http://www.computeroptics.ru

Journal@computeroptics.ru

Integrating landscape ecological risk with ecosystem services
in the Republic of Tatarstan, Russia

M. S. Boori'?3, K. Choudhary**°, A. Kupriyanov?’

! Department of Earth and Environmental Science, School of Arts and Sciences, University of Central Asia,

155 Qimatsho Imatshoev Street, Khorog, GBAQO, 736000, Tajikistan,

2 Scientific Research Laboratory of Automated Systems of Scientific Research (SRL-35),
Samara National Research University, 34 Moskovskoye Hwy, 443086, Samara, Russia,
3 LNU-MSU College of International Business, Liaoning Normal University,
WFGM+C3Q, Liushu S St, Ganjingzi District, Dalian, Liaoning; 116082, China,

* Department of Land Surveying and Geo- Informatics, Smart Cities Research Institute,
The Hong Kong Polytechnic University, 11 Yuk Choi Rd, Hung Hom, Hong Kong, China;
3 Image Processing Systems Institute, NRC "Kurchatov Institute”,

151 Molodogvardeyskaya, 443001, Samara, Russia

¢ Department of Agroecology, Center for Landscape Research in Sustainable Agricultural Futures — Land-CRAFT,

Aarhus University, Ole Worms Alle 3 8000 Aarhus C, Denmark
Abstract

It is a novel approach to linking landscape ecological risk (LER) and ecosystem services (ESs)
for environmental management and sustainable development, since it enables real-time decision-
making. This study used 12 natural factors relevant to LER and 11 ESs factors to analyze spatio-
temporal changes and establish a relationship between them in Tatarstan, Russia, for the years
2010, 2015, and 2020. The statistical tests (Global Moran's I, Getis-Ord Gi*), analysis of habitat
vulnerability, and ecological loss in the ArcGIS platform reveal a consistent variance in factor
clustering and pattern as well as the impact of governmental policies in the studied area. Accord-
ing to analysis findings, 2015 had the best ecological conditions of the three years because
44.79 % of the research area had decreased landscape ecological risk, which increased ecosystem
services. Additionally, the results show that both maps have significant spatial disparities and that
LER and ESs are negatively impacted by high human-socioeconomic activity. The integration of
LER and ESs through the overlap of both maps provides a significant amount of spatial infor-
mation for mapping, monitoring, management, and the protection of the fragile environment for
sustainable landscape development and management.
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Introduction

Ecosystem services (ESs) are profits derived from an
ecosystem [1, 2]. Due to poor management and exces-
sive exploitation of natural resources, ESs is currently
degraded [3]. The research on ESs is divided into two
types of research: first, human policies and activities
that affect the ecosystem in terms of structure and pro-
cess; and second, their interference with the ecosystems
provides benefits [4, 5]. In recent years, ESs investiga-
tions have become increasingly necessary for sustaina-
ble balancing situations at various landscape scales due
to growing human dependence and demand on ecosys-
tems [6, 7]. Land use and cover changes (LUCC) are the
primary factors influencing ESs changes at any land-
scape scale; consequently, the greatest ESs changes are
observed at high land use planning and development
sites [1, 8, 9]. Given that LUCC is the primary factor
contributing to ESs degradation, ESs research using the

ESs concept has become more prevalent at a landscape
scale in recent years [10, 11, 12].

Landscape ecological risk (LER) is assessed using the
risk-bearing capacity of landscape-related ecological fac-
tors [13]. LER is determined by natural and human inter-
ference risk factors such as LUCC, industrialization, en-
croachment of forest or agriculture practices, etc. [14,
15]. Generally, LER provides decision-making guidelines
for an area at a landscape scale with risk factors and ESs
stability and management [16]. LER for a specific area at
a specific landscape scale is typically represented by hu-
man interference in an ecosystem with LUCC and risk
factors [17]. As a result, proper land use and coastal man-
agement are critical for a high-quality, stable ecosystem.
A quality LER entails sustainable exploitation of the en-
vironment's natural resources and ecosystem [17]. Analy-
sis of habitat vulnerability has become a prominent topic
in LER studies in recent years because it illustrates the
ecological response to human activity [18, 20]. In addi-
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tion to reflecting land use land cover (LULC) habitat in a
different way, it also creates relationships between haz-
ards [20, 21]. As a result, lower habitat vulnerability en-
sures a stable ecosystem and high-quality LER.

The combination of LER and ESs is a rare combination
that demonstrates ecological risk reduction guidelines by
copying and resilience adaptive capacity with sustainable
development [22, 23]. On the other hand, demonstrate hu-
man-socioeconomic links with ESs in an ecosystem as the
endpoint of risk or reasonable risk reduction with future sus-
tainable development. However, integrating LER and ESs
for decision-making is a difficult process with a sustainable
development approach, and considering ESs as an endpoint
of risk in an ecosystem is not a simple task either [24, 25,
26]. Therefore, the goal of this research is to find answers to
the following questions: is there a relationship between
LER, ESs, and human-socioeconomic activities at the land-
scape scale; how to integrate LER and ESs in a sensitive ar-
ea to reduce risk while increasing ESs; and how to integrate
LER and ESs in a sensitive area to increase ESs.

1. Methodology and material

Fig. 1 depicts the methodological chart used in this
study. First, collect satellite data, followed by human-
socio-economic-ecological data from various sources for
the republic of Tatarstan, Russia, for the years 2010,
2015, and 2020. LER and ESs were generated using 12
and 11 relevant and available datasets, respectively. The
final results were then produced by integrating and over-
lapping both layers (Fig. 1).
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Fig. 1: Flowchart for Integrating LER and ESs for Proper
Natural Resource Utilization, Management, and Sustainable
Development

1.1. Study area

The Republic of Tatarstan is located in the heart of
the East European plain, about 800 kilometers east of
Moscow, Russia (Fig. 2).

1.2. Data and pre-processing

This study drew on a variety of data sources, includ-
ing multi-spectral-spatial-temporal remote sensing (RS)

data, elevation data, ground data, and human-socio-
economic-ecological data (Tab. 1).
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Fig. 2. Location map of the study area with elevation in the
Republic of Tatarstan, Russia

Tab. 1. Complete details of all data used in this study, along
with their sources

Acquisition

Data name | Attribute d Source
ata
Landsat | D&M 1161075010, | Barth-Explorer USGS
ETM+ & f atial resolu- 27/04/2015, | (https://earthexplorer.usg
OLI P on 19/06/2020 s.gov/)
16-Day tem-
wopis [t i 7122010 | Xash DS D
13Q1 NDVI| spatial resolu- < (https.. adsweb.mocaps.
tion 12/08/2020 | eosdis.nasa.gov/search)
MODIS gr-geg ;%“g‘m 04/07/2010, | NASA LAADS DAAC
16A2 ET 2 atial resolu- 20/07/2015, | (https://ladsweb.modaps.
data P tion 17/06/2020 | eosdis.nasa.gov/search)
MODIS 8-Day tem-
11A2 Tem- oral ?g; 1 km 20/07/2010, | Earth-Explorer USGS
perature & SP atial resolu- 28/07/2015, | (https://earthexplorer.usg
Emissivity | P12 12/07/2020 s.gov/)
data tion
mopis | SDAIEN | 20072010, | Barth-Explorer USGS
15A2H LAI 2 atial resolu- 12/07/2015, | (https://earthexplorer.usg
data P on 20/08/2020 s.gov/)
MoDIs | SDW e | 12/0712010, | Earth-Explorer USGS
17A2H GPP I;Oaﬁal ol | 12/07/2015, | (https://earthexplorer.usg
data P on 20/08/2020 s.gov/)
MODIS | 8-Daytem- | 1915010, | NASA LAADS DAAC
12Q1 poral & 500 m .
. 01/01/2015, | (https:/ladsweb.modaps.
LULC data | spatial resolu- -
. 01/01/2020 | eosdis.nasa.gov/search)
for HAIL tion
90 m spatial SRTM
DEM P - https://dwtkns.com/srtm3
resolution
Om/
7-Day tem- NOAA
AVHRR- 12/07/2010, } M
NOAA VHI pora}l & 1 km 12/07/2015, https.//www.star.nesd{s.n
spatial resolu- oaa.gov/smed/emb/vei/V
data . 20/07/2020
tion H/vh fip.php
" Road 0{1 h https://download.geofabri
Op(zgtzp Y shp . k.de/russia.html
Soil data shp - https:/soilgrids.org/
Socio- Official website of Ta-
economic/ sh _ tarstan state
demographi P (https://open.tatarstan.ru/r
c data eports/categories)
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1.3. Indicators

This study employed a total of 23 indicators (Tab. 2).
To produce ESs and LER maps for the study area, all in-
dicators created in the RS/GIS platform were combined
using a raster calculation module in ArcGIS software.
Therefore, in order to create LER and ESs maps, each in-
dicator has first been assigned a certain weight based on
its importance, sensitivity, effect, or contribution to the
LER and ESs (Tab. 2).

Tab. 2. A list of the indicators used, along with their weights

Factor . *- | Importa GMn Wn
impact nce

C1- Gross primary pro-
duction (GPP) + 5.5 1.04 0.043
C2- Population density
(PD) + 8.5 1.61 0.066
C3- Evapotranspiration
(ET) + 8 1.52 0.062
C4- Fertilizers + 4 0.76 0.031
C5- Human activity index
(HAD) + 7.5 1.42 0.058
C6- Investment + 9 1.71 0.070
C7- Land use land cover
(LULC) + 7 1.33 0.054
C8- Road density (RD) + 45 0.87 0.036
C9- Soil moisture (SM) - 4 0.76 0.031
C10- Water
contamination (WC) * 2 0.38 0.015
C11- Elevation - 5 0.95 0.039
C12- Leaf area index
(LAD) - 6.5 1.23 0.051
C13-NDVI - 6 1.14 0.047
C14- Precipitation - 4 0.76 0.031
C15- Temperature - 4 0.76 0.031
C16- Vegetation health
index (VHI) - 6 1.14 0.047
C17- Cattle - 7 1.33 0.054
C18- Crop grain produc-
tion (CGP) + 6 1.14 0.047
C19- Milk production
(MP) + 45 0.85 0.035
C20- Soil classification
(SO) - 3 0.57 0.023
C21- Industrial
production (IP) " 8 1.52 0.062
C22- Livestock weight
(LSW) - 5 0.95 0.039
C23- Soil organic carbon
(SOQ) - 35 0.66 0.027

Thus, all indicators were first paired [28] with each
other (Tab. 4) as equation 1, and each indicator was as-
signed an arithmetic value between 1 and 9 (Tab. 3)
based on its significance in comparison to other indica-

tors with which it formed the pair (Tab. 4). To determine
the weight of indicators, first establish judgment matrices
(P) through pairwise comparison as shown in equations 1:

[ PLLPI2.......... Pln |
P21P22.........P2n
P= (1)
| PlnP2n.......... Pnn ]

Where P, denote the n™ indicator with Py, being the
judgment matrix element.

In the resulting table, an arithmetic value of 9 indi-
cates that a row indicator is much more significant than
the corresponding column indicator with which it has
been compared, while an arithmetic value of 1 means
both indicators were equally significant as in table 3 [28,
29]. [28] suggests that fraction values are also possible,
indicating that an indicator is less significant or important
in comparison to the other compared indicator. For ex-
ample, the values of 0.72, 0.47, and 0.50 (fertilizer row
crossed with columns GPP, PD, and ER respectively in
tab. 3) resulted after dividing value 4 (fertilizer) from 5.5
(GPP), 8.5 (PD), and 8 (ET) columns respectively in table
2, and by this way, all indicator values were calculated
(Tab. 3) respectively. After completion of tab. 3, then to
get results (Tab. 2 & 3), the normalized weight was cal-
culated by the geometric mean method as following equa-
tions 2 and 3:

nf
W, = [GM,, /ZGMHJ : )
n=1

Where the geometric mean of the i row of the judg-
ment matrices is calculated as:

GM, =n\[PInP2n........ PnNf . (3)

1.4. Assessment of landscape ecological risk (LER)

Primarily, LER is counted by vegetation, elevation, dry-
ness, and population information. Landscape studies are
fundamentally based on conceptual models such as vulnera-
bility, risk assessment, exposer events, degraded/upgraded
analysis, and evaluation [30], but this study used LUCC to
better define LER and can be represented as equation 4:

“4)

Where LER is the landscape ecological risk, V; and R;
is the habitat vulnerability and ecological loss of plot i re-
spectively.

LER=Y"V; .R,.

Tab. 3. Scale of relative importance

i Equally im- | Extremely | Strongly Less im- Moderately |Moderately| Strong Very Extremely
Definition . . . . . strong .
portant less imp. less imp. portant less imp. important | important imp important
Intensity 1 2 3 4 5 6 7 8 9
importance
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Tab. 4. Calculation of indicators weight (in combination with table 3)

c1

C2

C3

C4

C5

Co6

C7

C8

c

C10

Cc11

C12

C13

C14

C15

C16

C17

C18

C19

C20

c21

C22

C23

GMn

Wn

C1

1

0.64

0.68

1.37

0.73

0.61

0.78

1.22

1.37

2.75

1.1

0.84

091

1.37

1.37

091

0.78

0.91

1.22

1.83

0.68

1.1

1.57

1.04

0.043

C2

1.54

1

1.06

2.12

1.13

0.94

1.21

1.88

2.12

425

1.7

1.30

1.41

2.12

2.12

1.41

1.21

1.41

1.88

2.83

1.06

1.7

242

1.61

0.066

C3

1.45

0.94

1

1.06

0.88

1.14

1.77

2

4

1.6

1.23

1.33

2

2

1.33

1.14

1.33

1.77

2.66

1

1.6

2.28

1.52

0.062

C4

0.72

0.47

0.5

0.53

0.44

0.57

0.88

1

2

0.8

0.61

0.66

1

1

0.66

0.57

0.66

0.88

1.33

0.5

0.8

1.14

0.76

0.031

Cs

1.36

0.88

0.93

1.87

1

0.83

1.07

1.66

1.87

3.75

1.5

1.15

1.25

1.87

1.87

1.25

1.07

1.25

1.66

2.5

0.93

1.5

2.14

1.42

0.058

C6

1.63

1.05

1.12

225

1.2

1.28

2

2.25

45

1.8

1.38

1.5

2.25

2.25

1.5

1.28

1.5

2

3

1.12

1.8

2.57

1.71

0.070

C7

1.27

0.82

0.87

1.75

0.93

0.77

1

1.55

1.75

35

1.4

1.07

1.16

1.75

1.75

1.16

1

1.16

1.55

233

0.87

1.4

1.33

0.054

C8

0.81

0.52

4.5/8

1.12

0.6

0.5

0.64

1

1.12

2.25

0.9

0.69

0.75

1.12

1.12

0.75

0.64

0.75

1

1.5

0.56

0.9

1.28

0.87

0.036

9

0.72

0.47

0.5

0.53

0.44

0.57

0.88

2

0.8

0.61

0.66

0.66

0.57

0.66

0.88

1.33

0.5

0.8

1.14

0.76

0.031

C10

0.36

0.23

0.25

0.5

0.26

0.22

0.28

0.44

0.5

1

0.4

0.30

0.33

0.5

0.5

0.33

0.28

0.33

0.44

0.66

0.25

0.4

0.57

0.38

0.015

C11

0.90

0.58

0.62

1.25

0.66

0.55

0.71

1.11

1.25

2.5

1

0.76

0.83

1.25

1.25

0.83

0.71

0.83

1.11

1.66

0.62

1

1.42

0.95

0.039

C12

1.18

0.76

0.81

1.62

0.86

0.72

0.92

1.44

1.62

3.25

1.3

1

1.08

1.62

1.62

1.08

0.92

1.08

1.44

2.16

0.81

1.3

1.85

1.23

0.051

C13

1.09

0.70

0.75

1.5

0.8

0.66

0.85

1.33

1.5

3

1.2

0.92

1

1.5

1.5

1

0.85

1

1.33

0.75

1.2

1.71

1.14

0.047

Cl14

0.72

0.47

0.5

1

0.53

0.44

0.57

0.88

1

0.8

0.61

0.66

1

1

0.66

0.57

0.66

0.88

1.33

0.5

0.8

1.14

0.76

0.031

C15

0.72

0.47

0.5

1

0.53

0.44

0.57

0.88

1

0.8

0.61

0.66

1

1

0.66

0.57

0.66

0.88

1.33

0.5

0.8

1.14

0.76

0.031

C16

1.09

0.70

0.75

1.5

0.8

0.66

0.85

1.33

1.5

2
2
3

1.2

0.92

1

1.5

1.5

1

0.85

1

1.33

0.75

1.2

1.71

1.14

0.047

C17

1.27

0.82

0.87

1.75

0.93

0.77

1

1.55

1.75

3.5

1.4

1.07

1.16

1.75

1.75

1.16

1

1.16

1.55

2.33

0.87

1.4

1.33

0.054

C18

1.09

0.70

0.75

1.5

0.8

0.66

0.85

1.33

1.5

3

1.2

0.92

1

1.5

1.5

1

0.85

1

1.33

2

0.75

1.2

1.71

1.14

0.047

C19

0.81

0.52

0.56

1.12

0.6

0.5

0.64

1

1.12

2.25

0.9

0.69

0.75

1.12

1.12

0.75

0.64

0.75

1

1.5

0.56

0.9

1.28

0.85

0.035

C20

0.54

0.35

0.37

0.75

0.4

0.33

0.42

0.66

0.75

1.5

0.6

0.46

0.5

0.75

0.75

0.5

0.42

0.5

0.66

1

0.37

0.6

0.85

0.57

0.023

C21

1.45

0.94

1

2

1.06

0.88

1.14

1.77

2

4

1.6

1.23

1.33

2

2

1.33

1.14

1.33

1.77

2.66

1

1.6

228

1.52

0.062

C22

0.90

0.58

0.62

1.25

0.66

0.55

0.71

1.11

1.25

2.5

1

0.76

0.83

1.25

1.25

0.83

0.71

0.83

1.11

1.66

0.62

1

1.42

0.95

0.039

c23

0.63

041

043

0.87

0.46

0.38

0.5

0.77

0.87

1.75

0.7

0.53

0.58

0.87

0.87

0.58

0.5

0.58

0.77

1.16

0.43

0.7

1

0.66

0.027

A higher population density has a negative impact on
landscape ecological risk and always raises the LER risk
level as human and socioeconomic activities increase. A
human activity index can be generated by land-use type
class score and area by following equation 5:

HAI=P.A/TA. 5)

Where HAI is the human activity index, P land-use
type score (tab. 5), 4 land-use class area, and 74 is the to-
tal study area.

Tab. 5. Human activity index land use type and score [31]

Score Land use type
1 Unused land, Shrub lands, Snow and ice

2 Water, Forest, grasslands, Savannas, Wetland
3 Crop land
4 Urban and built-up

A higher HAI put more strain on the terrain's ecosys-
tem and had a negative impact on the landscape, such as
higher investment rates and higher road density, which
provide a potential site for landscape changes and the
primary cause of land use and cover change. As a result,
all of the above indicators have a positive impact on risk
and thus have a higher weight (close to 9). Climate-
related indicators such as evapotranspiration, tempera-
ture, and precipitation also affect landscape ecological
risk by their variation, intensity, and time duration, thus
considering creating an LER layer. Greenness or vegeta-
tion-related indicators such as leaf area index (LAI),

normalized difference vegetation index (NDVI), and veg-
etation health index (VHI) increase stability in the eco-
system, reduce risk pressure, and try to maintain a bal-
anced situation in an ecosystem.

1.4.1. Habitat vulnerability

According to [28], a habitat is a connection between
the risk source and the risk recipient, and vulnerability is
the level of sensitivity to it. As a result, habitat vulnera-
bility demonstrates the sensitivity of risk receivers and
their response to outside disturbance [18, 24]. Thus, habi-
tat vulnerability represents human activities' impact on an
ecosystem or its disturbance and quality reduction. High-
er human-socioeconomic activity levels are typically cor-
related with higher habitat vulnerability, which suggests a
lower-quality or unstable environment. If habitat vulnera-
bility has a 0 to 1 value range, then 1 indicates the worst
ecological condition. A total of 12 indicators were used to
derive habitat vulnerability and they were categorized as
(1) vegetation coverage by C12, C13, and C16 indicators;
(2) topographic factors by C7, C8, and Cl11 indicators;
(3) meteorology factors by C3, C14, and C15 indicators;
and (4) demographic factors by C2, C5, and C6 indica-
tors. Based on a literature review and earlier studies, 0.35,
0.30, 0.20, and 0.15 weights were assigned to vegetation
coverage, topographic factor, meteorological factor, and
demographic factor, respectively, via the expert scoring
method [30, 31]. Finally, a habitat vulnerability thematic
layer was created using the following equation 6:
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V=" W . ©)

Where V; is the habitat vulnerability, W; is the weight
of the indicator, and f; is the used indicator.

1.4.2. Ecological loss

Human-socioeconomic-economic-ecological activities
have an impact on LUCC, which reflects changes in land-
scape structure and function [30]. An ecological loss (R;)
can be predicted based on actual ecological losses and
natural system risk due to LUCC changes [30]. Equation
7 can therefore be used to predict the degree of ecological
loss in a land parcel whose landscape structure has
changed into a spatialized ecological risk as a result of
human-socio-economic-ecological activities:

n AU
R, =ZMZ .S, (7)
S, =aC, +bN; +cF, . (8

Where R; is the degree of ecological loss of land par-
cel 7, A; is the landscape type area j in land parcel i and 4;
is the total area of land parcel i, S; is the landscape dis-
turbance index of landscape type i. C, N, F;is the degree
of landscape fragmentation, separation, and fractal di-
mensions respectively [19] and a, b, ¢ are their weight re-
spectively.

Based on natural characteristics and local conditions,
the weights of landscape fragmentation degree, separation
degree, and fractional dimension are 0.5, 0.3, and 0.2 via
the expert scoring method, respectively [15, 16]. A total
of 12 indicators were used to derive ecological loss and
all were categorized as (1) landscape fragmentation de-
gree by C5, C6, Cl11, C12, C13, and C16 indicators; (2)
landscape separation degree by C3, C14 indicators; and
(3) landscape fractal dimension by C2, C7, C8, and C15
indicators. A higher S; index represents more unstable or
lower quality ecosystems and, subsequently, higher eco-
logical risk.

1.5. Assessment of ecological services (ESs)

The indicators relevant to ecological services were
used to generate ESs maps, as shown in equation 9:

ESs = (GPP + Fertilizers + SM + WC + Cattle +
+CGP+MP+SC+IP+LSW +S0OC)/12.

1.6. Integrating method to link LER & ESs

Previous research has demonstrated a clear link be-
tween LUCC and ESs changes since LUCC changes di-
rectly affect the environment by causing changes in tem-
perature, precipitation, and vegetation [10, 11]. Mean-
while, LUCC is the most important factor in LER and the
most important driver of ESs changes [22, 23]. However,
for environmental management and sustainable develop-
ment, it is critical to establish a link between LER and
ESs at the landscape scale. As a result, LUCC is the criti-

cal factor in linking LER and ESs for a stable and healthy
ecosystem. Thus, LUCC is considered a risk factor and a
proxy of human-socio-economic activity and can gener-
ate income from habitat vulnerability and ecological loss.

1.7. Spatial autocorrelation in between LER & ESs

A correlation analysis was performed to determine the
nature of the relationship between all individual indica-
tors. No one can assume the type and nature of correla-
tion-ship in between two individual indicators, whether
they have a positive or negative relationship and how
much they affect each other's and related variables, such
as fertilizer effect on crop production and milk produc-
tion related to cattle, and both have what type of relation-
ship with industrial production without correlation analy-
sis. A correlation matrix is required in order to compre-
hend the behavior of each individual indicator and how it
affects other indicators.

1.8. Classification method

The natural break classification method was used to
categorize the LER and ESs maps. In the ArcGIS natural
break classification method, the entire value range was
divided into the necessary number of classes with a simi-
lar range, for example, if the author needed five classes
and the total data range was from 0 to 100, the division
would be as follows: 0—20, 21 -40, 41 -60, 61 —80, and
81 to 100. As a result of using natural break classification
LER and ESs maps, the following five classes were ob-
tained: potential, light, medium, high, and heavy level.

1.9. Overall approach

The ArcGIS overlay tool was used in this study to
overlay LER and ESs layers and determine how they in-
teract or affect each other at the pixel level in the study
area. This information is helpful in determining manage-
ment strategies and policymaking for particular locations
in the research area based on regional circumstances. It is
critical to identify which areas have high landscape eco-
logical risk but low ecosystem services, and vice versa.

1.10. Statistics test
1.10.1. Global Moran's I test

This study used Moran's I test to identify a spatial cor-
relation between LER and ESs. Moran's I test values
range from —1 to +1; a number close to 1 denotes a
stronger spatial autocorrelation in the indicators utilized,
and a value of -1 denotes the opposite.

Statistically, the Morans I test is explained by the fol-
lowing equation 10 [40]:

n n
n Zf:le:lWi’fZ’Zf
n .

S,

I=

(10)
z7
i=1

Where z; is the I features attribute deviation from its
mean value (xi—X), w;; is the weight of i and j feature, n
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is the total number of features and S, is the aggregate of
all weights.

1.10.2. Hot Spot Analysis (Getis-Ord Gi*) test

A Getis-Ord Gi* statistics test was performed for all
indicators in order to discover patterns in the feature. A
higher value indicates a hot spot, while a lower value in-
dicates a cold spot clustering based on neighboring fea-
tures. A high z score with a small p-value indicates clus-
tering of features with high and low values, but a close to
zero value indicates no clustering.

Getis-Ord Gi* statistics were calculated by the fol-
lowing equation 11 [40]:

n n
* Zj:lwi’jxj B ij':lw['j
G/ =

= : . (11)
S\/nz:_]wfj —(ZZ:IWU) /n—1

Where x; is the j features attribute value, w;; weight of
the feature 7, and j, n is the total number of features.

A positive and high z-score indicates a high-value
clustering, indicating a hot spot. A cold spot is represent-
ed by a smaller and negative z-score, which represents a
cluster of low values. In the Getis-Ord Gi* test, a high
confidence level indicates a high possibility of that type
of clustering.

2. Results
2.1. Landscape ecological risk (LER) assessment

Fig. 3 represents spatiotemporal changes in landscape
ecological risk in the Republic of Tatarstan, Russia from
2010 to 2020. The landscape ecological risk value range
was 0.85-7.39, 1.48-7.44, and 0.88-7.75 for the years
2010, 2015, and 2020, respectively, indicating that the
highest ecological risk value was in 2020 and the lowest
in 2010, but the smallest difference was present in 2015.
As a result, the year 2020 represented the greatest risk in
terms of LER, while the year 2010 was the safest, and the
year 2015 had the least variation in landscape ecology.
As a result of the average landscape ecological risk, the
year 2015 had the best ecological balance ecological state
out of the three. The resulting LER maps were classified
into five risk levels: potential, light, moderate, high, and
heavy, indicating different risk levels for specific man-
agement and strategy plans (Fig. 3).

The heavy level LER class was very low in all three
years, but it gradually increased from 1.07% to 1.66 %
from 2010 to 2020 (Fig. 4). The high LER class increased
from 10.58 % to 20.49 % in the first half from 2010 to
2015, nearly doubling the previous one, but decreased
slightly in the second half to 17.57 % in 2020. In 2010,
2015, and 2020, the maximum study area was covered by
the moderate type of landscape ecological risk at
50.01 %, 42.93 %, and 37.60 %, respectively. Additional-
ly, the light LER class first decreases from 34.99 % to
27.14 %, then increases to 35.17 %. The potential class of

LER covers a small area but steadily increases from
3.35% to 8 % from 2010 to 2020. (Fig. 4).

2010 Landscape
Ecological Risk

wor Heavy Level

S Potential level

£ 2015 Landscape
G Ecological Risk
i wor Heavy Level

B potential level
|

o 2020 Landscape
" 3 Ecological Risk
wor Heavy Level

| Potential level

Fig. 3. depicts the spatial and temporal changes in LER
in the Republic of Tatarstan, Russia, from 2010 to 2020
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Potential Light Moderate High
Landscape Ecological Risk
Fig. 4. Graphical representation of LER classes in Tatarstan,

Russia from 2010 to 2020

Heavy

2.1.1. Habitat vulnerability assessment

For the years 2010, 2015, and 2020, the habitat vul-
nerability value range was 0.39-1.67, 0.11-2.09, and
0.21-2.06, indicating that the highest variation, as well
as the highest habitat vulnerability, was present in 2015.
As a result, compared to 2010 and 2020, human and soci-
oeconomic activity is higher in 2015. Fig. 5 shows that
extreme human activities were present in Kazan through-
out the three years. Higher human activities were present
in the east part of the study area in 2010, which shifted to
the north part of the study area in 2015, and later to the
south part in 2020.

2.1.2. Ecological loss

For the years 2010, 2015, and 2020, the ecological
loss value range was 0.62—-3.18, 0.23-3.34, and 0.40—

3.19, indicating that the highest variation, as well as the
highest loss, was present in 2015. For all three years,
fig. 6 shows that the highest ecological loss was found in
Kazan city and its surrounding area, while the lowest eco-
logical loss was found in the Volga and Kama river ba-
sins. The years 2010 and 2020 have more green color,
whereas 2015 has more yellow color, indicating a greater
ecological loss in 2015.

2010 Habitat
vulnerability

o Heavy Level

7y
L Potential Level

&

2015 Habitat
vulnerability

wm Heavy Level

K potential Level

2020 Habitat
vulnerability
w Heavy Level

(= potential Level

Fig. 5. Spatiotemporal changes in habitat vulnerability
in Tatarstan, Russia from 2010 to 2020
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Ecological
loss 2010

Ecological

loss 2015
i - High : 1
- Low: 0

‘ Ecological
loss 2020

0 25 50 100km ;}.{“' %
AL 7Y
Fig. 6. Ecological loss maps of the Republic of Tatarstan,
Russia from 2010 to 2020

2.2. Ecosystem services (ESs) assessment

For the years 2010, 2015, and 2020, the ESs value
range was 0.85-8.39, 1.48—-8.44, and 0.88—7.75, indi-
cating that the highest variation in ecosystem services
was present in 2010, with the highest in 2015 and the
lowest in 2020. In the catchment areas of the Volga and
Kama rivers, potential level services were proposed
(Fig. 7). Potential for light-level ESs was found in the
southern portion of the study area between 2010 and
2015, after which there was a center-to-east shift from
2015 to 2020.

Ecosystem

Services 2010
o Heavy Level

- Potential level

Ecosystem

Services 2015
o Heavy Level

- Potential level

Ecosystem

Services 2020
o Heavy Level

b fa¥
Fig. 7. Spatiotemporal changes of ESs in the Republic
of Tatarstan, Russia from 2010 to 2020

Heavy level ESs were only 2.48 % in 2010 but drasti-
cally grew to 12.96 % in 2015 before slightly decreasing
to 11.99 % in 2020 (Fig. 8). The high-level ESs class has
steadily increased from 15.56 %, 29.42 %, and 32.60 % in
2010, 2015, and 2020, indicating an alarming situation
but a high rate of ecosystem services. From 2010 to 2015,
the moderate class of ESs increased from 28.40% to
37.18 %, and then slightly decreased to 34.32 % in 2020.
From 2010 to 2015, the light class decreased rapidly,
from 41.29 % to 12.41, and then remained stable (Fig. 8).
The potential class was also reduced slightly in the first
half, and then stabilized in the second half.

Kommbrotepras ontuka, 2024, Tom 48, Ne2  DOI: 10.18287/2412-6179-CO-1296 289



http://www.computeroptics.ru Journal@computeroptics.ru

ESs 2010 248 ESs 2015
1556 %
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Fig. 8. Graphical representation of ESs in the Republic of Tatarstan, Russia from 2010 to 2020

Tab. 6. Shows the correlation between the LER and ESs indicators

2010 LER GPP Ferti. SM wC Cattle CGP MP SC IP LSW SOC
LER 1.00 —-0.15 0.23 -0.03 | -0.41 0.24 —-0.04 0.22 0.14 0.32 0.00 0.16
GPP —-0.15 1.00 —-0.60 0.41 0.28 —0.44 0.06 -039 | -035 | 054 | -0.22 -0.71
Ferti. 0.23 —-0.60 1.00 -0.29 | -0.11 0.84 -0.27 0.85 0.22 0.62 0.34 0.44
SM —-0.03 0.41 -0.29 1.00 0.15 -0.21 0.06 -0.19 | -0.54 | -0.31 —0.08 -0.22
WC -0.41 0.28 —-0.11 0.15 1.00 —-0.29 0.14 -023 | -0.15 | -0.25 0.16 —-0.19
Cattle 0.24 —-0.44 0.84 -0.21 -0.29 1.00 -0.17 0.98 0.13 0.52 0.21 0.33
CGP —-0.04 0.06 -0.27 0.06 0.14 -0.17 1.00 -0.20 | -0.03 0.08 -0.19 | -0.03
MP 0.22 -0.39 0.85 -0.19 | -0.23 0.98 —-0.20 1.00 0.12 0.51 0.23 0.29
SC 0.14 -0.35 0.22 -0.54 | -0.15 0.13 —-0.03 0.12 1.00 0.29 0.07 0.18
IP 0.32 —-0.54 0.62 —-0.31 -0.25 0.52 0.08 0.51 0.29 1.00 0.44 0.39
LSW 0.00 -0.22 0.34 —-0.08 0.16 0.21 —-0.19 0.23 0.07 0.44 1.00 0.16
SOC 0.16 -0.71 0.44 -022 | -0.19 0.33 —-0.03 0.29 0.18 0.39 0.16 1.00
2015
LER 1.00 —-0.30 0.41 -024 | -0.07 0.33 0.50 0.31 0.28 0.49 0.11 -0.14
GPP —-0.30 1.00 —-0.54 0.35 0.38 -0.43 —-0.63 -039 | -033 | —-0.62 | -0.20 -0.01
Ferti. 0.41 —-0.54 1.00 -0.32 | -0.39 0.77 0.81 0.70 0.28 0.65 0.34 —-0.10
SM -0.24 0.35 -0.32 1.00 0.13 -0.20 -030 | -0.16 | -036 | —0.26 | -0.10 | —0.36
WC -0.07 0.38 -0.39 0.13 1.00 —-0.04 -0.17 | -0.13 | -022 | —0.40 | -0.16 —-0.06
Cattle 0.33 -0.43 0.77 -0.20 | -0.04 1.00 0.83 0.96 0.14 0.60 0.17 —-0.07
CGP 0.50 —0.63 0.81 -0.30 | -0.17 0.83 1.00 0.75 0.23 0.77 0.19 -0.11
MP 0.31 -0.39 0.70 -0.16 | -0.13 0.96 0.75 1.00 0.12 0.59 0.17 —-0.07
SC 0.28 -0.33 0.28 -036 | -0.22 0.14 0.23 0.12 1.00 0.25 0.06 —0.06
IP 0.49 —-0.62 0.65 -0.26 | —0.40 0.60 0.77 0.59 0.25 1.00 0.25 -0.12
LSW 0.11 —-0.20 0.34 -0.10 | -0.16 0.17 0.19 0.17 0.06 0.25 1.00 —-0.03
SOC -0.14 | -0.01 -0.10 | -036 | —-0.06 -0.07 —0.11 -0.07 | -0.06 | —-0.12 | -0.03 1.00
2020
LER 1.00 -0.27 0.26 0.10 -0.27 —-0.03 0.32 —-0.03 0.30 0.44 0.40 -0.15
GPP -0.27 1.00 -0.59 | -0.17 0.15 -0.37 -0.66 | -030 | =034 | -056 | -0.22 —-0.01
Ferti. 0.26 -0.59 1.00 0.10 —-0.04 0.83 0.80 0.77 0.22 0.47 0.27 —-0.11
SM 0.10 —-0.17 0.10 1.00 —-0.09 0.07 0.16 0.05 —-0.15 0.08 0.03 -0.24
WC -0.27 0.15 -0.04 | -0.09 1.00 0.27 -0.17 0.27 -0.11 | -0.14 | -0.05 —-0.04
Cattle —-0.03 -0.37 0.83 0.07 0.03 1.00 0.60 0.96 0.08 0.31 0.20 —0.06
CGP 0.32 —0.66 0.80 0.16 -0.17 0.60 1.00 0.52 0.23 0.67 0.16 -0.12
MP —-0.03 —-0.30 0.77 0.05 0.27 0.96 0.52 1.00 0.07 0.21 0.24 —-0.05
SC 0.30 -0.34 0.22 -0.15 | -0.11 0.08 0.23 0.07 1.00 0.26 0.05 —0.06
IP 0.44 —-0.56 0.47 0.08 —-0.14 0.31 0.67 0.21 0.26 1.00 0.20 —-0.11
LSW 0.40 -0.22 0.27 0.03 —-0.05 0.20 0.16 0.24 0.05 0.20 1.00 —0.04
SOC —-0.15 -0.01 —-0.11 -0.24 | -0.04 —-0.06 -0.12 | -0.05 | -0.06 | —0.11 -0.04 1.00
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2.3. Correlation consequences between LER
and ESs indicators

Tab. 6 shows the correlation between LER and vari-
ous ESs indicators.

Tab. 7. shows the conversion of LER

to ESs from 2010 to 2020
2010 2015 2020
Lower LER to Higher ESs 25.75 43.12 45.50
Equal LER to Higher ESs 30.75 40.09 | 32.05
Higher LER to Lower ESs 37.84 12.25 17.74
Reaming/others 5.66 4.54 471

2.4. Zoning of LER with ESs

For all three years, ESs maps were integrated and
overlaid on LER maps. Around 25 % of the study re-
gion, mostly in the north and east, is covered by lower
LER with high ecosystem services (light to medium,

€1,

high & heave 9.31 %, 6.01 %, 2 %, medium to high
8.43 %) in the year of 2010 (Fig. 9 & 10). This is the
most suitable area as it has less landscape risk and
provides high ecosystem services.

2.5. Statistical assessment
2.5.1. Global Moran's Index test

All three LER and ESs maps were subjected to the
Global Moran's I test, and all passed with positive auto-
correlation, indicating a strong clustering pattern. The p-
value for all six maps was statistically significant as
0.000 with a very high positive z-score, indicating that
the null hypothesis can be easily rejected.

2.5.2. Getis-Ord Gi* test

All LER and ESs maps were examined hot/cold spot
(Getis-Ord Gi*) statistics test after passing the Moran's 1

test to determine any local or regional clustering.
B Fotential to Potential

B Heave to Heave

Fig. 9. Integration of LER with ESs maps in the Republic of Tatarstan, Russia from 2010 to 2020. a) 2010, b) 2020
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Fig. 10. Integration chart of ESs with LER in the Republic of Tatarstan, Russia from 2010 to 2020

Conclusion

The findings of this study suggest a good integration of
landscape ecological risk (LER) and ecosystem services
(ESs) for improved ecological function zoning, sustainable

development, and management. This is the most effective
use of a large number of indicators to determine the current
state of the study area. It’s indicated that where there is high
landscape ecological risk and provides a certain level of
ecosystem services; it's useful to identify different ecological
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subzones for different management strategies. Linking LER
and ESs provides a scientific foundation and a quantitative
tool for the design and implementation of differentiated
adaptive management to improve ESs and sustainable
development. In all three years, the northwest part of the
study area was highly sensitive due to high human-
socioeconomic-ecological activity and should be protected
immediately. To prevent any ecological risk, human
activities,  including  farming,  urbanization, and
industrialization, should be continually monitored. Further
land-use planning should prioritize environmental protection
while causing the least amount of disruption to natural
resources.

Acknowledgements

The work was funded by the Ministry of Science and
Higher Education of the Russian Federation within the
State assignment for research to Samara University (pro-
ject FSSS-2023-00006).

References

[1] Spangenberg JH, Gorg C, Truong dT, Tekken V, Bustamante
JV, Settele J. Provision of ecosystem services is determined by
human agency, not ecosystem functions. Four case studies. Int
J Biodivers Sci Ecosyst Serv Manag 2014; 10(1): 40-53. DOIL:
10.1080/21513732.2014.884166.

[2] Azadi H, Passel SV, Cools J. Rapid economic valuation of
ecosystem services in man and biosphere reserves in Afri-
ca: A review. Glob Ecol Conserv 2021; 28: ¢01697.

[3] Dhakal B, Kattel RR. Effects of global changes on ecosystems
services of multiple natural resources in mountain agricultural
landscapes. Sci Total Environ 2019; 676: 665-682.

[4] HelJ, Shi X, FuY, Yuan Y. Evaluation and simulation of
the impact of land use change on ecosystem services trade-
offs in ecological restoration areas, China. Land Use Policy
2020; 99: 105020.

[5] Zhang R, Fu B, Wang K, Zhao W. Objective indicators
contribute more than subjective beliefs to resident willing-
ness to pay for ecosystem services on the Tibetan Plateau.
J Environ Manage 2021; 285: 112048.

[6] Syrbe RU, Grunewald K. Ecosystem service supply and
demand — the challenge to balance spatial mismatches. Int
J Biodivers Sci Ecosyst Serv Manag 2017; 13(2): 148-161.
DOI: 10.1080/21513732.2017.1407362.

[71 Boori MS, Choudhary K, Paringer R, Kupriyanov A. Eco-
environmental quality assessment based on pressure-state-
response framework by remote sensing and GIS. Remote
Sens Appl: Soc Environ 2021; 23: 100530. DOI:
10.1016/j.rsase.2021.100530.

[8] Spangenberg JH, Gorg C, Settele J. Stakeholder involve-
ment in ESS research and governance: Between conceptual
ambition and practical experiences — risks, challenges and
tested tools. Ecosyst Serv 2015; 16: 201-211.

[9] Huang X, Han X, Ma S, Lin T, Gong J. Monitoring eco-
system service change in the City of Shenzhen by the use
of high-resolution remotely sensed imagery and deep
learning. Land Degrad Dev 2019; 30(12): 1490-1501.

[10] Mondal, PP, Zhang Y. Research progress on changes in
land use and land cover in the Western Himalayas (India)
and effects on ecosystem services. Sustainability 2018; 10:
4504. DOLI: 10.3390/su10124504.

[11] Cui F, Wang B, Zhang Q, Tang H, Maeyer PD, Hamdi R,
Dai L. Climate change versus land-use change—What af-

fects the ecosystem services more in the forest-steppe eco-
tone? Sci Total Environ 2021; 759: 143525.

[12] Liu J, Wang M, Yang L. Assessing landscape ecological
risk induced by land-use/cover change in a county in Chi-
na: A GIS- and Landscape-metric-based approach. Sus-
tainability 2020; 12: 9037. DOI: 10.3390/sul2219037.

[13] Leitdo AB, Ahern J. Applying landscape ecological con-
cepts and metrics in sustainable landscape planning.
Landsc Urban Plan 2002; 59(2): 65-93.

[14] Fu C, Harasawa H, Kasyanov V, Kim JW, Ojima D, Wan
Z, Zhao S. Regional-global interactions in East Asia. In
Book: Tyson P, et al, eds. Global-regional linkages in the
Earth system. Berlin, Heidelberg: Springer-Verlag; 2002.
DOI: 10.1007/978-3-642-56228-0_4.

[15] Kang J, Zhang X, Zhu X, Zhang B. Ecological security
pattern: A new idea for balancing regional development
and ecological protection. A case study of the Jiaodong
Peninsula, China. Glob Ecol Conserv 2021; 26: €01472.

[16] De Sherbinin A. A guide to land-use and land-cover
change (LUCC). Center for International Earth Science In-
formation Network (CIESIN), Columbia University, Pali-
sades, New York. In Book: East R, ed. African antelope
database 1998. Switzerland, Cambridge: [IUCN/SSC Ante-
lope Specialist Group; 1999. ISBN: 2-8317-0477-4.

[17] Liu, C, Li W, Zhu G, Zhou H, Yan H, Xue P. Land use/land
cover changes and their driving factors in the Northeastern Ti-
betan Plateau based on geographical detectors and Google
Earth engine: A case study in Gannan Prefecture. Remote
Sens 2020; 12: 3139. DOI: 10.3390/rs12193139.

[18] Zang Z, Zou X, Zuo P, Song Q, Wang C, Wang J. Impact
of landscape patterns on ecological vulnerability and eco-
system service values: An empirical analysis of Yancheng
Nature Reserve in China. Ecol Indic 2017; 72: 142-152.

[19] Boori MS, Choudhary K, Kupriyanov A. Crop growth
monitoring through Sentinel and Landsat data based NDVI
time-series. Computer Optics 2020; 44(3): 409-419. DOI:
10.18287/2412-6179-CO-635.

[20] Sallam MF, Fizer C, Pilant AN, Whung PY. Systematic
review: Land cover, meteorological, and socioeconomic
determinants of Aedes Mosquito Habitat for risk mapping.
Int J Environ Res Public Health 2017; 14: 1230. DOI:
10.3390/ijerph14101230.

[21] Li Z, Roux E, Dessay N, Girod R, Stefani A, Nacher M,
Moiret A, Seyler F. Mapping a knowledge-based malaria
hazard index related to landscape using remote sensing:
Application to the cross-border area between French Gui-
ana and Brazil. Remote Sens 2016; 8: 319. DOI:
10.3390/rs8040319.

[22] Vannevel R, Goethals PLM. Identifying ecosystem key
factors to support sustainable water management. Sustain-
ability 2020; 12: 1148. DOI: 10.3390/su12031148.

[23] Léhde E, Khadka A, Tahvonen O, Kokkonen T. Can we
really have it all?—Designing multifunctionality with sus-
tainable urban drainage system elements. Sustainability
2019; 11: 1854. DOI: 10.3390/sul1071854.

[24] Pearce BJ, Ejderyan O. Joint problem framing as reflexive
practice: honing a transdisciplinary skill. Sustain Sci 2020;
15: 683-698. DOI: 10.1007/s11625-019-00744-2.

[25] Lu N, Fu, B, Jin T, Chang R. Trade-off analyses of multi-
ple ecosystem services by plantations along a precipitation
gradient across Loess Plateau landscapes. Landscape Ecol
2014; 29: 1697-1708. DOI: 10.1007/s10980-014-0101-4.

[26] Boori MS, Choudhary K, Kupriyanov A. Detecting vegeta-
tion drought dynamic in European Russia. Geocarto Inter-
national 2022; 37(9): 2490-2505. DOLI:
10.1080/10106049.2020.1750063.

292

Computer Optics, 2024, Vol. 48(2) DOI: 10.18287/2412-6179-CO-1296



Integrating landscape ecological risk with ecosystem services...

Boori M.S., Choudhary K., Kupriyanov A.

[27] Saaty TL. The analytic hierarchy process. New York:
McGraw Hill; 1980.

[28] Mogaji KA, Lim HS. Application of a GIS-/remote sens-
ing-based approach for predicting groundwater potential
zones using a multi-criteria data mining methodology. En-
viron Monit Assess 2017; 189: 321.

[29] Palm C, Canqui HB, DeClerck F, Gatere L, Grace P. Con-
servation agriculture and ecosystem services: An overview.
Agric Ecosyst Environ 2014; 187: 87-105.

[30] Zhuang DF, Liu JY. Modeling of regional differentiation
of land-use degree in China. Chinese Geogr Sci 1997; 7(4):
302-309.

Authors’ information

Mukesh Singh Boori is an Assistant Professor in Earth and Environmental Sciences at UCA's School of Arts and
Sciences. He has over 19+ years of research and teaching experience. Prior to joining UCA, he worked as a Senior
Scientist at Samara University, Russia. He has been associated with several institutions, including Liaoning Normal
University (LNU-MSU) China, the United Arab Emirates University UAE, University of Rennes 2 France, the
University of Bonn Germany, Hokkaido University Japan, Palacky University Czech Republic, Ruhr University
Bochum Germany, Leicester University UK, NOAA/NASA, American Sentinel University USA, ITMO University St.
Petersburg, Kazan Federal University Russia, JECRC University, JKLU University, MDS University, and JSAC/ISRO
India. He has a Postdoc from the University of Maryland in the United States, a Ph.D. from Federal University-RN
(UFRN) in Brazil, a Predoc from Katholiek University Leuven in Belgium, an MSc from MDS University, and a BSc
from the University of Rajasthan in India. He received several prestigious awards, including the National Academy of
Sciences (NAS) fellowship through the National Research Council (NRC) central government of the United States,
Washington DC; European Union Social Fund; Honorary Fellow, University of Leicester, UK; Prestigious Brazil-Italy
government fellowship; Belgian and Indian government space fellowship; and 3 time Best Paper Award at ITNT,
Russia and ICIKM, Hong Kong. He published 130+ peer-reviewed papers in good journals and conferences with more
than 1500 citations (h-index 23), including books as a first author in the earth and space science field. His prime
research interest is satellite earth observations through remote sensing and GIS technology, with special attention to
ecology, ecosystems, and the environment via machine learning. He is a member of many scientific
societies/journals/committees, led several projects, organized several conferences, delivered conference opening
ceremony speeches, keynote speakers, plenary session talks, invited talks, invited webinar presentations, chaired
sessions, and visited 27 countries on official trips.

Komal Choudhary is an Associate professor at Samara University, Russia and is involved in remote sensing and
GIS teaching and Russian academic excellence project. She has been a Ph.D. from - The Department of Land Surveying
and Geo-Informatics, The Hong Kong Polytechnic University, Kowloon, Hong Kong. She has completed her Bachelors'
and Master’s degrees in Geography from the University of Rajasthan, India in the years 2003 and 2005 respectively.
She also completed her Bachelors of Education in 2007 from the University of Rajasthan, India. After her education,
she was a college-level lecturer in Indian college and she has to her credit an illustrious experience in teaching and other
administrative responsibilities spanning over a decade and has served in various capacities like Principal, Faculty De-
velopment, and Controller of Examinations. Komal brings with herself vast experience in curriculum design, research
guidance, and innovative teaching. She published 60 peer-reviewed papers including books as a Co-author in the field
of earth and space science and his prime research interest is satellite earth observations through remote sensing & GIS
technology with special attention on agricultural mapping & monitoring, ecology / ecosystem / environment. She is a
member of many scientific societies / journals. She visited Brazil, USA, Europe, Russia, India, and Hong Kong etc.
E-mail: komal kumarri@connect.polyu.hk

Alexander Kupriyanov, (b. 1978), graduated with honors from Samara State Aerospace University (SSAU) (2001).
Candidate’s degree in Technical Sciences (2004) and Doctor of Engineering Science (2013). Currently, Senior Re-
searcher at the Image Processing Systems Institute, Russian Academy of Sciences, and part-time position as Associate
Professor at SSAU’s sub-department of Technical Cybernetics. Areas of interest: digital signals and image processing,
pattern recognition and artificial intelligence, nanoscale image analysis and understanding, biomedical imaging and
analysis. More than 90 scientific papers, including 42 published articles and 2 monographs. E-mail: akupr@ipsiras.ru

Received February 14, 2023. The final version September 20, 2023.

Kommnsrorepnas ontuxa, 2024, Tom 48, Ne2  DOI: 10.18287/2412-6179-CO-1296 293



