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1. Introduction

At the turn of the 20th-21st centuries, with the
independence of Kazakhstan, large-scale socio-economic
and spatial transformations began in the country, which
became the basis for active growth and modernization of
cities. Against the backdrop of socio-economic
transformations, housing construction became one of the
key drivers of the development of the national economy,
where over the period from 2003 to 2024, just over 211
million m=»f new housing were built [1]. However, despite
the active growth of residential development in large cities
of the country, such as Astana, Almaty, Shymkent, Aktau,
Karaganda, the level of comfort of the living environment
has not reached the expected indicators. This is manifested
in a significant deficit of green areas, insufficient provision
of social infrastructure facilities, congestion of the
transport network, and degradation of public spaces. In
such conditions, the urban living environment begins to
experience increasing man-made impacts, which is
associated with the transformation of its spatial
organization and a decrease in its socio-ecological
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characteristics. As a result, the balance between
development and recreational areas is disrupted, and social
inequality in access to favorable living conditions is
exacerbated [2].

The abovementioned problems are most clearly
manifested today in the capital city of Astana, where large-
scale urban development transformations began after the
transfer of administrative functions from Almaty in the late
1990s. These changes had a direct impact on demographic
changes that caused internal and external migration
processes, which, in turn, influenced the significant growth
of the urban population [3]. As a result, the city is
experiencing accelerated housing development as a
response to the growing needs of the population. Thus,
according to official statistics [4], over the past 25 years,
the population of Astana has increased more than fourfold,
and the total volume of housing commissioned has
exceeded 40 million m?. At the same time, the dominance
of a quantitative approach aimed at maximizing the
placement of residential space in a limited area has led to
the densification of Astana’s development and a decrease
in the overall level of comfort in the living environment.
This, in turn, caused a number of systemic problems,
among which the following stand out most acutely: a
shortage of green areas; excessive traffic load on residential
areas; insufficient provision of social infrastructure
facilities, including flexible workspaces and local activity
centers.
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Figure 1. LULC map of Astana — dynamics of environmental change for individual years (materials by the author Atakhanova Z., Baigaliyeva M.)
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In the context of the construction boom in the capital,
accompanied by intensive use of natural resources and a
significant reduction in the area of green spaces, a decline
in the quality and comfort of the living environment is
observed [5]. In the period from 2000 to 2023, the growth
of built-up areas in Astana amounted to more than 30%,
that is, the rate of urbanization of the city exceeded similar
indicators in other dynamically developing cities. Thus, in
2000, the green infrastructure of the city occupied more
than 84%, while by 2023, gray infrastructure reached over
30% of the total area and displaced both green and blue
infrastructure (Figure 1). For example, for comparison,
according to the study [6], a study of major Chinese cities
between 1990 and 2015 found that the rate of expansion of
built-up areas averaged about 33%. However, over the
same period, the area of green space in Chinese cities
increased by 37%, thanks to government programs aimed
at improving the environmental sustainability of urban
environments to support a growing population.

In response to the worsening environmental problems of
the city of Astana, the head of state held a meeting on the
development of Astana in July 2023 [7], and emphasized
the revision of approaches to urban environment
development. He noted that "uncontrolled forced
development, the pursuit of large volumes," and the lack of
a systematic approach to urban planning have led to a
deficit of vital infrastructure and green spaces. There is an
irrational use of urban areas, in which priority is given to
point residential development to the detriment of the
development of socially significant and public
infrastructure. As a result, the potential for the formation of
a comfortable urban environment is reduced, and the
creation of parks, recreational areas, and spaces for walking
and sports is limited. In this regard, there is an increasing
need for a scientifically based strategy for integrating green
and recreational spaces into the structure of residential
complexes, aimed at creating an accessible, multifunctional,
and favorable environment for all categories of the
population.

The above problems are aggravated by the insufficient
adaptation of housing construction to the socio-economic
structure of the population and its real solvent demand. As
a result, there is an increase in socio-economic inequality
and a shortage of affordable housing for broad sections of
the population. According to the rating [8] quality index [9]
cities for 2025, where purchasing power and housing
affordability factors are also assessed, Astana ranks 217th
among 283 major cities in the world. New market relations
that began at the beginning of the third millennium [10],
caused changes in the social structure of Kazakhstani
society and had a significant impact on the situation of
various social groups, leading to their property
stratification. One of the consequences of this dynamic was
an acute shortage of affordable housing. The growth in
demand for residential real estate led to an increase in the
cost of a square meter of housing, which affected the
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limited availability of high-quality housing. This led to the
fact that a significant part of the low-income population is
forced to focus on cheaper housing, often inferior in quality
and comfort. Such a situation, in turn, contributes to the
formation of segregation in cities and regions [11, page 43].
Segregated cities lead to unequal access to resources,
services, and opportunities [12], which hinders the
provision of equal opportunities and the creation of living
conditions by the principles of the Sustainable
Development Goals [13]. And the spatial stratification of
the living environment undermines social cohesion and
significantly reduces the level of public spaces, such as city
parks and squares, and fairly accessible areas [14] for
different socio-economic statuses.

In addition, the stratification of the living environment
[15], considered in the context of the city of Astana, is the
development of comfort parameters depending on the class
of housing established by domestic regulatory
requirements for design. Accordingly, the most vulnerable
conditions are residential properties related to Il and 1V
classes of housing, and to a greater extent, residential
complexes built on the outskirts of the city. This problem
is especially acute in matters of organizing parking spaces,
when, in the conditions of rapid motorization of the
population and expansion of the transport structure [16],
the deficit of parking spaces is growing, which in turn leads
to spontaneous parking and overloading of intra-house
territories. According to current domestic regulatory
documents [17, table 13], the volume of parking spaces
provided in residential complexes varies depending on the
level of comfort, demonstrating a downward trend in
economy-class properties. A differentiated approach to the
standardization of parking spaces by housing class, on the
one hand, leads to insufficient provision in the mass
development segment. On the other hand, the high cost of
construction and the pricing policy of parking spaces in
underground and multi-level parking lots become a
significant barrier to their mass use, especially for socially
sensitive categories of the population. These contradictions
together contribute to the emergence of spontaneous
parking in courtyard spaces, which complicates the
movement of pedestrians and vehicles, thereby violating
the principles of creating a safe, accessible, and inclusive
environment. All this indicates the need to rethink
approaches to the organization of residential areas, and to
revise street and courtyard infrastructure through the prism
of environmental, social, and pedestrian prioritization.

The relevance of the stated topic is due to the need for a
comprehensive analysis and revision of existing
architectural and urban planning solutions aimed at
integrating the principles of environmental sustainability
and social inclusiveness into the practice of designing a
residential environment for the city of Astana. The lack of
integrated methods and criteria for assessing the residential
environment, taking into account the impact on the psycho-
emotional state, health, and social interactions of a person,
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emphasizes the need for a comprehensive and

interdisciplinary approach to research. Thus, the

development of a system of principles, methods, and design
solutions that contribute to the formation of a comfortable
environment that meets the visual, behavioral, and socio-
psychological needs of the population becomes relevant.

The purpose of this study is to define and scientifically
substantiate the architectural and urban planning principles
for the formation of a comfortable living environment in
the context of rapid urbanization of the city of Astana,
taking into account environmental, social, natural, climatic
and spatial planning factors.

Based on the goal, the research objectives were defined:

- conduct a theoretical analysis of scientific literature,
regulatory  documentation, and international
experience on the issues of creating a comfortable
living environment;

- conduct a field survey of residential complexes in
Astana and identify the main problems and
contradictions in organizing a comfortable living
environment, with an emphasis on issues related to
traffic congestion and a shortage of green spaces;

- conduct an expert and sociological survey to identify
the level of comfort for the points under study;

- study the results of a questionnaire assessing the
comfort of the living environment;

- determine the principles of organizing a comfortable
living space, taking into account the sustainable
development of the environment;

- offer  architectural and  urban  planning
recommendations and model solutions applicable in
the practice of designing residential areas.

2. Literature Review

At the turn of the 20th and 21st centuries, the problems
of creating a comfortable living environment architecture
are widely known in the world community and are the
focus of attention of both the scientific world and
international  organizations. For  example, such
organizations as the Intergovernmental Panel on Climate
Change (IPCC) (activities began in 1988), the Population
Division of the UN Department of Economic and Social
Affairs (2018), the International Energy Agency (IEA)
(1974), the International Organization UNICEF (1946),
and many others have been created. In 2015, all UN
member states [18] 17 main development goals for all of
humanity were formulated and adopted. Of the 17 goals, it
is worth paying attention to goal 11, which sets the task of
making cities and settlements inclusive, safe, sustainable,
and environmentally friendly. The importance of creating a
comfortable living environment was discussed at the first
Habitat conference dedicated to the human environment,
where it was said that “improving the quality of human life
is the first and most important goal of settlement policy”

[19]. In the global “State of the World Air Report 2024” of
the International Organization UNICEF, operating under
the auspices of the United Nations Children's Fund [20] it
is particularly emphasized that the cause of the impact on
human health, in particular on children and the risk of child
mortality under five years of age, is air pollution from
greenhouse gas emissions into the atmosphere as a result of
fuel and biomass combustion in sectors such as buildings
and structures, transport, coal-fired power plants and
industrial activities. Globally, fossil fuel combustion
accounts for 85% of air pollution [21] with particulate
matter, as well as sulfur and nitrogen oxides, which are
major causes of diseases, including human cancer, heart
disease, neurodevelopmental disorders, and birth defects in
children.

However, despite the efforts of international
organizations, the key problems of the urban living
environment, such as air pollution, overcrowding, and the
lack of green spaces, remain unresolved. Without active
and coordinated actions by national governments, air
pollution could lead to a sharp - over 50% - increase in
mortality by the middle of the 21st century. According to
the International Energy Agency (IEA) [22], whose
mission is to collaborate globally on issues of creating a
safe and sustainable energy future for all humanity, the
countries of Eurasia are still heavily dependent on fossil
fuels (in particular, coal). These data emphasize that the
formation of a comfortable living environment in the
context of a growing environmental crisis is impossible
without the integration of architectural and urban planning
approaches taking into account the priorities of
environmental sustainability and improving the quality of
atmospheric air.

A significant number of scientific studies are devoted to
the study of issues of creating a comfortable living
environment, which cover such areas of knowledge as
sociology, economics, ecology, medicine, and psychology,
which confirms the interdisciplinary nature of this problem.
Today, many studies [23, 24, 25, 26] emphasize the
importance of proximity and easy access to green spaces
that can be used for recreation, physical activity, and
walking. Research [27, 28] discusses the issues of
inequality in the provision of urban green spaces in major
cities around the world. When assessing the percentage of
green areas in cities, significant differences were found, in
the context of the demographic factor, between high- and
low-income groups. In this format, the work [12] reveals
approaches to the spatial organization of the living
environment from the position of socio-spatial segregation
through the prism of individual needs.

In this context, Rugel E. J. [29], raising public health
issues, shows that access to natural spaces (parks, squares,
green spaces, water areas) within 500 meters of where
residents of the Canadian city of Vancouver live
strengthens social ties and improves psycho-emotional
health. The authors Sturm and Cohe [30] in their study,
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found that mental well-being was highest among people
living within 400 metres of a park, and declined
significantly at subsequent distances.

Many scientific works of domestic and foreign scientists
are devoted to the issues of the quality of the urban
environment of Astana. In the context of modern problems
of the residential environment of Astana, S.N. Chaly [31]
in his work identifies the problem of improvement of
residential formations, which are caused by excessive
congestion of residential courtyards with personal vehicles
of the population, the discrepancy between the scale of
development and the social, spatial and environmental
needs of a person. As a result, recreational, social and
environmental functions of a comfortable living
environment are lost. In the context of the formation of a
comfortable city, in the article of A.M. Moldagalieva et al
[32], the issues of weak urban planning regulation of the
capital of Astana are raised. In this work, the authors
analyze the consequences of over-densification and spatial
disproportion of residential development, which caused
problems of transport collapse, loss of uniform access for
the population to socially important objects and green
spaces, and increased air pollution.

The problems of environmental quality of Astana and the
impact of air pollution on public health are the subject of
scientific works by scientists and specialists in the field of
software engineering and environmental engineering [33,
34]. Thus, the work of Zhibek Sarsenova et al. [33] presents
an in-depth analysis of air quality in Astana using both
mobile and stationary monitoring and quality control
systems for 2022-2023. The main factors of air pollution in
Astana, due to the use of solid fuel (coal) during the heating
season and emissions from motor transport, are identified.
As a result, an urgent need was identified to improve the
air quality monitoring and control systems in the cities of
Kazakhstan, particularly in Astana, allowing for enabling
more accurate, real-time tracking of air quality changes. In
the study of ecologists Beisenova R. et al. [34], a strong
correlation was established between the incidence of
malignant neoplasms among residents of Astana and the
city's pollution with nitrogen dioxide (the Pearson index
was 0.95).

Using the international analytical platform DeskMag
[35], a study of coworking spaces worldwide was
conducted. According to the global review, by the end of
2019, there were approximately 22,000 coworking spaces
worldwide, housing 2,2 million employees. The COVID-
19 pandemic has clearly demonstrated the advantages of a
decentralized model of urban development, emphasizing
locality and the availability of infrastructure, as noted by
contemporary researchers Wall S., Crowe P. R. [36, 37].

However, an analysis of the scientific literature reveals

the insufficient development of modern theoretical and
methodological foundations in the field of architectural and
urban design for creating a comfortable living environment
in Astana. Currently, there is a lack of research devoted to
assessing pedestrian accessibility of green spaces from the
perspective of spatial equity, the functional organization of
public spaces, and a comprehensive analysis of courtyard
congestion and its impact on environmental quality.
Current conditions require a transition to integrated
approaches encompassing not only architectural planning
but also socioeconomic, cultural, and climatic aspects of
residential development. Therefore, the need for a
comprehensive design methodology that integrates the
principles of environmental sustainability, social justice,
safety, inclusiveness, and climate adaptability into the
conceptual foundations of shaping a modern residential
environment is becoming urgent.

3. Materials and Methods

In this work, qualitative and quantitative research
methods were used, including thematic analysis, case study,
expert and sociological surveys, as well as GIS analysis of
isochrones to assess the spatial accessibility of green areas.
The study was conducted in three stages.

At the first stage, using the method of thematic review
of scientific literature and publications, works describing
the phenomenon of comfort and issues of formation of the
urban living environment were studied and analyzed. For a
more profound and objective approach to solving the issues
of forming a comfortable living environment, an
interdisciplinary approach was used in the study of
scientific works. From the position of a comprehensive
vision of modern problems of the living environment, the
review of literature and scientific works involved the works
of architects, engineers, sociologists, ecologists,
psychologists, and doctors. The review was selected on the
basis of criteria corresponding to the trends of sustainable
development of modern urban housing.

At the second stage, the authors conducted a case study.
For analysis, examples of modern residential buildings
were selected in which the methods of formation of a
comfortable environment in the context of sustainable
urban development are most clearly traced. The principles
of formation of a comfortable living environment are
revealed through the following design solutions:
organization of garden and park areas within walking
distance; organization of an inclusive, safe living
environment through the introduction of the concept of
"courtyard without cars"; integration of coworking spaces
into the structure of the residential environment (Table 1).
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Table 1. Principles of a modern comfortable living environment: world experience (materials by the author Toishiyeva A.A.)

1. Integration of green areas into the structure of the living environment

Oriental One Residential Block (1.9ha) in

Baoshan Road Area, Shanghai (China),
2022 Total green area 1.86ha including
green roofs, terraces

The spacious courtyards seem to flow into each
other and merge with the environment outside
the residential area.

The landscape solution is based on the use of
local materials and vegetation.

Residential complex 79&PARK / BIG
(25 ha) in Stockholm (Sweden), 2018

The residential complex is located next to a
large national park in the Gerdet area.

Merging with the environment by incorporating
green terraces into the architecture of
residential buildings.

Residential quarter UN17 Village (35 ha,
1100 residents) in Copenhagen
(Denmark), 2024

The city block is divided into smaller blocks
with courtyards and passages.

The landscape of the area is focused on the use
of water bodies, landscaping, development of
biodiversity and conservation of wildlife.

Residential area Ginco (32 hectares, 7000
inhabitants) in Bordeaux (France), 2014.

The ecosystem of the quarter includes 40% of
green territory, including the local park, as well
as a pond with perennial plants.

Instead of traditional asphalt paving of
pedestrian and tram routes, wooden surfaces
are used.

2. The concept of "Yard without cars"

Residential area VVauban (38 ha, 5000
residents) in the suburbs of Freiburg
(Germany), 1997-2001.

The residential area is based on the principle of
a "car-free" yard. Parking for cars is organized
on the outskirts of the area.

The area is provided with a well-coordinated
system of environmentally friendly public
transport and is connected to the city centre by
a tram line.
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Table 1 continued

Residential neighborhood Culdesac

Residents are prohibited by agreement from
Tempe (6.5 ha, 1000 residents), Arizona, | parking cars on the territory of the microdistrict | scooters, more than 1,000 bicycles with parking
USA, 2023. and in the adjacent area. spaces, and free metro access.

3. Integration of coworking spaces into the structure of the residential environment
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York) individual work areas as well as long, shared
desks.

During the third stage, an expert and sociological survey
was conducted in the spring and fall of 2025. The empirical
base for this study included faculty and students from the
L.N. Gumilyov Eurasian National University's Department
of Architecture, specialists in the practice of architectural
and construction activities in Astana, and residents of
Astana. The survey questionnaire template was created
using the Google Forms service, where an email was sent
to the survey participants via the WhatsApp system via a
"short URL" link. The questionnaire questions were
compiled on a Likert rating scale (from 1 to 5, and from 1
to 4), which were aimed at identifying the problems and
main trends in the formation of a comfortable living
environment in the city of Astana. The expert survey
included the following questions, which participants had to
answer by choosing from several options or by rating on a
given scale: 1) What are the most obvious problems that
exist in the residential environment; 2) Assess what, in your
opinion, is needed to improve the comfortable conditions
of the residential environment; 3) Do you think it is
necessary to increase the number of garden and park areas
in the city of Astana?. The sociological survey consisted of
the following questions: 1) Is it important for you and your
family to create a green park or public garden within a 5-
minute walk from your residential building, which would
include areas for quiet recreation, playgrounds for all ages,
bike paths, a skate park, and areas for physical activity?; 2)
Do you think the creation of a "Car-Free Yard" project is
important for improving the comfort and safety of your
living environment?.

4. Results and Discussion

4.1. Dynamics of Urbanization Intensity: Global and
Domestic Process

The analysis of urbanization processes in the world and
Kazakhstan allows the authors to identify a number of
systemic problems affecting the modern living
environment. Undoubtedly, urbanization plays an
important role in improving the quality of life of the urban
population, providing broader and more equal access to
education, medical and social services, as well as
expanding opportunities for cultural, intellectual, and
social self-realization. But despite the positive potential of
urbanization recognized worldwide as a factor in socio-
economic growth, the rapid expansion of cities leads to the
displacement of natural systems by artificial ones,
environmental pollution, and increased physical and
psychological stress on the human body. The adverse
effects of urbanization are particularly aggravated [38] in
the context of modern global challenges, if these processes
occur without proper government regulation. In the
absence of proper urban policy, urban development can
lead to the concentration of social and environmental
problems, without contributing to the growth of the quality
of life and well-being of citizens [39, page 14].
Sustainability science suggests that urban systems become
sustainable when they facilitate progressive, transformative
changes in social and physical infrastructure. However, as
current practice shows, sustainability is being challenged
by global environmental risks, social and economic trends
that create inequality and exclusion in access to quality
urban environments [40]. Therefore, to develop effective
mechanisms for managing urbanization, demographic
shifts, and migration, a comprehensive and systemic study
is required, based on an interdisciplinary approach and
consideration of territorial specifics. Particular attention
should be paid to the state of the living environment, since
it is precisely this that acutely reflects the negative effects
of urbanization in the environmental, social, and spatial
dimensions. To understand the specifics of urbanization
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meters from the place of residence of each resident.
However, despite the strategic significance of the "Astana
Greening Charter,” the document does not contain a
spatial-typological model for integrating green parks into
the structure of residential neighborhoods. Meanwhile, the
existence of such a model, in the context of future urban
planning and construction of residential neighborhoods,
would allow for a shift from general goals to practical tools
for implementing sustainable and socially equitable urban
development policies. Furthermore, the document notes
that currently, the capital city has 14 square meters of green
space per capita, significantly below the WHO-
recommended standards. Therefore, the goal is to increase
this figure to 19 square meters within the next five years,
which could be linked to the phased implementation of a
neighborhood-based model of green spaces.

To improve the effectiveness of urban development, the
authors believe it would be advisable to develop a unified
strategic document, the Action Plan for Sustainable Urban
Development, which would systematically cover all areas.
This strategy must emphasize not only traditional areas—
transportation and urban planning, waste management,
energy and buildings, and environmental protection, but
also the development of a clear residential neighborhood
model for all housing classes, complete with an integrated
green park. Such a model should take into account the
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park's multifunctionality, encompassing both active
recreation areas (children's playgrounds and sports fields,
skate parks, bike paths) and quiet recreation areas (walking
routes, secluded areas), all located within a five-minute
walk.

For example, in the surveyed residential complexes
"Mison”, "Svetly"”, "AQ Qayin", "Anar" and "Koktal", in
houses built between 2011 and 2023 on the left bank and
on the outskirts of Astana, significant shortcomings in the
planning organization were identified, in particular - the
lack of provision of green areas within walking distance of
300 meters, as well as the unresolved issue of placing
parking spaces for cars (Figure 5).

The authors also used a geographic information system
(QGIS) for these properties to assess the spatial availability
of green parks within a 300-meter and 500-meter walking
distance. GIS modeling results showed that even with an
expanded radius of 500 meters, some of the residential
properties studied, as well as residential buildings within
the block, remain outside the comfortable accessibility
zone of green parks (Figure 6). This indicates spatial and
social disparities in the distribution of urban infrastructure,
which, in the long term, could exacerbate residential
segregation and reduce the overall comfort of the urban
environment.

Figure 5. Lack of green areas in residential complexes of Astana (materials by the author Toishiyeva A.A.)
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GIS analysis - Pedestrian accessibility of residential complexes
"AQ Qayin" and "Anar" to green parks

{o1sT_KM|DURATION H|PROFILE  |PREF |
o483 Jo,007 | foot-walking | shortest |

[o1sT_kM|DURATION H|PROFILE  |PREF |
063  Jo,126 | foot-walking | shortest |

'—'mlldng distance to public green spaces

GIS Analysis - Pedestrian Accessibility of residential complexes
in the Koktal Massif to Green Parks

DIST_KM | DURATION_H | PROFILE PREF
2,459  |0,492 foot-walking | shortest

'—’walldng distance to public green spaces
— Street

W Park

[ Building

Isochrones

[ 1300m

[1500m

Figure 6. Isochrone maps (in QGIS) of pedestrian accessibility of green parks using residential buildings in Astana as an example
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To assess the spatial accessibility of green parks in
relation to the residential properties studied, the authors
conducted an isochrone analysis using geographic
information systems (GIS) tools. Figure 6 shows the
distribution of walkability zones within a 300- and 500-
meter radius from residential properties to the nearest green
park (based on an average walking pace). This allows us to
quantify the actual distance and walking time to green
spaces, which serves as the basis for assessing
environmental comfort and identifying areas with a lack of
green infrastructure. GIS modeling results showed that
even when expanding the radius to 500 meters, some
residential properties studied, as well as residential
buildings within the block, remain outside the comfortable
pedestrian access zone to green parks. This indicates the
presence of spatial and social disparities in the distribution
of urban infrastructure, which in the long term could
exacerbate residential segregation and reduce the overall
comfort of the urban environment.

The need for interaction between the residential
environment and the surrounding nature, taking into
account the increase in garden and park areas in the city of
Astana, is confirmed by the findings of the study.
According to the survey, 50.6% of experts indicated the
importance of organizing a green park in a residential
environment for quiet recreation within walking distance
(Figure 7). The problem of a shortage of garden and park
areas within walking distance from residential spaces is
evidenced by the following survey data — 59.8% of the
experts indicated a high need to organize a green park for
quiet recreation of residents within walking distance,
57.6% - organize a green park for quiet recreation, sports
and children's play areas within walking distance, 56.2% -
organize a walking alley within walking distance, divided
into various functional zones (for example, for roller
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skating, bike paths, playgrounds). The survey was
conducted on a Likert scale, from 1 to 5, where 1 point is
"not very important”; 5 points is "very important"; 0 — I
find it difficult to answer”.

A survey of 205 residents was also conducted, revealing
that 79.5% of respondents indicated a strong need for a
green park or public garden within a five-minute walk of
their residential building. This park would include areas for
quiet relaxation and physical activity, playgrounds for
various age groups, bike paths, and a skate park (Figure 8).
The survey utilized a 4-point Likert scale, ensuring ease of
understanding and allowing for a more precise assessment
of respondents' attitudes toward the issues under
consideration. The results confirm the social demand for
integrating green spaces into residential neighborhoods and
the need to design courtyards oriented toward pedestrians
and family recreation.

Based on the above, by the approved and prospective
urban development regulations for the development of
greening of the residential environment of Astana, the
authors recommend a practical model as a classic template.
The model presented below assumes the integration of a
green area (park, square) into the structure of the planning
sector of 30 hectares. Each residential unit of such a sector,
designated by sides of 100x100 meters, with three cells,
represents 300 meters, which is a vertical and horizontal
radius of 300 m. Regardless of the chosen layout scheme
for residential complexes, this parameter remains a key
criterion in the design of neighborhoods, ensuring equal
access for residents to recreational areas. Given Astana's
challenging climate, the accessibility radius is reduced by
10-20%, meaning that for every 15 residential units in the
complex, there is 1 hectare of green space, meaning green
space can be within 250-300 meters of walking distance
(Figure 9).

Development of additional green areas is requiredon

55 5 5 55

22 2 2 2 2 2
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Figure 7.

Assessing the need to develop additional green areas within walking distance in Astana
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The importance of creating a green park - a square in the 5th corridor
from the residential building

LIKERT SCALE FROM 1 TO 4,
WHERE "1" IS NOT IMPORTANT AT

ALL, "4" IS VERY IMPORTANT
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Number of residents

Figure 8. Evaluation of the importance of creating a green park - a public garden within a 5-minute walk from a residential building, which includes
areas for quiet recreation, playgrounds for all age groups, bike paths, a skate park, and areas for physical activity in the city of Astana
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Figure 9. Placement of green areas within a radius of 250-300 meters for the city of Astana (author's development by A.A. Toishiyeva)

The model is based on the following calculation and is
designed for residential buildings of 9 floors and higher,
without taking into account adjacent green areas. Of the
estimated percentage allocation for housing stock, 60% of
the 30 hectares of the territory is allocated for housing, and
18 hectares is allocated for housing. On 18 hectares, taking
into account the density of 22 thousand sg.m./ha according
to Table 6.1 of the set of rules "Planning and development
of the city of Astana" [63], 396,000 m=of the total area of
residential buildings can be located (Stotal.zh.zd. =
396,000 m3. Further, multiplying Stotal.zh.zd. by the
useful coefficient, which subtracts common areas and walls
(k = 0,75), we obtain the value of 297,000 m=f the area of

apartments. Multiplying the obtained area by the average
coefficient of 0,55 (the coefficient of the ratio of the total
area to the living area of the apartment), which is also an
indicator of the comfort of the home, we get 163,350 m=f
living space (Sliv.zhz.zd. = 163,350 m3. In order to get the
number of residents, we divide Sliv.zhz.zd. by the average
provision of the population with living space of 21,1 m#h
(current state) and get 7,741 thousand residents.
Accordingly, there are 30,964 residents per 120 hectares.
Based on the set of rules "Planning and development of the
city of Astana" [63, table 6.5], the minimum standard for
the green area (park, square) for common use is 0.3 m=per
inhabitant of the planning sector. That is, there are 8
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hectares of green area per 30,964 thousand residents, which
accordingly amounts to 2,58 m=2of a green park per
inhabitant.

The population calculation required to determine the
area of public green space per inhabitant is as follows:

Initial data:

Sterr.=30 ha, Rho.fund=60%, Pdens.= 22,000 sq.m./ha
[63, Table 6.2], k=0,75, kho.=0,55, Sud. living space =21.1
sg.m./person

1. Sliving area = Sterrestrial area < phousing stock

30 <0,6 =18 ha

2. Stotal residential building = 18 ha % 22,000 sq.m./ha
= 396,000 sg.m.

3. Sapartments = Stotal residential building <k

396,000 =<0,75 = 297,000 sq.m.

4. Sliving area = Sapartments x<kliving area

297,000 <0,55 = 163,350 sg.m.

5. N of residents = Sliving area / Sud. living space

163,350/21,1 = 7,741 people Lives on 30 hectares

For a territory of 120 hectares:

N total residents = 7.741 < 120/30 = 30,964 people live
on 120 hectares

Based on the set of rules "Planning and Development of
the City of Astana" [63, Table 6.5], the minimum standard
for public green space (park, public garden) is 0,3 m=2per
resident. That is, for a total of 30,964 thousand residents,
there are 8 hectares of green space, which corresponds to
0.38 m=of green space per resident:

S green park per resident = N total residents / S park =
30,964 thousand / 80 thousand m? = 0,38 m? = 0,4 m?.

4.3.2. The Principle of the Concept of "Courtyard without
Cars"

In the context of active urbanization and economic
growth, the city of Astana has seen a significant increase in
the level of motorization of the population. According to
statistics [64], the number of vehicles in 2025 reached 456
thousand, which is an increase of 14.8% compared to the
previous year. This dynamic reflects the general trend of
growth in individual mobility, which is simultaneously
accompanied by a transport load on urban infrastructure
and the living environment. This exacerbates the problems
[65] of traffic congestion, shortage of parking spaces,
energy consumption, and emissions of pollutants into the
atmosphere. The combination of these factors has a direct
negative impact on the quality of the living environment
and indicates one of the acute problems of the living
environment - the congestion of courtyards and adjacent
territories with motor vehicles. Overcrowding of
courtyards with cars significantly reduces the comfort and
safety of living in residential areas, as it leads to a reduction
in areas intended for recreation, children's games, and
communication. Particularly wvulnerable in such an
environment are people with limited mobility - people with
disabilities, elderly people, families with small children, for
whom the lack of a full-fledged inclusive infrastructure
significantly limits the possibilities of safe and comfortable
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movement. Difficulty moving around the courtyard
territory and limited visual overview hinder the formation
of a favorable social environment, reducing the level of
social activity. Insufficient attention to inclusive design
leads to social isolation of this category of the population,
a decrease in the quality of their daily life, and an
exacerbation of spatial inequality in the living environment.
In the long term, this can negatively affect the overall
perception of the quality of life in residential areas and lead
to a decrease in their attractiveness for living. The
identified negative aspects are confirmed by the results of
the survey of residential buildings in Astana residential
complex "Mison" (class 1V), residential complex "Anar"
(class I1l1), residential complex "Koktal" (class V),
residential complex "Swvetly" (class IlI), indicating the
presence of systemic shortcomings in planning and
infrastructure solutions (Figure 5).

In addition, as noted earlier, the constant presence of
vehicles in courtyards increases the noise level and air
pollution, posing risks to the lives and health of children,
the elderly, and people with limited mobility. Data from the
Ministry of Ecology and Natural Resources of the Republic
of Kazakhstan confirms an annual increase in the volume
of polluting emissions within the city limits, which is
associated with an increase in the number of vehicles and
insufficient efficiency of landscaping and air exchange
systems [66]. Motor transport plays a significant role in PP
emissions into the atmospheric air, the emissions from
which are comparable to pollutant emissions from the
industrial sector: transport (47.0%); industrial sector
(46.2%). Emissions of pollutants from the private sector
account for only 6.7%.

The conducted survey of experts confirms the relevance
of the implementation of the principle of "courtyard
without cars", indicating the existing problem of transport
congestion in residential spaces. Thus, the results of the
survey showed that 49.4% of respondents indicated the
high importance of developing the concept of "courtyard
without cars" in the city of Astana (Figure 10).

In addition, a survey of residents showed that 65.9% of
respondents emphasized the importance of implementing
the "car-free courtyard" project as a factor in increasing the
comfort and safety of the residential environment (Figure
11).

In response to the identified problem, the authors
recommend the following solution: limit through-traffic
through a phased transport and urban planning policy
(maintaining access for cyclists, city services, and special
permits for people with mobility limitations); move
parking spaces, so-called guest parking, outside courtyard
areas; develop a system of underground or covered parking
along the perimeter of the residential block (district) for
permanent car storage with adequate parking capacity. The
organization of parking capacity should be determined
regardless of the class of housing, the planning of which is
discussed before construction begins, for example, through
a contract with future residents.
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A "car - free courtyards' concept is needed
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Figure 10. Assessing the need to develop the concept of "yard without cars"

The importance of creating the "Car-Free Yard' project to improve the
comfort and safety of the living environment
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Figure 11. Assessment of the importance of creating the "Car-Free Yard" project to improve the comfort and safety of the living environment (resident

survey)

The organization of the parking fund should be decided
regardless of the class of housing, the planning of which is
discussed before the start of all construction, for example,
on a contractual basis with future residents. To improve the
quality of the living environment, open parking spaces
should be removed at a distance of at least 500 meters, as a
boundary indicator of comfortable walking accessibility.
Also, given that this type of parking is the most
environmentally harmful, it is necessary to plan them based
on the integration of greenery elements [67], reasonable

location of entrances and exits. As for the peripheral
residential areas of the city, an important element in the
formation of their sustainable transport system is the
development of a network of intercepting parking lots
located at nodal points of the city. Such facilities ensure the
integration of various types of public transport, allowing
for transfer from a personal car to public transport and,
thereby, reducing the load on the central area. Within the
framework of such transport strategies, the development
project, as a rule, provides for the integration of additional
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mobile services for residents, for example, free or
discounted travel on public transport (metro, light rail,
buses, taxis). In order to improve transport comfort, it is
possible to move around the residential area or quarter itself
using ecological transport within walking distance, for
example, scooters and bicycles, which are popular in the
world today. At the same time, it is necessary to improve
the public transport system aimed at reducing dependence
on private cars. Priority should be given to the introduction
of high-speed public transport routes to remote residential
areas, as well as the organization of specialized bus routes
that exclude intersections with private transport, for safe
and efficient movement. To improve the quality and
attractiveness of bus transportation [68], it is necessary to
introduce separate lanes for public transport that would
eliminate the need for unnecessary maneuvers in the form
of driving into side pockets. The implementation of such a
transport policy is confirmed by scientific practice, where
the promotion [69] of bus transport development has
become a consensus in the development of urban public
transport around the world, for example: the Select Bus
Service lines in New York, the Busschleusen lanes in
Berlin, the Bus priority lane technology in Beijing and
Shanghai. Within the framework of such transport
strategies, the development project, as a rule, provides for
the integration of additional mobile services for residents,
for example, free or discounted travel on public transport
(metro, light rail, buses, taxis). Such a strategy, according
to the authors, will significantly free up the intra-block
space from excessive congestion of vehicles, contributing
to the creation of a safe, environmentally friendly, and
comfortable environment for pedestrians and residents.

4.3.3. The Principle of Integrating Coworking Spaces into
the System of Service Elements of the Living
Environment

To improve the quality of everyday life and enhance the
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social activity of the population, the integration of
functionally diverse public spaces into the structure of the
residential environment is becoming a relevant trend in
modern urban development. In this context, the unification
of work and public spaces within residential complexes
represents a logical development of the polycentricity
concept, which has become widespread in international
sustainable urban development practices. One practical
tool for implementing this approach is the inclusion of
coworking spaces within residential complexes, driven by
the growing number of remote employment options, the
development of creative industries and small businesses,
and the desire to create a balanced, socially oriented, and
self-sufficient residential environment.

In recent years, the practice of remote employment has
become widespread worldwide [37]. The need for new
types of workspaces integrated into the living environment
is growing. Remote work has become a common practice
in recent years. Self-isolation and the risk of further
restrictions have prompted a rethinking of the role of
everyday urban space: residents have come to value the
accessibility of essential functions—work, leisure, and
socializing—within  their residential neighborhoods.
Coworking spaces, as part of the living environment, are
becoming more than just an architectural solution; they are
an element of a new paradigm for creating a comfortable,
sustainable, and human-centered urban environment. They
promote the development of small businesses and increase
the sustainability of the urban environment by reducing
commuting and rationally using infrastructure.

To test the applicability of this principle, an expert
survey was conducted, confirming the relevance of
integrating coworking spaces into the structure of the living
environment as one way to improve its comfort. Thus,
46.8% of experts noted the importance of organizing
coworking spaces within residential complexes (Figure 12).

The importance of integrating coworking spaces into the structure of the living environment
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Figure 12. Assessing the importance of integrating coworking spaces into the structure of the residential environment
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5. Conclusions

This study reveals that current architectural and
construction  activities in shaping the residential
environment of Astana remain focused on the utilitarian
purposes of residential buildings themselves, particularly
Class 11l and IV housing. Intensive construction of
residential complexes and urban densification have
contributed to the degradation of urban areas, indicating a
deviation from strategic guidelines for sustainable urban
development. Thus, when analyzing the qualitative
characteristics of the residential environment, such as the
level of greenery, comfort and safety of access to public
spaces, and environmental sustainability, the need for a
transition to a systemic and integrated design approach is
emphasized.

As a result, key architectural and urban planning
principles have been identified that could form the basis for
creating a comfortable residential environment in Astana:
the principle of organizing green spaces within pedestrian
reach; the concept of a "car-free courtyard"; the principle
of integrating coworking spaces into the system of service
elements of the residential environment. According to the
authors, these principles not only respond to the modern
challenges of urbanization but also have the potential to
ensure a high-quality residential environment in the long
term.

The first principle—The principle of organizing green
spaces within walking distance implies the systematic
inclusion of green spaces in the planning structure of
residential neighborhoods. The analysis revealed that the
lack of public green spaces is most pronounced in class 111
and IV residential areas, where uneven infrastructure
provision exacerbates residential segregation. To prevent
the phenomenon of "green gentrification”, local authorities,
urban planning specialists, and economic institutions and
development organizations are recommended to develop
coordinated mechanisms and strategies for urban policy.
Priority areas for creating a comfortable environment
include adapting urban planning solutions to Astana's
climatic conditions, institutionalizing local community
participation in planning processes, and developing
financial instruments to support social housing.

Based on the developed model, it is proposed to locate
green areas (parks, public gardens) within 250-300 meters
of residential buildings, which also complies with
international environmental standards. A 2-hectare green
space, conveniently accessible by foot for Astana's urban
development, is designed for a small residential
development of 30 hectares with a population of 7,741,000.
Considering that the projected per capita living space for
2035 is 30 m#h, the green space availability becomes more
comfortable, and the proportion of accessible green space
will positively impact resident satisfaction.

The second principle—The implementation of the "car-
free courtyard" concept is considered a crucial condition
for ensuring the safety, accessibility, and functionality of

the neighborhood space. The key recommendations of this
principle, particularly those applicable to neighborhoods of
Class Il and 1V housing, include: eliminating transit traffic
within residential areas; moving open parking spaces
outside courtyards and locating them at least 500 meters
from residential areas; and, for long-term storage of
residents' personal vehicles, the development of a system
of underground or indoor parking facilities located along
the perimeter of neighborhoods is recommended. At the
same time, special attention should be paid to ensuring
sufficient parking capacity, regardless of the housing class,
which is a prerequisite for improving the comfort and
functionality of the residential environment. For Astana's
outlying residential areas, the development of a system of
park-and-ride facilities is proposed, taking into account the
integration of various modes of public transport and its
improvement in serving the target audience.

The third principle - The integration of coworking
spaces into the service elements of the residential
environment promotes a balance between professional and
personal life, reduces commuting, strengthens local
communities, and increases the functional richness of
residential areas. Placing such spaces in close proximity to
their homes will allow residents to reduce time and
transportation costs, and maintain professional and social
activity, thereby creating comfortable, sustainable, and
inclusive urban communities. Along with creating viable
jobs, coworking spaces can provide a number of associated
benefits for their communities, such as stimulating the local
economy and reducing transportation emissions associated
with daily commutes. In Astana, which is focused on
sustainable development principles and the concept of a
"city of short distances,” the integration of coworking
spaces can become an effective tool for improving the
comfort of the living environment and creating self-
sufficient urban areas.

To improve the effectiveness of Astana's sustainable
development policy, the authors propose that the city
administration and relevant agencies develop a unified
strategic document a Sustainable Development Action Plan,
which will systematically cover all key areas.

In the first phase of this strategy's implementation (until
2028), it would be advisable to pilot a residential
development model with an integrated green park and a
system of car-free courtyards, as well as the functional
integration of utility spaces into the residential
environment. This model will redirect transit traffic from
courtyards, create comfortable pedestrian routes, and create
multifunctional spaces combining opportunities for
recreation, social interaction, and work within walking
distance.

In the second phase (2028-2033), successful solutions
should be scaled up throughout the city with a gradual
adjustment of the regulatory framework and financing
mechanisms. To ensure institutional support for the
proposed measures, it is necessary to develop a
comprehensive approach to coordinating the activities of
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agencies responsible for transport planning, ecology,
housing construction, and socioeconomic policy. An
important component of the implementation process is the
introduction of a system for monitoring and public
participation in urban planning decisions, based on the use
of digital platforms for receiving feedback from residents
and regularly assessing satisfaction with the quality of the
urban environment.

Therefore, the creation of a comfortable living
environment in Astana in the long term should be
developed on the basis of modern conceptual approaches
that involve the formation of a comprehensive model of
sustainable urban development. This model is focused on
the quality of everyday life, environmental sustainability,
and social inclusiveness. Implementing these principles
will allow Astana not only to ensure a high level of comfort
and sustainability in its living environment but also to take
its rightful place on the global agenda for sustainable urban
development.

REFERENCES
[1] Bureau of National Statistics. Key construction indicators
(in  Russian): Total area of residential buildings

commissioned (2003-2024). https://stat.gov.kz/ru/industrie
s/business-statistics/stat-inno-build/dynamic-tables/
(accessed July 19, 2025).

[2] Jie Chen, Hongyu Li, Shixian Luo, Jing Xie, Daer Su,
Takeshi Kinoshita, "Rethinking urban park accessibility in
the context of demographic change: A population structure
perspective", Urban Forestry & Urban Greening, Vol. 96, p.
128334, 2024. DOI:http://doi.org/10.1016/j.ufug.2024.128
334

[3] Duisenkul A., "Causes and consequences of migration

processes in Kazakhstan", Bulletin of Abai KazNPU, Series:

Sociological and political sciences, vol. 69, no. 1, pp. 85-90,
2020. DOI: https://doi.org/10.51889/2020-1.1728-8940.12

[4] Bureau of National Statistics. "Population of the Republic
of Kazakhstan by gender and type of locality" (as of January
1, 2024). https://stat.gov.kz/ru/industries/social- statistics/d
emography/publications/117680/ (accessed June 4, 2025).

[5] Atakhanova Z., Baigaliyeva M. "Kazakhstan's
Infrastructure Programs and Urban Sustainability Analysis
of Astana", Urban Science, vol. 9, no. 4, p. 100, 2025. DOI:
https://doi.org/10.3390/urbansci9040100

[6] Ding Q., Pan T., Lin T., Zhang C., "Urban land-cover
changes in major cities in China from 1990 to 2015",
International Journal of Environmental Research and Public
Health, wvol. 19, no. 23, p. 16079, 2022
https://doi.org/10.3390/ijerph192316079

[7] Akorda, Official website of the President of the Republic of
Kazakhstan. The head of state held a meeting on the
development of the capital. https://www.akorda.kz/ru/glav
a-gosudarstva-provel-soveshchanie-po-voprosam-
razvitiya-stolicy-1163959 (accessed June 6, 2025).

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

173

Saginov K., Berdenov Z., Inkarova Z., Kakimzhanov Y.,
Mendybayev E., Ramazanova N., Assylbekov K., Satarov
R., Fomin I, "Comparative Analysis of the Infrastructure of
the City of Astana with a Sociological Survey of the Mental
Well-Being of Citizens in the Context of the Sustainable
Development of the Urban Agglomeration”, Sustainability,
vol. 16, no. 119, p. 8623, 2024. DOI: https://doi.org/10.33
90/5u16198623

Numbeo, Quality of Life. Index by City (Current).
https://www.numbeo.com/quality-of-
life/rankings_current.jsp (accessed July 21, 2025).

Kadyrxhanov R.K., "Socio-economic reforms and
stratification ~ of  Kazakhstani  society”.  History
ofKazakhstan.https://e-history.kz/ru/seo- materials/show/2
9749 (accessed July 21, 2025).

United Nations Digital Library, Report of the United
Nations Conference on Housing and Sustainable Urban
Development (Habitat 111), Quito, 17-20 October 2016.
http://www.un.org/en/sections/about-website/terms-
use/index.html (accessed July 21, 2025).

Liao Y., Gil J., Pereira Rafael H.M., Alessandretti L.,
"Socio-spatial segregation and human mobility: A review of
empirical evidence", Computers, Environment and Urban
Systems, vol. 117, p. 102250, 2025. DOI:
https://doi.org/10.1016/j.compenvurbsys.2025.102250

United Nations. Convention and declarations. Resolution
adopted by the General Assembly. 25 Sep. 2015
Transforming Our World: The 2030 Agenda for Sustainable
Development. http://undocs.org/ru/A/RES/70/1 (accessed
July 21, 2025).

YuS., Zhu X., He Q., "An assessment of urban park access
using house-level data in urban China: Through the lens of
social equity”, International Journal of Environmental
Research and Public Health, vol. 17, no. 7, p. 2349, 2020.
DOI: https://doi.org/10.3390/ijerph17072349

Starikova M.M., "Housing inequality in cities as a form of
social stratification: criteria for identifying housing classes
and strata”, Urban studies, no. 3, pp. 71-98, 2018. DOI:
https://doi.org/10.7256/2310-8673.2018.3.27955

Shenjun Y., Ningcheng W., Jianping W., "How does the
environment affect pedestrian of road safety on sidewalks?
Evidence from eye-tracking experiments", Transportation
Research Part F: Traffic Psychology and Behaviour, vol.
110, pp. 57-73, 2025. DOI: https://doi.org/10.1016/j.trf.20
25.02.005

Kazstandard, Code of Rules Republic of Kazakhstan, SR
RK 3.01-101-2013 Urban planning. Planning and
development of urban and rural settlements https://new-
shop.ksm.kz/egfntd/ntdgo/kds/6.php

United Nations. Agenda for Sustainable Development.
http://undocs.org/ru/A/RES/70/1 (accessed July 21, 2025).

Mazur, L., Baé, A., Vaverkova, M. D., Winkler, J., Nowysz,
A., & Koda, E., "Evaluation of the quality of the housing
environment using multi-criteria analysis that includes
energy efficiency: a review", Energies, vol. 15, no. 20, p.
7750, 2022. DOI: https://doi.org/10.3390/en15207750

State of Global Air. State of Global Air Report 2024.
https://www.stateofglobalair.org/resources/report/state-
global-air-report-2024 (accessed July 21, 2025).



174

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Principles for Creating a Comfortable Living Environment on the Example of the City of Astana

Landrigan Philip J. et al, "The Commission on pollution and
health", The Lancet, vol. 391, no. 10119, pp. 462-512, 2018.
DOI: https://doi.org/10.1016/s0140-6736(17)32345-0

IEA (2024), CO: Emissions in 2023, IEA, Paris
https://www.iea.org/reports/co2-emissions-in-2023,
Licence: CCBY 4.0

Cox D. T., Shanahan D. F., Hudson H. L., Fuller R. A.,
Anderson K., Hancock S., Gaston K. J., "Doses of nearby
nature simultaneously associated with multiple health
benefits”, International journal of environmental research
and public health, vol. 14, no. 2, p. 172, 2017. DOI:
https://doi.org/10.3390/ijerph14020172

Konijnendijk CC. "Evidence-based guidelines for greener,
healthier, more resilient neighbourhoods: Introducing the 3-
30-300 rule", Journal of Forestry Research, vol. 34, no. 3,
pp. 821-830, 2023. DOI:  https://doi.org/10.1007/s11676-
022-01523-z

Safizadeh M., Hedayati Marzbali, M., Maghsoodi Tilaki
M.J. Abdullah A, "Correction: Assessing the
morphological distribution of urban green spaces for the
future sustainable greenery planning: a case study of Penang,
Malaysia”, Environ Dev Sustain, vol. 27, no. 2, p. 5439,
2025. DOI: https://doi.org/10.1007/s10668-024-05397-5

Wu H, Wang L, Zhang Z, Gao J.,, "Analysis and
optimization of 15-minute community life circle based on
supply and demand matching: A case study of Shanghai",
PLoS ONE, vol. 16, no. 8, p. e0256904, 2021.
https://doi.org/10.1371/journal.pone.0256904

Yuan H., Jianhua H., Dianfeng L., Hongzhuo Z., Junlong
H., "Inequality in urban green provision: A comparative
study of large cities throughout the world", Sustainable
Cities and Society, vol. 89, p. 104229, 2022. DOI:
https://doi.org/10.1016/j.s¢s.2022.104229

Zhaowu Yu, Weiyuan Ma, Shiyuan Hu, Xihan Yao,
Gaoyuan Yang, Zhaowen Yu, Bin Jiang, "A simple but
actionable metric for assessing inequity in resident
greenspace exposure”, Ecological Indicators, vol. 153, p.
110423, 2023. DOI:https://doi.org/10.1016/j.ecolind.2023.
110423

Rugel, E. J., "Connecting natural space exposure to mental
health outcomes across Vancouver, Canada", PhD
dissertation, University of British Columbia. Retrieved, pp.
1-256, 2019. URL.: http://hdl.handle.net/2429/69380

Sturm R., Cohen D., "Proximity to urban parks and mental
health", The journal of mental health policy and economics,
vol. 17, no. 1, pp. 19-24, 2014. URL: https://pubmed.ncbi.
nlm.nih.gov/24864118/

Chaly S.1., "Architectural environment as a factor of
comfortable living by the example of Astana city", Bulletin
of Kazakh Leading Academy of Architecture and
Construction, vol. 1, no. 95, pp. 103-113, 2025. DOI:
https://doi.org/10.51488/1680-080X/2025.1-06

Muldagaliyeva A., Mamedov C., Musabayev T.,
Barakbayev A., "Main problems of urban planning of
Astana city (in the context of K. Kurokawa’s master plan)",
Bulletin of L.N. Gumilyov Eurasian National University
Technical Science and Technology Series, vol. 4, no. 149,
pp. 215-230, 2024. DOI: https://doi.org/10.32523/2616-
7263-2024-149-4-215-230

[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Sarsenova Z., Yedilkhan D., Yermekov A., Saleshova S.,
Amirgaliyev B., "Analysis and assessment of air quality in
Astana: comparison of pollutant levels and their impact on
health", Scientific Journal of Astana IT University, vol. 19,
pp. 98-117, 2024. DOI:https://doi.org/10.37943/19SZFA3
931

Beisenova R., Kuanyshevich B. Z., Turlybekova G.,
Yelikbayev B., Kakabayev A. A., Shamshedenova S.,
Nugmanov A., "Assessment of atmospheric air quality in
the region of Central Kazakhstan and Astana”, Atmosphere,
vol. 14, no. 11, . 1601, 2023. DOI:
https://doi.org/10.3390/atmos14111601

More Profitable Coworking Spaces Now Than Pre-Covid.
https://www.deskmag.com/en/ (Accessed October 8, 2025.)

Wall S., Crowe P. R., "ldentifying the social, urban, and
environmental co-benefits of coworking spaces in Irish
towns", Sustainability, vol. 16, no. 1, p. 175, 2024. DOI:
https://doi.org/10.3390/su16010175

Berbegal-Mirabent J., "What do we know about co-working
spaces? Trends and challenges ahead", Sustainability. vol.
13, no. 3, p. 1416, 2021. DOI: https://doi.org/10.3390/su13
031416

Nurlanova N.K., Tleuberdinova A.T., Saparbek N.K.,
"Main Factors and Trends of Urbanization in Kazakhstan:
Analysis and Recommendations”, Economy: Strategy and
Practice, vol. 17, no. 1, pp. 62-79, 2022. DOI:
https://doi.org/10.51176/1997-9967-2022-1-62-79

United Nations Development Programme, Kazakhstan
Human Development Report, 2019. https://www.undp.org/
ru/kazakhstan/publications/nacionalnyy-doklad-o-
chelovecheskom-razvitii-2019 (accessed July 4, 2025).

Adger W.N., Safra de Campos R., Siddiqui T., Szaboova L.,
"Commentary: Inequality, precarity and sustainable
ecosystems as elements of urban resilience", Urban Studies,
vol. 57, no. 7, pp. 1588-1595, 2020. DOI:
https://doi.org/10.1177/0042098020904594

GHSL — Global Human Settlement Layer, Open and free
data and tools for assessing the human presence on the
planet, https://human-settlement.emergency.copernicus.eu/
(accessed June 6, 2025).

Hannah Ritchie, "How urban is the world?", Our World in
Data, 2018. URL: https://ourworldindata.org/how-urban-
is-the-world [Online Resource] (accessed July 4, 2025).

Mitrofanova 1.B., "Land, water, forest and recreational
resources of the world", World and National Economy, vol.
52, no. 3, 2020. URL: https://mirec.mgimo.ru/about

Agashirinova V.Y., "Urbanization as a complex and
multifaceted phenomenon", Innovative economy: prospects
for development and improvement, vol. 42, no. 8, pp.
178-191, 2019. URL: https://elibrary.ru/item.asp?id=4180
8394

United Nations Population Division, via World Bank (2025),
Share of the population living in urban areas, World
Development Indicators, https://archive.ourworldindata.or
0/20250704-091220/grapher/share-of-population-
urban.html. (accessed July 4, 2025).

United Nations, Department of Economic and Social
Affairs Population Division, Urban and Rural Populations,



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Civil Engineering and Architecture 14(1): 154-175, 2026

File 21: Annual Percentage of Population at Mid-Year
Residing in Urban Areas by region, subregion and country,
1950-2050. https://population.un.org/wup/downloads
(accessed July 23, 2025).

World population Review, Astana population 2025
https://worldpopulationreview.com/cities/kazakhstan/astan
a

Tsu Ch., Selkova A.V., "The concept of a human-centered
city as the basis of humanistic urban planning", Yaroslavl
Pedagogical Bulletin, vol. 2, no. 131, pp. 240-247, 2023.
DOI: https://doi.org/10.20323/1813- 145X_2023_2_131 2
40

Bureau of National Statistics. Statistics of the Republic of
Kazakhstan. https://stat.gov.kz/ru/region/

Murzabayeva, K., Lapshina, E., & Tuyakayeva, A.,
"Modernization of the living environment space using the
example of an urban array of residential buildings from the
Soviet period in Almaty", Buildings, vol. 12, no. 7, p. 1042,
2022. DOI: https://doi.org/10.3390/buildings12071042

Adia Abubakir, "Mistakes of Urbanization? How Dense
Development Leaves Astana Without Green Spaces”.
Central Media News. https://cmn.kz/oshibki-urbanizaczii-
kak-plotnaya-zastrojka-ostavlyaet-astanu-bez-zelyonyh-
zon/ (accessed July 23, 2025).

Zinovyeva V.A., Lopatina M.V., Oussova E.V., Popovich
M.V., Kontsevaya A.V., Drapkina O.M., "International
experience in assessing the impact of the urban environment
on the population physical activity level”, Russian Journal
of Preventive Medicine, vol. 26, no. 11, pp. 91-97, 2023.
DOI: https://doi.org/10.17116/profmed20232611191

Sidawi B., Alhariri M.T., Albaker W.1., "Creating a Healthy
Built Environment for Diabetic Patients: The Case Study of
the Eastern Province of the Kingdom of Saudi Arabia",
Global Journal of Health Science, vol. 6, no. 4, pp. 136-147,
2014. DOI: https://doi.org/10.5539/gjhs.v6n4p136

Hartig T, Kahn Jr PH., "Living in cities, naturally”, Science,
vol. 352, no. 6288, pp. 938-940, 2016. DOI:
https://doi.org/10.1126/science.aaf3759

World Health Organization. Global Strategy on Diet,
Physical ~ Activity and Health. Geneva, 2004.
https://www.who.int/publications/i/item/9241592222
(accessed June 7, 2025).

Wolch J. R., Byrne J., Newell J. P., "Urban green space,
public health, and environmental justice: The challenge of
making cities ‘just green enough’", Landscape and urban
planning, vol. 125, pp. 234-244, 2014. DOL:
https://doi.org/10.1016/j.landurbplan.2014.01.017

Rigolon A. A., "Complex landscape of inequity in access to
urban parks: A literature review", Landscape and urban
planning, vol. 153, pp. 160-169, 2016. DOI:
https://doi.org/10.1016/j.landurbplan.2016.05.017

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

175

Boone C. G. et al., "Parks and people: An environmental
justice inquiry in Baltimore, Maryland", Annals of the
association of American geographers, vol. 99, no. 4. pp.
767-787, 2009. DOI: https://doi.org/10.1080/00045600903
102949

Anguelovski, 1., Connolly, J.J.T., Cole, H. et al., "Green
gentrification in European and North American cities"”, Nat
Commun, wvol. 13, no. 3816, 2022. DOI:
https://doi.org/10.1038/s41467-022-31572-1

Alice Creas, Katherine Maxwell, "Addressing Green
Gentrification: Actions and Recommendations for Global
Cities", Journal of City Climate. Policy and Economy, vol.
2, no. 3, pp. 359-371, 2024. DOI: https://doi.org/10.3138/j
ccpe-2023-0014

Jeong B., Go S., "Exploring Urban Amenity Accessibility
within Residential Segregation: Evidence from Seoul’s
Apartment Housing", Land, vol. 13, no. 6, p. 824, 2024.
DOI: https://doi.org/10.3390/land13060824

Bao Z., Bai Y., Geng T., "Examining spatial inequalities in
public green space accessibility: A focus on disadvantaged
groups in England", Sustainability, vol. 15, no. 18, p. 13507,
2023. DOI: https://doi.org/10.3390/su151813507

Kazstandard, Code of Rules Republic of Kazakhstan, BCaR
RK 3.01.01-2007 As Planning and development of the city
of Astana https://new-shop.ksm.kz/egfntd/ntdgo/kds/6.php

Bureau of National Statistics. Key construction indicators
(in Russian): Kazakhstan sets new record for number of
registered cars https://kz.kursiv.media/tag/byuro-
nacionalnoy-statistiki/ (accessed July 23, 2025).

Yin C., Shao C., Wang X., "Built environment and parking
availability: Impacts on car ownership and use",
Sustainability, vol. 10, no. 7, p. 2285, 2018. DOI:
https://doi.org/10.3390/su10072285

Zhaniya Urankaeva, "Air Pollution: Why Astana Became
the Leader in the Anti-Rating", Kursiv.
https://kz.kursiv.media/2023-05-11/zhnr-bad-air/ (accessed
July 23, 2025).

Liu S., Tan S., "Building a new framework for urban
parking facilities research with quality improvement: the
case of Chongging, China", International Journal of
Environmental Research and Public Health, vol. 20, no. 1,
p. 607, 2022. DOI: https://doi.org/10.3390/ijerph20010607

Szarata M., Olszewski P., Bichajto L., "Simulation study of
dynamic bus lane concept”, Sustainability, vol. 13, no. 3, p.
1302, 2021. DOI: https://doi.org/10.3390/su13031302

Zhu J., Xie N., Cai Z., Tang W., "A comprehensive review
of shared mobility for sustainable transportation systems",
International Journal of Sustainable Transportation, vol. 17,
no. 5, pp. 527-551, 2022. DOI: https://doi.org/10.1080/155
68318.2022.2054390





