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Abstract:  The city of Krasnogorsk is one of the fastest growing cities in the Moscow region. The area of the city is 

24.65 km2. To date, there is a steady population growth in the city, as a result of which the area of the settle-

ment increases. The study of the dynamics of residential development was carried out on the basis of three 

residential districts of Krasnogorsk: the Pavshinskaya Floodplain, Emerald Hills, Bruski. In the course of the 

study, it was determined that the area of residential development for 2005 is 12.22 km2, for 2010 – 13.15 

km2, for 2015 – 14.85 km2, for 2020 – 15.05 km2. The difference in areas over the studied years was 0.93 

km 2, 1.70 km 2 and 0.20 km 2, respectively. Such changes are caused by the construction of the studied 

microdistricts during this period, the construction of the Gardeners non-commercial partnership "Opalikha" 

in the Opalikha microdistrict, as well as the annexation of the Mitino Park residential complex to the city 

limits. It was revealed that in 2020, more than half, namely 62.60% of the total territory, is occupied by 

residential buildings. Based on this, we can say about the intensive development of the city, because only due 

to the microdistricts Pavshinskaya Floodplain, Emerald Hills and Bruski, the housing area increased by 

11.77%. Such dynamics is caused by the high profitability of residential development, the attraction of the 

able-bodied population to large cities in order to receive the highest wages, which, in turn, creates the problem 

of resettlement. This is the city of Krasnogorsk, located on the border of Moscow and the Moscow region. 

The residential area is followed by the public and business area, with a percentage value of 12.73% (3.06 

km2), which indicates a good provision of the city's residents with the sphere of services. The industrial and 

recreational zone have similar values, 9.03% (2.17 km 2) and 9.52% (2.29 km 2), respectively. In this case, 

the production area is mostly represented by warehouse and logistics facilities, which in such a percentage 

excludes a significant impact on the environment. The transport road network of the city is quite developed, 

it is 5.40% (1.30 km 2). The zone of military facilities occupied 0.71% (0.17 km 2).

1 INTRODUCTION 

To date, remote sensing methods are widely used in 

cadastre, land management, urban planning, 

environmental monitoring, to determine 

deformations of structures and their individual parts, 

to determine the characteristics of moving objects, in 

surveys of railways and highways, power lines and 

other linear objects. Construction, namely the stages 

of planning, preparation of documentation, obtaining 

a work permit and the implementation of a 
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construction project directly depend on remote 

sensing data. With their help, we get the most accurate 

idea of the terrain, which contributes to the rational 

process of building the territory and the expedient use 

of material and labor resources. 

Modern machinery and equipment, engineering 

development, technological level of construction — 

all this gives great potential for the construction of 

buildings and structures in almost any environmental 

conditions. On the territory of the Russian Federation, 

since the 2000s, there has been a trend of mass 
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housing construction in large cities, following the 

recovery of the country's economy after the collapse 

of the USSR. This fact is caused by the high 

profitability of residential development, the attraction 

of the able-bodied population to large cities in order 

to receive the highest wages, and as a result, the 

problem of resettlement arises. Krasnogorsk is no 

exception, located on the border of the city of 

Moscow and the Moscow region, on the example of 

which the study was carried out. 

The relevance of the chosen topic is due to the 

growth and development of the country's economy, 

the key element of which is construction. The need to 

consider the pace and directions of development of 

residential development of cities is to timely identify 

positive and negative factors of intensive 

anthropogenic impact on the environment and natural 

landscapes, identify and eliminate the problems 

caused by mass construction, among which transport 

problems, problems of social and environmental well-

being of the population are particularly acute. 

The object of the study is the territory of 

Krasnogorsk. For clarity, special attention was paid to 

the most intensively developing microdistricts: the 

Pavshinskaya Floodplain, Emerald Hills, Bruski (see 

Fig. 1).

 

 

Figure 1: The investigated microdistricts of Krasnogorsk.

Krasnogorsk is one of the largest cities in the 

Moscow region and is the conditional capital of the 

region. The city borders the following districts of 

Moscow: Mitino, Strogino, Pokrovskoye-Streshnevo. 

The aim of the work is to study and apply remote 

sensing methods to determine the dynamics of 

residential development in Krasnogorsk. 

In terms of population, according to the official 

statistical observation conducted by Rosstat of 

Russia, Krasnogorsk is in 97th place out of 1117 cities 

of the Russian Federation. Over the past 50 years, 

Krasnogorsk has remained one of the fastest growing 

cities in the Moscow region. In the 90s of the last 

century, there was a slight decrease in the population 

in the city, but with the beginning of the XXI century, 

the population began to grow steadily again. In the 

XXI century, the growth of the city's population was 

due to large-scale housing construction. Due to the 

proximity to Moscow with an almost inexhaustible 

need for labor resources of various qualifications, 

people from other regions began to move to 

Krasnogorsk in search of better living conditions. In 

2004, new settlements that were previously part of the 

Krasnogorsky district were annexed to the city. About 

50 thousand people live in the new residential district 

of the Pavshinskaya Floodplain, located on former 

agricultural lands. In 2008, the construction of 

another residential complex "Spassky Bridge" began, 

in 2010 — the "Emerald Hills" microdistrict with a 

total housing area of almost 1 million sq. m. 

A significant proportion of residents of new 

microdistricts of the city, for various reasons, is not 

reflected in official statistics. More accurate data on 

the actual population will be available only based on 

the results of the next population census. According 

to expert estimates based on information about the 

really populated residential area, 317 thousand people 

now live permanently in the Krasnogorsk city district. 
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2 MATERIALS AND METHODS 

A modern city is an open complex system, the 

functioning of which cannot do without such a 

subsystem as the city lands. This subsystem consists 

of many dependent elements: soil, underground and 

surface waters, rocks, the shape of the relief and much 

more. The change of these factors causes the 

transformation of other subsystems of the city, which 

in turn have an impact on urban land, which affects 

the positive or otherwise negative development of 

quantitative and qualitative characteristics of land 

resources.  

These characteristics are the main basis of the 

state cadastre of real estate. Monitoring of changes in 

the characteristics of land resources, assessment of 

their current state, forecasting the development of 

possible negative processes, is carried out by 

conducting state monitoring of land. 

The GoogleEarthPro program was used as a 

source of remote sensing data for searching and 

selecting images.  

GoogleEarthPro is a free software that is available 

for download by all users on the Internet. This project 

contains satellite and aerial images of the entire 

earth's surface in fairly high resolution. The Landsat 

7 and Landsat 8 satellites act as shooting equipment. 

To analyze the dynamics of the development of 

the housing stock in Krasnogorsk, satellite images 

with a spatial resolution of 30 m were selected from 

2005 to 2020 with a time interval of 5 years.  

For the purpose of zoning the territory of 

Krasnogorsk, a block diagram of decoding satellite 

images for the tasks of identifying and mapping the 

structure of territorial zones has been developed 

(Fig.2).  

The essence of the decryption technique is that on 

the basis of a multi-zone satellite image, the NDVI 

and NDBI index images are formed. The NDVI index 

is a well-known normalized vegetation difference 

index, which is calculated using the following 

formula: 

 

NDVI = (Rnir-Rred)/ (Rnir+Rred)   (1), 

 

where R nir and R red are the spectral brightness 

values in the near infrared channel and the red 

channel, respectively.  

From a physical point of view, the NDBI index 

represents the largest reflection of intact vegetation in 

the near-IR zone of the electromagnetic spectrum, and 

also highlights built-up areas. As well as the lowest 

level of reflection of light radiation by the water 

surface in the middle IR zone of the electromagnetic 

spectrum. Its use is justified by the fact that it allows 

you to clearly distinguish built-up areas. Calculated 

according to the following formula:  

 

NDBI = (Rmir-Rred)/ (Rmir+Rred)   (2), 

 

The formation of index images is necessary in 

order to clearly separate the boundaries of territorial 

zones that do not have vegetation, and also to separate 

zones that have vegetation (for example, agricultural 

use zones), i.e. to divide within the zone. The addition 

of the results of the formation of index images is 

required in order to have complete information about 

the composition and condition of vegetation. 

 



 

Figure 2: Block diagram of decryption and mapping of the structure of territorial zones.

3 STUDY RESULTS 

Analyzing the selected images, it is possible to trace 

how the transformation of land on the territory of 

Krasnogorsk took place over time, and at the same 

time the density of residential development increased. 

To study the dynamics of the development of res-

idential areas in Krasnogorsk, the GIS MapInfoProfe-

sional was selected. 

To make an analysis in this program, cartographic 

material was prepared, namely: 

1. Raster images of the territory of the city of 

Krasnogorsk (remote sensing data); 

2. Vector map of the city of Krasnogorsk (for 

binding a raster image). 

To bind a raster image, a method of transferring 

coordinates from an already existing vector map of 

Krasnogorsk was used. Intersections of roads were 

used as anchor points (reference points), since they 

are uniquely determined both on a vector map and on 

a raster image, and also allow achieving the smallest 

pixel binding error. 
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After the successful binding of the raster, the total 

area of the city of Krasnogorsk was digitized and cal-

culated for further use in the analysis, which is 24.04 

km 2. (Fig. 3).

 

 

Figure 3: The border of Krasnogorsk, digitized in GIS MapInfoProfessional (date of shooting 16.05.2019).

According to data for 2022, the area of the city is 

25.65 km2. Accordingly, due to the manual determi-

nation of the boundaries and the use of satellite im-

ages, the error in determining the area of the city was 

1.61 km 2. 

Analyzing the snapshot for 2005 (Fig. 4), it can be 

seen that the lands on which the microdistricts of the 

Pavshinskaya Floodplain, Emerald Hills and Bruski 

are located today have a completely different appear-

ance. In place of the Emerald Hills area, the arable 

lands of the village of Annino were previously lo-

cated, the Pavshinskaya Floodplain area occupied the 

territory of the former collective farm of Krasnogorye 

JSC, and the Bruski microdistrict consists of several 

two-story houses. According to the calculated data, 

the area of residential development in 2005 was 12.22 

km2.

 

Figure 4: Satellite image of Krasnogorsk for 2005 (date of shooting 09.10.2005).
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Colossal changes in the appearance of the city 

were received from 2005 to 2015, the incomes of the 

population increased, mortgage loans became availa-

ble and became widespread, the demand for real es-

tate naturally grew. It was during this period that the 

construction of the Emerald Hills housing complex 

and the Pavshinskaya Floodplain microdistrict had to 

be completed. According to the image for 2010 

(Fig.8), one can observe how quickly the land for ag-

riculture was transferred to the land for housing con-

struction. According to official statistics, 2 times 

more housing was commissioned in Russia in 2007 

alone than in 2000. 

For the period of 2010, the boundaries of the city 

differed from the existing ones at the moment. Ac-

cordingly, in order to understand the scale of the 

built-up area with housing stock, a satellite image of 

2010 was digitized (Fig.5).

 

 

Figure 5: Residential development of Krasnogorsk in 2010 (date of shooting 24.08.2010).

As a result of the calculation in the MapInfo pro-

gram, it was determined that the area of residential 

development for 2010 is 13.15 km2. Compared to the 

2005 snapshot, the built-up area increased by 0.93 

km2 due to the completion of the construction of the 

Block No. 1 of the Pavshinskaya Floodplain.  

As for the Bruski microdistrict, in 2012, the Ad-

ministration of the city of Krasnogorsk signed an 

agreement with the developer Fact LLC "On the de-

velopment of the built-up area". According to the 

agreement, the demolition of emergency houses is 

still being carried out and the construction of a typical 

multi-storey housing is being carried out in their place 

(Fig.6). The completion of work under the agreement 

is planned by the end of 2023.

 

Figure 6: Satellite image of the city of Krasnogorsk in in 2015. Construction of standard housing (date of shooting 

07.05.2015).
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Also on the satellite image under the letters A, D 

(Fig. 6), it can be seen that, compared with 2010, the 

building area of the residential districts of the 

Pavshinskaya Floodplain and Emerald Hills has in-

creased significantly. Under the letters B, C, you can 

see the process of erecting new typical high-rises in 

the Bruschaty settlement, the construction of which 

did not affect the change in area, since the old housing 

is being replaced with a new one. An important factor 

in increasing residential development was the expan-

sion of the city's borders. For a better understanding, 

a satellite image of the city's territory for 2015 was 

digitized (Fig. 6, 7).

 

 

Figure 7: Residential development of Krasnogorsk in 2015 (date of shooting 07.05.2015).

In Fig. 7, the territories that were built by residen-

tial buildings from 2010 to 2015 are highlighted in 

black. These are No. 1 – Opalikha GNP (until 2012, 

the vacant lands of the Krasnogorsk settlement), No. 

2 – the appearance of the first quarters of the Emerald 

Hills microdistrict, No. 3 – the construction of 2,3 and 

4 blocks in the Pavshinskaya Floodplain microdis-

trict. The blue color also indicates residential land, 

but they were formed not as a result of the transfor-

mation of the territory, but as a result of the annexa-

tion of this site to the city of Krasnogorsk. So the Mi-

tino Park residential complex was attached. As a re-

sult of the calculation in the MapInfo program, it was 

determined that the area of residential development 

for 2015 is 14.85 km2, therefore, the development has 

increased by 1.70 km2 over 5 years. 

In order to have an idea of what part of the city the 

investigated microdistricts of the Pavshinskaya 

Floodplain, Emerald Hills and Bruski make up, their 

borders were digitized and the areas were calculated 

(Fig. 8, 9). 

 

Id Name Area sq. km 

1 Pavshinskaya 

Floodplain 

2.05 

2 Emerald Hills 0.69 

3 Bruski 0.04 

4 Bruski 0.03 

5 Bruski 0.01 

6 Bruski 0.01 

Figure 8. Residential areas of the microdistricts of the 

Pavshinskaya Floodplain, Emerald Hills and Bruski, calcu-

lated in the MapInfo Professional program. 

According to the measurement results, it was de-

termined that the studied microdistricts have a total 

area of 2.83 km2, which is 11.77% of the area of the 

entire city. 

In order to fully answer the question about the 

population density of Krasnogorsk and to assess the 

ratio of residential development to other territories, 

thematic processing of satellite images was carried 

out according to the scheme shown in Fig. 2 of the 

city territory in accordance with urban planning reg-

ulations for the following territorial zones (Table 1): 

1) residential; 

2) social and business; 

3) production; 

4) engineering and transport infrastructures; 

5) recreational; 

6) agricultural use; 

7) special purpose; 

8) military facilities; 

9) other territorial zones. 



 

Figure 9: Digitized boundaries of residential development of the microdistricts of the Pavshinskaya Floodplain, Emerald Hills 

and Bruski in the MapInfo Professional program (date of shooting 28.07.2020). 

 

Figure 10: Zoning of the territory of Krasnogorsk by territorial zones in 2020 (date of shooting 28.07.2020).

Table 1:Legend of the zoning of the city of Krasnogorsk (to 

Figure 10). 

Name of the territorial zone Area, km 2 Color 

Residential 15.05  

Social and business 3.06  

Production 2.17  

Engineering and transport infra-

structures  

1.30  

Recreational 2.29  

Agricultural purposes -  

Special purpose -  

Military facilities 0.17  

Other territorial zones -  

Total: 24.04 

Based on the results of measurements of the city's 

territory, a diagram of the percentage ratio of territo-

rial zones was compiled (Fig. 11).
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Figure 11: Diagram of the percentage ratio of the territorial zones of Krasnogorsk as of 2020.

Figure 10 clearly shows that more than half, 

namely 62.60% (15.05 km2) of the total area, is occu-

pied by residential buildings. Based on this, we can 

conclude about the intensive development of the city, 

because only due to the microdistricts of the Pavshin-

skaya Floodplain, Emerald Hills and Bruski, the 

housing area increased by 11.77% (2.83 km2) (Fig.9). 

Such dynamics is caused by the high profitability of 

residential development, the attraction of the able-

bodied population to large cities in order to receive 

the highest wages, which, in turn, creates the problem 

of resettlement. This is the city of Krasnogorsk, lo-

cated on the border of Moscow and the Moscow re-

gion. Based on the official information of the Admin-

istration of the Krasnogorsk City District, the further 

development of the residential zone will be carried 

out by compacting old microdistricts and decommis-

sioning emergency housing. Such changes will soon 

be possible to trace using remote sensing methods, 

namely satellite images.  

The residential area is followed by the public and 

business area, with a percentage value of 12.73% 

(3.06 km2), which indicates a good provision of the 

city's residents with the sphere of services. The indus-

trial and recreational zone have similar values, 9.03% 

(2.17 km 2) and 9.52% (2.29 km 2), respectively. In 

this case, the production area is mostly represented by 

warehouse and logistics facilities, which in such a 

percentage excludes a significant impact on the envi-

ronment. The transport road network of the city is 

quite developed, it is 5.40% (1.30 km 2). The zone of 

military facilities occupied 0.71% (0.17 km 2). 

For the best visualization of the data obtained, a 

histogram was compiled that reflects the change in 

residential areas over the analyzed years (Fig. 12).  

 

 

Figure 12: Histogram of changes in residential areas of 

Krasnogorsk for the period from 2005 to 2020. 

Resolution No. 1628/7 of July 5, 2021 approved 

the map (diagram) of urban zoning of the territory of 

the Krasnogorsk city district (Fig. 13).   

As can be seen from the diagram, the development 

of the city in the future will take place at the expense 

of housing stock and social infrastructure. As follows 

from the comparison of the scheme and the available 

remote sensing materials, the microdistricts consid-

ered in this paper have different rates of development. 

Thus, the Pavshinskaya Floodplain microdistrict has 

almost reached its maximum development (compari-

son of the areas of the housing stock according to the 

scheme and according to the received data of remote 

sensing materials processing). The development of 

the Emerald Hills has been implemented by 75%. The 
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most intensive in the near future will be the develop-

ment of the Bruschaty settlement, where today the ac-

tual area of residential development is only 35% of 

the planned. The remaining 65% are occupied by 

emergency houses that were resettled in 2022 and 

prepared for demolition. 

 

 

Figure 13: Map (diagram) of urban zoning of the territory of Krasnogorsk.

4 CONCLUSION 

Based on the data obtained, the study found that 

Krasnogorsk is one of the fastest growing cities in the 

Moscow region, which is due to large-scale 

construction and the influx of residents from other 

Russian cities, including Moscow. Proximity to the 

capital, a developed road network, convenient rail 

transport, an abundance of forests and a good 

ecological situation – all this attracted developers to 

create affordable housing on the territory of 

Krasnogorsk. Over the period from 2000 to 2021, the 

percentage of residential development has increased 

significantly.  

On the basis of remote sensing materials, cadastral 

and urban planning documents, the speed of 

development of urban areas of Krasnogorsk was 

determined. The Pavshinskaya Floodplain 

microdistrict was built up for 18 years, from 2004 to 

2022, and reached an area of 2.05 sq. km. The Bruski 

microdistrict has been developed for 11 years, from 

2012 to the present, modern buildings currently 

amount to 0.09 sq. km. The Emerald Hills 

microdistrict has been developed for 14 years, from 

2009 to the present day, the building area is 0.69 sq. 
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km. The building density coefficient for each 

microdistrict was also calculated. Summary data of 

calculations are given in Table 2.

Table 2: Summary of calculations. 

Microdistrict Built-up 

area sq. km 

Construction pe-

riod, year 

Building speed 

sq.km/year 

Floor area, sq.m Density coefficient 

Pavshinskaya Floodplain 2.05 18 0.114 3055580 1.49 

Bruski 0.09 11 0.008 200499 2.23 

Emerald Hills 0.69 14 0.049 600600 0.87 

Remote sensing methods have a great future be-

hind them, because their main feature is to obtain in-

formation about an object or phenomenon without di-

rect physical contact with this object. Every year they 

open up more and more opportunities to conduct the 

most accurate analysis, make it possible to trace the 

change of dangerous, hard-to-reach and fast-moving 

objects, and also allow observations to be carried out 

on vast areas of terrain, which was used to study the 

territory of Krasnogorsk. 
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