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Old Silk Road routes and capitals of Austria, Russia and China (scene was done in 
CesiumJS)



Relevance

• The implementation of the international project “The New Silk Road”
opens up new opportunities for economic and social development in
the regions through which the passage of transport routes is
planned.

• For such a project we need to estimate the
environmental conditions of territories
adjacent to the route and to take into account
and forecast the natural-resource potential of
the regions which are planned to
accommodate both the route and the project
infrastructure.
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Natural-resource potential

• Natural-resource potential (NRP) - a set of natural resources that are
the basis of the economic development of the territory, reflecting the
distribution of natural resources, their provision for certain sectors of
the national economy, their impact on the formation of economic
specialization and spatial organization of the territory. In wide sense

• Natural-resource potential is a generalized indicator that adequately
reflects the trends in dynamic changes in the natural environment of
a region during its natural evolution and under the influence of
external (climatic and anthropogenic) factors. Zhurkin et. al., 2012
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Natural-resource potential representation

1. Implementation of the overlay intersection of several information
layers of the digital map: the ecosystem layer, the land use layer, the
territory pollution layer.

2. Application of the ecosystems’ boundaries, where each contour of
the ecosystem is assigned an attribute: a weighted average of the
natural-resource potential is calculated from local contours.

3. A dynamic three-dimensional model, in which the space-time
interpolation of the discrete function F (x, y, t) is realized according
to its values in the local contours of the biogeocenoses’ boundaries.
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Two main methods for quantitative 
integrated assessment of the ecological 
state of territories
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• Dr. Sci. Zhurkin’s formula

• k — this is the number of environmental
factors that characterize the eco-state of
the territory Ω at the point of time j;

• ηij — this is the value of the partial criterion
of the i th environmental factor at the point
of time j;

• Pi — importance coefficient of the factor,
which is a numeric value within a numerical
interval [0,1].

• V.V. Dmitriev’s formula

• qi — the transformed (dimensionless) value
of the initial criteria for the state of biota
and abiotic environment;

• pi — weight coefficient.



Calculation of partial criteria of 
environmental factors (by Dr. Sci. Zhurkin)
Conditions to which the values of
partial criteria of environmental
factors must meet:

• the values of the criteria should be
dimensionless;

• the values of the criteria must be
determined on the same numerical
set;

• values of criteria should have the
same monotonous character.

Formula to estimate the ith

environmental factor using a partial
criterion:

АПi — the limit value of the ith

environmental factor for an estimating
territory, the excess of which is not
allowed;

АФi — the actual value of the ith

environmental factor for an estimating
territory.



Criteria values conversion of the biota and 
abiotic environment’s state (by V.V. Dmitriev)

C O N V E R S I O N  F O R M U L A  I N  A  
D I M E N S I O N L E S S  Q U A N T I T Y  F O R  

T H E  C R I T E R I A  O F  T H E  F I R S T  
T Y P E ,  W H O S E  VA L U E S  I N C R E A S E  
L E A D S  TO  A N  I M P R OV E M E N T O F  
T H E  S Y S T E M  Q U A L I T Y  VA L U E S

C O N V E R S I O N  F O R M U L A  I N  A  
D I M E N S I O N L E S S  Q U A N T I T Y  F O R  

T H E  C R I T E R I A  O F  T H E  S E CO N D  
T Y P E ,  W H O S E  VA L U E S  I N C R E A S E  

L E A D S  TO  A  D E C L I N E O F  T H E  
S Y S T E M  Q U A L I T Y  VA L U E S

qi – a converted criterion value;
xi – a current criterion value; 
mini – a minimum (background, allowable, safe, maximum permissible, etc.) criterion value; 
maxi – a maximum criterion value.



The advantages of Dr. Sci. Zhurkin’s method  
to calculate the integral indicator of the 
ecosystem’s state

• Versality. The method proposed by V.V. Dmitriev, involves the two types
classification of particular criteria, depending on the nature of the influence
exerted by them on the state of a natural object (ecosystem, etc.). In the
formula proposed by Igor G. Zhurkin, the influence’s value of the eco-factor is
determined numerically through a power function, which allows not to resort
to any additional actions for the classification of eco-factors.

• Objectivity. The method proposed by V.V. Dmitriev, involves weight coefficients
for each particular criterion assigned by experts, which introduces a high
degree of subjectivity in the calculation results. In the method proposed by Dr.
Zhurkin, the importance coefficients of the eco-factor are calculated by solving
a system of linear equations.



Estimation of territories’ ecological state 
(by Dr. Sci. Zhurkin)
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k — this is the number of environmental factors that characterize the eco-state of
the territory Ω at the point of time j;
АПi — the limit value of the ith environmental factor for an estimating territory, the
excess of which is not allowed;
gA — properties of the atmosphere; gG — properties of the hydrosphere; gL —
properties of the lithosphere; gFl — properties of the flora; gFn — properties of the
fauna; gHs — properties of the human condition.
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The architecture of a 
conceptual ecological and 

technical information 
system 
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The flow-chart of a eco-
data collection subsystem
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A fragment of the 
natural-resource 

potential map for the 
Moscow region (the area 

of the Oka basin)
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A cartographic representation 
of natural-resource potential in 
the form of a three-dimensional 
model (Zaoksky district of the 

Tula region)



MIIGAiK’s experience in UAS
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MIIGAiK’s experience in UAS
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Octocopter
«Dreadnought»2014 that
can be used to receive
snapshots, applicable in
map (or site plan)
creating/updating,
forming of digital terrain
model, making 3D-
models of buildings and
objects, thermographic
maps, panoramic
surveying and also
monitoring of natural and
manmade emergencies
development.

MIIGAiK’s experience in UAS

Copter.avi
Copter.avi


MIIGAiK’s geodesic test area. 
3D terrain model proceed on UAV images

MIIGAiK’s experience in UAS



Survey of fires in Smolensk
region, near town Gagarin,
with wide-angle camera lens



Project overview

• Title: Development of GIS technologies, quantitative criteria and
remote sensing techniques in order to assess the natural resource
potential and ecological state of the regions located along the
route of “The New Silk Road” on the way of its design and
operation

• The aim of this project is to develop a geographic information
system for the quantitative assessment and mapping of the
natural-resource potential state of the regions involved in “The
New Silk Road” transport routes, based on the processing of
remote sensing data and spatial analysis.
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Project overview

• The following tasks will be solved during this project:

1. Development of a framework for the analysis and selection of
representative indices for evaluating the natural-resource
potential of the regions located along “The New Silk Road”.

2. Study on the selection and classification of ecosystems and
environmental factors to calculate the integral index of the
ecological state of the territories.

3. Development of a technique for the collection, processing and
geoinformation analysis of remote sensing data obtained by
hyperspectral systems to study the state of ecological systems in
the involved regions and to simulate natural-resource potential.
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Project overview

• The following tasks will be solved during this project:

4. Development of a conceptual, logical, and physical model of a
thematic GIS and database for the evaluation and simulation of
the natural-resource potential of regions located along “The New
Silk Road” route.

5. Development of quantitative criteria for assessing the natural-
resource potential and the ecological state of the regions located
along “The New Silk Road” route, using GIS software solutions.

6. Development of a technology and technique for creating and
updating digital maps for the regions’ natural-resource potential
evaluation located along “The New Silk Road” route, based on
remote sensing data. 25



Project overview

• The following tasks will be solved during this project:

7. Development of three-dimensional dynamic scenes modeling
methods of “The New Silk Road” route and the surrounding areas
for the purpose of the real-time monitoring of the transport
route and the state of the natural environment.

8. Practical implementation of the developed methods for
modeling and assessing the natural-resource potential in the
thematic GIS.
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Project overview

• The expected results of the study are:

1. A thematic GIS designed to quantify the natural-resource
potential and ecological status of regions, as well as to monitor
“The New Silk Road” transport routes activities.

2. Methods, algorithms, and a software suite for the natural-
resource potential and ecological state of regions evaluation,
based on geo-information technologies.

3. Methods of hyperspectral analysis of remote sensing data to
assess the ecological condition of the involved territories.
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Project overview

• The expected results of the study are:

4. A set of digital thematic maps for quantifying the natural-
resource potential of the involved regions and “The New Silk
Road” route.

5. Three-dimensional terrain models of “The New Silk Road” route
and adjacent territories.
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Project overview

• The scientific novelty of the research is to develop a mathematical
apparatus and methodology for geoinformation analysis and
simulation to quantify the natural-resource potential of the
regions, taking into account the specifics of the international
project “The New Silk Road”, as well as a methodology for
assessing the ecological condition of involved territories using
hyperspectral analysis of remote sensing data.

• Research methods: system analysis, structural analysis, cluster
analysis, hyperspectral analysis, spatial analysis, mathematical
modeling, simulation modeling, geo-information modeling, 3D
modeling.
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Thank you for your attention!
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