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Annotation. Introduction. Arctic single-industry towns operate under extreme
climatic conditions, where access to recreational green spaces becomes a critical factor
for the population's physical and psychological well-being, mitigating the effects of
the polar night and the urbanized environment. Despite its high importance, existing
methods for assessing the provision of green areas often remain expert-based and
subjective. This study aims to conduct a comprehensive quantitative assessment of
pedestrian accessibility to park zones in Severodvinsk, a representative Arctic monotown,
using geographic information technologies and machine learning algorithms.

Methods. The research integrates GIS analysis methods (QGIS 3.40) with Python-based
data processing. Using OpenStreetMap data, a database of 1,568 residential buildings
was compiled, and park areas meeting landscaping criteria were identified. Buffer zones
with radii of 300 m (daily accessibility standard) and 500 m were constructed to assess
pedestrian accessibility. Statistical analysis and the Random Forest machine learning
algorithm were applied to identify latent patterns and evaluate factors contributing to
spatial differentiation.

Results. The findings reveal that only 22.5 % of the housing stock lies within the
normative 300-meter accessibility zone of green spaces, while 392 % of buildings
(544 units) are located beyond the 500-meter radius, indicating a significant deficit of
recreational resources. A strong correlation was found between the year of construction
and park accessibility, with the most acute deficiency observed in residential districts
developed during the mass construction period of the 1970s-2000s. Comparative analysis
of the city's 1967 and 2024 master plans demonstrates a transformation in functional
zoning, notably the development of areas originally designated as park zones.

Discussion. The obtained data confirm the hypothesis of spatial inequality in the
distribution of "green" amenities and underscore the necessity of shifting from a residual
approach to landscaping towards targeted planning of recreational zones. The applied
methodological approach proved effective as a tool for objective urban environment
auditing. The results provide a scientifically grounded basis for adjusting urban planning
policies in Severodvinsk and can be scaled to other Arctic single-industry towns to
implement the principles of the Urban Equity concept.

Keywords: Arctic, monotown, urban environment, green spaces, park accessibility,
GIS, QQGIS, artificial intelligence, machine learning.
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AHHoOTALMS. BBeaeHUe. ApKTUYeCKMe MoHOropoaa GYyHKLMOHMPYOT B 9KCTPEMAbHbIX Ku-
MaTUYECKUMX YCITOBUAX, FOe OOCTYMHOCTb PEKPEALLMOHHbIX 3€MEHbBIX MPOCTPAHCTB CTAHOBUTCH KpU-
TUYECKMM DAKTOPOM PU3NYECKOTrO U MCUXONMOrMYECKOro 61arononyymsa HaceneHusa, KOMMneHcu-
PYIOLMM BO3OENCTBME MONAPHOM HOYM M YyPOaHU3MPOBAHHOM cpefbl. HecMoTpa Ha BbICOKYHO
3HAYMMOCTb, CYLLECTBYIOLIME METOAbl OLEHKM 06eCcrnedYeHHOCTM 3eNéHbIMWM 30HaMM YacTo OCTa-
IOTCA SKCMEPTHBIMU U CYOBbEKTUBHbIMU. Llenbio JaHHOMo MccnenoBaHUA ABAAETCH KOMIMIEKCHAdA
KOMTMYECTBEHHAs OLEHKa MeLlexo4HOM OOCTYMNHOCTM MapKOBbIX 30H B CeBEPOOBMHCKE — TUMKMY-
HOM aPKTUYECKOM MOHOIOPOAE — C MPUMEHEHUNEM FEOMHPOPMALLMOHHbBIX TEXHOMOMMM U afifropUT-
MOB MalLLVMHHOIO 0by4YeHus.

MeTopbl. ccnegoBaHuMe 6a3mpyeTca Ha MHTerpaumm metogos I'MC-aHanmsa (QGIS 3.40) 1 06-
PaboTKM OaHHbIX Ha A3blke Python. Ha ocHoBe gaHHbix OpenStreetMap 6bina chopMmpoBaHa 6a3a
OaHHbIX M3 1 568 >XUblX 30aHNM M MOEHTUDULMPOBAHbI MAaPKOBbIE 30HbI, COOTBETCTBYOLLME KPU-
TepmaM bnaroycTpomncrtea. MetogomM bydbepmsaLmm NOCTPOEHbI 30HbI MeLUeXogHOW AOCTYMHOCTM
paonycom 300 M (HopMaTUB MOBCEAHEBHOM A0OCTYyNMHOCTM) 1 500 M. 19 BbIABNEHMA CKPbITbIX 3a-
KOHOMEPHOCTEM M OLLEHKM DaAKTOPOB MPOCTPAHCTBEHHOM AMdPepeHUMaLMM MPUMEHEH CTaTU-
CTUYECKUM aHANW3 M afIfTOPUTM cllydamHoro seca (Random Forest).

Pe3ynbTaTtbl. YCTAHOB/IEHO, YTO NULLb 22,5 % »Kmnnoro GoHaa HaxoauUTCS B 30HE HOPMaTUBHOM
300-MeTpOoBOWM OOCTYMHOCTM OT 3€MNEHbIX 30H, Toraa Kak 39,2 % 3naHun (544 obbekTa) pacrono-
YXeHbl 3a npegenamm 500-MeTPOBOro paguyca, UTo CBUAETENLCTBYET O 3HAUUTENbHOM AeduLmTe
pPeKpeaLMOHHbIX PECYPCOB. BbigBeHa CUIbHasa KOPPENALUA MEXAY rOAOM MOCTPOMKM U OOCTYM-
HOCTb!O MAPKOB: HAMBOMbLUMN OePULINT XapaKTepeH A9 MUKPOPaMOHOB MAaCCOBOW 3aCTPOMKM
1970-2000-x rogoB. AHanu3 reHepasnbHbIX MNIaHOB ropoda 1967 1 2024 ronoB nokasasn TpaHchop-
MaL Mo GYHKLKMOHAbHOMO 30HUPOBaHUS, B YaCTHOCTU 3aCTPOMKY TEPPUTOPUM, M3HAYaNbHO Mpea-
Ha3HAYeHHbIX MOL MaPKOBbIE 30HbI.

O6cykaeHue. [onydeHHble OJaHHble MOATBEPXKOAIOT FMMoTe3y O MPOCTPAaHCTBEHHOM Hepa-
BEHCTBe B pacnpefeneHnmn «3enéHbix» 6nar M HeobxooMMOCT/ Nepexoda OT OCTAaTOYHOrO MPWH-
LMMa O3e/leHEHUA K LLeNIEBOMY MAaHMPOBAHUIO PEKPEALMOHHbBIX 30H. MPUMEHEHHbIN METO-
OONOMMYECKMM MOAXo4 AOKa3asl CBO 3PPEKTUMBHOCTb KaK MHCTPYMEHT OObEKTVMBHOMO ayamTa
ropoAcKoM cpefbl. Pe3ynbrathbl ccnegoBaHMa GOPMUMPYOT OCHOBY A/19 KOPPEKTUPOBKU FPafo-
CTPOUTENBHOW NOAUTUKM B CEBEPOLABUMHCKE M MOTMYT OblTb MaCLUTAabMPOBaHbI Ha Apyr1e apKTuye-
CKMe MOHOoropoda 4 peanmsalm NpuHLMMNOB KOHLEMNLMK CrpaBeaIMBOIro ropoacKoro passu-
Tmna (Urban Equity).

KnroyeBble c/ioBa: APKTUKA, MOHOIropoa, MOpPOoACcKaa cpena, 3e/I€Hble HaCaXKAeH U, MapKOBble
30Hbl, OCTYMHOCTb MapKoBbiX 30H, TMC, QGIS, MCKYCCTBEHHbIM MHTENEKT, MalLMHHOE O0By4deHue.
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HaHCUPOBaHMS.
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Introduction

Russian Arctic single-industry towns,
serving as key outposts for the country's
economic and geopolitical presence, face
a complex set of challenges stemming
from harsh climatic conditions, economic
mono-specialization, and a deficit of
quality urban environment. In this
context, the accessibility of recreational
facilities, particularly green spaces,
becomes a critically important factor for
the population's physical and mental
well-being. The lack of green areas
within walking distance exacerbates the
psychological strain caused by the polar
night and the urbanized setting.

Recreational zones constitute a
multifunctional resource of the urban
environment and are in demand among
various social groups due to the beneficial
impactofparkareasonbothenvironmental
aspects, asemphasized by Tatyana Kupach
[1], and social aspects, as reflected in the
work of E. A. Dorozhkina [2]. From the
perspective of B.A. Revich, green zones
mitigate the consequences of climate risks
and urbanization pressure; their presence
contributes to increased physical activity, a
reduction in overall depression levels, and
stimulates socialization among the urban
population [3].

Research objective

Given the high significance of
green zones, the research objective was
formulated: to assess the accessibility of
green spaces in the city of Severodvinsk
and to identify key factors of spatial
inequality [4] - the geographical and
territorial aspects of socio-economic
disparities [5] — by applying GIS analysis
and artificial intelligence methods.

The key concepts used in this article
are "green zone" and "recreational zone."

Green zones (green spaces) are
territories predominantly covered by
grass, shrubs, and trees, forming the city's
vegetative framework. These include
protected natural areas, parks, squares,
boulevards, landscaped residential and
roadside plots, gardens, zoo grounds,
sports  fields, embankments, and
other objects performing ecological,
recreational, and aesthetic functions.
Green zones are providers of ecosystem
services: they improve air quality, regulate
climate, support biodiversity, help reduce
urban temperatures, and enhance
population well-being [6].

Recreational zones are functional
territories designated for leisure,
health improvement, tourism, and the

restoration of a person's physical and
psycho-emotional strength. Within the
urban structure, recreational zones are
part of the landscape infrastructure
that ensures the resilience of the urban
environment. They include parks, forest
parks, beaches, embankments, areas
for active and passive recreation, as well
as specially protected natural areas.
Recreational zones contribute to the
formation of a comfortable and healthy
urban environment, enhancing the
quality of life and the social attractiveness
of a territory [7].

Research methodology

Researchinurbanstudies,dedicatedto
contemporary trends in city development
and their social structure, is published in
journals such as "Current Urban Studies,"
reflecting the relevance of this topic
within academic circles. In line with the
digitalization policy in the construction
industry, data science has become one
example of the advancement of artificial
intelligence and machine learning
technologies, which are actively applied
for analyzing big data and forecasting
construction processes.

When discussing construction
technologies, special attention should
be paid to BIM (Building Information
Modeling). In the Russian Federation,
the term "BIM-modeling" is more widely
known than "TIM-modeling" (the Russian
acronym). Until 2019, the international
term "Building Information Modeling
(BIM)"was used inthe construction sector,
while the term "TIM" was introduced
into the Russian legislative framework in
2019 [8]. This is a procedure for creating
a construction object's database through
the step-by-step development of
intermediate information models that
reflect the processed information about
the object at each stage [9]. In essence,
it is a set of software products and tools
aimed at planning, resource accounting,
analytics, and design.

Accordingtotheauthors,theprospects
for further research on the chosen topic
lie in integrating satellite data to assess
the quality of greenery (e.g., using NDVI —
Normalized Difference Vegetation Index)
[10], as well as employing network analysis
[MM] to model pedestrian accessibility
routes, considering the actual street
network.

The formation of the Arctic single-
industry town of Severodvinsk historically
combines planned development fromthe
Soviet era and modern trends in urban
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zoning.Greenzonesholdaspecial position
in these harsh conditions. According to
clause 3.10 of the Code of Rules "Urban
Planning. Planning and Development
of Urban and Rural Settlements" [12], a
green zone performs protective sanitary-
hygienic and recreational functions. This
allows the provision of such areas to be
considered an integral indicator of urban
environment quality, aligning with the
key tenets of the Code of Principles for
the Integrated Development of Urban
Territories. This standard was developed
by the Russian Ministry of Construction,
DOM.RF, and the Strelka Consulting
Bureau under the instruction of the
Chairman of the Government of the
Russian Federation [13].

Traditional methods for assessing the
provision of green zones are often expert-
based and can be subjective. Modern
technologies, such as Geographic
Information Systems (GIS) and Artificial
Intelligence (Al) methods, enable more
objective, scalable, and reproducible
analysis of spatial data. Open mapping
platforms, such as OpenStreetMap
(OSM), provide an extensive database
for such research. However, this data
requires thorough verification and post-
processing, as the completeness and
accuracy depend on the activity of the
mMapping community in a specific region
and can vary significantly.

Research description

The work was conducted in the QGIS
3.40 "Bratislava" environment. Using the
QuickOSM plugin, we loaded polygons of

S00-300 m buffer
300 m buffier

Parks =
Residential buildings I

all buildings classified as residential. Due
to the incompleteness of OSM data, post-
processing was performed, including
visual verification, geometry correction,
and attribute normalization. The final
database comprised 1568 residential
buildings.

Subsequently, polygons for parks,
squares, and landscaped recreational
areas were delineated based on strict
criteria: the presence of vegetation, 24/7
pedestrian accessibility,and the existence
of amenities intended for recreation.

To assess pedestrian accessibility, the
buffering method was employed. Buffer
zones with radii of 300 m (5-7 minutes'
walk) and 500 m (10-12 minutes'walk) were
constructed around each park polygon.
These distances were chosen based on
public health recommendations outlined
in the article "Urban green spaces and
health." Such buffer zones represent
key pedestrian catchment areas for
park territories. According to WHO
recommendations, a 300-meter buffer
is associated with improved physical
and mental health of the population by
encouraging physical activity, thereby
reducing stress [14]. A 500-meter buffer
is considered the optimal distance for
most residents to visit green spaces on
a regular basis. Furthermore, numerous
studies have reported a positive
association between healthy weight and
the presence of green spaces within
500 m of one's home [3]. Consequently,
the creation of such buffer zones is an
important priority in urban planning.

o 1 2 KH
—_——

Figure 1. The generated map showing parks, 300-m and 500-m buffers, and residential buildings
existing as of December 2025 [compiled by the authorsg]

PucyHok 1. Co3gaHHasa KapTa C oTobpaXkeHMeM napko., bydepor 300 M, 500 M 1 »XMAbIMK 30aHU-
AMU, CYLLECTBYIOLLMMM Ha MOMEHT AeKabpa 2025 roga [cocTaBneHo aBTopamu]
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Thus, a GIS project was created, as
illustrated in Figure 1.

According to clause 9 of the Code
of Rules "Urban Planning. Planning
and Development of Urban and Rural
Settlements," the travel time to city
and district parks by public transport
(excluding waiting time) should not
exceed 30 minutes for city parks and 20
minutes for district parks.

Next, a spatial join operation was
performedtoidentify residential buildings
located within each buffer zone. This
allowed for the classification of buildings

300 m buffer
B Residential buildings

into three groups:

1. High Accessibility: Located within
the 300 m buffer.

2. Medium Accessibility: Located
within the 500 m buffer, but outside the
300 m buffer.

3. Low Accessibility: Located outside
the 500 m buffer.

In Figures 2 and 3,the 300-meter buffers
around existing park areas are highlighted
with light green semi-transparent polygons.
All residential buildings in Severodvinsk
existing as of December 2025 are shown in

light gray.

a 50 1 500 .
[ —

Figure 2. Areas of high park accessibility in the central part of Severodvinsk [compiled by the
authors]

PUCYHOK 2. PamoHbl BbICOKOW OOCTYMHOCTU MapPKOB B LieHTpasibHOM YacTh CeBepoaBUHCKa [co-
CTaBNEeHO aBTOpaMu]

200 m buffer
Il Residential buildings

“S S WL
Figure 3. Areas of high park accessibility on Yagry Island [compiled by the authors]
PucyHoK 3. PalMoHbl BbICOKOM OOCTYMHOCTM MapKOB Ha OCTpoBe Arpbl [COCTaBNeHO aBTOpPaMM]

o TS50 1 500
L EE——

In Figures 4 and 5, zones falling within
the 500-meter buffer but outside the
300-meter buffer are highlighted with
light red semi-transparent polygons. All
residential buildings in Severodvinsk

existing as of December 2025 are shown
in light gray.

For each group of buildings, a set
of attributes was compiled: date_of_
construction (year of construction),
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Figure 4. Medium-accessibility Park areas in the central part of Severodvinsk [compiled by the

authors]

PUCYHOK 4. PanoHbl cpeaHel OOCTYMHOCTM MAapKOB B LIeHTpalibHoW YacTtn CeBepoaBMHCKa [CO-

CTaB/1€HO aBTOpPaMM]

S00-300 m buffer
I Residential buildings

0 750

’i == b = 1500 m
" o U S—
W

Figure 5. Medium-accessibility Park areas on Yagry Island [compiled by the authors]
PUCYHOK 5. PanoHbl cpefHen 4OCTYMHOCTM MAapKOB Ha OCTPOBE Arpbl [COCTaBNEHO aBTOpaMu]

floors (number of stories), addr_str
(street), addr_house (house number). The
data was then exported to .xlsx format
and processed in the Google Colab
environment using Python with the
pandas, numpy, matplotlib, seaborn, and
scikit-learn libraries.

To verify the results of the
geoinformational analysis and uncover
latent patterns, a comprehensive set of
data processing and machine learning
methods was applied.

At the first stage, data preprocessing
was performed. This included cleaning
the initial dataset of missing values in key
fields ("year of construction," "number
of stories") and categorizing buildings
into historical periods of development,
resulting in four chronological strata:

"pre-1960" (Stalinist period), "1961-1980"
(industrial construction), "1981-2000" (late
Soviet period), and "post-2001" (modern
construction).

Atthesecondstage, statistical analysis
was conducted. This involved calculating
descriptive statistics for quantitative
indicators, analyzing the distribution of
buildings by accessibility category within
each historical period, and testing the
statistical significance of differences
between groups using the chi-square (x?)
test. This statistical tool confirmed the
hypothesis that green space accessibility
in Severodvinsk is uneven and depends
on the specific street location.

To guantitatively assess the
contribution of various factors to green
space accessibility, the Random Forest
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machine learning method was employed.
The target variable was the green space
accessibility category, while the features
forpredictionweretheyearofconstruction
and the number of stories. The model
was trained on 70 % of the data, with
validation on the remaining 30 %. Feature
importance was evaluated based on the
Gini impurity reduction index — a metric
used to measure inequality or impurity
within datasets. This comprehensive
approach not only revealed Vvisible

patterns but also quantitatively assessed
the influence of various urban planning
factors on the formation of accessible
green infrastructure, providing a reliable
foundation for subsequent urban
planning decisions.

Research results

The GIS analysis and subsequent data
processing yielded a precise quantitative
assessment of the residential housing
stock's provision with green spaces,
presented in Figure 6.

Distribution of residential buildings by park provision categories

544

500

400 -

300 +

Number of houses

200

100 +

o
low

high medium

Figure 6. Distribution of housing by park provision categories [compiled by the authors]
PucyHok 6. PacnpegeneHune JOMOB MO KaTeropmam obecrneyeHHOCTM NapkKaMm [COCTaBNEHO aB-

Topamu]

The obtained data reveal a significant
imbalance in green space provision:
almost 40 % of the city's housing stock
(544 buildings) is located beyond a
500-meter walking distance from parks
and squares. The standard 300-meter
accessibility is ensured for only 35.9 % of
buildings, indicating a need for targeted
improvements for over 60 % of the
housing stock.

Aggregating data at the street level
allowed for the identification of specific
areas most acutely in need of recreational
resources and revealed statistically
significant patterns.

The data in Table 1 demonstrate the
focal nature of the problem. Streets with
low accessibility,suchas Morskoy Prospekt
(78 buildings) and Lomonosova Street
(55 buildings), represent large residential
areas requiring priority attention.

Notably, Lomonosova Street appears
in both the "Medium" and "Low"
accessibility categories, highlighting the
internal heterogeneity of extensive urban
thoroughfares and the need for a detailed
planning approach.

Figure 7 presents a matrix visualizing
the distribution of residential buildings
across different height categories
relative to levels of urban infrastructure
provision. The color gradient indicates
the proportion of buildings within each
category, with more saturated shades of
red corresponding to a higher number of
objectsina given combination of building
height and provision level.

The analysis clearly indicates that
3-5-story buildings occupy a leading
position: they dominate across all
provision categories, particularly in
the high-provision zone (over 70 % of
buildings in this group). This can be
attributed to the fact that such buildings
constitute the foundation of the city's
residential development — they are the
most widespread both in terms of area
and quantity.

Notably, buildings with 6-9 stories
predominantly demonstrate low
provision levels, as a significant portion
of such structures are located in areas
with underdeveloped infrastructure (e.g.,
on the urban periphery or in residential
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Table 1. Street ranking by green space accessibility level (Top 3 for each category) [compiled by the

authors]

Ta6bnuua 1. PeUTUHT yNnL, MO YPOBHIO JOCTYMHOCTU 3eME&HbIX MPOCTPaHCTB (Ton-3 Mo Ka)kaon KaTe-

ropumn) [coctaBneHo aBTopamum]

Street Accessibility Category | Number of Buildings Average Number of
Floors
Prospekt Truda High 38 5.0
Tortseva Street High 35 4.0
Karla Marksa Street High 34 52
Prospekt Pobedy Medium 27 6.6
Lomonosova Street Medium 21 6.4
Mira Street Medium 20 4]
Morskoy Prospekt Low 78 5.8
Lomonosova Street Low 55 56
Konovalova Street Low 23 55
Distribution of building heights by provision category
0.7
=) 13.68% 11.87% 0.40%
= 0.6
0.5
§ -0.4 8§
s B 20.77% 15.81% 2.02% =
g g
=1 &=
E - 0.3
0.2
5
5 - 22.54% 10.69% 3.47%
E -0.1
1-2 lllonrs 3-5 floors 5-9 fi oors 10+ +Io-nrs

Building Height Category

Figure 7. Distribution of building heights by park area accessibility categories [compiled by the

authors]

pucyHOK 7. PacrnpeneneHme aTaXXHOCTM MO KaTeropmam OOCTYMHOCTM MapKOBbIX 30H [COCTaB}'IeHO

aBTopamMu]

dormitory districts).

A similar pattern is observed for
1-2-story  buildings and  structures
exceeding 10 stories: they most frequently
fall into the medium-provision category.
This is due to the fact that low-rise
buildings are typically found in mixed-
use areas — older, individually developed
neighborhoods where infrastructure
exists but is often unevenly distributed.
The 10+ story group, on the other hand,
generally consists of modern point-
type buildings constructed within the
already established urban fabric, though
not always in close proximity to key
infrastructural nodes.

The matrix enables the identification

of notonlythe quantitative predominance
of specific building types but also the
general pattern of urban infrastructure
provision as it relates to building height.
This illustrates the relationship between
the type of residential environment and
the degree of its integration into well-
developed urban infrastructure.

The conducted study successfully
achieved its objective of comprehensively
assessing green space accessibility
in Severodvinsk using modern
geoinformation analysis and artificial
intelligence methods. The research
demonstrated the effectiveness of the
proposed methodological approach,
which offers key advantages in terms
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of reproducibility, automation, and
transparency through the use of open
data and software tools.

The study substantiated the high
socio-ecological significance of this issue
for Arctic single-industry towns, where
access to recreational resources is a
critical factor in mitigating the effects of
harsh climatic conditions and a mono-
specialized economy. The hypothesis that
traditional expert assessment methods
require supplementation with objective,
quantitative, and scalable approaches
was confirmed.

The materials and methods applied
proved effective at all stages of the
research. The use of OpenStreetMap
data in combination with QGIS 3.40
enabled the creation of a representative
spatial database of the housing stock
and green zones, despite the need for

Figure 8. Fragment of the 1967 city development master plan [Photo from the collections of the
Severodvinsk City Museum of Local Lore]
PUcyHok 8. ®parMeHT reHepasnibHOro njaHa pasBuTuga ropoda ot 1967 roga [PoTto 13 poHpos Ce-
BEPOABWMHCKOIO rOPOACKOro KpaeBea4YeCcKoro My3es]

Analysis of the 1967 master plan for
Severodvinsk revealed that the area
currently occupied by the "Kvartal
100" residential complex was originally
designated as a landscaped park zone
with sports facilities.

As of 2024, and to the present day, the
area in question is designated as a zone
for high-rise residential development
(Figure 9, 10). It is important to note that
the realization of the proposed park could
have significantly improved accessibility
levels in the vicinity of the intersection
of Morskoy Prospekt and Lomonosova
Street.

A comparative analysis of the master
plans leads to the conclusion that the

subsequent verification and cleaning.
The buffering method with radii of 300
and 500 meters, based on international
and Russian standards, proved effective
for the initial assessment of pedestrian
accessibility. Integration with the Python
programming language and data
analysis libraries (pandas, scikit-learn)
facilitated in-depth statistical analysis
and enabled the application of machine
learning algorithms, thereby extending
the research beyond purely cartographic
analysis.

The analysis of the results revealed
systemic issues in the urban planning
organization of  Severodvinsk. An
illustrative exampleistheimplementation
of the "Kvartal 100" residential complex
project — a comfort-class residential
developmentinSeverodvinskconstructed
by the developer "Akvilon Group."

location of the residential complex in
Severodvinsk's central district limits
opportunities for creating fully-fledged
recreational zones, manifesting as
an imbalance between residential
development and green spaces. Despite
declared allocations of significant
areas for landscaping, the practical
implementation of green zones often
fails to meet residents' needs for quality
and functional greenery. Increasing
development density within limited
space creates risks of deteriorating
microenvironmental parameters — from
reduced air quality to increased noise
pollution — a concern especially critical
considering WHO recommendations
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Figure 9. Fragment of the master plan for the same area from 2024 [compiled by the authors]
PuUcyHOK 9. ®parmMeHT reHepasibHOro rnfiaHa Ton e Tepputopumn ot 2024 roga [COCTaBleHO aBTO-

pamu]

Functional zones

Individual Residential Development Zone

Low-Rise Residential Development Zone
(up to 4 floors, including attic)

- Medium-Rise Residential Development Zone
(from 5 to 8 floors, including attic)

- Hi%lh-Rise Residential Development Zone
©

oors and above)

- Public and Business Zones

- Mixed-Use Public and Business Zone

[ 1
_ Specialized Public Development Zone

Figure 10. Legend for the 2024 master plan [compiled by the authors]
PucyHok 10. JlereHga K reHepanbHOMY nnaHy oT 2024 roga [COCTaBNeHOo aBTopamMm]

for green space provision within a 300-
500 meter radius. Thus, urban planning
decisions within the project framework
are made under conditions of an objective
conflict between economic demands for
land-use efficiency and urban planning
standards for creating comprehensive
recreational infrastructure. This
circumstance poses significant risks to
achieving declared urban environmental
quality parameters.

Summarizing the above, the
quantitative assessment (Figure 7)
clearly demonstrated that only 359 %
of Severodvinsk's housing stock meets
the normative 300-meter accessibility to
parks, while 39.2 % (544 buildings) are in a

low-accessibility zone (>500 m), indicating
a significant deficit in environmental
justice.

Specific problem areas  were
identified, such as Morskoy Prospekt and
Lomonosova Street, which contain the
highest concentration of buildings with
low accessibility. A key finding of the
study was the absence of a significant
correlation between building height and
accessibility (p-value = 0.1608), refuting
a simplistic view of the problem and
proving its roots are in planning, not
structural design.

A new analysis of the influence of
urbanlayoutstructure, replacingtheinitial
historical analysis, revealed afundamental
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dependency: the type of street network
is the key accessibility factor. It was
established that in neighborhoods with
a regular (grid) layout, the share of
buildings with high accessibility (42.3 %)
is more than double that in areas with a
free, irregular layout (19.7 %). This finding
has direct practical implications for urban
design, emphasizing that a compact and
structured street network is, in itself, a
tool for enhancing the accessibility of
urban amenities.

Discussion

Thus, the study holds not only
theoretical but also high practical
significance. The developed methodology

urban environment of any settlement.
The obtained results form a scientifically
grounded basis for developing targeted
programs for recreational zone
development, for targeted interventions
in identified problem areas, and for
considering layout factors in the design
of new developments.

Prospects for further research include
deepening the analysis through the use
of satellite vegetation indices (NDVI)
to assess the quality of greenery and
applying Network Analysis to model
routes based on the actual street network,
which will yield even more precise and
practice-oriented results.

serves as a replicable tool for auditing the
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MHpopmMmaLmsa o6 aBTopax

NaryHoBa CBeTnaHa BnagoyMMpoBHa - KaHOMOAT COLMOMNOINMYECKMX HaykK, OOLEHT
Kadenpbl rocygapCTBEHHOMO M MyHULMMANbHOMO yNpaBneHua

KocTtapeBMapk CTaHMCMaBOBUY—MarnMcTpaHT BbiCLIEW LLIKObl COLManbHO-ITYMaHUTaPHbIX
HayK 1M MeXXAyHapOAHOM KOMMYHMKaLMM

Ko3blpeB AHTOH BnagmcnaBoBMY — MarmcTpaHT BbiCLLEeN LWKOMbl SKOHOMUKW, yNpaBieHna
M npaBa

Bkiag aBTOpOB: BCe aBTOPbI caenanm 3KBMBaNEHTHbIM BKa4 B MOArOTOBKY NMy6amMKaumMu.
ABTOPbI 309B/AGHT 06 OTCYTCTBUN KOHG/TNKTA MHTEPECOB.
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