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Abstract: The ecological problem is particularly acute for emerging markets 
due to the lack of attention to environmental protection against the background 
of ensuring stable high rates of economic growth. Climate change in Russia is 
significantly higher than the world average. The paper is an attempt to 
determine the economic losses of the regions of Russia from the mortality  
of the population at working age for 82 constituent entities of the  
Russian Federation. The unit for data collection was Russian cities with a 
population of over 50,000 people. Climate change refers to air temperature 
fluctuations in extreme ranges (colder than –30°C and hotter than +25°C) from 
1997 to 2017. The data on mortality are collected by groups of patients most 
sensitive to sharp climate fluctuations: cardiovascular diseases, coronary heart 
disease, and respiratory diseases. There are regions where there is a statistically 
steady increase in the number of days with extreme temperatures per year in the 
last 20 years of meteorological observations. 
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1 Introduction 

Great interest in the topic of the influence of weather on certain regions of different 
countries has arisen since the late 1990s. The largest number of empirical studies 
published in refereed journals, indexed in the Scopus and WOS databases, was conducted 
on data from the USA (1,580 articles), China (698 articles), and Australia (470 articles). 
These countries are in the group of leaders in terms of their territory and the number of 
regions in their composition. A large area creates differences in the natural and climatic 
zones on the territory of one country, which makes it possible to detect the effect of 
ambiguity or the various effects of climate within the borders of one country. Despite the 
fact that Russia is the largest country by territory in the world, such studies are only 
emerging for it (Otrachshenko et al., 2017). The deficit is due both to the quantity and 
quality of data, and to the lack of attention to the problem from the public and policy 
makers. 

Observations of the temperature of the air on the surface of the earth show that 
warming in Russia is greater than global warming. According to observations provided 
by the meteorological network of Roshydromet, the warming in Russia for the last  
100 years (1907–2006) was 1.29°C, while global warming for the same period was 
0.74°C. In addition, the average warming in the country was 1.33°C over the period 
1976–2006. 

Annual maximums and minimums of the daily surface air temperature increased, and 
the difference between them decreased (the minimums grew faster than the maximums) 
(Leshkevich, 2008). Such significant climate change, combined with an increase in 
emissions of greenhouse gases into the atmosphere, as well as changes in precipitation 
across regions, adversely affect human health. 
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Climate change can affect human health, including the spread of certain diseases. 
Groups of persons with chronic diseases of the pulmonary and cardiovascular systems are 
particularly susceptible to the effects of prolonged exposure to extreme (especially high) 
temperatures. The combination of heat waves with an increase in air pollution can 
exacerbate the negative effects of adverse weather conditions. 

Morbidity and mortality are indicators of quality of life and economic growth  
in individual countries and in the world. American economists Paul Romer and  
William Nordhaus were awarded the Nobel Prize in economics in 2018 for integrating 
climate change and technological innovation into long-term macroeconomic analysis. 
Researchers have developed methods that address contemporary fundamental problems – 
the long-term sustainable growth of the global economy and the well-being of the 
population. In our paper, we analysed only one aspect of negative weather changes on 
human health and the economy – the impact of days with extreme temperatures. 

The purpose of this paper is to assess mortality losses in populations at risk  
for pulmonary and cardiovascular diseases for the economy in the regions of the  
Russian Federation from 1997 to 2017, which would attract attention and provide a basis 
for developing strategies for ‘smart’ regional development. Only data on extremely high 
(above +25°C) and extremely low (below –30°C) temperatures were used for the 
assessment. Losses for the economy were estimated as losses in GRP, which falls on the 
working-age population. 

2 Research overview 

The authors conducted a three-step content analysis of an array of publications on the 
effects of climate change on various aspects of society, published in scientific journals 
included in the databases Web of Science (hereinafter – WoS) and Scopus. The 
submission form of materials in WoS has become the source for the selection of articles 
and the integration of Scopus data into a single array of publications for content analysis 
using the software product for the analysis of bibliographic material CiteSpace. 

The initial selection was carried out using a multilevel filter for the keyword 
‘weather’, the source type ‘article’1 and thematic categories: for WoS – management, 
economics, for Scopus – economics, econometrics and finance, business, management 
and accounting. The time period was 97 years from 1921 to 2018. The lower limit of the 
period is determined by the date of the first record, which satisfies the conditions of  
the specified filters. The total number of selected publications was 4,561 papers  
(Scopus – 3,106 and WoS – 1,464).2 

The authors began to pay special attention to research in this area since the early 
1990s. The development of scientific interest followed real climate change. This is 
confirmed by chronological assessments of climate research institutes, in particular,  
the NASA Goddard Institute for Space Studies, Met Office Hadley Center/Climatic 
Research Unit, NOAA National Climatic Data Center, Japanese Meteorological Agency.3 
Since 1921, the level of temperature anomalies has shown a positive trend, but with 
different dynamics. Thus, in the period from 1920 to 1940, the level of average global 
temperature anomalies ranged from –0.05 to 0 degrees Celsius, in the period from  
1940–1993, fluctuations ranged from 0.05 to 0.25 degrees, and from 1993 to 2018 from  
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0.25 to 0.65 degrees. Thus, the driver of research interest is real climate change and its 
consequences. 

Having checked the base of articles for the uniqueness of the values contained in 
them, we deleted 1,747 publications. The final sample included 2,826 articles; the time 
period of consideration was saved. Papers were also checked for cross-references. 

The authors studied the effects of weather changes in three major areas: indicators of 
economic activity, social processes and personal characteristics. 

The impact of weather changes on economic indicators is considered both in a broad 
sense (macroeconomic indicators) and in a narrow sense (the state of markets and 
industries). Lanzafame (2012) first discovered a direct relationship between temperature 
fluctuations and precipitation for the GDP of individual regions of Africa, while other 
works used more ‘flexible’ metrics, or indirect influence, for example, through the 
activities of institutions, the level of consolidation of the population around economic 
ideas, the accumulation of human capital (Mendelsohn et al., 2001; Miguel et al., 2004; 
Deschênes and Greenstone, 2007; Bruckner and Ciccone, 2010). 

The continuation of the regional economic approach from the point of view of ‘hard’ 
metrics (in terms of Lanzafame) was the work by Dell et al. (2009), whose task was to 
resolve a research dispute between two approaches to the influence of weather. On the 
one hand, an approach was considered that resulted in an inverse relationship between the 
increase in temperature and the level of national income: according to forecasts by 
Intergovernmental Panel on Climate Change the approximately global potential loss is 
estimated to be US$9,593.71 billion, or roughly #5 of the 2,100 world GDP for  
3 degrees Celsius global warming. At 4 degrees Celsius, losses from global warming 
increase significantly to US$23,149.18 billion (IPCC, 2014; Cuaresma and Lutz, 2016; 
Kompas  
et al., 2018). 

This approach has been criticised for false associations of heat with low incomes.  
An alternative approach is to collect data on the temperature of each country with data on 
total income for the purpose of their further comparison with historical relationships. 
Another measure of the effect of weather on the economy was used in Goetzmann and 
Zhu (2005) and Bassi et al. (2013), where a positive relationship was found between the 
number of cloudy days and stock indices, investor risk-taking (Kramer and Weber, 2012). 

A separate area is the influence of weather on markets and industries, for example, 
agriculture, retail (Moechdi et al., 2016; Schlenker et al., 2005; Deschênes and 
Greenstone, 2007; Welch and Vincent, 2010; Fisher et al., 2012; Puspitasari, 2018; 
Schmittmann et al., 2014). It is worth mentioning the effects of clear weather days on 
stock market activity (Saunders, 1993; Karmstra et al., 2003; Goetzmann and Zhu, 2005; 
Lee and Wang, 2011), risk-taking (Dowling and Lucey, 2005), number of transactions 
(Hirshleifer and Shumway, 2003; Chang et al., 2006). Another area of research was the 
analysis of the influence of weather on social processes (migration, educational activities, 
the level of conflict and the criminal situation in society). Main topics there are 
temporary population movements and weather (Barrios et al., 2006; Marchiori et al., 
2012; Cattaneo and Peri, 2016), where main conclusion is that higher temperatures in 
middle-income countries increase the level of migration to urban areas. In poorer 
countries, higher temperatures reduce the likelihood of migration to cities and countries. 

Continuing on the macro (group) level negative social effects caused by the  
weather include social tensions in African countries (Buhaug, 2010; Hsiang and  
Meng, 2014), social conflicts in African countries (Witsenburg and Adano, 2009;  
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Adano and Dietz, 2012; Theisen, 2014), frequency of wars (Zhang et al., 2007;  
Raleigh and Kniveton, 2012). Deviations from the usual precipitation rates reduce the 
risk of conflict, while higher daytime temperatures increase the corresponding risk 
(O’Loughlin et al., 2012). 

At a personal level inverse relationship was found between the increase in 
temperature in the room and the cognitive abilities of the person (Simmons, 2008; Gaoua, 
2011), educational process (Bentham and Landford, 2001; Akil, 2014), lack of sleep and 
errors during the day (Lim and Dinges, 2008). Another aspect is health and physiological 
characteristics. So, Shrimpton and Victora (2001) found a link between the growth of a 
child at birth and the weather at the time of his birth. Maccini and Yang (2009) found that 
those who fell under heavy rain in the first years of their lives grew taller and educated. 
Indirect effects on human health have been found for rainy weather during maternal 
pregnancy (Patz et al., 2013). Deschênes and Moretti (2009) and Barreca (2012) found 
that the number of days with extremely hot temperatures affects mortality in the USA in 
multidirectional directions. Review of mortality depending on diseases was continued by 
Deschênes and Greenstone (2011). The study of the effect of days with an extreme 
temperature towards negative temperatures and economic losses (Otrachshenko et al., 
2017). 

This approach was continued in papers that consider the influence of the frequency 
and strength of extreme hydrometeorological events: heat and cold waves, floods, storms, 
typhoons on the expansion of the areas of vectors of vector-borne diseases, complications 
of certain categories of diseases, an increase in mortality by categories of population and 
the degree of complexity of diseases (Revich and Maleev, 2011). 

In particular, the highest levels of citation on the example of such crisis situations 
were considered an increase in sweating with inadequate replenishment of water balance, 
microcirculation disorders, hemoconcentration, the development of blood clots, strokes 
during regional heat waves (Fouillet et al., 2008). In the country breakdown for Russia, a 
statistically confirmed relationship between an increase in the number of calls for 
emergency medical care, overall mortality and mortality due to diseases of the circulatory 
system, respiratory system, nervous system (Revich et al., 2008; Revich, 2011), ischemic 
heart disease and heart attacks (Revich and Shaposhnikova, 2010), diuresis (Keatinge, 
2003), tick-borne encephalitis, ixodic tick-borne borreliosis, Japanese encephalitis, fever 
(Alekseev, 2004; Semenov and Jasjukevich, 2006), suicides (Page et al., 2007; Likhvar  
et al., 2011; Kim et al., 2011). 

The impact of weather at the macro level (country, continent) and at the level of 
social groups (family, academic groups of students, behaviour of stock market players, 
etc.) do not capture regional differences. The study of regions within one country is 
important in the case when the influence of weather conditions is ambiguous or in 
different directions depending on the different characteristics of the region. 

The following research areas are highlighted in this block of papers: 

 regional features of the impact of global temperature increase and concentration of 
harmful substances 

 impact of climate change on tourist flows to the region 

 sectoral adaptation and regional in-country adaptation of companies to climate 
change 
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 the dilemma of climate change and the need to reengineer regional energy systems 

 attempts to resolve the question of at what level it is more rational to develop climate 
change control standards: regional or global 

 adaptation of international standards in the field of environmental protection and air 
emissions to the regional specifics in the field of business and the necessary 
resources to comply with international restrictions. 

The largest number of publications focused on the comparison of global reports on the 
temperature increase on earth and air pollution with regional differences in the level of 
these changes. Researchers rightly proceed from the hypothesis that the rate of climate 
change is uneven not only from country to country, but also from region to region within 
a country (Clark et al., 2000). In addition, scales and models for studying the effects of 
climate change in general on the global system (for example, the general circulation 
model) are not intended for use at the regional level (Toman et al., 1996). 

The authors express doubts as to how significant the effect of global warming will be 
for each specific country (Madden and Ramanathan, 1980; Barnett and Schlesinger, 
1987; Balling and Idso, 1990). In addition, the thesis that CO2 emissions raise 
temperatures is questioned at the level of regional studies for various countries 
(Ellsaesser, 1984; Shaw and Stroup, 1990). The authors concluded that the temperature 
increase occurs before the increase in CO2 emissions into the atmosphere. 

Proponents of a globalist and regional approach have their own arguments with 
regard to concerted actions of states on environmental safety and environmental 
monitoring. Defenders of the globalist approach to controlling the emission of 
greenhouse gases and other harmful substances suggest that controlling this process at the 
global level makes it possible to solve the problem in an integrated way, considering 
climate change in one region is not advisable, since there are no territorial boundaries for 
the biosphere, in addition to this emphasises the synergistic effects of global interaction 
(Asheim et al., 2006). Proponents of the regional approach emphasise that political 
efforts at the international level and the requirements of following the global standards of 
all parties to agreements (primarily agreements in Rio de Janeiro in 1992 and Kyoto in 
1998) are ineffective because they do not provide an accurate potential assessment of 
their impact on regions within countries and do not develop region-oriented measures 
(Drennen and Kaiser, 1993; Toman et al., 1996). The ‘free-rider problem’ can arise when 
at the expense of other countries that will execute the concluded agreements, some of the 
signatories or non-signatories can ignore these agreements, thereby reducing their 
economic losses for environmental modernisation of equipment, lower production 
volumes, etc. (Finus and Rundshagen, 2003). At the same time, it emphasises the 
complexity of monitoring the implementation of international agreements, the need for 
these agreements to be self-sufficient, or to create supranational bodies to monitor their 
implementation (Barrett, 1999). 

The authors’ attention is focused on creating such forms of interaction between states, 
in which the risks of non-compliance with agreements would be levelled, and control 
over the level of achievement of the established targets was ensured. In the works,  
two similar forms were singled out – reduced-stage game models – when more than  
one coalition is possible, the equilibrium coalition structure that endogenously emerges 
from the negotiation process is characterised by several coalitions. It has also been shown 
that social welfare can be higher with multiple agreements than with a single global 
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accord) and dynamic game models (dynamic game models typically assume an infinitely 
repeated game where governments agree on a contract in the first stage that has to be 
enforced in subsequent stages through credible threats) (Barrett and Hoel, 2004). In the 
paper by Asheim et al. (2006), an attempt was made to adapt models to regional 
conditions, as well as to determine the ‘depth’ of such agreements, i.e., to what extent did 
the provisions signed in them cover geographically continental, country, regional 
specifics, as well as indicators of environmental control and microclimate by industry. 
The answer to these questions allows you to create regional formats of interaction, as 
well as to assess the effect of global agreements on climate change control. 

Regional studies have been developed in works related to regional adaptation, 
reengineering of production facilities (Perez-Garcia et al., 1997, 2002; Sohngen et al., 
2001; Sohngen and Sedjo, 2005; Ochuodho et al., 2012). 

Summing up the literature review, we will single out four blocks of research related 
to the study of the impact of climate change: 

 impact on macroeconomic indicators of economic development on a territorial basis 
(continents and countries) 

 impact on the development of individual industries (agriculture, energy, tourism) 

 impact on social macro-processes (country and intercontinental migration, level  
of education, development of human capital, conflict and tension in territorial 
communities) 

 the policy of regulating economic and public life (development of industries, 
requirements for companies in the field of environmental conservation, ‘depth’  
of regulation, differentiation of regions in terms of their contribution to pollution  
and atmospheric preservation). 

The following aspects of the topic addressed not enough studied in our opinion. 
Firstly, the effects of temperature fluctuations, since, in the papers, either temperature 

with precipitation levels, natural anomalies, or greenhouse gas emissions was considered 
when considering the influence of industrial enterprises on the regional climate. 

Secondly, as the empirical base of the study, the authors in most cases used panel 
annual data on temperature, without trying to draw attention to specific values of 
temperature by day, that is, they spoke about the trend, for example, the temperature 
increase in general. 

Thirdly, unfairly, in our opinion, little attention was paid to the effects of climate on 
human health. 

In this regard, our interest has focused on identifying the impact of changes in air 
temperature on the health of the population of regions within a single country with a large 
territory – Russia. We chose the mortality rate of the population, and the mortality rate 
due to causes associated with diseases, especially those that are subject to temperature 
fluctuations: 

 coronary heart disease 

 circulatory system diseases 

 respiratory diseases. 
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Analysis of the publications showed that the study of mortality in relation to climate was 
considered to a greater extent using data on the number of days with extremely high 
temperatures. There are ample opportunities to study this issue on data from Russia, 
which includes both ‘warm’ southern regions and ‘cold’ northern regions, which opens 
up possibilities for additional conclusions and comparison of results for different regions 
depending on extremely warm and extremely cold days in the year. 

In itself, the consideration of mortality depending on temperature allows conclusions 
to be drawn about the level of adaptation of the population to climate change; however,  
it does not make it clear what consequences this phenomenon has for the economic 
development of regions. The development of this topic is seen in the relationship between 
the dependence of temperature, mortality and the economic loss of regions. In addition, 
the study of phenomena in relation to Russia’s regional economic profiles is of interest 
not only because of its broad geographical representation, but also because the regions 
and the country as a whole are at the stage of developing models of sustainable growth 
and development of productive, economic and human potential (Wiesmeth, 2018). In this 
context, the development potential of the economic and social landscape of Russia is 
considered in detail by Sergi (2018), who identified and described high-probability 
economic potential of Russian, showed the most significant areas of research topics and 
high-cited research conclusions in the world scientific community. 

The link with the regional economy allows, on the one hand, to integrate into the 
work issues related to social macro-processes and regional differences, on the other hand, 
to develop studies of the connection between extreme temperatures, mortality, and 
adaptation of the population to them in the context of the country’s regions. 

Following this logic, we have identified the following tasks of the work, reflecting the 
structure of the study: 

 study of the impact of days with extremely cold and warm temperatures on mortality 
for reasons sensitive to climate change (cardiovascular diseases, coronary heart 
disease, respiratory diseases and respiratory diseases) for the Rosstat regions over the 
20-year period taking into account the latest meteorological observations  
(from 1997 to 2017 inclusive) 

 determination of economic losses from mortality of the population of the Russian 
regions at working age, depending on the selected list of diseases. 

3 Research database 

The data on mortality was collected using open access to the dataset of a  
United Interdepartmental Information and Statistical System (hereinafter – the UniSIS) 
from 1997 to 2017. In terms of causes of death, deaths due to cardiovascular, respiratory 
diseases, coronary heart disease and respiratory diseases were selected in 82 subjects of 
the Russian Federation. The federal city of Sevastopol, the Republic of Crimea,  
the Chechen Republic and the Republic of Dagestan were excluded from the sample due 
to the lack of complete data for the study period. The boundaries of the regions are 
determined as of 2018. The mortality indicator for the causes of death of the working-age 
population was used to analyse the economic losses from human mortality due to the 
diseases mentioned above. 
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The selection of temperature data was carried out using the dataset of the All-Russian 
Scientific Research Institute of Hydrometeorological Information in the same period as 
above. The data collection was carried out from 1,121 meteorological stations in each 
Russian region, for which daily temperatures were available. 

It is obvious that the distribution of meteorological stations is not evenly due to the 
presence of remote and sparsely populated regions over a large territory of the country. 
Since the task of the study did not include the analysis of temperature fluctuations in 
itself, but only with regard to the mortality rate of the population, we chose the point of 
observation of a settlement like ‘a city of 50,000 people or more’. 

Cities with a population of at least 50,000 people with the corresponding list of 
meteorological stations that are located as close as possible to these cities were selected 
according to the data of the Federal Statistics Agency (hereinafter – Rosstat). Values 
from the nearest weather stations were used for those cities where there were no stations. 

3,637,476 observations were collected in total. Data at the regional level were 
weighted by the population of the administrative collection unit for aggregation obtained. 
Thus, the administrative unit within the region with the largest proportion of the 
population in the region’s population received the highest weight in the sample. 

The number of days with extremely cold (–30°C and below) and extremely warm 
temperatures (+25°C and above) was calculated in each region. Descriptive statistics 
gives a general idea of weather fluctuations for 21 years across 82 subjects of the  
Russian Federation illustrated in Table 1. The use of a five-degree step and established 
boundaries is based on the design of previous empirical studies highlighted in the 
theoretical framework (Deschênes and Greenstone, 2011; Burgess et al., 2014). 

It should be noted that the use of such a scale in its extreme values (both for 
extremely hot and cold days) is not limited and allows you to take into account the 
minimum temperatures recorded for Russia, for example, to minus 60 degrees Celsius in 
the Republic of Sakha (Yakutia). Special temperature bin for the republic is impractical, 
due to few days with this temperature and their effect on mortality: in the short-term 
increases mortality and in the mid and long-term perspective it is not effect on the 
mortality, however, there is no effect in the medium and long-term (Deschênes and 
Moretti, 2009). 

Data on the average number of days with extreme temperatures show that there are 
not so many favourable conditions for people exposed to the adverse effects of climate 
fluctuations, regions (no more than two days per year): three republics, Primorsky Kray 
and five regions. It should be noted that the analysis does not consider air humidity, wind 
strength, seismic vibrations, and many others. On average in Russia, the number of days 
with extreme temperatures during the analysed period was 21.31 days. 

It is important to consider not only the average, but also the statistically significant 
trend of climate change towards the emergence of extreme temperatures that adversely 
affect the health of the population. Explaining descriptive statistics in the same table,  
we note that the light grey cell sign is set for the subject of the federation, if the number 
of the relevant days in this territory has increased, the sign grey cell if the number has 
decreased; the ‘0’ sign in the corresponding column means that there are no days with 
extreme temperatures, ‘*’ signs are set where there is a statistically significant trend at 
1% -, 5% - and 10% confidence intervals. 
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Table 1 Trends of extreme temperature in the regions of Russia 

Region 

Average number  
of days with 
temperature  

≥+25°C 

Average number  
of days with 
temperature  

≤–30°C 

Average number 
of days with 

extreme 
temperature 

Adygea Republic 41.14*** 0 41.14*** 

Altai Kray 3.07** 5.41 8.48 

Altai Republic 0.00 0 0 

Amur region 3.26 23.58 26.84 

Arkhangelsk region 1.78 2.55** 4.33* 

Astrakhan region 51.40*** 0 51.4*** 

Bashkortostan Republic 2.95 2.08 5.03 

Belgorod region 10.68 0 10.68 

Bryansk region 3.06 0 3.06 

Buryatia Republic 1.61 8.46 10.07 

Chelyabinsk region 4.46 0.83 5.29 

Chukotka 0.00 10.00* 10* 

Chuvash Republic 4.67 0.33 5 

Ingushetia Republic 1.95 0 1.95 

Irkutsk region 0.27 15.32 15.59 

Ivanovo region 2.43 0.29 2.72 

Jewish autonomous district 3.90 0.94 4.84 

Kabardino-Balkaria Republic 0.00 0 0 

Kaliningrad region 1.03 0 1.03 

Kalmykia Republic 43.74 0 43.74 

Kaluga region 2.14 0.05 2.19 

Kamchatka Kray 0.00 1.24* 1.24* 

Karachay-Cherkess Republic 0.34 0 0.34 

Karelia Republic 0.55 0.54** 1.09 

Kemerovo region 0.78 6.56 7.34 

Khabarovsk Kray 4.32 5.06 9.38 

Khakassia Republic 1.51 3.77 5.28 

Kirov region 2.30 1.17 3.47 

KMAO-UGRA 1.04 19.18* 20.22* 

Komi Republic 1.05 6.44 7.49 

Kostroma region 1.45 0.88 2.33 

Krasnodar Kray 37.38** 0 37.38** 

Krasnoyarsk Kray 0.71 10.07 10.78 

Notes: *p < 0.1, **p < 0.05 and ***p < 0.01. Dark grey – number of days with extremely 
temperature decrease; light-grey – number of days with extremely hot/cold 
temperature increase and no colour – no significant changes in number of days 
with extremely hot/cold temperature. 
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Table 1 Trends of extreme temperature in the regions of Russia (continued) 

Region 

Average number  
of days with 
temperature  

≥+25°C 

Average number  
of days with 
temperature  

≤–30°C 

Average number 
of days with 

extreme 
temperature 

Kurgan region 4.39 2.77 7.16 

Kursk region 7.49 0 7.49 

Leningrad region 1.96 0.20 2.16 

Lipetsk region 10.24 0.10 10.34 

Magadan region 0.20 27.82** 28.02** 

Mari El Republic 4.74 0.84 5.58 

Mordovia Republic 6.67 0.14 6.81 

Moscow 4.24 0 4.24 

Moscow region 3.16 0.05 3.21 

Murmansk region 0.14 4.33 4.47* 

Nenets autonomous district 0.27 8.34** 8.61** 

Nizhny Novgorod region 4.18 0.33 4.51 

North Ossetia Republic 8.33 0.00 8.33 

Novgorod region 4.47 0.42 4.90 

Novosibirsk region 1.95 6.14 8.09 

Omsk region 3.01 5.20 8.21 

Orenburg region 20.34 0.54 20.88 

Oryol region 4.10 0.00 4.1 

Penza region 9.38 0.14 9.52 

Perm Kray 2.62 1.16 3.78 

Primorsky Kray 0.86** 0.02 0.88** 

Pskov region 1.53 0 1.53 

Rostov region 35.71** 0.00 35.71** 

Ryazan region 5.10 0.12 5.22 

Sakha (Yakutia) Republic 3.48 74.90** 78.38** 

Sakhalin region 0.09 3.16 3.25* 

Samara region 15.44 0.20 15.64 

Saratov region 27.42 0.01 27.43 

Smolensk region 1.19 0 1.19 

St. Petersburg 2.76 0 2.76 

Stavropol Kray 37.08 0 37.08 

Sverdlovsk region 2.99 1.82 4.81 

Tambov region 8.71 0.29 9 

Notes: *p < 0.1, **p < 0.05 and ***p < 0.01. Dark grey – number of days with extremely 
temperature decrease; light-grey – number of days with extremely hot/cold 
temperature increase and no colour – no significant changes in number of days 
with extremely hot/cold temperature. 



   

 

   

   
 

   

   

 

   

   12 M. Fokeev et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Table 1 Trends of extreme temperature in the regions of Russia (continued) 

Region 

Average number  
of days with 
temperature  

≥+25°C 

Average number  
of days with 
temperature  

≤–30°C 

Average number 
of days with 

extreme 
temperature 

Tatarstan Republic 7.57 0.63 8.2 

Tomsk region 1.23 4.43 5.66 

Transbaikal Kray 1.83 19.92 21.75 

Tula region 3.90 0.10 4 

Tver region 1.26 0.23 1.49 

Tyumen region 2.03 6.00 8.03 

Tyva Republic 2.63 21.13 23.76 

Udmurtia Republic 7.24 4.54 11.78 

Ulyanovsk region 3.62 0.71 4.33 

Vladimir region 1.76 0.29 2.05 

Volgograd region 20.19 0 20.19 

Vologda region 1.25 1.24 2.49 

Voronezh region 12.85 0.01 12.86 

Yamalo-Nenets autonomous district 1.46 27.99*** 29.45*** 

Yaroslavl region 2.10 0.31 2.41 

Russia in total 6.75 14.56 21.31 

Notes: *p < 0.1, **p < 0.05 and ***p < 0.01. Dark grey – number of days with extremely 
temperature decrease; light-grey – number of days with extremely hot/cold 
temperature increase and no colour – no significant changes in number of days 
with extremely hot/cold temperature. 

A statistically stable upward trend in the number of extremely high temperatures was 
found in 6 out of 82 federal subjects. This has a particularly negative effect on people 
suffering from cardiovascular and respiratory diseases. Climate reduction is observed in 
regions where the number of extremely cold temperatures has statistically significantly 
decreased, there were 9 of them in 21 years. In total, we found an upward trend in days 
with extreme temperature fluctuations in five regions, and a decline in ten regions. 

4 Econometric modelling and assessment of the impact of extreme 
temperatures on the mortality of vulnerable populations in cities 

Based on the theory of the question and the results of previous studies using Russian data, 
it is possible to predict the following dependence on mortality rate on extreme air 
temperatures. Extremely cold days are less of a risk factor for mortality from identified 
disease groups, and windy weather is an important addition to the effects of cold waves, 
which is not taken into account in this study. The risk of mortality from cardiovascular 
diseases is higher than from other causes of death (Revich and Shaposhnikov, 2017; 
Chernykh and Taseiko, 2018). 
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The fixed-effect panel data model was used to assess the effect of hot and cold days 
on mortality in the three groups of people that were vulnerable to sudden temperature 
fluctuations. Our models were based on Leal et al. (2006) and Kontsevaya et al. (2013) 
findings. Where economic losses from mortality or climate fluctuation counts based on 
number of CVD-related deaths during working age, number of remaining work years at 
the time of death, number of remaining work years at the time of death (for our purpose 
we use RGP), economic activity and unemployment rates. 

Model looks like: 

1 2 *rt rt rt r t trMortality Cold Hot λ Region Trend u          (1) 

where 

Mortalityrt the number of deaths for various reasons in the region r per year t 

Coldrt the number of days in the region r in the year t with a temperature 
below –30°C 

Hotrt the number of days in the region r in the year t with a temperature 
above +25°C 

r fixed effect of region r 

λt fixed effects of year t 

Region dummy variable equal to 1 for the region in question and 0 for all 
others 

Trend linear trend 

Region * Trend individual trend for the region 

utr random error. 

Standard errors in regressions are clustered by regions, that is, they allow for individual 
heteroscedasticity to be taken into account. All observations on mortality and temperature 
are weighed; the weights are the population in the region in the corresponding year.  
The evaluation results are presented in Tables 2 and 3, where table indicate effects on 
mortality from extremely hot and cold days separately and Table 3 – joint effect. 

A significant dependence of mortality was found on low temperatures for all diseases, 
and for cardiac diseases, on high temperatures. At the same time, the very effect of high 
temperatures on mortality is stronger than cold: the appearance of an extra hot day per 
year leads to an increase in mortality by almost three people from all types of diseases 
analysed (the coefficient value in the regression is 2.83). The same indicator for 
extremely low temperatures is 0.312. This result is consistent with the conclusions of 
other authors that hot days and overall climate warming pose a great threat to public 
health. 
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Table 2 Impact of extremely hot and cold days on mortality in vulnerable populations of 
Russia (1997–2017) 

 
(1) (2) (3) (4) 

All diseases Respiratory 
diseases 

Circulatory 
system diseases 

Ischemic 
disease 

Number of days with 
temperature ≤–30°C 

0.312** 0.0456*** 0.183** 0.0664 

Std. err. (0.134) (0.0114) (0.0831) (0.0806) 

Number of days with 
temperature ≥+25°C 

2.83** –0.00041 1.78** 0.982** 

Std. err. (1.17) (0.0767) (0.733) (0.473) 

_cons 0.0199*** 0.00067*** 0.00718*** 0.00619*** 

Std. err. (0.0019) (1.1e-05) (9.1e-05) (0.00086) 

N 1,501 1,659 1,659 1,501 

R2 0.861 0.637 0.843 0.742 

Notes: Standard errors in parentheses and *p < 0.1, **p < 0.05 and ***p < 0.01. 

Table 3 Impact of days with extreme temperatures on mortality in vulnerable groups of the 
Russian population (1997–2017) 

 
(1) (2) (3) (4) 

All diseases Respiratory 
diseases 

Circulatory 
system diseases 

Ischemic 
disease 

Number of days with 
extreme temperature 

0.439*** 0.0431*** 0.272*** 0.113* 

Std. err. (0.124) (0.0107) (0.0901) (0.064) 

_cons 0.0202*** 0.00067*** 0.0072*** 0.00629*** 

Std. err. (0.00188) (1.1e-05) (9.0e-05) (0.00085) 

N 1,501 1,659 1,659 1,501 

R2 0.86 0.637 0.842 0.741 

Notes: Standard errors in parentheses and *p < 0.1, **p < 0.05 and ***p < 0.01. 

Table 4 clearly demonstrates that increasing the number of days with extreme 
temperatures leads to an increase in mortality in all three populations with the diseases 
studied. The positive effect of the increase in the number of days with extreme 
temperatures on all types of diseases in the 1% confidence interval was discovered 
(except for ischemic heart disease, for which the coefficient in regression is significant at 
the 10% interval). An increasing in days with extreme temperatures in the year by 1 day 
leads to an increase in mortality by 0.439 people. 

The economic losses from mortality in the three vulnerable groups of the population 
were estimated only for the working age, which, in accordance with the legislation of the 
Russian Federation, begins at the age of 14 and ends at the age of 55, and at the age of  
60 for men (for the analysed period).4 However, the actual work experience of women on 
average in the country is longer, as well as the life expectancy, so for both sexes we used 
the time of completion of the working age of 60 years. Due to the lack of data on regional 
gross product for the subjects of the Russian Federation provided by Rosstat, losses from 
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mortality due to extreme temperatures were calculated only for the period from 2000 to 
2017. 

Economic losses were calculated as follows and based on suggestions by Leal et al. 
(2006) and Kontsevaya et al. (2013): 

* *t rt rt rt

r

losses GRP LFP average number of deaths  (2) 

where: 

t year 

r region 

LFPrt the share of employed and unemployed by the total number of people aged from 
14 to 60 years in the region r in the year t 

GRPrt gross regional product in the region r in year t. 

Estimates are shown in Table 5 at current prices. 

Table 4 Reduction of gross regional product in the analysed regions of the Russian Federation 
due to mortality from three groups of analysed diseases (2000–2016) 

Year 
Losses of Russian 
regions, thousand 

rubles 

% of 
GRP 

Share of deaths,% 

Respiratory 
diseases 

Circulatory system 
diseases 

Ischemic 
disease 

2000 62,367,469.5 0.696 0.06902 0.83089 0.39012 

2001 77,639,209.6 0.692 0.06437 0.84893 0.39887 

2002 96,345,396.16 0.738 0.06877 0.88984 0.42063 

2003 120,639,457.2 0.753 0.06915 0.90922 0.43360 

2004 153,460,498.2 0.732 0.06365 0.88129 0.42142 

2005 201,227,530.3 0.745 0.06530 0.89508 0.43107 

2006 236,523,457.6 0.717 0.05730 0.85219 0.42044 

2007 280,860,132.6 0.720 0.05411 0.82175 0.41218 

2008 336,723,958.2 0.737 0.05532 0.82308 0.41636 

2009 302,692,146.8 0.711 0.05532 0.78892 0.40628 

2010 364,897,069.2 0.724 0.05204 0.79902 0.41476 

2011 432,453,934.8 0.702 0.05165 0.74658 0.39395 

2012 468,809,818.8 0.682 0.04915 0.73107 0.38976 

2013 485,652,944.1 0.660 0.05130 0.69247 0.36617 

2014 508,203,367.9 0.635 0.05407 0.64862 0.33969 

2015 554,492,673.9 0.622 0.05139 0.63011 0.33521 

2016 555,497,973.8 0.602 0.04757 0.61138 0.32591 

Calculations are given in current prices and do not take into account the adjustment for 
inflation, the share of losses from GRP stably fluctuates around 0.6–0.7% annually, 
which can be considered as critical losses taking into account the overall growth rates of 
the Russian and world economy over the study period. 
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5 Conclusions 

Our study confirmed the findings of previous researchers on the close direct relationship 
between the increase in the number of days with extreme temperature and the mortality of 
persons with respiratory and cardiovascular diseases. At the same time, an increase in the 
number of hot days is most dangerous for these populations. Given the increase in the 
number of heat waves (long periods of high daytime temperatures) caused by global 
warming, there is an acute problem of changes in the quality of life in all countries, and 
especially in developing and emerging markets. 

The set of measures to prevent the negative economic consequences of days with 
extreme temperature should include a variety of areas that require additional costs,  
which for the most part will fall on federal and regional budgets in the case of the 
Russian Federation. The most obvious measures are the development of facilities and air 
conditioning systems for residential and industrial premises, increasing their accessibility 
for people, monitoring adverse weather conditions and preventive protection measures 
for vulnerable groups can serve as a means of adaptation to heat waves. Continuous 
monitoring and substantial fines for greenhouse gas emissions are required, as well as the 
modernisation of industries that have the most negative impact on the environment.  
In addition, it is necessary to implement as widely as possible the principles of a  
‘smart city’ and energy-efficient green building in Russian regions, which is the basis for 
improving the quality of life and a factor of economic and social development. The 
continuation of this study in these areas can be based on existing methods for evaluating 
the effectiveness of managerial innovative solutions for smart cities (Sergi et al., 2019). 

The estimates of economic losses from the detrimental effects of man-made factors 
on nature given in the article do not allow the system of national economic planning to 
function anymore without taking into account the climatic factor. 
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Notes 

1 In order to facilitate further work in the software products of bibliometric analysis,  
we deliberately limited the collection of sources to journal articles only. 

2 On the date of the content analysis of the first stage – 2 October 2018. 
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3 Graphic: earth’s temperature record [electronic resource] URL: https://climate.nasa.gov/ 
climate_resources/9/graphic-earths-temperature-record/ (date of the application: 16 September 
2018). 

4 The 2018 pension reform has changed the retirement age for women at 60 and for men at 65. 


