tion indices for vegetation assessment in comparison
with the spectral reflectance is not always possible,
with their application requiring taking into account a
larger number of conditions.

Based on the Landsat OLI data, we calculated the
spectral reflectance of the SDVs in six ranges: blue,
green, red, near-infrared (NIR), and SWIR1 and
SWIR2 infrared. We carried out an informational
assessment of the spectral indicators for analyzing the
SDV forest cover using the Pearson (parametric crite-
rion) and Spearman (nonparametric criterion) correla-
tion coefficients. We analyzed these criteria together in
order to increase the objectivity of the results obtained.
As part of the study, we assessed the average values of
the spectral indicators for the various forest-cover gra-
dations and the significance of the differences between
the averages.

We assessed the relationship between the SDV for-
est cover and spectral response (the second stage of the
study) on the basis of the Landsat TM/OLI data.

Since the spectral ranges of the Landsat TM/ETM+
and Landsat OLI sensors are slightly different, we cal-
culated two types of models that describe the relation-
ship between the forest cover and spectral reflectance.
The first one uses spectral-response characteristics
retrieved from the Landsat TM/ETM+ data, and the
second one uses those from the Landsat OLI data. The
analysis of the SDV spectral response using different
sensors, albeit with similar characteristics, was aimed
at increasing the efficiency of forest-cover modeling in
different time sections, which was carried out at the
final stage of the study.

The analysis of the relationship between the SDV
forest cover and Landsat OLI spectral characteristics
used the same satellite image (Landsat-8 of August 24,
2018), which was previously used to investigate the
tightness of the relationship between the reflectance
and the SDV forest cover. A similar study for the
Landsat TM spectral characteristics was based on the
Landsat data of the early 2000s. To this end, we formed
a group of SDVs for which we were able to select
images of ultrahigh spatial resolution for these peri-
ods and to assess the actual forest cover. After that,
we used the Landsat TM data of August 2000 to
assess the relationship between the SDV forest cover
and ref lectance.
IZVESTIYA, ATMOSPHER
At the final stage, we used the spectral response
characteristics identified as the most informative ones
for assessing the SDV forest cover to conduct a spatial
analysis of forest cover in the mid-1980s, in the early
2000s, and in 2018. To this end, for each time section,
we combined the Landsat satellite image coverage of
the CCR (Table 2).

To minimize the phenological differences, we
sought to select satellite images for the same periods of
the growing season—mainly August, as it is the least
cloudy month. In all the time sections, we were able to
pool a sample of relatively cloudless images for this
month only. All the images were subjected to atmo-
spheric and radiometric correction and converted to
dimensionless reflectance values. The spectral char-
acteristics for specific ravines were calculated using
the zonal statistics method; i.e., for each SDV, we cal-
culated a spectral-response value averaged within their
contours.

Using the relationships between the SDV forest
cover and the SWIR-range reflectance, we estimated
the proportion of tree vegetation in each ravine for
each of the three time sections: mid-1980s, early
2000s, and 2018. After that, we applied spatial interpo-
lation methods (radial basis functions) to draw sche-
matic maps of the spatial distribution of the SDV for-
est cover within the CCR for all the time intervals
under study. Based on the calculated schematic maps,
we identified and investigated the spatiotemporal fea-
tures of the SDV forest cover in the region at the end
of the 20th and beginning of the 21st centuries. The
analysis was carried out by assessing the spatial change
of territories corresponding to the same SDV forest
cover gradations at the beginning and end of the ana-
lyzed period.

RESULTS AND DISCUSSION
Based on the estimates, we found that the SDV for-

est cover is most tightly correlated with the Landsat-8
OLI SWIR1-range (1.56–1.66 μm) ref lectance
(Table 3). At the same time, most of the spectral
response characteristics are inversely related to the
percentage of tree coverage in the SDVs. All the cor-
relations are statistically significant at the 0.05 level,
except for the NIR-range reflectance.

Since the SWIR1-range (1.56–1.66 μm) spectral
features showed the highest correlation with the SDV
forest cover, we used them in a more detailed analysis
and spatiotemporal assessment of the SDV spectral
response, which served as a basis for the forest cover
models.

Statistical analysis of the average values of the
reflectance in the 1.56–1.66 μm range for different
forest-cover gradations (0–20, 20–40, 40–60, 60–80,
and 80–100%) showed that the spectral reflectance
values decrease significantly when passing from one
gradation to another in the direction of increasing for-
IC AND OCEANIC PHYSICS  Vol. 57  No. 12  2021
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Table 2. Landsat satellite data used to assess the spectral response of the SDVs and their forest-cover percentage

Path/Row Sensor Record date Path/Row Sensor Record date

TM Aug. 29, 1985 TM July 26, 1986
177/025 TM Aug. 22, 2000 174/024 ETM+ Aug. 12, 2001

OLI Aug. 24, 2018 OLI Aug. 19, 2018

TM Aug. 23, 1988 TM Aug. 30, 1986
175/025 TM Aug. 8, 2000 179/023 TM July 22, 2001

OLI Aug. 26, 2018 OLI Aug. 6, 2018

TM Aug. 30, 1986 TM Aug. 29, 1985
179/024 TM Sep. 3, 1999 177/023 TM Aug. 22, 2000

OLI Aug. 6, 2018 OLI Aug. 24, 2018

TM Aug. 7, 1986 TM Aug. 22, 1988
178/024 ETM+ Sep. 4, 1999 176/023 TM Sep. 6, 1999

OLI Aug. 31, 2018 OLI Aug. 1, 2018

TM Aug. 29, 1985 TM July 22, 1988
177/024 TM Aug. 22, 2000 175/023 ETM+ July 18, 2001

OLI Aug. 24, 2018 OLI Aug. 26, 2018

Table 3. Tightness of the correlation between the SDV forest-cover percentage and their spectral response (Landsat-8 OLI)

Correlation coefficient
Spectral reflectance

Blue Green Red NIR SWIR1 SWIR2

Pearson –0.61 –0.46 –0.41 0.02 –0.79 –0.40
Spearman –0.52 –0.41 –0.41 0.25 –0.74 –0.48

Table 4. Characteristics of the reflectance in the 1.56–1.66 μm range (Landsat-8 OLI) for different SDV forest-cover gra-
dations

Forest cover, % Number of objects Average Standard deviation Minimum Maximum

0–20 10 0.224 0.013 0.205 0.248
20–40 55 0.200 0.017 0.170 0.239
40–60 52 0.186 0.014 0.159 0.214
60–80 30 0.174 0.018 0.140 0.215
80–100 6 0.166 0.021 0.136 0.188
est-cover percentage (Table 4). The standard devia-
tions revealed no dynamics.

Different models describing the relationship
between the SDV forest cover and the Landsat-8 OLI
SWIR-range reflectance were compared in terms of
effectiveness to show that the logit function has the
highest determination coefficients (R2) (Table 5, Fig. 1),
which indicates that the reflectance values change with
different intensities as the forest cover increases. The
level of significance of all the equations in Table 5 is less
than 0.05.

Similar dependences obtained from the Landsat
TM data were characterized by slightly lower determi-
nation coefficients: 0.52 for the logarithmic model,
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
0.53 for the power-function model, and 0.55 for the
logit function, all at a significance level of 0.05.

The lower determination coefficients for the
equations obtained from Landsat TM of 2000 are
largely due to the absence of ravines with a forest-
cover percentage above 60% in the analytical sample
for this time interval. The reason for this is that, in
the early 2000s, the SDV forest cover was signifi-
cantly less than today; therefore, we could not find
ravines with an appropriate forest-cover percentage.
Moreover, the lower values of the determination
coefficients may also be due to the lower radiometric
resolution of Landsat TM in comparison with Land-
sat OLI.
 Vol. 57  No. 12  2021
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Fig. 1. Curves characterizing the relationship between the SDV forest cover and the SWIR-range spectral reflectance.
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y = 0.163223 – 0.04005log(x/(1 – x)) y = 0.188547 – 0.02729log(x/(1 – x))
It follows from the form of the relationship between
the reflectance on the SDV forest cover that the
inverse problem, i.e., the problem of assessing the for-
est cover on the basis of the SWIR-range reflectance,
can be solved through the use of a decreasing logistic
(sigmoid) curve with asymptotes of 0 and 1 (the mini-
mum and maximum possible forest cover).

Based on the actual SDV forest-cover data and
SWIR-range reflectance, the calculated relationship
used for assessing the forest cover from Landsat OLI
data was as follows:

(1)

where y are the forest-cover values and x are the values
of the SWIR-range reflectance (the sixth band of the
Landsat OLI sensor). The determination coefficient
(R2) of Eq. (1) was 0.61 at a significance level of 0.05.

A similar relationship based on the Landsat
TM/ETM+ data was

(2)

where y are the forest-cover values and х are the values
of the SWIR-range reflectance (the fifth band of the
Landsat TM/ETM+ sensor). Its determination coeffi-
cient (R2) was 0.60 at a significance level of 0.05. Both

− += −
+ ( 44.715 8.275)

11 ,
1 xy

e

− += −
+ ( 31.342 4.639)

11 ,
1 xy

e
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Table 5. Characteristics of the dependences describing the 
reflectance values (Landsat-8 OLI)

Type of dependence

Linear y = –0.0613x + 0.2
Logarithmic y = –0.024ln(x) + 
Power function y = 0.1695x–0.123

Logit function y = 0.1885 – 0.027
(1) and (2) use the SWIR-range reflectance measured
in August, which must be taken into account when
using these equations.

The use of the proposed relationships for a direct
spectral-response assessment of forest cover will give
certain errors due to the variability of the SDV spectral
response characteristics. Meanwhile, their verification
(based on the 2018 data for ravines located outside the
Path 177 Row 24 satellite scene) showed that the cor-
relation coefficient of the actual and calculated forest-
cover values was approximately 0.80.

A comparison of the actual SDV forest cover in
2018 estimated from satellite data of ultrahigh spatial
resolution and the forest cover measured by the
SWIR-range reflectance showed (Table 6) that the
actual and calculated values virtually coincide for the
CCR as a whole and in most oblasts of the CCR.

In Belgorod, Lipetsk, and Orel oblasts, the calcu-
lated values of the SDV forest cover are virtually no
different from the actual ones. In Voronezh, Kursk,
and Tambov oblasts, the deviations are more signifi-
cant, perhaps due to the use (since there are no data
for other dates) for considerable land areas of Landsat
OLI images taken in early August, rather in the second
half of this month, like those used to calculate the
equation and estimate the forest-cover percentage in
most of the study area.
IC AND OCEANIC PHYSICS  Vol. 57  No. 12  2021

relationship between the SDV forest cover and SWIR-range

Equation R2

184 0.62
0.1688 0.64

0.63

3log(x/(1 – x)) 0.65
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Fig. 2. Spatial change in the SDV forest cover within the CCR (2018) modeled from the Landsat-8 OLI SWIR-range spectral
response. (1) The studied SDVs.
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The presence of a statistically significant relation-
ship between the SDV forest cover and the SWIR-
range reflectance provided a basis for conducting a
spatiotemporal spectral-response analysis of this rela-
tionship within the CCR forest–steppe in 1985–2018.

The territorial analysis of the modern (2018) forest-
cover percentage calculated from the SWIR-range
reflectance (Fig. 2), made it possible to identify its fea-
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 

Table 6. Comparison of the actual SDV forest cover with the
ferent oblasts of the CCR

Region actual
average standar

Belgorod oblast 0.55 0
Voronezh oblast 0.28 0
Kursk oblast 0.49 0
Lipetsk oblast 0.42 0
Orel oblast 0.59 0
Tambov oblast 0.39 0
CCR average 0.45 0
tures. We drew up a schematic map by the spatial-inter-
polation method (radial basis functions (RBFs)) using
the capabilities of geographic information systems.

The key territorial patterns of the change in forest
cover that are visible in the schematic map can be for-
mulated as follows.

(1) Sufficiently high differences in the modern
SDV forest cover within the region.
 Vol. 57  No. 12  2021

 results calculated from the SWIR-range reflectance for dif-

SDV forest cover in 2018
calculated

d deviation average standard deviation
.20 0.54 0.15
.14 0.21 0.12
.17 0.41 0.15
.13 0.40 0.15
.13 0.61 0.15
.16 0.52 0.17
.18 0.44 0.18
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Fig. 3. Spatial distribution of the SWIR-range reflectance for SDVs within the CCR in 2018. (1) The studied SDVs.
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(2) The presence of spatial trends in the change in
forest cover within the CCR. A decrease in the SDV
forest cover is observed in two main directions: from
northwest to southeast and from northeast to south-
west. At the same time, in the south of the CCR, sig-
nificant differences are observed between the western
and eastern parts.

The substantial modern territorial differences in
the SDV forest cover are due to the different natural
and climatic conditions, which enable a more or less
IZVESTIYA, ATMOSPHER

Table 7. Parameters of the change in the forest cover of S
21st centuries

Year
average mini

1985 0.16 0.

2000 0.26 0.

2018 0.45 0.
intense growth of tree vegetation in valleys and ravines.
They change in going from the forest-zone and north-
ern-forest–steppe-subzone conditions in the north-
west and northeast to the steppe conditions in the
southeast (Fiziko-geograficheskoe raionirovanie, 1961).

Since the SDV forest cover and the SWIR-range
ref lectance values show a rather high correlation
(R = –0.79), the assessment of territorial changes in
the forest cover can also be performed directly by con-
ducting a spatial analysis of these spectral characteris-
IC AND OCEANIC PHYSICS  Vol. 57  No. 12  2021

DVs in the CCR forest–steppe from the late 20th to early

SDV forest cover

mum maximum stand. dev.

03 0.43 0.08

04 0.49 0.09

04 0.90 0.20
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Fig. 4. An example showing the change in the SDV forest-cover percentage in 1985–2018 across the Central Russian forest–
steppe. Belgorod oblast.
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tics. The territorial assessment of the reflectance val-
ues measured in 2018 showed that the parameters of
their change (Fig. 3) are in many respects similar to
the spatial features of the SDV forest cover in the same
year (Fig. 2), except that the growth of the forest cover
was accompanied by a decrease in the reflectance.

For example, one can clearly trace differences in
the SDV forest cover between the southwestern and
southeastern parts of the region, which were identified
from the SDV forest cover data and from the reflec-
tance. Thus, a direct analysis of the spatiotemporal
characteristics of the SWIR-range spectral response
can give an idea of the territorial change in the SDV
forest cover.

The results of modeling the CCR SDV forest cover
using the SWIR-range reflectance showed that over the
past decades, from the mid-1980s to 2018, a significant,
almost threefold increase in the SDV forest cover was
observed within the CCR forest–steppe zone (Table 7).

Simultaneously, an increase was observed in its
maximum, minimum, and standard deviation, which
indicates that the modern appearance of the SDVs is
now more diverse in terms of forest cover than 30–
35 years ago. The changes in all the indicators of the
SDV forest cover occurred sequentially. In 1985–
2000, the SDV forest cover increased from 16 to 26%,
i.e., by a factor of 1.6. In 2000–2018, it increased from
26 to 45%, i.e., by a factor of 1.7. In total, the SDV for-
est cover increased over the 33 years, according to the
data obtained, by a factor of 2.8. The increased differ-
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
ences in the forest cover may result from the increased
contrasts in the natural and climatic conditions, which,
in turn, are prone to variations.

The results obtained are confirmed by a visual
analysis of the SDV forest cover in the mid-1980s and
in 2018 (Fig. 4) from the satellite data. Since the spatial
resolution of the Landsat images is not very high
(30 m/pixel), we could not use them to obtain quanti-
tative estimates for the forest-cover percentage in the
same way as we did with the ultrahigh spatial resolu-
tion images of 2018. Nevertheless, the increasing ten-
dency in the forest cover manifests itself quite clearly
in these images when the same ravine sites are com-
pared. It is seen from Fig. 4 that, in the period under
study, the increase in the SDV forest cover was due to
an increase in the area covered by forests both in the
upper reaches of the ravines and on their slopes and
central parts.

Thus, at the turn of the 20th and 21st centuries,
over at least the last four decades, an ongoing natural
growth has been observed of the SDV forest cover on
the territory of the CCR forest steppe. This growth
results in a change in the landscape appearance of the
SDVs due to the transformation of grassy spaces into
forest ecosystems.

CONCLUSIONS
The changes in the forest cover of small dry valleys

(SDVs) affect their spectral response. Having ana-
lyzed the forest cover of SDVs typical of the Central
 Vol. 57  No. 12  2021
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Russian forest–steppe, we found the SWIR-range
(1.56–1.66 μm) reflectance values to be the most
informative ones in the visible and infrared ranges for
analyzing the proportion of tree vegetation in the
SDVs. An increase in forest-cover percentage is
accompanied by a decrease in the SWIR-range spec-
tral reflectance. A forest-cover assessment based on
SWIR-range spectral response can be performed using
a logistical curve. Using the spectral response mea-
sured from the data obtained from the Landsat sen-
sors, we carried out a spatiotemporal assessment of the
SDV forest cover for the forest steppe in the Central
Chernozem region of Russia in 1985–2018. The
increase in the SDV forest-cover percentage was con-
firmed. During the study period, it increased from 16 to
45%. At present, significant differences are observed
within the region in the forest cover of ravine systems,
unlike in the mid-1980s, when no such patterns were
recorded. These differences may be due to an increase
in natural and climatic contrasts across the region.
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