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ABSTRACT

Report 113 pages, 1 book, 2 figures, 6 tables, 51 sources, 8 annexes.
CITY, SUSTAINABLE DEVELOPMENT, ECONOMY, SOCIAL SPHERE, HUMAN, ECOLOGY, FACTORS, GLOBAL RISKS, RATING, RISK MAP
Subject - study of the processes of factor influence under the sustainability level of the economy and social sphere in cities.
Object – cities of Kazakhstan.
Research methods: systematic approach, generalization and concretization; economic and statistical, factor analysis, comparative analysis, rating assessment. 
The purpose of the study is to develop a modified methodology for rating assessment of the sustainability of the economy and social sphere in cities, taking into account the impact of new global risks and factors, to develop a rating and a map of sustainable development risks of Kazakhstani cities based on the testing of this methodology. 
The main results of the research and their novelty: there are developed the modified methodology for rating assessment of the sustainability of the economy and social sphere in cities, taking into account the impact of new global risks and factors; the rating, profile and map of sustainable development risks of Kazakhstani cities are formed based on this methodology testing.
Scientific significance is to obtain new systematized knowledge about the factors and risks affecting the sustainability of a city development, development of a modified methodology to assess the sustainability level of the economy and social sphere in Kazakhstani cities. 
Practical significance is that the methodology and map of sustainable urban development risks in Kazakhstan can be used in the state regulation practice, in the elaboration of urban development plans, for further research, in the educational process.
Potential consumers are ministries of the Republic of Kazakhstan, i.e. of national economy; education and science; health, labor and social protection, investment and development; local and national government; universities and colleges. 
Degree of approbation - 1 article was accepted in the journal in Scopus database, Q2, CiteScore 2020, percentile 74 (reference from the editors of the “Economy of the region” journal No. 16370-011.2/459 dated 02.09.2021), 1 article was published in the CQAES journal, 3 articles in collections of the international conference. 
Recommendations were submitted to the Committee for economic reforms and regional development of the Mazhilis of the Parliament of the Republic of Kazakhstan and feedback on their use in work was received (Letter No. 10-14-934/2405 dated 01.06.2021).
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LIST OF ABBREVIATIONS AND TERMS

The following abbreviations and terms are used in this research report:
	BNS
	· 
	Bureau of national statistics

	API5
	· 
	Air pollution index

	CIS
	· 
	Commonwealth of Independent States

	ESQC
	· 
	Education and Science Quality Committee

	EU
	· 
	European Union

	GDP
	· 
	Gross domestic product

	GS
	· 
	Genuine savings

	HDI
	· 
	Human Development Index

	HHI
	· 
	Herfindahl - Hirschman index

	IE
	· 
	Institute of economics

	IQAir
	· 
	World Air Quality Data Platform

	MES
	· 
	Ministry of education and science

	MNE
	· 
	Ministry of national economy

	NCSTE
	· 
	National center of science and technology expertise

	OECD
	· 
	Organization for Economic Cooperation and Development

	R&D
	· 
	Research and development 

	RFSC
	· 
	Reference framework for sustainable cities

	RK
	· 
	Republic of Kazakhstan

	CS
	· 
	Committee of science

	SDGs
	· 
	Sustainable Development Goals

	UN
	· 
	United Nations

	UNCSD
	· 
	United Nations Conference on Sustainable Development

	USA
	· 
	United States of America

	WB
	· 
	World Bank

	WTO
	· 
	World Trade Organization




INTRODUCTION

Relevance. The urbanization processes in the world are developed at an accelerated rate. Under the forecasts, urbanization in developed countries may exceed 80% by 2050 [1], the population of 423 cities in developing countries will increase by 40% by 2025, GDP per capita in them will more than double that will provide up to 30% of world GDP [2]. The share of the urban population in Kazakhstan may reach 70% versus 57.8% in 2021 [3]. The achievement of the Sustainable Development Goals (SDGs) in this context depends to a large extent on the efficiency of the functioning of its cities. 
Therefore, the President of the Republic of Kazakhstan set the task to transform large cities of the country into the support of global competitiveness, and regional centers into points of growth of the region [4] that enhances the relevance of the sustainability of the economy and social sphere of the Kazakhstan cities. The development of a methodology, determination of a rating and a map of development sustainability risks with the purpose to increase the validity of decisions made by city authorities is one of the tools to solve this problem.
Subject is to study the processes of factors influence on the sustainability level of the economy and social sphere in cities.
Object is cities of Kazakhstan.
Research methods include systematic approach, generalization and concretization; economic-statistical, factor analysis, comparative analysis, rating assessment. 
Sources of primary information are the Bureau of national statistics (BNS), the Sustainable Development Goals national reporting platform, websites of the statistics departments in regions and cities, medical statistics databases, the Committee on legal statistics of the Republic of Kazakhstan, Kazhydromet and the IQAir platform.
The purpose of the study is to develop a modified methodology for rating the sustainability of the economy and social sphere in cities, taking into account the impact of new global risks and factors, to develop a rating and map of sustainable development risks of Kazakhstan cities based on of this methodology. 
The purpose of the study at the first stage (4th quarter 2020) was to identify and systematize the main factors and challenges to the sustainable development of the economy and social sphere of the Kazakhstani cities in the context of new global challenges.
The main results of the first stage (4th quarter 2020) were as follows: factors and challenges of sustainable urban development are justified, structured and described, weaknesses and strengths of the economic and social development of Kazakhstani cities in the context of new global challenges are identified.
The purpose of the study at the final stage (3d quarter 2021) is to develop a modified methodology for rating the sustainability of the economy and social sphere in cities, the rating and map of sustainable development risks of Kazakhstani cities.
The main results at the final stage of research (1–3 quarters of 2021) and their novelty are as follows: a modified methodology for rating assessment of the sustainability of the economy and social sphere in cities has been developed, taking into account the influence of new global challenges and factors; a rating, profile and map of sustainable development risks of Kazakhstan cities were formed, based on the approbation of this methodology.
Scientific significance includes obtaining new systematized knowledge about the factors and risks affecting the sustainability of a city development, development of a modified methodology to assess the sustainability level of the economy and social sphere in Kazakhstani cities. 
Practical significance - the methodology and risk map for sustainable urban development in Kazakhstan can be used in the state regulation practice, in the elaboration of urban development plans, for further research, in the educational process.
Potential consumers are ministries of the Republic of Kazakhstan, i.e. of national economy; education and science; health, labor and social protection, investment and development; local and national government; universities and colleges. 
The interim report of the 1st stage (4th quarter of 2020) “Research of the main problems of sustainable development of cities in Kazakhstan” (inventory number 0220RK01650) and the final report “Development of a rating of cities’ sustainable development” were discussed and approved by the Academic council of the Institute of economics of CS MES RK, approved on 30.11.2020, 08.09.2021, duly submitted to the Committee of science and NCSTE, number of state registration 0120РК00294. 
Approbation level: 1 article was accepted in the journal in Scopus database, Q2, CiteScore 2020, percentile 74 (reference from the editors of the “Economy of the region” journal No. 16370-011.2/459 dated 02.09.2021), 1 article was published in the CQAES journal, 3 articles in collections of the international conference.  
[bookmark: _Hlk74751188]The Scientific report “Sustainable development of Kazakhstani cities: methodology of rating assessment and risk analysis” received a review on the use of methodological and practical recommendations to assess the sustainability of the economy, social environment and ecology of Kazakhstani cities from the Committee on economic reforms and regional development of the Mazhilis of the Parliament of Kazakhstan (Letter No. 10-14-934/2405 dated 01.06.2021).
The report was prepared by the research team of the Department of regional economics and innovative development composed of 1 – head of research, d.e.s., prof.; 1 - chief researcher, d.e.s., prof., 1 - chief researcher, d.e.s., 1 - leading researcher, Ph.D. 

MAIN PART OF THE RESEARCH REPORT

1 Study of the main challenges to the sustainable development of Kazakhstani cities

1.1 Systematization of the main factors of sustainable development of the economy and social sphere in Kazakhstani cities in the context of new global challenges

Modern trends in the growth of Kazakhstanш cities require greater attention to the problems of their sustainable development in the context of global challenges to prevent false urbanization, the formal expansion of urban areas by adding suburban villages without creation of adequate infrastructure and jobs.
The study of the challenges of sustainable urban development is one of the key issues of the UN-Habitat program [5] that identified the following challenges, i.e. environmental, economic, demographic, socio-spatial, institutional ones. The World Economic Forum estimates that the landscape of the global risk map has changed significantly over the past 15 years. Economic risks predominated between 2007 and 2010 but most of the risks were associated with environmental challenges between 2016 and 2020 (Annex C).
[bookmark: _Ref79082459]Environmental challenges are associated with increased anthropogenic influence on the environment, climate change, extreme weather conditions, natural disasters, loss of biodiversity, man-made disasters, failure of climate action. Dangerous levels of air pollution are observed in many cities of Kazakhstan [6, p. 28]. Social risks are closely related to environmental risks due to changes in the biological environment of humans, i.e. the risks of food and water crises, the spread of infectious diseases. These risks are most pronounced in cities.
[bookmark: _Ref57451396]Demographic challenges in Kazakhstan are caused by the uneven development of urbanization processes. The population of the largest cities has grown significantly, while many medium and small cities have lost a significant part of the population as a result of migration. The share of urban population was about 40% in 1960, it increased to 54.4% in 2010, and was 58.4% in 2019, with almost half or 37.5% of the urban population living in the three largest cities - Almaty, Nur-Sultan, Shymkent. The faster growth of the population of Kazakhstan's large cities compared to the rural population was achieved both through the migration of residents of villages and small depressed cities that had lost their economic profile and business activity during perestroika, and as a result of natural growth. Thus, over the past 10 years (2010-2020) the population of Nur-Sultan increased from 649,100 to 1,166.0 thous. persons, or 79.6%, and the population of Almaty has increased by 40.6%, up to 2,000.0 thous. persons, compared to 1,390.7 thous. in 2010. The city of Shymkent acquired republican status during this period, and its population increased up to 1,057.5 thous. persons. [7, 8]. 
Uncontrolled urban population growth has serious negative consequences. Urban environments do not guarantee better employment and increased comfort levels for displaced persons. Migrants from the countryside who do not have sufficient qualifications do not adapt well to the conditions of a city and often turn into a group of “marginal” (low-income and excluded from urban life) population.
[bookmark: _Hlk56518388]Economic challenges. According to UN estimates, the largest megacities produce about 40% of the world's GDP [9]. However, unemployment rates in 60 megacities with populations over 1 million have exceeded the national average over the past 15 years, according to OECD estimates [10]. A generally recognized negative global trend is the development of the informal sector of the urban economy [11]. Many types of household service activities are “not formalized” in cities: repair of apartments, appliances, dacha construction, transportation services, etc.
[bookmark: _Ref57453861]Socio-spatial challenges. Uncontrolled urbanization in Kazakhstan, as in other countries of the world, also results in a large number of potential risks to the life and health of the population. Unemployment persists in large cities of the country, there is an imbalance in the development of urban areas, and the engineering and transport infrastructure is unevenly distributed. For example, Almaty has the highest youth unemployment, in 2019 the city took the last place in terms of growth in real money income of the population (4.8%, with an average for Kazakhstan of 8.4%) [12]. The urban environment is characterized by uneven access to medical care, and a significant imbalance in the provision of urban infrastructure between the city districts, its center and outskirts remains. 
Institutional challenges. The deterioration of the economic, environmental and social situation in cities requires greater attention to the regulation of urbanization and sustainable urban development and the improvement of institutional provision. 
The main global challenges, risks and factors of sustainable economic and social development of Kazakhstan cities are presented in more detail in Annex C and in the interim report for 2020 “Research of the main problems of sustainable development of cities in Kazakhstan”, inventory No. 0220РК01650.


2 Development of the rating, profile and map of sustainable development risks of cities

2.1 Development of a modified methodology to assess the sustainability level of the economy and social sphere in cities, including the selection of criteria and indicators for its assessment

The content of the concept of “sustainable development”
The development of cities around the world shows that economic growth is not always accompanied by their sustainable development. An inverse relationship may arise when the growth of cities and their economies is accompanied by the depletion of resources, deterioration of the environment, and, as a consequence, a decrease in the level of sustainable development. On the other hand, the rapid growth of cities has negative social consequences in countries where natural biodiversity is preserved and the ecological system is not disturbed but the economy is poorly developed. There may be high levels of poverty and significant income inequality that also indicates a lack of sustainable development. 
The urban environment in the 20s of the XXI century deteriorated under the impact of the COVID-19 pandemic, air pollution, difficult access to drinking water due to declining groundwater levels, and intense pollution of rivers. Poor and developing countries and their inhabitants suffer the most. Experts [13] estimate that five out of ten persons in developing countries now go hungry, four out of every ten homes are threatened by floods, landslides, and other natural disasters.
Contemporary climate changes, resource depletion, increasing urbanization processes, environmental, man-made and political cataclysms make it increasingly difficult to solve major urban problems. Therefore, the management of the urban environment in the context of sustainable development is becoming one of the most important tasks. Its solution will require the formation of a new model of urban development that should be fundamentally different from their development in the last century and be implemented by making rational management decisions based on an adequate assessment of the level of their sustainability. 
The problem of sustainable urban development is attracting more and more attention from scholars and practitioners with the accumulation of problems in the economy, society and the environment, the depletion of resources in the development of the world economic system. The concept of sustainable development, adopted in 1992 at a conference in Rio de Janeiro, means that economic development is sustainable if natural capital, as it depletes, is either renewed or replaced by artificially created capital [14]. Most definitions of this process around the world summarize that it is a model of social and economic life of society, in the implementation of which the satisfaction of the vital needs of the present generation of persons is achieved without depriving future generations of the same opportunity. The main idea pursued by the Brundtland Commission experts in defining the essence of sustainable development is that this process should ensure equal opportunities to meet the needs of different generations of persons [15]. Any system develops sustainably if it is able to maintain equilibrium by effectively using available resources and growth factors with the help of new technologies and advanced management, neutralizing internal and external threats. 
It is possible to conclude, summarizing different interpretations of understanding of the essence of sustainable development, that sustainable development of a city is a development where the urban system preserves its integrity, sustainable ability to reproduce and social, environmental and economic balance indefinitely, without destroying the stocks of natural capital (soil and atmosphere structure, plant and animal biomass, etc.) under various internal and external influences. 

Models and methodological approaches to measuring the level of sustainable development
Sustainable development is a complex multi-aspect process that requires multidimensional measurement. Therefore, city governments need convenient tools to assess the key components of sustainable development for effective management and decision-making. 
There is no clear concept or toolkit underlying the limits of economic growth for cities to achieve sustainable development. A realistic model for sustainable urban development, as outlined in the UN report [5], should provide new approaches to urban planning, such as creating more sustainable and greener cities by increasing the number and area of accessible green spaces, development of green transportation, improving structural city planning without marginal slums, increasing the use of renewable energy sources, creating carbon-neutral cities, preventing and countering water pollution. The main directions of urban planning in the 21st century should also be the creation of environmentally friendly and accessible urban infrastructure, such as convenient transport networks, the creation of decent housing, etc.
Currently, a large number of methods are used in the world with various systems of criteria and indicators to assess the sustainability level of cities. There are systems focused on measuring social dimensions, reflecting the level of poverty, education, health care, local finance and governance [16]. There are methods focused mainly on the assessment of the impact of cities on the environment [17]. However, we believe that the use of these techniques may be limited due to the lack of a comprehensive approach. 
Construction of integral indices that aggregate environmental, economic, social and economic indicators used to make a system of indicators each of which addresses individual aspects of sustainable development, is the most productive. We can distinguish three integral indices, well developed at the international level that characterize the sustainability of development from different angles. The World Bank has theoretically developed and annually calculates an index of “adjusted net savings” for all countries of the world [18]. It was calculated for the regions of Russia that demonstrated a significant regional differentiation of the index [1]. The Human Development Index (HDI) that addresses the social side of sustainable development, was developed and has been calculated annually since 1990 by the UN Development Program. The HDI in Kazakhstan has been defined for the national UNDP Human Development Reports since 1997. 
The indicator of “genuine savings” (GS) is proposed as an integral indicator of sustainable development. It characterizes the national savings accumulation rate after taking into account the depletion of natural resources and damage from environmental pollution. The true savings, compared to traditional macroeconomic indicators, include a broad accounting of natural capital, improved data and methods of calculation, and an accounting of human resources. International comparisons demonstrate the functionality of the GS index that captures and addresses differences in economic policy across countries of the world.
The level and concentration of innovation activity becomes an important factor in the sustainability of cities as Industry 4.0 trends intensify. However, this factor is still in full force only in large cities where scientific and technical potential, financial, business, information infrastructures are concentrated. It is important to take into account cultural preconditions when considering the factors contributing to the emergence of innovations in cities. Such an approach can be traced to the compilers of the Global Index of Innovative Cities 19]. Their assessments are based on 162 indicators of diverse cultural assets (62 indicators), level of infrastructure development (77 indicators), inclusion in global networks and global influence (23 indicators). Cultural assets take into account the architectural appearance of cities, the state of the air environment, the level of landscaping, the presence of theaters, museums, conditions for sports, the level of tolerance, etc. Indicators characterizing infrastructure facilities include indicators of the development of transport, financial, business, economic, scientific, educational, innovation, information, production, social infrastructure. Another group of indicators characterizes the economic power, strategic status of a city, involvement in global investment, trade, and transport flows.
A total of 1,700 cities were considered in compiling the index; the final list for 2016-2017 includes 500 cities, ranked into 4 groups based on the level of innovation development: the first highest group has 53 cities with scores of 60 to 46 points, the second group has 125 cities with scores of 45 to 40 points, the third group has 261 cities with scores of 39 to 32 and the last group has 61 cities with scores of 31 to 17. The top ten cities ranking includes London (60 points), New York (59 points), Tokyo, San Francisco, Boston (all 56 points), Los Angeles (55 points), Singapore, Toronto, Paris (all 54), Vienna (53 points). The Kazakhstan cities and the countries of the post-Soviet space in this rating were included only in the last groups. So, Almaty, for example, is attributed to the third group and is on the 405th place, having 33 points, just like, for example, Kiev, Nur-Sultan is on the 472th position (28 points), Baku, Tbilisi, Chisinau, Bishkek, Minsk are below Almaty and entered the fourth group, they are in the same group but above Nur-Sultan.  
Such recognized scientific and educational centers as Novosibirsk (394th place, 34 points), Tomsk (444th place, 31 points) and cities where large enterprises of military-industrial complex are concentrated, are located at the bottom of the rating: Krasnoyarsk (412th place), Samara (434th place), Izhevsk (454th place). It suggests that technological potential alone is not enough for innovative activity, despite the importance of scientific and educational ones. Other conditions are also necessary, a set of which is enough shown in full in the above-mentioned list of innovative cities rating indicators.
Thus, the management of urban system development becomes more and more complex with the emergence of new factors, opportunities and challenges. Scientifically substantiated methodological approach and effective tools for monitoring and assessing the level of urban sustainability are needed to ensure it.
World and domestic science and practice have accumulated significant experience in the development of criteria, indices and indicators of environmentally sustainable development in the regional context. Institutions, engaged in sustainable development research, include the World Bank (WB), the United Nations (UN), the Organization for Economic Cooperation and Development (OECD), the Commission on Sustainable Development (UNCSD), and the World Trade Organization (WTO). These institutions have established systems to assess the level of sustainable development based on the environmental sustainability index, environmental foot printing, analysis and coverage of environmental data, including air, water, forests and biodiversity, integrated assessment of the social and economic system. Many countries develop adjusted sustainability indices for their cities for monitoring and decision making. There are various indices and models of sustainable development (sustainability) of cities: the UN-Habitat's Cities Prosperity Index, Sustainable Cities Index and Sustainable Cities Mobility Index from ARCADIS and CEBR, Green City Index from Economist Intelligence Unit and Siemens Corporation, Sustainable Development Index of cities from the SGM Agency, City Prosperity Index [20], SDEWES Index [21], Urban Sustainability Index, integral parameter of urban sustainability [22], city sustainability assessment model [23], Reference system for sustainable cities (RFSC) [24]. Most of them are designed for Europe and North America.
The development of sustainability indices is usually closely related to the development of ratings. However, it is often not possible to trace the real dynamics of the development of a particular city behind the dynamics of the integral indicator and ratings. Therefore, the study of the problems of sustainable urban development today is represented by many aspects. Methods of substantiation of sustainability boundaries or corridors of urban sustainability over time are of interest [25]. 
The concept of urban metabolism has become widespread and developed in the study of sustainable urban development in recent years. Studies by Li Xu et al. [26] showed that GDP per capita, population size and density, the climatic type of a city correlated significantly with the indicators of resource consumption by cities. Climatic conditions are considered an important factor that can affect the level of urban resource consumption.
Much attention to the problem of assessing the level of sustainable urban development is paid by scientists in China where urbanization processes have accelerated. They propose to evaluate the sustainable development of cities through the calculation and comparison of Comprehensive carrying capacity (UCC) indicators and economic growth of cities through the use of econometric model of spatial dimension. 
Researchers at Columbia McKinsey University and Tsinghua University, having developed a system of indicators, tested it based on cities in China where it is necessary to note the good development of statistics that provides measurement of the sustainability of cities with a reliable digital base, as well as the commitments made by the government of this country to achieve the Sustainable Development Goals. Researchers analyzed data from 2006-2014 for 84 cities in the Yangtze River Economic Belt where more than 40% of China's population and about 45% of its GDP are concentrated [27]. They used official statistics under 32 indicators for their analysis, and filled in the missing data by averaging and smoothing. Interesting conclusions were made as a result of this study. Firstly, the total carrying capacity of a city increases in the early stages of economic growth. But the environment and infrastructure deteriorate as the city's population grows excessively that reduces the city's carrying capacity. Secondly, it is required to avoid uncontrolled large-scale urban expansion that causes excessive consumption of resources, negatively affects the social indicators of urban development, and disrupts the ecological balance. Some policy decisions in China are made under the conclusions of scientists. In other words, sustainable development involves achieving the coordinated development of each subsystem of a city. This can be achieved through a targeted public policy of urban development.
Many attempts have been made in recent years to compare economic growth and environmental sustainability. Much of the efforts of the World Bank, the UN, Yale and Columbia Universities, et al. have focused on creating different theoretical models that overlap significantly. Few researchers have moved from theory to measurement but even they have focused primarily on national-level statistics or on the developed world. Statistics at the same time have been little available to measure the sustainability of cities in developing countries where the problem is often most acute. 
There are also different opinions on the application of mathematical models, since the comparison of cities should be multidimensional [28]. Researchers in China have defined the required list of "sustainable development" indicators based on five components with the purpose to best assess all aspects of urban sustainability. They cover 18 specific factors that play a significant role in developing countries and for which the necessary data are available. It was meant that the set of relevant indicators used for such an assessment in developed countries is almost identical but in the cities of developing countries their set will have its own specifics. For example, a SD integral index in developing countries should take into account the basic needs of the population, such as the availability of drinking water.
The Chinese researchers analyzed the situation in 112 cities where the Chinese government has focused its efforts to ensure sustainable growth, with the purpose to identify the determinants of sustainable development. They studied data from urban areas with similar financial problems, administrative and legal regimes, and urban development experiences from 2004 to 2008, and as a result identified the successes and failures of development.
The researchers divided all the indicators that determine the sustainable development of cities into five major groups according to the factors identified:
1) Basic needs of the population. Access to safe drinking water, the availability of sufficient living space, the availability of quality health and education services are the main priorities in meeting the needs of the urban population.
2) Resource efficiency. Urban efficiency in areas such as water and electricity consumption, as well as the disposal of industrial waste, directly affects the standard of living of citizens.
3) Cleanliness of the environment. Limiting the harmful effects of pollutants on the environment plays an important role in ensuring the suitability of urban areas for living.
4) Urban infrastructure. Equal access of residents to green spaces, public transport services and high-quality, rationally constructed housing can improve the quality of life in the city and increase the efficiency of urban economy.
5) Focus on sustainable development in the future. The dynamics of the number of employees and the volume of financial resources in the field of sustainable development shows how actively the city authorities are trying to implement national and local programs and comply with regulations.
The grouping of sustainable development indicators for cities in developing countries is summarized in tabular form (Annex D, Table D.1).
The merit of this group of scientists is their conclusion that such factors of sustainable development as wastewater treatment, intensity of use of public transportation, the amount of investment in environmental protection do not affect economic performance. The Chinese researchers found a relative correlation between sustainable development and electricity consumption, the volume of industrial emissions of sulfur dioxide and the share of resource-intensive industries in the GDP structure. They noted in this regard that the most sustainably development of cities showed above-average GDP growth rates.
Measurement can be done by different methods and different systems of indicators, depending on whether sustainable development is seen as an ongoing process or as the achievement of a goal [29]. The question is whether the selected indicators should reflect the potential for development, its results, or the influence of the factors that result in the desired results. The differences require different methods to measure them [30]. 
This group of scientists, under this point of view, proposes to use a system of indicators focused on the drivers of urban sustainability. They note the necessity of using a number of specific indicators to reflect the specifics of urban development, such as “the share of the population with higher education”, “the number of patents for inventions per 10,000 persons”, which determine the innovation potential of future urban development, allow to evaluate the competitiveness of cities. The set of urban SD indicators proposed by the Chinese scientific community is summarized in Annex D, Table D.2.
However, many of the known methods to assess the sustainable development of cities are limited to the largest cities. Bahers J.-B. et al. also point out that studies of urban metabolism are mainly focused on capital cities and megacities, while it is necessary to study the metabolic processes of intermediate cities, medium and small towns [31].
The Reference Framework for Sustainable Cities (RFSC) has been created, and is effectively used in European countries. This tool provides practical input and also functions as a planning tool for future sustainable urban development initiatives. The assessment methodology consists of a system of 16 key indicators and more than 300 additional indicators covering the economy, society, environment (according to the figure 1).
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Note - Compiled from the source [24]

Figure 1 - Structure of Reference Framework for Sustainable Cities (RFSC)

The large number of additional indicators in the RFSC system makes it extremely flexible for each country or EU region and can vary depending on the needs and goals of a particular city. This system is very easy to use; its user only needs to register on a special website (http://app.rfsc.eu/). This tool has been tested in more than 80 European cities from very small to very large and is an affordable way to stimulate sustainable urban development.
Generalization of existing in the world science and practice methodological approaches to the assessment of sustainable development allows us to conclude that the assessment of the level of urban sustainability has a number of features and difficulties. 
Firstly, it differs significantly from the measurement of sustainable development of other territories (countries and regions), as it is influenced by a number of additional factors - the level of migration and urbanization, the level of safety of residence, the degree of comfort, the organization of the urban environment, the presence of undeveloped suburbs. 
Secondly, environmental factors in cities have a greater impact on sustainable development because of the high population density, housing development, and traffic congestion. The environmental situation in cities may be worsened by the influence of epidemiological factors. 
Thirdly, many statistics for measuring the sustainability of cities, especially small and single-industry towns, are not always available. This is especially true for cities in many developing countries. 
Fourthly, cities in developing countries tend to lag behind cities in developed countries in many respects in terms of sustainable development. 
Fifthly, the methods of statistical accounting at the level of small cities can vary significantly. The concept of a city or a small town has different meanings from one country to another. Cities pose the greatest challenges because it is not always possible to establish causal relationships between the mutual influence of different factors on a city scale.
That is why it is often difficult to assess the sustainability of cities in developing countries, as well as to compare and rank them. The problems of cities in different countries can be very specific. All this makes it difficult to develop a methodology to assess the sustainability level of the economy and social sphere in cities. At the same time, city authorities need convenient tools to assess the key components of sustainable development for effective management and decision-making. 
Thus, Kazakhstan needs tools for monitoring and planning future initiatives in the field of sustainable urban development with the purpose to successfully implement the goals of sustainable development in cities.  

[bookmark: _Hlk72148928]Methodology intended to assess the sustainability level of the economy and social sphere in Kazakhstani cities
The system of indicators for monitoring the Sustainable Development Goals has been developed for Kazakhstan as part of commitments to achieve and monitor the Sustainable Development Goals for 280 indicators, including 162 global indicators without change, 44 global indicators with changes, 30 alternative indicators, 44 additional indicators. Twenty-five indicators are recommended for the monitoring of Goal 11 “Sustainable Cities and Settlements”, including 15 global, 2 global with minor changes, 6 alternative national indicators, 2 additional national indicators [32]. Annex E provides information on current and published monitoring data of the Sustainable Development Goals.
This system of indicators has a number of significant disadvantages that limit the possibility of its application in Kazakhstan. Firstly, data are not available for 5 indicators, including 4 global indicators. It is not possible to obtain data on indicators that reflect the achievement of global goals, such as the proportion of the population with convenient access to public transportation (by gender, age, and disability). There is no information about urban areas that are open to the entire population, the proportion of persons who have been physically and sexually harassed, and the construction of green, durable, and resource-efficient buildings.
Secondly, some of the proposed alternative indicators are expressed in absolute terms that cannot be used for comparison and rating (the number of persons living in hazardous buildings, the number of victims and fatalities as a result of natural disasters), and other indicators do not accurately characterize the problem. For example, “the ratio of the rate of development to the rate of population growth” is proposed as an alternative to the indicator “housing supply per capita”, which is published by national statistics. However, it hides the problem of unequal access to housing, the existence of waiting lists of thousands of persons for social housing, despite its accessibility. 
The problem of housing quality and safety is extremely acute in Kazakhstan. The indicator “number of persons living in slums, informal settlements or in unsatisfactory housing conditions” is included as an alternative to the indicator “the share of persons living in hazardous buildings”.  Monitoring data in Kazakhstan shows that in 2019 there were 69,389 persons living in emergency houses, 49,589 of them - in Almaty [32], in Zhezkazgan 25 houses are recognized as hazardous and unfit for living in 2021 where about 2000 persons reside [33].
Thirdly, the proposed system of indicators does not reflect the problem of protecting the population from natural emergencies that is urgent for the Kazakhstan cities. Meanwhile, 75% of the territory of Kazakhstan is subject to a high risk of natural disasters (hurricanes, landslides, mudflows, floods, epidemics, extreme temperatures, earthquakes, fires). About 4,000 emergencies occur annually, 3-5 thousand persons are injured, the damage is 40 million US dollars [34].
Fourthly, the system of indicators for monitoring the SDGs does not sufficiently take into account the climatic features of cities that determine the needs for energy and the tasks to expand the use of less aggressive energy sources. Kazakhstan is a country with one of the most extreme temperatures from +50ºC to -60ºC. It is enough to mention the city Nur-Sultan that is the second coldest capital in the world.
Fifthly, the indicators are excessively aggregated and there is a monitoring of indicators in the context of the urban population of 15 regions and three cities at the national level - Nur-Sultan, Almaty, Shymkent. The representation of processes in the field of sustainable urban development in this formulation is fuzzy, poorly monitored and managed. It is not possible at the same time to obtain data for all Kazakhstan cities. For example, such indicators reflecting the level of urban development as the level of infrastructure (density of road network, the share of public transport, passenger traffic, etc.), comfort (level of landscaping, availability and diversity of leisure facilities, provision with market infrastructure, etc.) and security (share of dangerous housing stock, the number of crimes per 10 thousand persons, etc.) of residence, are not considered in statistics of most Kazakhstan cities. 
Sixthly, the problem of volatility of the key resource of any city - human resources - is lost behind the overall picture of approaching the outlined goals of sustainable development, increasing the average regional indicators. The population of the largest cities has grown significantly, while many medium and small towns have lost much of their population as a result of migration and declining natural growth. Thus, the population decreased in 32 Kazakhstan cities from 1999 to 2019, including 21 cities where the population decreased from 10% to 39%. This indicates serious deficiencies in urban policy, urban planning, stagnation of economic activity, decay of social infrastructure of cities. 
Seventhly, contradictory estimates are found in a number of cases when referring to statistical data. For example, the level of housing equipment with gas in Stepnogorsk is 99.8%, and in Nur-Sultan it is 29%, according to regional statistics agencies of Kazakhstan. However, the length of intra-quarter (inside courtyard) gas networks in Stepnogorsk is only 0.5 km and there are no gas control points for natural gas [35]. The gasification system of one of the largest cities of Eastern Kazakhstan, Ust-Kamenogorsk, is practically destroyed. The city authorities say that 94 out of 1,699 apartment buildings are currently supplied with gas, and the gas distribution installations (gas holders) are badly worn out [36]. The highest rates of gasification are in cities and settlements of Northern, Eastern and Central Kazakhstan where there are no main gas pipelines. The published figures require a different interpretation, because they reflect different types of gas, for different purposes in different types of housing stock. The indicators of residential gasification that are important in terms of access to cleaner sources of fuel, were therefore excluded from the rating after a preliminary assessment. 
Attempts have been made in Kazakhstan to quantify the sustainable development of cities. However, they considered either only one city as an object of study [37, 38], or only one aspect of sustainability [39-41]. A comprehensive study of the sustainable development of Kazakhstani cities has not been conducted. The Kazakhstan Human Development Report 2019 is the most comprehensive. The report uses two indices: the Human Development Index for 16 regions, adjusted for urbanization, and the Habitat Index, compiled for the 30 largest cities in the country [6].
[bookmark: _Hlk76567580]We propose the methodology that has been modified and adapted to the conditions of Kazakhstani cities. Its distinctive feature is a comprehensive approach to assessing the sustainability level of different types of Kazakhstani cities to determine their ranking using the method of ranking by the degree of their readiness to achieve sustainable development. The proposed modified methodology for rating the sustainable development of cities is based on three factors: social, economic, environmental.
We did not limit our study to indicators for monitoring the Sustainable Development Goals. In particular, a set of indicators was selected to characterize the level of social development of Kazakhstani cities, calculated based on available data of Kazakhstani statistics and reflecting the dynamics of human resources (population, its natural increase); basic needs (size of living space per capita, the share of housing stock equipped with sewage, central heating, gas); health care (number of doctors and hospital beds per 10,000 inhabitants, the number of children and the number of children with disabilities).
The economic development of cities is considered from the point of view of the possibilities of development of production based on investments, the existing structure of the urban economy and the level of diversification based on the Herfindahl-Hirschman index, the possibility of attracting external resources (assessment of transport distance), the level of innovative activity; and the efficiency of the labor market and employment. The indicators of manufacturing production per capita, investment in fixed capital per capita, distance to the nearest railway station, unemployment rate and share of self-employed, innovation activity were used to characterize the level of urban economic development.
The level of environmental friendliness of a city territory is proposed to be estimated by the indicators calculated in cities of Kazakhstan. Three key blocks of indicators in the toolkit to assess the sustainable development of cities (social, economic, environmental) are presented according to the figure 2. 
City’s Sustainable Development Index
Social Sustainability Index
Economic Sustainability Index
Environmental Sustainability Index
Human resources:
1) Change in the population of cities, %.
2) Natural increase, people per 1,000 persons.
Basic needs:
3) Living area, sq.m. per capita.
4) Commissioning of new housing per year sq. m per capita.
5) Proportion of housing stock equipped with central heating, %.
Health Care
6) The number of doctors per 10,000 persons, people.
7) Hospital beds per 10,000 persons, units
Production:
1) Average annual volume of investments in fixed assets per capita, thousand tenge.
2) Manufacturing industry production per capita, thousand tenge.
3) Industrial diversification, Herfinal-Hishman index (HHI).
4) Possibilities of attracting external resources (distance to the nearest railway station, km). 
5) The level of innovative activity, %.
Labor and employment
6) Unemployment rate, %.
7) The share of self-employed, %.
[bookmark: _Hlk78201314][bookmark: _Hlk78201315]1) Environmental protection costs per capita, thousand tenge.
2) Air emissions of pollutants per capita.
3) Air pollution index (API5).
4) The share of the city in the emissions of pollutants into the atmosphere of all cities, %.
5) Provision of the population with services for water supply, sewerage, collection and disposal of waste per capita thousand tenge.
6) The share of captured and neutralized pollutants, %.
7) The share of stationary emission sources equipped with treatment facilities, %.

[bookmark: _Hlk74825163]Figure 2 - The structure of indicators of Kazakhstani City’s Sustainable Development Index

As can be seen from Figure 2, it is proposed to characterize the environmental friendliness index of a city territory by such indicators as the cost of environmental protection per capita; atmospheric air pollution index (API5); the contribution of a city to the city's emissions of pollutants into the atmosphere; provision of the population with services for water supply, sewerage, waste collection and disposal per capita, the share of captured and neutralized pollutants, the share of stationary emission sources equipped with treatment facilities. 
The indicators of the level of urban sustainability proposed by the authors are relative that makes it easier to use them for rating assessment. The parameters of the indicators were normalized on a scale from 1 (the worst) to 9 (the best), by analogy with the methodology used by the World Economic Forum, with the purpose to convert the values of the indicators to a point estimate [42, p. 37]. The scale from 1 to 9, calculated according to the following formula, is used to rank the cities (1): 
                        8   +1                                     (1)

The formula for those indicators for which a higher value indicates a worse result, takes the following form (2). Still 1 is the lowest score, 9 is the highest score.

                   - 8   +9                                    (2)

The methodology based on three key blocks of indicators of sustainable urban development (social, economic, environmental) calculates three intermediate indices by the arithmetic mean of the corresponding indicators. The integral index of sustainable development of a city (ISDC) was calculated as the sum of intermediate indices according to the formula (3):

                                                    (3)

where 
CSDI – city’s sustainable development index; 
IS Social – city’s social sustainability index; 
IS Econ – city’s economic sustainability index; 
[bookmark: _Hlk77787578]IS Ecol  - city’s ecological sustainability index.
 – transformed i-th indicator of city’s social development, ;
 – transformed j-th indicator of city’s economic development, ;
 – transformed k-th indicator of city’s ecological development, ;
 – number of analyzed indicators.

The values of particular indices of sustainability of a city lie in the range from 1 to 9, the composite index of sustainable development of a city from 1 to 27.
[bookmark: _Hlk77787830]These factors have different significance for sustainable development in different types of cities. Thus, problems of economic diversification, deterioration of infrastructure, loss of human capital [43, p. 558] have priority for monotowns and small towns; the problems of air, soil and water pollution [6, p. 14, 53] have priority for large cities. Therefore, the factors were given equal importance for the rating.
It is also proposed to use the method of mapping the sustainable development risks for each city. Risks of sustainable urban development are possible processes and limitations, hazards and threats, the impact of which violates the social, environmental and economic balance of the urban system, its integrity and ability to reproduce, destroying the stock of natural capital, the conditions of life of present and future generations. 
[bookmark: _Hlk76568812]Advantages of the proposed modified methodological approach:
1) use of data available in statistics of Kazakhstan;
2) comprehensiveness of the assessment, ensuring that the most important factors and conditions of the territorial development of each city are taken into account; 
2) the possibility of operational monitoring of economic, social, demographic, urbanistic and ecjlogical aspects of urban development; 
3) the possibility of its use by city authorities for making decisions on the management of city development.
The inclusion of sustainable development indicators in the system of urban planning and forecasting will not only create a methodology that ensures the measurement of urbanization processes and the sustainability level of cities but will also contribute to improving the policy of state regulation in favor of sustainable development, better design and organization of a city, its environment and space.

[bookmark: _Hlk72149041][bookmark: _Hlk76569387]2.2 Determination of the rating of the Kazakhstani cities under the sustainability level of their economy and social sphere, development of a profile and map of sustainable development risks in the context of the Kazakhstani cities 

The urban system of Kazakhstan includes 88 cities of 5 levels: 3 megapolises of republican significance (37.6% of the urban population); 1 city (Baikonur) has a special status (39.1 thousand persons); 14 regional centers with a population of 145.0 to 500.0 thousand persons (36.8% of the urban population); 23 cities of regional subordination with a population of 6.7 to 323.1 thousand persons. (14% of the urban population); 43 regional centers with a population of 3.5 to 68.9 thousand persons. (11.1% of the urban population), 4 cities of district subordination. 
39 cities of three categories were selected to develop a sustainable development rating taking into account the availability of statistical information sufficient for making calculations: cities of the republican level, regional centers, cities of regional subordination. The indicators for 2015–2019 were studied. They were obtained from the Bureau of national statistics of the Republic of Kazakhstan, the national sustainable development goals reporting platform, the statistics departments of regions and cities, the database on medical statistics of Kazakhstan, the Committee of Legal Statistics, Kazhydromet and the global platform IQAir. 
Based on statistical information, the relative indicators for the Kazakhstan cities were calculated, selected to assess the level of social, economic and environmental sustainability of their development (Annex F, Tables F.1, F.2, F.3). Intermediate indices were calculated based on the calculations, a score was made using a scale from 1 to 9, according to formulas 1 and 2, and a rating of cities was compiled according to the indices of social, economic and environmental sustainability (Tables 1, 2, 3).

Table 1 - Index and Rating of social sustainability of Kazakhstani cities

	City/Town
	Index
	Social Sustainability Index
ISSocial
	Social Sustainability Rating

	
	Change in population from 1999 to 2019,%
	Natural increase per 1,000 persons of population
	Living area, sq.m. per capita
	Residential buildings commissioned for 5 years, sq.m. per capita
	Share of the housing stock area equipped with central heating,%
	Number of doctors (without dentists) per 10,000 persons of population, persons
	Hospital beds per 10,000 persons of population
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



Continuation of the Table 1

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Indicator code
	В1
	В2
	В3
	В4
	В5
	В6
	В7
	 
	

	Nur-Sultan
	9.00
	6.42
	9.00
	7.34
	7.64
	7.84
	2.7
	7.1
	1

	Aktau
	3.02
	7.35
	7.29
	9.00
	8.94
	7.35
	4.3
	6.7
	2

	Taldykorgan
	3.50
	5.79
	5.34
	3.09
	5.26
	6.73
	8.7
	5.5
	3

	Atyrau
	6.27
	6.64
	6.31
	5.48
	6.26
	4.25
	3.0
	5.5
	4

	Kokshetau
	2.65
	4.39
	7.29
	4.13
	6.92
	3.71
	9.0
	5.4
	5

	Almaty
	4.08
	4.27
	7.57
	4.19
	6.71
	7.36
	2.3
	5.2
	6

	Aktobe
	4.87
	5.72
	5.80
	5.02
	4.98
	7.17
	2.9
	5.2
	7

	Kyzylorda
	4.31
	6.66
	5.57
	5.60
	3.32
	4.99
	5.2
	5.1
	8

	Karaganda
	2.53
	3.29
	5.91
	2.17
	7.05
	9.00
	5.1
	5.0
	9

	Uralsk
	3.77
	4.60
	6.14
	3.61
	5.56
	5.25
	4.4
	4.8
	10

	Kostanay
	2.46
	3.11
	5.17
	3.27
	6.53
	5.50
	5.2
	4.5
	11

	Ust-Kamenogorsk
	2.34
	2.85
	5.29
	2.77
	7.77
	5.88
	4.2
	4.4
	12

	Pavlodar
	2.54
	3.04
	4.60
	2.34
	7.95
	5.57
	5.0
	4.4
	13

	Fort Shevchenko
	4.51
	7.53
	4.89
	5.73
	1.37
	1.63
	4.9
	4.4
	14

	Petropavlovsk
	2.35
	2.16
	4.03
	2.76
	7.43
	5.57
	5.8
	4.3
	15

	Taraz
	2.37
	5.85
	3.40
	2.70
	4.68
	5.95
	4.7
	4.2
	16

	Zhanaozen
	3.98
	7.03
	2.43
	5.62
	5.45
	1.90
	3.1
	4.2
	17

	Shymkent
	6.18
	6.72
	5.34
	2.01
	3.12
	3.90
	1.8
	4.1
	18

	Semey
	2.74
	3.74
	3.74
	1.74
	5.63
	6.39
	4.3
	4.0
	19

	Zhezkazgan
	2.05
	3.89
	4.60
	1.26
	8.30
	4.24
	3.1
	3.9
	20

	Turkestan
	4.03
	9.00
	5.40
	2.56
	1.28
	1.91
	2.9
	3.9
	21

	Priozersk
	2.71
	4.50
	5.06
	1.92
	8.31
	2.35
	1.8
	3.8
	22

	Satpayev
	2.67
	4.60
	4.49
	3.10
	8.85
	1.66
	1.2
	3.8
	23

	Lisakovsk
	2.51
	1.52
	4.20
	1.07
	9.00
	1.61
	5.1
	3.6
	24

	Balkhash
	2.73
	3.61
	4.89
	1.16
	8.20
	2.11
	2.3
	3.6
	25

	Ekibastuz
	2.49
	3.17
	4.49
	1.67
	8.57
	2.40
	1.5
	3.5
	26

	Rudnyyy
	2.64
	1.70
	3.80
	1.50
	8.81
	2.19
	3.0
	3.4
	27

	Aksu
	1.90
	2.87
	3.97
	1.80
	8.02
	2.44
	2.6
	3.4
	28

	Kurchatov
	3.04
	3.50
	3.00
	1.00
	8.77
	2.64
	1.5
	3.4
	29

	Stepnogorsk
	2.03
	2.52
	4.26
	1.11
	7.68
	1.80
	3.9
	3.3
	30

	Temirtau
	2.39
	2.39
	5.23
	1.11
	8.11
	2.07
	1.7
	3.3
	31

	Kentau
	2.80
	4.92
	4.49
	2.87
	5.62
	1.00
	1.1
	3.3
	32

	Arkalyk
	1.00
	3.87
	2.54
	1.22
	6.47
	1.99
	5.1
	3.2
	33

	Ridder
	1.69
	1.00
	5.40
	1.24
	7.56
	2.35
	2.9
	3.2
	34

	Shakhtinsk
	3.17
	2.16
	4.26
	1.00
	5.22
	2.90
	2.1
	3.0
	35


Continuation of the Table 1

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Arys
	4.82
	6.76
	1.00
	2.07
	1.00
	1.68
	3.0
	2.9
	36

	Karazhal
	3.45
	4.99
	4.54
	1.66
	2.50
	1.11
	1.7
	2.8
	37

	Saran
	2.73
	2.04
	4.71
	1.21
	5.27
	1.41
	1.0
	2.6
	38

	Tekeli
	3.10
	2.44
	1.80
	1.26
	1.19
	1.62
	2.7
	2.0
	39

	Note – Calculated according to sources [BNS of the RK URL: https://stat.gov.kz/beta/?lang=ru; National SDG reporting platform URL: https://www.kz.undp.org/content/kazakhstan/ru/home/projects/partnering-for-building-a-national-sdg-platform.html; websites of regional statistics departments, databases on medical and legal statistics URL: https://qamqor.gov.kz/portal/page/portal/ POPageGroup/Services/Pravstat].



Table 2 – Index and Rating of the economic sustainability of Kazakhstani cities

	 



City/Town
	Index
	Economic Sustainability Index
ISEcon
	Rating ISEcon

	
	Manufacturing industry output, thousand tenge per capita
	Investments in fixed assets for 2015–2019, per capita, thousand tenge
	Possibilities of attracting external resources (distance to the nearest railway station, km)
	Industrial diversification (Herfindahl-Hirschman Index)
	Level of innovative activity, %
	Unemployment rate, %
	Share of self-employed,%
	
	

	Indicator code
	В8
	В9
	В10
	В11
	В12
	В13
	В14
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Karazhal
	1.55
	8.7
	9.0
	4.9
	9.0
	5.4
	9.0
	6.80
	1

	Aksu
	9.00
	5.3
	9.0
	2.8
	5.9
	2.8
	7.8
	6.08
	2

	Saran
	1.64
	1.9
	7.8
	8.4
	8.1
	4.6
	8.6
	5.85
	3

	Atyrau
	2.22
	9.0
	9.0
	6.9
	2.5
	2.8
	8.3
	5.82
	4

	Kurchatov
	1.05
	1.8
	9.0
	7.1
	7.6
	3.2
	8.6
	5.49
	5

	Nur-Sultan
	1.89
	4.6
	9.0
	7.1
	3.7
	3.7
	7.8
	5.39
	6

	Ust-Kamenogorsk
	5.20
	2.1
	9.0
	5.4
	3.8
	3.7
	7.8
	5.27
	7

	Ekibastuz
	1.49
	6.3
	9.0
	6.9
	2.1
	2.8
	8.3
	5.26
	8

	Zhezkazgan
	8.11
	1.5
	9.0
	2.0
	3.8
	3.0
	8.3
	5.11
	9

	Almaty
	1.54
	2.2
	9.0
	9.0
	3.2
	2.1
	8.3
	5.06
	10

	Pavlodar
	3.71
	2.8
	9.0
	6.8
	2.3
	2.8
	8.1
	5.05
	11

	Kokshetau
	1.65
	1.5
	9.0
	7.7
	3.3
	4.8
	6.7
	4.95
	12

	Kyzylorda
	1.18
	2.6
	9.0
	7.5
	3.5
	3.2
	7.5
	4.94
	13

	Zhanaozen
	1.25
	2.9
	9.0
	4.3
	1.5
	6.3
	8.8
	4.88
	14

	Balkhash
	6.20
	2.2
	9.0
	2.7
	2.6
	3.0
	8.3
	4.87
	15

	Aktobe
	2.26
	2.1
	9.0
	7.5
	2.6
	2.8
	7.7
	4.84
	16

	Shakhtinsk
	1.35
	1.9
	7.5
	6.8
	4.3
	3.2
	8.7
	4.81
	17



Continuation of the Table 2

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Fort Shevchenko
	2.15
	8.2
	1.0
	1.7
	2.8
	9.0
	8.8
	4.81
	18

	Satpayev
	1.61
	2.5
	8.0
	5.1
	2.9
	4.6
	9.0
	4.80
	19

	Karaganda
	1.72
	1.6
	9.0
	8.5
	3.2
	1.9
	7.6
	4.79
	20

	Temirtau
	5.61
	2.1
	9.0
	2.4
	2.0
	3.7
	8.7
	4.79
	21

	Stepnogorsk
	3.25
	1.9
	8.5
	4.8
	3.8
	4.6
	6.4
	4.75
	22

	Ridder
	3.75
	2.7
	9.0
	2.5
	3.2
	3.7
	8.3
	4.74
	23

	Aktau
	1.66
	3.6
	9.0
	7.8
	1.6
	1.4
	7.9
	4.73
	24

	Taldykorgan
	1.47
	2.2
	9.0
	8.1
	1.8
	3.9
	6.6
	4.72
	25

	Kostanay
	3.21
	1.8
	9.0
	7.9
	3.7
	1.9
	5.5
	4.72
	26

	Lisakovsk
	1.24
	2.7
	9.0
	5.4
	5.4
	2.3
	6.6
	4.67
	27

	Uralsk
	1.58
	1.6
	9.0
	8.1
	2.2
	2.8
	7.2
	4.64
	28

	Petropavlovsk
	1.65
	1.7
	9.0
	6.6
	2.0
	3.2
	7.2
	4.49
	29

	Taraz
	1.82
	1.4
	9.0
	7.6
	3.5
	1.0
	6.8
	4.45
	30

	Shymkent
	1.61
	1.8
	9.0
	8.6
	2.3
	2.1
	5.6
	4.42
	31

	Semey
	1.60
	1.3
	9.0
	8.4
	2.8
	2.1
	5.5
	4.39
	32

	Priozersk
	1.00
	1.0
	8.5
	3.1
	2.8
	4.1
	9.0
	4.21
	33

	Turkestan
	1.05
	1.5
	9.0
	6.6
	2.7
	2.3
	4.0
	3.89
	34

	Tekeli
	1.63
	1.3
	9.0
	2.5
	3.6
	2.8
	5.5
	3.77
	35

	Rudnyyy
	1.50
	2.7
	8.8
	1.0
	2.9
	2.1
	6.3
	3.63
	36

	Arkalyk
	1.11
	1.2
	9.0
	2.8
	1.6
	2.6
	6.6
	3.56
	37

	Kentau
	1.18
	1.7
	9.0
	2.7
	3.7
	2.1
	3.7
	3.44
	38

	Arys
	1.03
	1.2
	9.0
	3.0
	1.0
	2.1
	1.0
	2.61
	39

	Note - Calculated under sources [BNS of the RK URL: https://stat.gov.kz/beta/?lang=ru; national SDG reporting platform URL: https://www.kz.undp.org/content/kazakhstan/ru/home/ projects/partnering-for-building-a-national-sdg-platform.html; websites of statistics departments of regions]



Table 3 – Index and Rating of the ecological sustainability of Kazakhstani cities

	City/Town
	Index
	Ecological Sustainability Index, ISEcol
	Rating

	
	Environmental protection costs per capita, thousand tenge
	Air emissions of pollutants from stationary sources, kg per capita
	Share of a city in the cities’ emissions of pollutants into the atmosphere,%
	Air pollution index (API5)
	Provision of the population with services for the collection and removal of waste per capita, thousand tenge
	Percentage of captured and neutralized pollutants
	Share of stationary emission sources equipped with treatment facilities,%
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



Continuation of the Table 3

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Indicator code
	B15
	B16
	B17
	B18
	B19
	B20
	В21
	
	

	Lisakovsk
	3.58
	8.82
	8.9
	5.6
	2.37
	3.56
	9.00
	5.98
	1

	Ridder
	3.44
	8.66
	8.8
	6.7
	2.22
	8.72
	3.18
	5.96
	2

	Petropavlovsk
	1.74
	8.47
	7.8
	7.9
	4.26
	8.75
	2.60
	5.93
	3

	Stepnogorsk
	1.68
	8.37
	8.6
	6.7
	4.83
	8.60
	2.25
	5.86
	4

	Rudnyyy
	2.75
	7.74
	7.4
	9.0
	4.15
	8.32
	1.34
	5.81
	5

	Saran
	3.11
	8.65
	8.8
	9.0
	2.85
	6.41
	1.85
	5.81
	6

	Kokshetau
	1.54
	8.86
	8.7
	7.9
	2.78
	8.54
	2.28
	5.80
	7

	Zhanaozen
	1.97
	8.66
	8.7
	9.0
	9.00
	1.00
	1.00
	5.62
	8

	Aktau
	3.84
	8.85
	8.7
	5.6
	6.56
	4.47
	1.35
	5.62
	9

	Tekeli
	1.11
	8.68
	8.9
	5.6
	1.19
	8.20
	4.99
	5.52
	10

	Taldykorgan
	1.09
	8.92
	8.8
	7.9
	1.74
	8.18
	1.95
	5.51
	11

	Zhezkazgan
	4.65
	6.29
	6.6
	2.1
	7.44
	8.47
	2.70
	5.47
	12

	Kentau
	1.00
	8.98
	8.9
	9.0
	1.00
	7.48
	1.57
	5.42
	13

	Satpayev
	1.55
	8.54
	8.7
	5.6
	3.69
	8.67
	1.15
	5.41
	14

	Aksu
	9.00
	1.00
	3.6
	9.0
	3.56
	8.68
	2.98
	5.41
	15

	Pavlodar
	3.48
	7.49
	3.7
	7.9
	4.06
	8.86
	2.38
	5.40
	16

	Kostanay
	1.17
	8.85
	8.6
	7.9
	3.12
	3.96
	3.70
	5.32
	17

	Ust-Kamenogorsk
	2.10
	8.60
	7.6
	3.3
	3.68
	8.47
	2.57
	5.18
	18

	Semey
	1.08
	8.86
	8.4
	5.6
	1.81
	7.99
	2.26
	5.14
	19

	Fort Shevchenko
	3.94
	8.03
	8.7
	5.6
	7.39
	1.00
	1.01
	5.09
	20

	Balkhash
	2.48
	5.96
	6.7
	3.3
	5.54
	9.00
	2.66
	5.09
	21

	Shakhtinsk
	1.18
	8.36
	8.7
	5.6
	1.71
	8.12
	1.58
	5.02
	22

	Uralsk
	1.07
	8.95
	8.7
	9.0
	2.72
	2.75
	1.78
	5.00
	23

	Aktobe
	1.82
	8.87
	8.2
	3.3
	3.74
	8.03
	1.04
	5.00
	24

	Taraz
	1.56
	8.82
	8.3
	4.4
	1.65
	7.14
	1.89
	4.82
	25

	Karaganda
	1.32
	8.72
	7.5
	2.1
	3.31
	8.74
	1.93
	4.81
	26

	Kurchatov
	1.09
	8.85
	9.0
	5.6
	2.68
	4.99
	1.43
	4.80
	27

	Nur-Sultan
	1.20
	8.88
	7.3
	3.3
	2.27
	8.70
	1.66
	4.75
	28

	Atyrau
	5.62
	8.52
	7.3
	3.3
	6.53
	1.00
	1.00
	4.74
	29

	Almaty
	1.12
	8.97
	7.8
	2.1
	2.57
	8.68
	1.64
	4.70
	30

	Arys
	4.75
	9.00
	9.0
	5.6
	1.85
	1.06
	1.07
	4.61
	31

	Temirtau
	4.12
	5.30
	2.4
	1.0
	5.56
	8.44
	3.94
	4.39
	32

	Karazhal
	1.19
	8.21
	8.9
	5.6
	3.54
	1.43
	1.46
	4.33
	33

	Arkalyk
	1.28
	8.90
	9.0
	5.6
	1.55
	1.30
	1.00
	4.08
	34


Continuation of the Table 3

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Priozersk
	1.00
	8.81
	9.0
	5.6
	2.20
	1.00
	1.00
	4.08
	35

	Turkestan
	1.02
	9.00
	9.0
	5.6
	1.12
	1.11
	1.09
	3.98
	36

	Kyzylorda
	1.30
	8.89
	8.6
	4.4
	2.02
	1.03
	1.01
	3.89
	37

	Shymkent
	1.30
	8.96
	8.3
	3.3
	1.94
	1.47
	1.00
	3.75
	38

	Ekibastuz
	2.34
	3.56
	1.0
	7.9
	1.00
	8.64
	1.81
	3.74
	39

	Note - Calculated according to sources [BNS of the RK URL: https://stat.gov.kz/beta/?lang=ru; national SDG reporting platform URL: https://www.kz.undp.org/content/kazakhstan/ru/home/ projects/partnering-for-building-a-national-sdg-platform.html; Kazhydromet URL: https://www.kazhydromet.kz; Platforms IQAir URL: https://webcache.googleusercontent.com/search?q=cache:wOC2OpkSQH8J:https:/ /www.iqair.com/ru/+&cd=1&hl=ru&ct=clnk&gl=kz].



A consolidated integral rating of the sustainability of Kazakhstani cities was calculated based on the intermediate indices of social, economic and environmental sustainability under Formula 3 (Table 4).
[bookmark: _Hlk77796504]
Table 4 – Index and Rating of sustainable development of Kazakhstani cities

	[bookmark: _Hlk78221969]


City / Town
	Social Sustainability Index, ISSocial
	


Rating
	Economic Sustainability Index, ISEcon
	


Rating
	Ecological Sustainability Index, ISEcol
	


Rating
	City’s sustainable development index, CSDI
	Rating

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Aktau
	6.7
	2
	4.7
	24
	5.6
	9
	17.04
	1

	Nur-Sultan
	6.8
	1
	5.4
	6
	4.8
	28
	16.99
	2

	Kokshetau
	5.4
	4
	5.0
	12
	5.8
	7
	16.17
	3

	Atyrau
	5.4
	3
	5.8
	4
	4.7
	29
	16.01
	4

	Taldykorgan
	5.4
	5
	4.7
	25
	5.5
	11
	15.64
	5

	Aksu
	4.1
	23
	6.1
	2
	5.4
	15
	15.56
	6

	Aktobe
	5.2
	6
	4.8
	16
	5.0
	24
	15.08
	7

	Ust-Kamenogorsk
	4.6
	12
	5.3
	7
	5.2
	18
	15.01
	8

	Pavlodar
	4.6
	13
	5.0
	11
	5.4
	16
	15.00
	9

	Almaty
	5.2
	7.0
	5.1
	10
	4.7
	30
	14.97
	10

	Petropavlovsk
	4.4
	14
	4.5
	29
	5.9
	3
	14.86
	11

	Zhanaozen
	4.3
	18
	4.9
	14
	5.6
	8
	14.83
	12

	Lisakovsk
	4.1
	22
	4.7
	27
	6.0
	1
	14.73
	13

	Zhezkazgan
	4.1
	21
	5.1
	9
	5.5
	12
	14.70
	14



Continuation of the Table 4

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Saran
	3.0
	38
	5.9
	3
	5.8
	6
	14.65
	15

	Kostanay
	4.6
	11
	4.7
	26
	5.3
	17
	14.62
	16

	Karaganda
	5.0
	9
	4.8
	20
	4.8
	26
	14.62
	17

	Uralsk
	4.9
	10
	4.6
	28
	5.0
	23
	14.52
	18

	Stepnogorsk
	3.8
	26
	4.7
	22
	5.9
	4
	14.36
	19

	Fort Shevchenko
	4.4
	16
	4.8
	18
	5.1
	20
	14.33
	20

	Karazhal
	3.2
	36
	6.8
	1
	4.3
	33
	14.32
	21

	Satpayev
	4.0
	24
	4.8
	19
	5.4
	14
	14.23
	22

	Ridder
	3.2
	35
	4.7
	23
	6.0
	2
	13.95
	23

	Kyzylorda
	5.1
	8
	4.9
	13
	3.9
	37
	13.95
	24

	Semey
	4.2
	20
	4.4
	32
	5.1
	19
	13.73
	25

	Taraz
	4.4
	15
	4.4
	30
	4.8
	25
	13.70
	26

	Balkhash
	3.7
	28
	4.9
	15
	5.1
	21
	13.61
	27

	Kurchatov
	3.1
	37
	5.5
	5
	4.8
	27
	13.35
	28

	Shakhtinsk
	3.5
	32
	4.8
	17
	5.0
	22
	13.31
	29

	Rudnyyy
	3.6
	30
	3.6
	36
	5.8
	5
	13.01
	30

	Ekibastuz
	3.7
	27
	5.3
	8
	3.7
	39
	12.74
	31

	Temirtau
	3.4
	33
	4.8
	21
	4.4
	32
	12.57
	32

	Shymkent
	4.3
	17
	4.4
	31
	3.7
	38
	12.51
	33

	Kentau
	3.5
	31
	3.4
	38
	5.4
	13
	12.34
	34

	Priozersk
	4.0
	25
	4.2
	33
	4.1
	35
	12.24
	35

	Turkestan
	4.3
	19
	3.9
	34
	4.0
	36
	12.19
	36

	Tekeli
	2.3
	39
	3.8
	35
	5.5
	10
	11.63
	37

	Arkalyk
	3.6
	29
	3.6
	37
	4.1
	34
	11.22
	38

	Arys
	3.3
	34
	2.6
	39
	4.6
	31
	10.47
	39

	Note - Developed based on the calculated data in Tables 1, 2, 3



[bookmark: _Hlk78202853]The values of the integral indices are in the range from 10 to 17. The Top 10 of the ranking include 2 megalopolises (Nur-Sultan and Almaty), 7 large industrial cities and 1 medium-sized city (Aksu). The third megalopolis of Kazakhstan, Shymkent, entered the last 10 of the rating.
[bookmark: _Hlk78203244][bookmark: _Hlk78221914]Analysis of the data shows very large differences between the cities, as a result, the place in the rating does not always give a complete picture of the sustainability of a city. Therefore, the sustainable urban development risks were mapped under three factors and all indicators. This approach enables to see not only the rank of a city but also to draw attention to different groups of problems in cities of Kazakhstan. It is very important to take risks into account when the development sustainability of a city is analyzed, since they can result in an imbalance in the triad “society - economy – nature” in the form of deterioration of social conditions, loss of human resources, decrease in economic sustainability, depletion of natural resources and harmful effects on the environment. 
[bookmark: _Hlk78203067][bookmark: _Hlk78216530]Three levels of risks were identified in the proposed methodology; they are high, medium, low ones. The criteria were used based on the average indicators for Kazakhstan, for the analyzed group and for the group of countries to assess the risk levels. Standardized criteria were used for some indicators (API5, Herfindahl-Hirschman Index). All the proposed indicators were coded for the convenience of the toolkit use. Parameters and coding of criteria for risk levels for all indicators of sustainable development of cities with links to sources of standardized criteria are shown in Table 5.

Table 5 - Parameters of criteria intended to assess the levels of sustainable development risks in Kazakhstan cities

	Index
	Indicator Code
	High Risk
	Average Risk
	Low Risk

	1
	2
	3
	4
	5

	Social Sustainability

	Change in the population of a city within 1999 -2019,%
	В1
	B1 <100
	100≤B1≤123.5
	B1> 123.5

	Natural increase per 1,000 persons of the population.
	В2
	B2/10
	10≤B2≤14.56
	B2≥14.56

	Living area, sq. m per capita [44, р.129]
	В3
	B3/21.9
	30> B3≥21.9
	B3≥30

	Commissioning of new housing on average per year for 5 years, sq. m per capita.
	В4
	B4/0.6
	1≥B4≥0.6
	B4/1

	Share of the housing stock area equipped with central heating,%
	В5
	B5/56.5
	71.9> B5> 56.5
	B5/71.9

	Number of doctors per 10,000 persons of the population, persons [45, p. 68].
	В6
	B6/26
	26≤B6≤40
	B6/40

	Hospital beds per 10,000 persons of the population, pc. [46].
	В7
	B7/52
	71> B7> 52
	B7/71

	Economic Sustainability

	Manufacturing industry production per capita, thousand tenge
	В8
	B8<493
	493≤B8≤719.3
	B8>719,3

	Average annual volume of investment in fixed assets per capita for 5 years, thousand tenge
	В9
	B9/1572
	1572≤B9≤2572
	B9/2572



Continuation of the Table 5

	1
	2
	3
	4
	5

	Possibilities of attracting external resources (distance to the nearest railway station, km) [47]
	В10
	30 <B10
	1 <B10≤30
	B10≤1

	Industrial diversification (HHI) [48]
	В11
	0.18 <HHI ≤ 1
	0.1≤ HHI ≤0.18
	HHI <0.10

	Unemployment rate, %
	В12
	B12/5
	4.8≤B12≤5
	B12/4.8

	Share of self-employed,%
	В13
	B13/23.9
	12≤B13≤23.9
	B13/12

	Level of innovative activity,%
	В14
	B14/11.3
	11.3≤B14≤13
	B14/13

	Environmental Sustainability

	Environmental protection costs per capita, tenge
	В15
	B15/12500
	12500≤B15≤27500
	B15/27500

	Air emissions of pollutants from stationary sources per capita, kg
	В16
	B16> 500
	100 <B16≤500
	В16≤100

	Air pollution index (API5) [49]
	В17
	B17≥7
	5 <B17 <7
	B17≤5

	Share of a city in the cities’ emissions of pollutants into the atmosphere,%.
	В18
	B17/3
	1≤B17≤3
	B17/1

	Provision of the population with services for water supply, sewerage, collection and disposal of waste per capita, thousand tenge.
	В19
	B18/14.5
	14.5≤B18≤21
	B18/21

	Share of captured and neutralized pollutants, %. 
	В20
	B20 <61
	93≥B20≥61
	B20> 93

	Share of stationary emission sources equipped with treatment facilities, %.
	В21
	B21 <20
	20≤В21≤50
	B21> 50



Maps of social, economic and environmental sustainability risks of cities were compiled in accordance with the calculated data obtained in Tables 1, 2, 3, 4 and based on the parameters of the criteria for risk levels for all indicators. At the same time, conditional formatting of different risk levels was used for clarity, in the risk maps that were assigned the corresponding color indicators: high risk - red, medium - yellow, low risk level - green indicator (Annex G, Tables G.1, G.2, G.3).
A summary map of sustainable development risks of Kazakhstan cities for three groups of risks is presented in Table 6.


Table 6 - Map of sustainability risks of Kazakhstani cities

	Sustainability factors
	Distribution of cities by risk levels

	
	High 
	Average 
	Low 

	1
	2
	3
	4

	Social sustainability
	Turkestan, Shakhtinsk, Ekibastuz, Kentau, Temirtau, Tekeli, Stepnogorsk, Saran, Rudnyy, Ridder, Priozersk, Kurchatov, Karazhal, Balkhash, Arys, Arkalyk, Aksu
	Almaty, Shymkent, Petropavlovsk, Pavlodar, Karaganda, Kokshetau, Taraz, Zhanaozen, Fort-Shevchenko, Semey, Satpaev, Lisakovsk, Zhezkazgan, Zhanaozen, Ust-Kamenogorsk, Uralsk
	Nur-Sultan, Aktau, Aktobe, Atyrau, Kyzylorda, Taldykorgan,

	Economic Sustainability
	Shymkent, Turkestan, Shakhtinsk, Ekibastuz, Kentau, Tekeli, Semey, Rudnyy, Priozersk, Arys, Arkalyk
	Almaty, Aktau, Karaganda, Kokshetau, Kyzylorda, Petropavlovsk, Taldykorgan, Taraz, Uralsk, Fort-Shevchenko, Stepnogorsk, Satpayev, Saran, Lisakovsk, Zhezkazgan, Kurchatov, Balkhash, Zhanaozen
	Nur-Sultan, Atyrau, Ust-Kamenogorsk, Temirtau, Ridder, Aksu, Karazhal

	Environmental Sustainability
	Nur-Sultan, Shymkent, Atyrau, Karaganda, Kyzylorda, Turkestan, Arkalyk, Balkhash, Zhezkazgan, Priozersk, Temirtau, Ekibastuz
	Almaty, Aktobe, Kostanay, Taldykorgan, Taraz, Uralsk, Ust-Kamenogorsk, Zhanaozen, Karazhal, Kurchatov, Rudnyy, Saran, Semey, Tekeli, Shakhtinsk, Kentau
	Aktau, Kokshetau, Pavlodar, Petropavlovsk, Aksu, Arys, Ridder, Lisakovsk, Satpayev, Stepnogorsk, Fort-Shevchenko

	Note - Compiled based on Annex G, Tables G.1, G.2, G.3



Based on the calculations and risk maps drawn up, it is possible to determine the main trends and problems in achievement of the sustainability of the economy and social sphere in the Kazakhstani cities.
Social sustainability of the Kazakhstani cities. From 2009 to 2019, the urban population in Kazakhstan increased by 123.5%. This level can be taken as an indicative criterion to assess the sustainability level of population growth in Kazakhstan cities. Cities where the population has decreased, have high risks of human capital loss, and are less competitive in terms of attracting human resources. This situation is observed in 6 out of 39 cities. Cities with population growth but it lagged behind the urbanization level in the country as a whole, are classified as medium-risk cities. 
In 2019, the rate of natural increase in Kazakhstan was 14.55, while it was higher for the urban population at the rate of 14.64. In two cities - Ridder and Rudnyy - there was a negative rate of natural population growth. In 18 cities, this indicator ranges from 1 to 10. These cities were classified as at high risk. Another 10 cities were included in the group with medium risk. Cities with high population growth rates are categorized as low risk in terms of human resources. At the same time, it should be noted that the excessively rapid growth of urban population has other risks associated with overloading urban infrastructure and other aspects of urban life.
[bookmark: _Hlk78215218]The indicators of the housing quality were considered among the basic needs. According to modern standards, a person's living space should be at least 30 square m. [43, p. 129]. there are 21.9 sq. meters of living space in Kazakhstan. According to estimates (Ranking.kz, 2018), for the housing provision level in Kazakhstan to reach 30 sq. meters per person, it is necessary to build more than 1 sq. m per inhabitant per year, while an average of 0.6 sq. m. is built. Cities with high, medium and low risk in the provision of housing conditions were identified based on these estimates. Most cities with a housing provision level above the republican level, nevertheless, fall into the category with low rates of housing construction. 
[bookmark: _Hlk78203808][bookmark: _Hlk78204134]According to studies previously conducted to assess primary and secondary modernization [44], the indicator “the number of doctors” with more than 26 persons per 10,000 persons of the population is the main (standard) one for secondary modernization. Based on this criterion, 17 high-risk cities were identified. The average number of doctors in Kazakhstan is 40 persons, so the average risk level refers to cities with an indicator from 26 to 40 persons per 10,000 persons of the population. The risk was low for the rest of the cities.
[bookmark: _Hlk78204324]The hospital beds provision rate in Kazakhstan is 52 units per 10,000 persons of population, while in the CIS countries - 71 [46]. According to this indicator, the two largest cities, Almaty and Nur-Sultan, were included in the high-risk group, along with medium and small cities. 
[bookmark: _Hlk78204727]Economic sustainability of Kazakhstani cities. A number of 5-year industrial programs have been adopted in Kazakhstan, including the Industrial Development Program 2015-2019, and each region implements its own industrialization maps. In Kazakhstan, the average annual volume of investment in fixed assets per capita within the period from 2015–2019 amounted to 2,579.0 thousand tenge. An important economic sustainability indicator is the level of diversification of the industrial structure of cities. This indicator was calculated based on the Herfindahl-Hirschman Index. 
Another important condition for urban development is the ability to attract external resources that depend on transport infrastructure, in particular on the distance to the nearest railway station [47]. 7 out of 39 cities do not have direct rail access. The most remote is the city of Fort Shevchenko (144 km). Despite the fact that the Mangistau region has a powerful transit potential with access to the multinational system of the Caspian region, the weak infrastructure connecting Fort Shevchenko with the country's internal economic space is a significant restriction for the development and use of the unique natural and geographical potential of the town.
[bookmark: _Hlk78205465]The level of innovative activity is an important indicator of the economic potential of any city. Analysis of the data showed that in many medium and small towns the innovation activity level is higher than the average republican level.
Significant sustainability risks are associated with employment conditions. Overall, urban unemployment rates are not critical. However, one of the acute and urgent problems is the spread of instable forms of employment, including various forms of self-employment. On average, the share of employers does not exceed 4% among the self-employed in Kazakhstan. The rest part is involved in various forms of vulnerable employment and has instability risks. Significant self-employment levels are usually associated with a high share of agricultural employment and a lack of standard jobs with social safety nets. The large scale of self-employment in cities poses great economic and social risks.
The cities were grouped by the level of economic sustainability risks taking into account all these indicators.
Environmental sustainability of Kazakhstani cities. According to Kazhydromet (www.kazhydromet.kz), Temirtau, Nur-Sultan, Almaty, Aktobe, Atyrau, Ust-Kamenogorsk, Karaganda, Balkhash, Zhezkazgan, Shymkent are characterized with a high pollution level under the air pollution index. 
Four cities - Pavlodar, Aksu, Temirtau, Ekibastuz produce 52% of emissions in this group of cities. Therefore, a high level of risk is associated with these cities. The second group of cities emit 1 to 5% of the emissions; the third group of cities emit less than 1% of the emissions. 
The cost of environmental protection per capita in 2019 amounted to 12.05 thousand tenge, in the analyzed group of cities - 38.11 thousand tenge. There are significant differences in costs in cities - from 0.09 thousand to 301 thousand tenge. Accordingly, cities where expenses will be below the national average are classified as high-risk. The largest Kazakhstan cities fall into this category. Putting industrial cities in a low-risk group does not alleviate the air pollution problem. It addresses the extent of efforts to restore and preserve the environment.
For Kazakhstan, the extraction and export of commodities is an important source of growth as for many developing countries. The republic's oil and mining cities are more stable, while monotowns are less stable. Such a phenomenon as “energy poverty” is noted in the studies of Kazakhstani scientists. 
There are regional differences in the availability of cleaner fuel sources, the share of coal (up to 40% of households) for heating houses and other purposes remains high, gas is used mainly for cooking [50] in Kazakhstan. As noted by experts [51], low commodity prices on world markets, the decline in receipts from commodity exports in many producing countries limits the ability to mobilize investment for sustainable development. The effect of losses increases many times over along with the underdevelopment of capacities to process energy resources and infrastructure for distribution. 
[bookmark: _Hlk78206376]Achievement of the Sustainable Development Goals requires serious efforts to protect the environment. According to the data of the monitoring panel of the Sustainable Development Goals in 2019 in Kazakhstan, the generation of hazardous waste (all hazard levels) amounted to 9.75 tons per capita, of which hazardous waste (“red” and “amber” hazard levels) is 225 kg per capita. The share of solid household waste processing and disposal is only 14.9%.
The study examined such indicators as the proportion of captured and neutralized pollutants and the proportion of stationary emission sources equipped with treatment facilities. In general, in the Kazakhstan cities, the average level of neutralization of pollutants is 61%, and the share of stationary sources of emissions equipped with treatment facilities averages 8%. It is obvious that the risks of environmental sustainability are quite high in the cities of the country.
Thus, the results of the development and testing of the modified rating assessment methodology, and the compilation of risk maps of social, economic and ecological sustainability of Kazakhstani cities, enable to conclude that cities are unequal in achievement of sustainable development goals, as well as the need to have tools intended to monitor and plan future initiatives in the field of sustainable development not only in the context of large cities and regions but with the maximum coverage of cities of different types.

CONCLUSION 

The following conclusions and suggestions were made based on the study:
1) Cities play a decisive role in the development of the country in the modern world, and are the engines of economic growth and business development. Therefore, there is a steady trend towards urbanization everywhere. In Kazakhstan, the share of the urban population is also constantly growing and increased from 40% in 1960 to 58.4% in 2019. Outstripping growth rates of the urban population were achieved due to the migration of rural residents and due to natural growth.
2) The urban environment deteriorates under the influence of economic crises, environmental, man-made and political cataclysms, the COVID-19 pandemic, climate change, and resource depletion in the 21st century, with the growth of urbanization processes. Moreover, if economic risks dominated within the period 2007–2010, then in 2016–2020 most of the problems are related to epidemiological and environmental ones, such as natural disasters, extreme weather conditions, loss of biodiversity, man-made environmental disasters, climate action failure.
3) Generalization of the world practice of urban development allowed many experts to come to the important conclusion that the uncontrolled urbanization expansion causes an excessive increase in resource consumption, negatively affects the social indicators of city development and destroys the ecological balance. The uncontrolled population growth in large cities of the world and in Kazakhstan has serious negative consequences - unemployment grows, there is an imbalance in the development of urban areas, the engineering and transport infrastructure is unevenly distributed, urban traffic becomes more complicated, and the ecology is disturbed. 
Therefore, it is necessary to increase attention to the regulation of urbanization processes and to the problems of ensuring the sustainable development of cities. In its most general form, the concept of sustainable city development implies economic prosperity, ecological and social security, rational use and economical use of resources.
4) Under conditions of increase in global challenges and acceleration of urbanization processes, solving major urban problems become more and more difficult and requires rational management decisions based on an adequate assessment of the sustainability level of cities. It requires a scientifically based methodological approach and an effective toolkit to monitor and assess the sustainability level of a city.
5) A large number of methods are used with various systems of criteria and indicators to assess the sustainability level of cities in world science and practice. Most of them are designed for the countries of Europe, North America and China, while many other ones are focused on the largest cities. At the same time, these methods turned out to be of little use to measure the sustainability level of cities in developing countries and small towns due to the poor availability of statistical data. At the same time, sustainability issues are often most acute in these cities,
6) The generalization of existing methodological approaches enables to conclude that the assessment of the sustainability level of cities has a number of features and difficulties, since it is influenced by a number of additional factors - the level of migration and urbanization, the level of life security, the degree of comfort, the organization of the urban environment, the presence of uncomfortable outskirts. Besides, environmental and epidemiological factors in cities have a stronger impact on sustainable development due to the high density of population and housing development, and transport congestion. 
7) A methodology is proposed, modified and adapted to the conditions of the Kazakhstan cities taking into account the peculiarities and difficulties in obtaining information on all cities of the country where three key blocks of sustainable development indicators for cities are identified: social, economic, ecological ones. For the assessment, the relative indicators of the sustainability level of cities were selected that allow to use them for rating assessment. With the purpose to convert the values of indicators to a point assessment, their parameters are proposed to be normalized on a scale from 1 (worst) to 9 (best) by analogy with the methodology used by the World Economic Forum. It is recommended to construct integral indices that aggregate social, economic and ecological indicators based on the point assessment. 
8) The advantages of the proposed modified methodological approach are the complexity of the assessment, the possibility of its use by the city government for operational monitoring, urban planning and forecasting with subsequent decision-making to improve state regulation in favor of sustainable urban development.
9) The results of the development and testing of a modified rating assessment methodology, and the compilation of risk maps of social, economic and ecological sustainability of Kazakhstani cities made it possible to characterize the current situation as inequality of cities in achieving sustainable development goals, identify groups of cities for different types of problems and identify the most vulnerable of them, most in need of investment and government support.
10) In a number of Kazakhstani cities in recent years, a negative natural population growth has been developed that indicates an aging population of cities, a decrease in the quality of the health care system and the standard of living. The consequence of the peculiarities of urbanization in Kazakhstan is the overpopulation of the largest cities, the development of infrastructure of which lags behind the growing needs of city residents. The urbanization processes in Kazakhstan are developed unevenly, along with the growth of the largest cities, risks increase or a decrease in the extinction of economic activity in medium, small and single-industry towns. 
11) In accordance with the results of the author's rating assessment, the sustainable development of Kazakhstani cities is at an average level. Some medium-sized cities turned out to be more resilient than the megacities of Almaty and Shymkent, however, in Kazakhstani monotowns the level of sustainable development risks is higher than in other cities of the country. It confirms the conclusion of the inequality of the country's cities in achievement of sustainable development goals.
12) The study confirms the need for Kazakhstan to have a toolkit to monitor and plan future initiatives in the field of sustainable development, not only in the context of 3 large cities and regions but with the maximum coverage of towns of different types.
13) The application of the methodology developed by the authors will improve the tools intended to monitor and assess the sustainable development level of Kazakhstani cities, and the inclusion of the sustainable development indicators proposed by the authors in the urban planning and forecasting system will make it possible to use them on-line to make decisions on the strategic and current management of a city's development, its social economy and ecology similar to the Reference System for Sustainable Cities (RFSC) used in European countries. 
In general, the study results provide a measurement of urbanization processes and the sustainability level of cities, contribute to the identification of key areas to improve the management of urban development and improve the state regulation policy in favor of sustainable development, better design and organization of a city, its environment and space.
14) Scientifically based recommendations on the application of the methodology to assess the level of sustainable development of cities will contribute to the improvement of statistical accounting of the main parameters of the development of the economy, social sphere and the state of the ecology of Kazakhstani cities. At the same time, it is necessary to improve national regional statistics with the separation and expansion of urban statistics. 
15) This study can serve as a basis for subsequent scientific developments. Thus, it is necessary to conduct research (on pilot projects) on the materials of one or two cities with the purpose to develop a mechanism intended to monitor the social and economic development of regional systems that ensures the adoption of informed decisions on the choice of priorities and the achievement of a balanced state of the ecological, social and economic spheres of activity.
16) City government and local self-government bodies of many other developing countries can use the results obtained to develop measures to ensure the sustainable development of their own cities.
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[bookmark: _Toc22926098][bookmark: _Hlk81998886]ANNEX А

Main information about publications and implementation of research results

Publication of the main research results of the project performers in domestic and foreign publications, including:
In journals recommended by CQAES:
1 Nurkanova N.K., Alzhanova F.G., Satpayeva Z.T. The quality of urban space as a factor of sustainable economic development in Almaty // Economics: strategy and practice. – 2021. - № 2 (16). – Pp. 5-20. DOI: 10.51176/1997-9967-2021-2-5-20 (CQAES). (In Russian). 
In journals of the SCOPUS citation base:
[bookmark: _Hlk69568619][bookmark: _Hlk69568397]2 Nurlanova N.K., Alzhanova F.G., Satpayeva Z.T. Cities’ sustainable development: rating assessment methodology and risk analysis (using Kazakhstan as an example) // Economy of region (Q2, CiteScore 2020 2.0, percentile 74 in Scopus database, Web of Science (ESCI), EBSCO, EconLit, RePEC, CitEc, Ulrich’s Periodicals Directory, DOAJ). Accepted for publication, reference from the editorial staff of the “Economy of region” journal No. 16370-011.2 / 459 dated 02.09.2021. (Scanned copy of the reference in Appendix Н).
In the proceedings of the International scientific and practical conferences:
3 Alzhanova F., Celetti D., Nurlanova N., Satpayeva Z. Quality of Urban Space in The Eurasian Context. The Case of Almaty (Kazakhstan) // Proceedings of the XV International Conference «Russian Regions in the Focus of Changes» (ICRRFC 2020). - Vol. 162. - Pp. 21-29. DOI: https://doi.org/10.2991/aebmr.k.210213.004.
4 Nurlanova N.K., Dnishev F.M. Urbanization in Kazakhstan: opportunities and risks / In coll. “Quality of life: socio-economic priorities and main directions of growth of social welfare of the population”. – Almaty: IE CS MES RK, 2021. – Pp. 65–74. (In Russian).
5 Nurlanova N.K. New challenges to sustainable urban development (on the example of Kazakhstan) / In coll. “New architecture of building an economy in a post-pandemic world”. - Tashkent, 2021. – Pp. 194–199. (In Russian).
The research results are approved at the conference (without publication):
[bookmark: _Hlk83769063]1 Alzhanova F. Sustainable development of the economy and social environment of Kazakhstan’s cities / International scientific and practical conference “Impact of the pandemic on the achieving the sustainable development goals: trends and effects” (April 8-9, 2021, al-Farabi KazNU, Almaty, Kazakhstan).
The Scientific report “Sustainable development of Kazakhstan’s cities: rating methodology and risk analysis” with recommendations was submitted to the Committee on economic reforms and regional development of the Mazhilis of the Parliament of the Republic of Kazakhstan. Feedback was received from the Mazhilis of the Parliament of the Republic of Kazakhstan on the use of methodological developments and rating assessment of sustainable development level of Kazakhstan’s cities, as well as recommendations for overcoming critical points in the sustainability of their economy, social environment and ecology (letter No. 10-14-934 / 2405 dated 01.06.2021).
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Appendix 1.1
to this agreement
No. 241 dated November 12, 2020

CALENDAR PLAN

1. REPUBLICAN STATE TREASURY ENTERPRISE “INSTITUTE OF ECONOMICS” OF THE COMMITTEE OF SCIENCE OF THE MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF KAZAKHSTAN

1.1 By priority: 6. Scientific foundations of “The Eternity Nation” (the education of the XXI century, fundamental and applied research in the humanities).
1.2 By sub-priority: 6.1. Fundamental, interdisciplinary research in the social sciences. 6.1.1. Research of current economic, institutional problems of sustainable development and technological modernization of the economy, Industry 4.0, entrepreneurship.
1.3 On the topic of the project: IRN AP08955816 “Rating assessment of the sustainability of the economy and social environment of Kazakhstani cities”.
1.4 The total amount of the project: 5,000,000 (five million) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- for 2020 - in the amount of 3,000,000 (three million) tenge;
- for 2021 - in the amount of 2,000,000 (two million) tenge.

2. Characteristics of scientific and technical products according to qualification criteria and economic indicators

2.1 Direction of work: development of a modified methodology for rating the sustainability of the economy and social sphere of cities, taking into account new global risks and technological, intellectual, environmental, social factors affecting on human habitation’s safety in the urban environment, and development of a risk map of cities in Kazakhstan on the basis of approbation this methodology.
2.2 Scope of application: improving measures in the field of sustainable development policy of Kazakhstan, developing urban development plans, in the practice of state regulation, for further research, in the educational process.
2.3 Final result:
- for 2020: Based on the study of the concepts of sustainable development and new global challenges, factors of sustainable development of cities will be substantiated, structured and described. Weaknesses and strengths of the development of the economy and social sphere of the cities of Kazakhstan in the context of new global challenges will be identified.
- for 2021: Based on a critical analysis of existing methodological approaches, a modified methodology will be developed for assessing the sustainability of the economy and social sphere of the cities of Kazakhstan, including a system of criteria and indicators. By testing the authors’ modified methodology for assessing the sustainable development of cities, the rating of cities of Kazakhstan will be determined by the level of sustainability of their economy and social sphere. A risk profile and map of the safe living of a person in an urban environment will be developed.
There will be published 1 (one) article or review in a peer-reviewed scientific journal included in 1 (first), 2 (second), 3 (third) or 4 (fourth) quartiles in the Web of Science database and (or) included in the Arts database and Humanities Citation Index, and (or) having a CiteScore percentile in the Scopus database of at least 35 (thirty five) or in print in the indicated publications; 1 (one) article and (or) review in a peer-reviewed foreign or national publication with a non-zero impact factor (recommended by Committee for quality assurance in the field of education and science).
2.4 Patentability: no.
2.5 Scientific and technical level (novelty): will be proposed modified methodology for rating assessment of the sustainability of the economy and social sphere of cities will be proposed, taking into account new factors and global challenges and adopted to the conditions in Kazakhstan. Profile and a risk map for safe living in the urban environment in Kazakhstan will be developed.
2.6 The use of scientific and technical products is carried out: by the customer and the contractor; local, regional and republican authorities, universities and scientific organizations.
2.7 Type of use of the result of scientific and (or) scientific-technical activities: publications in the form of articles and presentations at international conferences, round tables and on-line sessions.

3. The name of the works, the terms of their implementation and the results

	Code of the task,  stage
	Name of work under the Agreement and the main stages of its implementation *
	Deadline*
	Expected Result *

	
	
	Begin-ning
	Ending
	

	2020 year

	1.
	Research of the main challenges to sustainable development of cities in Kazakhstan
	October 
2020
	December 2020

	The main challenges to sustainable development of cities in Kazakhstan will be investigated and identified .

	1.1
	Identify and systematize the main challenges to the sustainable development of the economy and social sphere of Kazakhstan's cities in the context of new global challenges
	October 
2020
	December 2020

	The main challenges to the sustainable development of the economy and social sphere of Kazakhstan's cities in the context of new global challenges will be identified and systematized. The factors of sustainable urban development will be justified, structured and described, the weak and strong sides of the development of the economy and social sphere of Kazakhstan's cities in the context of new global challenges will be identified.

	2021 year

	2.
	Development of a rating and sustainable development of cities
	January 2021
	September 
2021
	A rating, profile, and risk map for sustainable urban development will be developed.

	2.1
	To substantiate and develop a methodology for assessing the level of sustainability of the economy and social sphere of cities, including the choice of criteria and indicators for its assessment.
	January 2021
	September 2021
	A modified methodology for assessing the level of sustainability of the economy and social sphere of Kazakhstan's cities will be developed, including the selection of criteria and indicators for its assessment.

	2.2
	Determining the rating of the cities of Kazakhstan by the level of sustainability of their economy and social sphere, profile description and development of a risk map of sustainable development in the context of Kazakhstan
	April 2021
	September 2021
	The author's modified methodology will be tested. The assessment of the sustainable development of cities, the rating of Kazakhstan’s cities by the level of stability of their economy and social sphere is given, a profile and a map of the risks of safe living of a person in an urban environment will be developed.
There will be submitted 1 (one) article or review in a peer-reviewed scientific journal included in 1 (first), 2 (second), 3 (third) or 4 (fourth) quartiles in the Web of Science database and (or) included in the Arts database and Humanities Citation Index, and (or) having a CiteScore percentile in the Scopus database of at least 35 (thirty five) or in print in the indicated publications; 1 (one) article and (or) review in a peer-reviewed foreign or national publication with a non-zero impact factor (recommended by Committee for quality assurance in the field of education and science).

	

	By the Customer:
Chairman of the State Institution “Committee of science of the Ministry of education and science of the Republic of Kazakhstan”
______________ Kurmangalieva Zh. D. 
       s.p.

	By the Contractor:
Director of the RSTE “Institute of economics of the CS MES RK”

________________    Satybaldin А.А.
               s.p.
Familiarized:
Scientific supervisor of the project
___________________ Nurlanova N. K.               


	s.p.

ANNEX C

Global challenges and factors of sustainable urban development


а) from the point of view of probability


b) from the point of view of impact

Note - Compiled from source [The global risks report 2020. – Geneva: World Economic Forum, 2020. - 102 р.]

Picture C.1 - Changing the global risk landscape
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Institutional factors
Regional
Nationwide
- the presence in the city of effective organizational forms of entrepreneurship;
- the degree of development of the market infrastructure.
- availability of a regulatory framework;
- availability of state innovation, investment and social programs;
- level of development of infrastructure, financial sector, etc.
Innovation-technological factor 
Regional

Nationwide

- scientific and technical potential;
- technological level of production;
- scientific and technical personnel;
- qualification of labor resources; 
- availability of technoparks;
- the receptivity of the territory to innovations and others.
Ecological factors
Regional
Global
- ecological capacity of the territory;
- the degree of air pollution;
- the level of greenhouse emissions;
- the level of radioactivity; 
- the presence of solid and radioactive waste; - the state of the soil cover;
- the level of pollution of water resources.
- climate change;
- melting of glaciers;
-seismic fluctuations; 
- storms and others.
Social-economic factors 
Social –
economic
Economic
Natural resource factors
Natural resources
natural and climatic
Sustainable development of the economy and social sphere of cities
- population size;
- density and features of population settlement; 
- demographic situation; 
- gender and age structure of the population; 
- migration activity;
- the level of income of the population and the stratification of society;
- the level of education of the population;
- health and the level of development of the healthcare system;
- provision of social infrastructure; provision of jobs;
- socio-cultural features;
- the mentality of the population;
- political views;
public attitude to business and others.
General economic:
- the structure of the urban economy; 
- the specialization of the city; 
- the level of development of industrial and production potential; 
- the presence of a favorable investment and business climate; 
- availability of financial resources;
- infrastructure security;
- labor potential, its mobility, qualitative and quantitative characteristics;
- the level of employment;
- the level of regional management and others.
Market:
- the presence of a competitive environment;
- the level of development of small business;
- the level of market development;
- the degree of use of market instruments and others.
- fuel and energy;
- land;
- water;
- recreational and others.
- geographic location;
- proximity to sea and trade routes;
- climate;
- terrain relief;
- landscape.
- development of the national innovation system;
- the level of equipment and technologies used;
- availability of high-tech production facilities;
- the degree of digitalization of society, etc.

Figure C.2 - Factors of sustainable development of cities’ economy and social sphere 
ANNEX D

Systems of indicators of sustainable urban development 

Table D.1 - Classification of sustainable development indicators for cities in developing countries by groups of factors

	Categories
	Factors
	Indicators

	Basic needs of the population
	Water supply
Housing provision
Health care
Education
	Water availability,%
Living area, sq m per capita
Number of doctors per capita
The ratio between the number of teachers and students in schools

	Resource efficiency
	Electricity demand
Need for water
Disposal of industrial waste
The share of heavy industry in the structure of production
	The total amount of electricity consumed, kWh/GDP
Volume of water consumed per capita
The share of processed and disposed industrial waste, %
GVA of heavy industry/ GRP

	Cleanliness of the environment
	Atmospheric pollution
	Concentration of sulfur oxides, nitrogen oxides and solid particles in the atmosphere, mg / cubic meter.

	
	Environmental pollution by industrial waste
	Industrial emissions of sulfur dioxide / GDP, tons / GDP

	
	Sewage treatment
	Share of treated wastewater,%

	
	Disposal of household waste
	The volume of collected and removed household waste, 10,000 tons per capita

	Urban infrastructure
	Urban population density
Intensity of use of public transport
The area of public green spaces
Energy efficiency of buildings
	Number of people per 1 sq. km of area
Number of passengers using public transport
Green space, sq. m per capita
Efficiency of thermal energy consumption in buildings

	Focus on sustainable development in the future
	Availability of environmentally friendly jobs
Investments in environmental protection
	Employees in clean industries per capita
Funds allocated for environmental protection

	Note - Compiled from source [Su Weihua, Research on Comprehensive Evaluation Theory and Methods. - Amoy University, 2000].



Table D.2 - Grouping of indicators focused on the driving forces of ensuring the sustainability of the city's development

	Key groups of indicators
	Subgroups of indicators

	Resources
	Land plots

	
	Water resources

	
	Energy resources

	Social sphere
	Public services

	
	Infrastructure

	
	Transport

	
	Housing

	
	The level of fair distribution of the total income of the city

	
	Public safety

	Environment
	Environmental conditions

	
	Environmental protection

	
	Environmental management

	Economy
	Market efficiency

	
	Labor efficiency

	
	Production efficiency

	Innovations
	Education and training

	
	Science and technology

	
	Technological advances

	Note - Compiled from source [Liu Jianfeng, Zhang Xiaotong, He Jianqing Urban sustainable development: Measuring capacity outweighs measuring development level / The Special Committee for Human Settlements (SCHS) of Chinese Society for Sustainable Development (CSSD)]





ANNEX E

Sustainable Development Goal Monitoring Indicators 11. “Sustainable Cities and Settlements”

	Global indicators, for which monitoring is carried out
	Alternative or additional indicators, which used in Kazakhstan
	Published data

	1
	2
	3

	11.1.1. The share of the urban population living in slums, informal settlements or in unsatisfactory housing conditions
	N3-1 Number of people living in emergency homes (1)
	3 cities, 14 regions (urban population)

	11.2.1 Percentage of the population with convenient access to public transport, by gender, age and disability
	N4 Share of local roads in good and satisfactory condition, % (1)
	3 cities, 14 regions (urban population)

	11.3.1 The ratio of the rate of development and the rate of population growth
	N3 Availability of housing per resident, sq. m* (1)
	3 cities, 14 regions (urban population)

	11.4.1 Total expenditures per capita for the preservation and protection of cultural and natural heritage
	N3 The number of historical and cultural monuments of republican significance, on which scientific-restoration work has been completed, of the total number of historical and cultural monuments of republican significance (1)
	In general, data for Kazakhstan

	11.6.1 The share of municipal solid waste that is regularly collected and appropriately disposed of in the total mass of municipal waste
	N3 Providing the population with services for the collection and removal of waste (1)
	3 cities, 14 regions (urban population)

	
	N3 Share of processing of solid household waste (1)
	3 cities, 14 regions (urban population)




Continuation of the Annex E
	1
	2
	3

	
	N3 The share of landfills that meet environmental requirements and sanitary standards (1)
	In general, data for Kazakhstan

	11.6.2 Average annual level of fine particulate matter (for example, class PM2.5 and PM10) in the atmosphere of cities (in terms of population)
	
	Data for 39 cities out of 88

	Notes:
1 G1 - global without changes; G2-global with minor changes; N3 - national alternative; N4 - national additional;
2 Classification: (1) - current; (2) - for monitoring.






ANNEX F

Calculations of social, economic and environmental sustainability indicators of Kazakhstan’s cities

Table F.1 – Indicators of social sustainability of Kazakhstan's cities

	№

	 City / town
	Level
	Change in the population of cities, %; (1999 -2019 y.)
	Natural population growth, people per 1000 population
	Living area, sq. m. per capita
	Construction of new housing, sq. m. per year per capita
	Housing fund equipped with central heating, %
	The number of doctors per 10,000 populations, people
	Number of hospital beds per 10,000 population

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	Nur-Sultan
	1
	346,03
	21,40
	30,5
	1,85
	83,2
	76,2
	47

	2
	Almaty
	1
	169,54
	11,50
	28
	0,96
	71,9
	71,7
	40

	3
	Shymkent
	1
	244,9
	22,80
	24,1
	0,35
	28,4
	39,8
	29

	4
	Aktau
	2
	131,66
	25,71
	27,5
	2,32
	98,9
	71,6
	78

	5
	Aktobe
	2
	197,88
	18,17
	24,9
	1,20
	51
	70
	52

	6
	Atyrau
	2
	248,01
	22,41
	25,8
	1,33
	66,4
	43,1
	54

	7
	Karaganda
	2
	113,93
	6,95
	25,1
	0,40
	76
	86,85
	94

	8
	Kokshetau
	2
	118,41
	12,01
	27,5
	0,95
	74,4
	38,1
	171

	9
	Kostanay
	2
	111,45
	6,14
	23,8
	0,71
	69,7
	54,6
	96

	10
	Kyzylorda
	2
	177,79
	22,53
	24,5
	1,36
	30,9
	49,9
	96

	11
	Pavlodar
	2
	114,46
	5,80
	22,8
	0,44
	86,9
	55,2
	92

	12
	Petropavlovsk
	2
	107,72
	1,73
	21,8
	0,56
	80,6
	55,2
	108

	13
	Taldykorgan
	2
	148,67
	18,50
	24,1
	0,65
	54,3
	65,9
	166

	14
	Taraz
	2
	108,38
	18,80
	20,7
	0,55
	47,3
	58,7
	87

	15
	Turkestan
	2
	167,73
	33,33
	24,2
	0,51
	6,2
	21,5
	51

	16
	Uralsk
	2
	158,56
	13,02
	25,5
	0,80
	58
	52,3
	81

	17
	Ust-Kamenogorsk
	2
	107,15
	4,92
	24
	0,57
	84,7
	58,12
	77

	18
	Aksu
	3
	91,26
	5,00
	21,7
	0,29
	87,7
	26,4
	45

	19
	Arkalyk
	3
	59,13
	9,64
	19,2
	0,13
	69
	22,2
	94

	20
	Arys
	3
	196,18
	23,00
	16,5
	0,37
	2,8
	19,4
	53

	21
	Balkhash
	3
	121,04
	8,42
	23,3
	0,11
	89,9
	23,37
	39

	22
	Zhanaozen
	3
	166,06
	24,25
	19
	1,37
	56,6
	21,4
	55

	23
	Zhezkazgan
	3
	96,94
	9,72
	22,8
	0,14
	91,1
	42,98
	56

	24
	Karazhal
	3
	146,89
	14,80
	22,7
	0,25
	20,9
	14,1
	27


Continuation of the Table F.1

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	25
	Kurchatov
	3
	132,32
	7,93
	20
	0,07
	96,8
	28,21
	24

	26
	Lisakovsk
	3
	113,41
	-1,21
	22,1
	0,09
	99,6
	18,7
	95

	27
	Priozersk
	3
	120,47
	12,55
	23,6
	0,33
	91,2
	25,5
	29

	28
	Ridder
	3
	84,04
	-3,63
	24,2
	0,13
	82,2
	25,57
	51

	29
	Rudny
	3
	117,89
	-0,38
	21,4
	0,21
	97,3
	24,1
	54

	30
	Saran
	3
	121,09
	1,19
	23
	0,13
	54,5
	16,9
	14

	31
	Satpayev
	3
	119,07
	12,98
	22,6
	0,66
	97,8
	19,2
	17

	32
	Semey
	3
	121,61
	9,05
	21,3
	0,28
	58,8
	62,8
	79

	33
	Stepnogorsk
	3
	96,09
	3,41
	22,2
	0,10
	83,6
	20,5
	70

	34
	Tekeli
	3
	134,61
	3,00
	17,9
	0,14
	5,1
	18,8
	48

	35
	Temirtau
	3
	109,15
	2,81
	23,9
	0,10
	88,8
	22,98
	28

	36
	Fort Shevchenko
	3
	184,88
	26,53
	23,3
	1,40
	7,3
	18,9
	90

	37
	Shakhtinsk
	3
	137
	1,75
	22,2
	0,07
	53,9
	30,62
	35

	38
	Ekibastuz
	3
	112,58
	6,40
	22,6
	0,25
	94,4
	26
	24

	39
	Kentau
	3
	123,75
	14,50
	22,6
	0,59
	58,7
	13,1
	16

	Note – Calculated according to sources [Bureau of national statistics of the Republic of Kazakhstan URL: https://stat.gov.kz/beta/?lang=ru; national platform for reporting on sustainable development goals URL: https://www.kz.undp.org/content/kazakhstan/ru/home/projects/partnering-for-building-a-national-sdg-platform.html; websites of departments of statistics of regions and cities, databases on medical statistics of Kazakhstan, the Committee of legal statistics - URL: https://qamqor.gov.kz/portal/page/portal/POPageGroup/Services/Pravstat]



Table F.2 – Indicators of economic sustainability of Kazakhstan's cities

	№

	 City / town
	The volume of production of the manufacturing sector per capita, thousand tenge
	The average annual volume of investment in fixed capital per capita (2015-2019, thousand tenge)
	Possibilities of external resources involvement (distance to the nearest railway station, km.)
	Diversification of industry (Herfindahl–Hirschman Index)
	Innovation activity, % (Share of enterprises implementing innovations)
	Unemployment rate, %
	Self-employment rate, %

	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Nur-Sultan
	692
	4035
	1,00
	0,27
	14,80
	4,4
	11,9

	2
	Almaty
	425
	1728
	1,00
	0,13
	12,20
	5,1
	7,7

	3
	Shymkent
	479
	1307
	1,00
	0,14
	7,30
	5,1
	30,69


Continuation of the Table F.2

	1
	2
	3
	4
	5
	6
	7
	8
	9

	4
	Aktau
	515
	3119
	1,00
	0,19
	3,40
	5,4
	10,85

	5
	Aktobe
	982
	1572
	1,00
	0,23
	9,10
	4,8
	13,15

	6
	Atyrau
	952
	8357
	1,00
	0,29
	8,40
	4,8
	7,8

	7
	Karaganda
	567
	1094
	1,00
	0,11
	12,40
	5,2
	13,49

	8
	Kokshetau
	507
	1058
	1,00
	0,20
	12,50
	3,9
	20,94

	9
	Kostanay
	1713
	1340
	1,00
	0,18
	15,20
	5,2
	31,34

	10
	Kyzylorda
	152
	2124
	1,00
	0,22
	13,90
	4,6
	14,71

	11
	Pavlodar
	2097
	2245
	1,00
	0,31
	7,00
	4,8
	9,9

	12
	Petropavlovsk
	512
	1224
	1,00
	0,33
	5,70
	4,6
	16,64

	13
	Taldykorgan
	374
	1735
	1,00
	0,16
	4,40
	4,3
	22,03

	14
	Taraz
	638
	874
	1,00
	0,21
	13,80
	5,6
	19,95

	15
	Turkestan
	47
	1066
	1,00
	0,33
	9,60
	5
	43,92

	16
	Uralsk
	458
	1150
	1,00
	0,15
	6,50
	4,8
	17,18

	17
	Ust-Kamenogorsk
	3239
	1581
	1,00
	0,47
	15,60
	4,4
	12,28

	18
	Aksu
	6164
	4718
	1,00
	1,00
	27,00
	4,8
	12

	19
	Arkalyk
	92
	743
	1,00
	1,00
	3,20
	4,9
	21,85

	20
	Arys
	33
	680
	1,00
	1,00
	0,00
	5,1
	68,7

	21
	Balkhash
	4010
	1714
	1,00
	1,00
	9,00
	4,7
	7,49

	22
	Zhanaozen
	199
	2408
	1,00
	1,00
	3,00
	3,2
	3,45

	23
	Zhezkazgan
	5479
	1007
	1,00
	1,00
	15,70
	4,7
	7,55

	24
	Karazhal
	433
	8087
	1,00
	1,00
	44,40
	3,6
	2,21

	25
	Kurchatov
	47
	1318
	1,00
	1,00
	36,80
	4,6
	5,2

	26
	Lisakovsk
	198
	2170
	1,00
	0,47
	24,40
	5
	21,8

	27
	Priozersk
	10
	529
	10,00
	1,00
	10,00
	4,2
	2,02

	28
	Ridder
	2124
	2232
	1,00
	1,00
	12,00
	4,4
	7,7

	29
	Rudny
	396
	2170
	3,80
	1,00
	10,80
	5,1
	24,14

	30
	Saran
	506
	1362
	23,00
	1,00
	39,60
	4
	5,2

	31
	Satpayev
	482
	1962
	19,40
	1,00
	10,70
	4
	2,39

	32
	Semey
	469
	869
	1,00
	0,12
	9,80
	5,1
	30,9

	33
	Stepnogorsk
	1741
	1449
	9,70
	1,00
	15,60
	4
	24

	34
	Tekeli
	493
	823
	1,00
	1,00
	14,30
	4,8
	30,8

	35
	Temirtau
	3557
	1618
	1,00
	1,00
	5,60
	4,4
	4,28

	36
	Fort Shevchenko
	891
	7584
	144,00
	1,00
	10,00
	2
	3,59

	37
	Shakhtinsk
	276
	1443
	28,00
	1,00
	18,20
	4,6
	4,86

	38
	Ekibastuz
	390
	5721
	1,00
	1,00
	5,90
	4,8
	8,2

	39
	Kentau
	147
	1170
	1,00
	1,00
	15,20
	5,1
	46,5


Continuation of the Table F.2

	Note – Calculated according to sources [Bureau of national statistics of the Republic of Kazakhstan URL: https://stat.gov.kz/beta/?lang=ru; national platform for reporting on sustainable development goals URL: https://www.kz.undp.org/content/kazakhstan/ru/home/projects/partnering-for-building-a-national-sdg-platform.html; websites of departments of statistics of regions and cities, databases on medical statistics of Kazakhstan, the Committee of legal statistics - URL: https://qamqor.gov.kz/portal/page/portal/POPageGroup/Services/Pravstat]



Table F.3 – Indicators of ecological sustainability of Kazakhstan's cities

	№
	City / town
	Costs for environmental protection per capita, tenge
	Air emissions of pollutants from stationary sources per capita, kg
	Air Pollution Index (API 5)
	The share of the city in the emissions of urban pollutants into the atmosphere, %
	Provision of the population with services for water supply, sewerage, collection, and removal of waste per capita, thousand tenge
	Share of captured and neutralized pollutants, %
	Share of stationary emission sources equipped with treatment facilities, %

	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Nur-Sultan
	4,21
	57,30
	7,00
	3,61
	12,52
	95,74
	4,97

	2
	Almaty
	2,67
	24,03
	8,00
	2,56
	14,68
	95,49
	4,86

	3
	Shymkent
	6,40
	27,03
	7,00
	1,65
	10,09
	5,85
	0,00

	4
	Aktau
	58,94
	65,68
	5,00
	0,69
	44,17
	43,12
	2,65

	5
	Aktobe
	17,03
	60,45
	7,00
	1,68
	23,34
	87,44
	0,33

	6
	Atyrau
	96,03
	186,17
	7,00
	3,67
	43,96
	0,00
	0,00

	7
	Karaganda
	6,75
	112,48
	8,00
	3,11
	20,20
	96,25
	7,06

	8
	Kokshetau
	12,35
	63,87
	3,00
	0,56
	16,29
	93,80
	9,69

	9
	Kostanay
	3,66
	68,45
	3,00
	0,94
	18,79
	36,83
	20,42

	10
	Kyzylorda
	7,06
	52,73
	6,00
	0,92
	10,61
	0,43
	0,09

	11
	Pavlodar
	54,16
	556,63
	3,00
	11,15
	25,70
	97,78
	10,46

	12
	Petropavlovsk
	15,43
	204,59
	3,00
	2,49
	27,15
	96,36
	12,13

	13
	Taldykorgan
	2,45
	42,26
	3,00
	0,00
	8,56
	89,34
	7,23

	14
	Taraz
	11,72
	79,16
	6,00
	1,57
	7,88
	76,33
	6,73

	15
	Turkestan
	0,58
	13,45
	5,00
	0,13
	4,02
	1,42
	0,68

	16
	Uralsk
	1,50
	33,04
	2,00
	0,58
	15,78
	21,80
	5,87

	17
	Ust-Kamenogorsk
	23,78
	158,34
	7,00
	3,04
	22,92
	92,89
	11,88

	18
	Aksu
	301,68
	2883,07
	2,00
	11,21
	22,00
	95,58
	15,00


Continuation of the Table F.3

	1
	2
	3
	4
	5
	6
	7
	8
	9

	19
	Arkalyk
	8,87
	49,74
	3,00
	0,11
	7,21
	3,76
	0,00

	20
	Arys
	128,74
	15,19
	3,00
	0,06
	9,38
	0,69
	0,56

	21
	Balkhash
	30,79
	1103,56
	7,00
	4,85
	36,66
	99,52
	12,55

	22
	Zhanaozen
	20,22
	134,31
	2,00
	0,60
	62,19
	0,00
	0,00

	23
	Zhezkazgan
	79,96
	985,86
	8,00
	5,03
	50,63
	92,95
	12,88

	24
	Karazhal
	3,95
	295,81
	3,00
	0,31
	21,90
	5,35
	3,50

	25
	Kurchatov
	1,90
	65,79
	3,00
	0,04
	15,49
	49,67
	3,22

	26
	Lisakovsk
	53,7
	79,05
	5,0
	0,18
	13,20
	31,84
	60,54

	27
	Priozersk
	0,09
	82,76
	3,00
	0,06
	11,99
	0,00
	0,00

	28
	Ridder
	60,68
	136,18
	4,00
	0,43
	12,12
	96,07
	16,48

	29
	Rudny
	36,52
	465,41
	2,00
	3,35
	26,36
	91,07
	2,56

	30
	Saran
	43,90
	138,42
	2,00
	0,40
	16,75
	67,24
	6,42

	31
	Satpayev
	11,48
	178,70
	7,00
	0,69
	22,96
	95,41
	1,11

	32
	Semey
	1,81
	65,01
	5,00
	1,26
	9,10
	86,97
	9,54

	33
	Stepnogorsk
	20,94
	240,96
	4,00
	0,90
	31,41
	94,57
	9,43

	34
	Tekeli
	2,50
	128,71
	3,00
	0,00
	4,49
	89,56
	30,18

	35
	Temirtau
	64,74
	1340,85
	9,00
	13,84
	36,76
	92,54
	22,26

	36
	Fort Shevchenko
	297,55
	362,19
	3,00
	0,65
	50,31
	0,00
	0,05

	37
	Shakhtinsk
	3,73
	242,13
	3,00
	0,77
	8,34
	88,59
	4,39

	38
	Ekibastuz
	29,81
	1964,86
	3,00
	16,66
	3,11
	95,05
	6,10

	39
	Kentau
	0,25
	19,53
	2,00
	0,22
	3,13
	80,58
	4,32

	Note - Calculated according to sources [Bureau of national statistics of the Republic of Kazakhstan URL: https://stat.gov.kz/beta/?lang=ru; national platform for reporting on sustainable development goals URL: https://www.kz.undp.org/content/kazakhstan/ru/home/projects/partnering-for-building-a-national-sdg-platform.html; Kazhydromet - URL: https://www.kazhydromet.kz; IQAir platforms - URL: https://webcache.googleusercontent.com/search?q=cache:wOC2OpkSQH8J:https://www.iqair.com/ru/+&cd=1&hl=en&ct=clnk&gl=kz].
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ANNEX G 

Maps of social, economic and environmental sustainability risks of Kazakhstan’s cities

Table G.1 – Social sustainability risk map for Kazakhstan's cities

	№
	Risk level
	Indicator 

	
	
	B1
	B2
	B3
	B4
	B5
	B6
	B7

	
	High risk
	B1<100%
	B2<10
	B3<21,9
	B4<0,6
	B5<56,5
	B6<26
	B7<52

	
	Average risk
	100%≤B1≤123,5%
	10≤B2≤14,56
	30>B3≥21,9
	1≥B4≥0,6
	71,9≥B5≥56,5
	26≤B6≤40
	71≥B7≥52

	
	Low risk
	B1>123,5%
	B2≥14,56
	B3≥30
	B4>1
	B5>71,9
	B6>40
	B7>71

	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Nur-Sultan
	346,0
	21,4
	30,5
	1,9
	83,2
	76,2
	47,0

	2
	Almaty
	169,5
	11,5
	28,0
	1,0
	71,9
	71,7
	40,0

	3
	Shymkent
	244,9
	22,8
	24,1
	0,4
	28,4
	39,8
	29,0

	4
	Aktau
	131,7
	25,7
	27,5
	2,3
	98,9
	71,6
	78,0

	5
	Aktobe
	197,9
	18,2
	24,9
	1,2
	51,0
	70,0
	52,0

	6
	Atyrau
	248,0
	22,4
	25,8
	1,3
	66,4
	43,1
	54,0

	7
	Karaganda
	113,9
	7,0
	25,1
	0,4
	76,0
	86,9
	94,0

	8
	Kokshetau
	118,4
	12,0
	27,5
	0,9
	74,4
	38,1
	171,0

	9
	Kostanay
	111,5
	6,1
	23,8
	0,7
	69,7
	54,6
	96,0

	10
	Kyzylorda
	177,8
	22,5
	24,5
	1,4
	30,9
	49,9
	96,0

	11
	Pavlodar
	114,5
	5,8
	22,8
	0,4
	86,9
	55,2
	92,0



Continuation of the Table G.1

	1
	2
	3
	4
	5
	6
	7
	8
	9

	12
	Petropavlovsk
	107,7
	1,7
	21,8
	0,6
	80,6
	55,2
	108,0

	13
	Taldykorgan
	148,7
	18,5
	24,1
	0,7
	54,3
	65,9
	166,0

	14
	Taraz
	108,4
	18,8
	20,7
	0,5
	47,3
	58,7
	87,0

	15
	Turkestan
	167,7
	33,3
	24,2
	0,5
	6,2
	21,5
	51,0

	16
	Uralsk
	158,6
	13,0
	25,5
	0,8
	58,0
	52,3
	81,0

	17
	Ust-Kamenogorsk
	107,2
	4,9
	24,0
	0,6
	84,7
	58,1
	77,0

	18
	Aksu
	91,3
	5,0
	21,7
	0,3
	87,7
	26,4
	45,0

	19
	Arkalyk
	59,1
	9,6
	19,2
	0,1
	69,0
	22,2
	94,0

	20
	Arys
	196,2
	23,0
	16,5
	0,4
	2,8
	19,4
	53,0

	21
	Balkhash
	121,0
	8,4
	23,3
	0,1
	89,9
	23,4
	39,0

	22
	Zhanaozen
	166,1
	24,3
	19,0
	1,4
	56,6
	21,4
	5,0

	23
	Zhezkazgan
	96,9
	9,7
	22,8
	0,1
	91,1
	43,0
	56,0

	24
	Karazhal
	146,9
	14,8
	22,7
	0,3
	20,9
	14,1
	27,0

	25
	Kurchatov
	132,3
	7,9
	20,0
	0,1
	96,8
	28,2
	24,0

	26
	Priozersk
	120,5
	12,6
	23,6
	0,3
	91,2
	25,5
	29,0

	27
	Ridder
	84,0
	-3,6
	24,2
	0,1
	82,2
	25,6
	51,0

	28
	Rudny
	117,9
	-0,4
	21,4
	0,2
	97,3
	24,1
	54,0

	29
	Lisakovsk
	113,4
	-1,2
	22,1
	0,1
	99,6
	18,7
	95,0

	30
	Saran
	121,1
	1,2
	23,0
	0,1
	54,5
	16,9
	14,0


Continuation of the Table G.1

	1
	2
	3
	4
	5
	6
	7
	8
	9

	31
	Satpayev
	119,1
	13,0
	22,6
	0,7
	97,8
	19,2
	17,0

	32
	Semey
	121,6
	9,1
	21,3
	0,3
	58,8
	62,8
	79,0

	33
	Stepnogorsk
	96,1
	3,4
	22,2
	0,1
	83,6
	20,5
	70,0

	34
	Tekeli
	134,6
	3,0
	17,9
	0,1
	5,1
	18,8
	48,0

	35
	Temirtau
	109,2
	2,8
	23,9
	0,1
	88,8
	23,0
	28,0

	36
	Fort Shevchenko
	184,9
	26,5
	23,3
	1,4
	7,3
	18,9
	90,0

	37
	Shakhtinsk
	137,0
	1,8
	22,2
	0,1
	53,9
	30,6
	35,0

	38
	Ekibastuz
	112,6
	6,4
	22,6
	0,3
	94,4
	26,0
	24,0

	39
	Kentau
	123,8
	14,5
	22,6
	0,6
	58,7
	13,1
	15,6

	Note - Developed on the basis of the data and criteria of tables 1, 4, 5





Table G.2 – Economical sustainability risk map for Kazakhstan's cities

	№
	Risk level
	Indicator

	
	
	B8
	B9
	B10
	B11
	B12
	B13
	B14

	
	High risk
	B8<493
	B9<1572
	30<B10
	0,18 <HHI ≤ 1
	B14<11,3
	B12>5
	B13>23,9

	
	Average risk
	493≤B8≤719,3
	1572≤B9≤2572
	1<B10≤30
	0,1≤ HHI ≤0,18
	11,3≤B14≤13
	4,8≤B12≤5
	12≤B13≤23,9

	
	Low risk
	B8>719,3
	B9>2572
	B10≤1
	HHI <0,10
	B14>13
	B12<4,8
	B13<12

	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Nur-Sultan
	692
	4035
	1,0
	0,27
	14,80
	4,4
	11,9

	2
	Almaty
	425
	1728
	1,0
	0,05
	12,20
	5,1
	7,7

	3
	Shymkent
	479
	1307
	1,0
	0,10
	7,30
	5,1
	30,7

	4
	Aktau
	515
	3119
	1,0
	0,19
	3,40
	5,4
	10,9

	5
	Aktobe
	982
	1572
	1,0
	0,23
	9,10
	4,8
	13,2

	6
	Atyrau
	952
	8357
	1,0
	0,29
	8,40
	4,8
	7,8

	7
	Karaganda
	567
	1094
	1,0
	0,11
	12,40
	5,2
	13,5

	8
	Kokshetau
	507
	1058
	1,0
	0,20
	12,50
	3,9
	20,9

	9
	Kostanay
	1713
	1340
	1,0
	0,18
	15,20
	5,2
	31,3

	10
	Kyzylorda
	152
	2124
	1,0
	0,22
	13,90
	4,6
	14,7

	11
	Pavlodar
	2097
	2245
	1,0
	0,31
	7,00
	4,8
	9,9

	12
	Petropavlovsk
	512
	1224
	1,0
	0,33
	5,70
	4,6
	16,6

	13
	Taldykorgan
	374
	1735
	1,0
	0,16
	4,40
	4,3
	22,0

	14
	Taraz
	638
	874
	1,0
	0,21
	13,80
	5,6
	20,0

	15
	Turkestan
	47
	1066
	1,0
	0,33
	9,60
	5,0
	43,9


Continuation of the Table G.2

	1
	2
	3
	4
	5
	6
	7
	8
	9

	16
	Uralsk
	458
	1150
	1,0
	0,15
	6,50
	4,8
	17,2

	17
	Ust-Kamenogorsk
	3239
	1581
	1,0
	0,47
	15,60
	4,4
	12,3

	18
	Aksu
	6164
	4718
	1,0
	0,77
	27,00
	4,8
	12,0

	19
	Arkalyk
	92
	743
	1,0
	0,77
	3,20
	4,9
	21,9

	20
	Arys
	33
	680
	1,0
	0,75
	0,00
	5,1
	68,7

	21
	Balkhash
	4010
	1714
	1,0
	0,78
	9,00
	4,7
	7,5

	22
	Zhanaozen
	199
	2408
	1,0
	0,60
	3,00
	3,2
	3,5

	23
	Zhezkazgan
	5479
	1007
	1,0
	0,86
	15,70
	4,7
	7,6

	24
	Karazhal
	433
	8087
	1,0
	0,53
	44,40
	3,6
	2,2

	25
	Kurchatov
	47
	1318
	1,0
	0,27
	36,80
	4,6
	5,2

	26
	Priozersk
	10
	529
	10,0
	0,74
	10,00
	4,2
	2,0

	27
	Ridder
	2124
	2232
	1,0
	0,80
	12,00
	4,4
	7,7

	28
	Rudny
	396
	2170
	3,8
	0,98
	10,80
	5,1
	24,1

	29
	Lisakovsk
	198
	2170
	1,0
	0,47
	24,40
	5,0
	21,8

	30
	Saran
	506
	1362
	23,0
	0,12
	39,60
	4,0
	5,2

	31
	Satpayev
	482
	1962
	19,4
	0,50
	10,70
	4,0
	2,4

	32
	Semey
	469
	869
	1,0
	0,12
	9,80
	5,1
	30,9

	33
	Stepnogorsk
	1741
	1449
	9,7
	0,54
	15,60
	4,0
	24,0

	34
	Tekeli
	493
	823
	1,0
	0,80
	14,30
	4,8
	30,8



Continuation of the Table G.2

	1
	2
	3
	4
	5
	6
	7
	8
	9

	35
	Temirtau
	3557
	1618
	1,0
	0,82
	5,60
	4,4
	4,3

	36
	Fort Shevchenko
	891
	7584
	144,0
	0,90
	10,00
	2,0
	3,6

	37
	Shakhtinsk
	276
	1443
	28,0
	0,31
	18,20
	4,6
	4,9

	38
	Ekibastuz
	390
	5721
	1,0
	0,29
	5,90
	4,8
	8,2

	39
	Kentau
	147
	1170
	1,0
	0,78
	15,20
	5,1
	46,5

	Note - Developed on the basis of the data and criteria of tables 2, 4, 5





Table G.3 – Ecological sustainability risk map for Kazakhstan's cities

	№ 
	Risk level
	Indicator 

	
	
	B15
	B16
	B17
	B18
	B19
	B20
	В21

	
	High risk
	B15<12500
	B16>500
	B17≥7
	B18>3
	B19<14,5
	В20<61
	В21<20

	
	Average risk
	12500≤B15≤27500
	100<В16≤500
	5≤B17<7
	1≤B18≤3
	14,5≤B19≤21
	93≥В20≥61
	20≤В21≤50

	
	Low risk
	B15>27500
	В16≤100
	B17<5
	B18<1
	B19>21
	В20>93
	В21>50

	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Nur-Sultan
	4208
	57
	7,00
	3,59
	12,52
	95,7
	4,97

	2
	Almaty
	2669
	24
	8,00
	2,54
	14,68
	95,5
	4,86

	3
	Shymkent
	6399
	27
	7,00
	1,55
	10,09
	5,8
	0,00

	4
	Aktau
	58940
	66
	5,00
	0,68
	44,17
	43,1
	2,65

	5
	Aktobe
	17033
	60
	7,00
	1,67
	23,34
	87,4
	0,33

	6
	Atyrau
	96034
	186
	7,00
	3,65
	43,96
	0,0
	0,00

	7
	Karaganda
	6744
	112
	8,00
	3,09
	20,20
	96,2
	7,06

	8
	Kokshetau
	11250
	64
	3,00
	0,57
	16,29
	93,8
	9,69

	9
	Kostanay
	3659
	68
	3,00
	0,94
	18,79
	36,8
	20,42

	10
	Kyzylorda
	6313
	53
	6,00
	0,91
	10,61
	0,4
	0,09

	11
	Pavlodar
	51623
	557
	3,00
	11,09
	25,70
	97,8
	10,46

	12
	Petropavlovsk
	15430
	205
	3,00
	2,48
	27,15
	96,4
	12,13

	13
	Taldykorgan
	2041
	42
	3,00
	0,41
	8,56
	89,3
	7,23

	14
	Taraz
	11717
	79
	6,00
	1,56
	7,88
	76,3
	6,73

	15
	Turkestan
	581
	13
	5,00
	0,13
	4,02
	1,4
	0,68


Continuation of the Table G.3

	1
	2
	3
	4
	5
	6
	7
	8
	9

	16
	Uralsk
	1474
	33
	2,00
	0,57
	15,78
	21,8
	5,87

	17
	Ust-Kamenogorsk
	22886
	158
	7,00
	3,03
	22,92
	92,9
	11,88

	18
	Aksu
	166106
	2883
	2,00
	11,15
	22,00
	95,6
	15,00

	19
	Arkalyk
	5941
	50
	5,00
	0,11
	7,21
	3,8
	0,00

	20
	Arys
	77950
	15
	5,00
	0,06
	9,38
	0,7
	0,56

	21
	Balkhash
	30791
	1104
	7,00
	4,82
	36,66
	99,5
	12,55

	22
	Zhanaozen
	20221
	134
	2,00
	0,60
	62,19
	0,0
	0,00

	23
	Zhezkazgan
	75911
	986
	8,00
	5,00
	50,63
	92,9
	12,88

	24
	Karazhal
	3950
	296
	5,00
	0,30
	21,90
	5,4
	3,50

	25
	Kurchatov
	1901
	66
	5,00
	0,04
	15,49
	49,7
	3,22

	26
	Priozersk
	89
	83
	5,00
	0,06
	11,99
	0,0
	0,00

	27
	Ridder
	50826
	136
	4,00
	0,42
	12,12
	96,1
	16,48

	28
	Rudny
	36350
	465
	2,00
	3,33
	26,36
	91,1
	2,56

	29
	Lisakovsk
	53710
	79
	5,00
	0,18
	13,20
	31,8
	60,54

	30
	Saran
	43900
	138
	2,00
	0,40
	16,75
	67,2
	6,42

	31
	Satpayev
	11460
	179
	5,00
	0,69
	22,96
	95,4
	1,11

	32
	Semey
	1695
	65
	5,00
	1,26
	9,10
	87,0
	9,54

	33
	Stepnogorsk
	14140
	241
	4,00
	0,90
	31,41
	94,6
	9,43

	34
	Tekeli
	2418
	129
	5,00
	0,24
	4,49
	89,6
	30,18

	35
	Temirtau
	64737
	1341
	9,00
	13,77
	36,76
	92,5
	22,26



Continuation of the Table G.3

	1
	2
	3
	4
	5
	6
	7
	8
	9

	36
	Fort Shevchenko
	61191
	362
	5,00
	0,65
	50,31
	0,0
	0,05

	37
	Shakhtinsk
	3730
	242
	5,00
	0,76
	8,34
	88,6
	4,39

	38
	Ekibastuz
	27946
	1965
	3,00
	16,57
	3,11
	95,1
	6,10

	39
	Kentau
	85
	20
	2,00
	0,22
	3,13
	80,6
	4,32

	Note - Developed on the basis of the data and criteria of tables 3, 4, 5
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CIIPABKA
00 ony0.IHKOBAHHH MATEPHAIOB B KypHaIe JKOHOMHKA PerHOHa

Hacrosmmm monTeepyaaeM, 4to craths «Cities” sustainable development: rating
assessment methodology and risk analysis (using Kazakhstan as an example)» aBTopsr:
Nurlanova Nailya Kapenovna, Alzhanova Farida Gazizovna, Satpayeva Zaira
Tulegenovna, mocTymuBmas B pemakmuio 19.04.2021, mpomuta IOJOXHTETbHOE
pelleH3MpOBaHHe M NpHHATA K MyOiuKauuu B JKypHame «OKOHOMHKA pETHOHa».
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