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Abstract. The article is devoted to development of sustainable development recommendations 

of the city of Kazan, inclusive of the assessment of key indicators. Today, the development of 

sustainable development indicators for Russian cities is given little attention. Different author’s 

sustainable development indicators of large cities are characterized by general abstract criteria 

and have a universal character. Based on official sources, we carried out an assessment of Ka-

zan on a condensed system of sustainable development indicators, proposed by the UN in 

2001. Thus, we identified the priority socio-ecological and economic problems of Kazan and 

formulated it’s relevant sustainable development indicators. Then we made an assessment for 

the sustainability of the socio-ecological and economic development of Kazan. The prognosis 

of the socio-ecological and economic development of Kazan was simulated in the same manner 

by the indicators that we have identified for 2030. In conclusion, recommendations on sustain-

able development of Kazan were made. 

1. Introduction 

"Sustainable development" is development that meets the needs of the present without compromising 

the needs of future generations. This term was coined by the United Nations World Commission on 

Environment and Development in 1987. But even today, the search for criteria for sustainable devel-

opment of countries, regions and human settlements remains an important task [3, 5, 6, 7, 8, 11, 12, 

14, 15, 16, 19].  

Currently, much attention is paid to the 11
th
 of 17 Sustainable Development Goals, outlined by the 

UN in the 2030 Agenda for Sustainable Development: ensuring openness, security, resilience and sus-

tainability of cities and human settlements. Analysis of socio-economic development strategies of 

some large cities of the Russian Federation shows that the environmental component of sustainable 

development elaborated to the least extent of all the Economy-Ecology-Society triad. At the same 

time, the underestimation of the environmental factor and environmental restrictions in the preparation 

of territorial development documents leads to many negative consequences in the use of natural re-

sources [18]. 

2. Modern state of the problem of choosing sustainable development indicators 

To achieve the 11
th
 Sustainable Development Goal, the authors of the world are developing methodo-

logical approaches to identify indicators of sustainable urban development, according to which it 

would be possible to draw a conclusion about the sustainability or non-sustainability of their develop-

ment [7, 12, 15].  
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There are two most common methodological approaches to identify sustainable development indi-

cators. The first approach is to build a system of indicators, each of which reflects certain aspects of 

sustainable development: economic, environmental, social. Recently, more and more often, along with 

systems containing a lot of indicators, "compressed" indicator systems are being developed. A short-

ened list of so-called key indicators of sustainable development reflecting important environmental 

issues is recommended for decision makers who need only the highest priority information on sustain-

able development and environmental protection. One of the most complete systems of sustainable de-

velopment indicators is the system developed by the United Nations Commission on Sustainable De-

velopment. It consists of 132 indicators, which are divided into 4 main groups. The first group by 

number of indicators is environmental (55 indicators), followed by social (41), economic (26), institu-

tional (10) [21]. In 2001, at the Conference on European statistics in Canada, a shortened and updated 

version of the sustainable development indicators system was proposed to facilitate practical applica-

tion for decision makers at the national level. The system was reduced to 58 indicators [20]. 

The second approach involves the construction of an aggregate (integral) indicator, which gives the 

basis for the conclusion about the degree of sustainability of socio-economic development [5, 13, 17]. 

An aggregated (integral) indicator expressed quantitatively would be ideal for decision makers to take 

into account the sustainability factor in the development of the region. On one such indicator it would 

be possible to judge the degree of stability of the territory, the ecological trajectory of its development 

(by analogy with GDP, through which is now often measured the success of economic development). 

Some authors consider the Human Development Index (HDI) as such an integral index or modify it by 

introducing environmental parameters [1, 2, 4, 10]. However, due to methodological and statistical 

difficulties, there is still no calculation of the globally recognized integral indicator. In our opinion, the 

methodology of compiling the HDI as an average geometric series of indicators ranging from 0 to 1 is 

of interest because the index value is very sensitive even to a small decrease in any of the components. 

The systems of indicators as well as the components of an integral index proposed by different au-

thors are characterized by general abstract criteria and have a universal character. This allows you to 

compare different regions or cities with each other. However, the challenge is not to compare cities, 

but to develop a sustainable development strategy for each city. So we believe that the development of 

a universal model of sustainable development criteria applicable to all major cities, regardless of 

whether they have similar or different development factors, is not appropriate. Therefore, the existing 

system of criteria can be taken only as a starting point in the development of sustainable development 

criteria for each settlement separately, taking into account its regional characteristics. 

Our goal is to develop recommendations for sustainable development of a large city (Kazan), con-

sidering the assessment of key indicators.  In order to unify the quantitative values of indicators with 

different measurements it is proposed to use a mathematical method of reduction to one. 

3. Theoretical part 

The object of research – the city of Kazan - is the largest industrial, scientific and cultural center of 

Russia. The area of the city is 425.3 km
2
, the population - 1231878 people (for 2017). The territory of 

the city is divided into 7 administrative districts. Located on the left Bank of the Volga river, at the 

confluence of the Kazanka river, the city is a major port. The city has developed high-rise construc-

tion, engineering, food, light, chemical and petrochemical industries.  

During the evaluation of sustainable development of Kazan by United Nations indicators we are 

faced with the challenge of finding and the availability of quantitative data on the specified indicators. 

In connection with it the quantitative values of the 21 indicator was obtained by simulation on the ba-

sis of the regional and national levels [6]. We could not found the values of the other 20 indicators 

(distance travelled by means of transport, per capita; proportion of children without adequate nutrition; 

intensity of use of materials, etc.). For some indicators, the assessment of the administrative center 

was irrational due to the fact that the proposed UN indicators are aimed at assessing sustainable devel-

opment at the national level (Gini index; external development assistance; ratification of international 

agreements related to sustainable development, etc.). Since the city of Kazan has no access to the sea, 
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it is impossible to assess the sustainability of the state on such indicators as "catch of large marine 

organisms", "population growth in coastal zones", "seaweed development index". Thus, the maximum 

possible number of UN Sustainable development indicators of Kazan that we can assess is 38, and 

only for 14 of them we have the factual information on Kazan. These 14 indicators are not "problemat-

ic" for the object of study and therefore cannot serve as a basis for characterizing the dynamics of the 

city development. Moreover, a large number of the UN SD indicators that are favorable for the city 

does not allow to focus attention on acute issues This result cannot be considered a reliable assessment 

of the sustainability of Kazan, on which the strategy of sustainable development can be based.  

To identify the key indicators of sustainable development of Kazan and the subsequent assessment 

of the city, we propose to use the following methodology. 

1. Based on the analysis of official documents (State reports on the state of natural resources and 

environmental protection of the Republic of Tatarstan, Strategy of social and economic development 

of the municipality of Kazan until 2030) we highlight the socio-ecological and economic problems of 

the city and formulate an indicator for each problem. 

2. Find the quantitative values for each selected indicator. If there is no data, we model quantitative 

values of indicators based on known data.  

3. In the calculations we use the mathematical method of reduction to one, as in the calculation of 

the human development index (HDI), which includes three indicators with different dimensions. The 

following formula is used to convert a measure to an index whose value is between 0 and 1 [9]: 

 

 
,           

 (1) 

 

where min(x) and max(x) – respectively, the smallest and largest of the values of the indicator tak-

en among the values of the cities-millionaires of the Russian Federation, x – the current value of the 

indicator. 

According to the logic of the calculation of the index, the closer the indicator value is to 1, the indi-

cator "better", respectively, than the calculated value closer to 0, the value of the indicator of "worse". 

However, some indicators are formulated in such a way that the value obtained in the calculations, 

close to 1, testifies to the "bad" state. In this case, we propose the index value to be calculated by the 

formula: 

 

    (2) 

 

Thus, the final calculated value in the form of the index of sustainable development of Kazan 

should be interpreted in the same way - the value of the index is closer to 1, the socio-ecological and 

economic development of the city is closer to the state of stability and vice versa. 

4. To calculate the HDI itself, the formula of the geometric mean of three indicators reduced to one 

is used. We propose to proceed in an analogical way: to apply the obtained by formulas (1) and (2) 

values of indicators to calculate their geometric mean, which will represent the index of sustainable 

development of the object of study. The value of this index, concluded between 0 and 1, is interpreted 

as follows: the closer it is to 1, the closer the state of the city to sustainable development. 

5. By the method described above, we make calculations on the proposed indicators of sustainable 

development for Kazan for 2016. Get some final value enclosed between 0 and 1. Similarly, we make 

a forecast for 2030, based on quantitative data from official documents (in case of their absence, we 

model the values). 

4. Results and discussion 

We calculated each of the 38 UN SD indicators according to the Formula (1) and obtained an average 

geometric value equal to 0.375058265, which should be the index of sustainable development of Ka-

zan in 2016.  



www.manaraa.com

International science and technology conference "EarthScience"

IOP Conf. Series: Earth and Environmental Science 459 (2020) 042006

IOP Publishing

doi:10.1088/1755-1315/459/4/042006

4

Then using the structure for the allocation of indicators "problem – indicator" we identified 17 in-

dicators of sustainable development of Kazan: 

- share of highly qualified population of the city, % 

- infrastructure costs per capita, RUB/person; 

- unemployment rate, %; 

- share of active and responsible population of the city, %; 

- energy use intensity, kWh/person; 

- share of recycled waste, %; 

- number of non-motor and electric motor transport, PCs; 

- share of wastewater treated, %; 

- number of treatment facilities, PCs; 

- green zone share, %; 

- number of companies-suppliers of recyclable materials per capita, PCs/person; 

- total released into the atmosphere of pollutants coming from the main polluting enterprises of the 

city, including vehicles, thousand tons per year; 

- the number of maximum allowable concentration levels for priority pollutants of underground 

waters (sulfa-you, chlorides, nitrates, oil products), units/year; 

- number of unauthorized dumps, PCs; 

- number of violations of water protection legislation, PCs; 

- the amount of discharged polluted (without clearing and insufficiently purified) water, %; 

- share of recycled and sequentially used water, % 

The assessment of Kazan on 17 SD "problem indicators" was carried out and so we obtained the 

reference value of the index of sustainable development of the city of Kazan. Further, taking from 

official sources the data on 17 indicators planned for 2030, we predicted the value of this index for 

2030 - 0.670990325.  

The index value calculated for Kazan by the UN indicators for 2016 exceeds the index value calcu-

lated by 17 «problem indicators». The reason is that among the indicators taken into account there are 

those that have a positive trend for 2016. Due to them, there is a "smoothing" of the problem points, 

hence the higher value of the index, which indicates a greater stability of socio-ecological and eco-

nomic development of Kazan than follows from the value obtained by the "problem indicators". The 

value calculated from 17 key indicators is a value from which we can base further calculations and 

planning. The value of the Kazan SD index for 2030 indicates that the planned and simulated missing 

values of some indicators specified in the official documents are aimed at sustainable development of 

the city. 

When further monitoring the dynamics of socio-ecological and economic development of Kazan 

and forecasting its sustainability, it should be borne in mind that the problems may change from year 

to year, as a result of which the set of key indicators of sustainable development of Kazan should be 

regularly adjusted. 

5. Conclusions 

Based on the study, we can conclude that no common system of indicators, including the UN system 

of indicators, can serve as a basis for the development of a specific city's sustainable development 

strategy. Each city needs to develop its own system of key indicators, according to the structure of the 

"problem-indicator". 

As recommendations for sustainable development of the city of Kazan we offer the following: 

1. in assessing the sustainability of socio-ecological and economic development of the city to take 

as a basis our proposed key indicators of sustainable development; 

2. start to monitor the dynamics of development on the proposed indicators, which at the moment 

the dynamics of development is not monitored; 
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3. to carry out an annual assessment of the current state of sustainability of socio-ecological and 

economic development of the city of Kazan in order to adjust the development plans and indicators 

themselves. 
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