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This review focuses on certain challenges related to hygienic assessment of urban planning. Studies by Soviet (and
later Russian) hygienists that have been accomplished since 1970ties have brought about optimal solutions for planning
urban districts, climatic peculiarities taken into account. Specific hygienic standards have been developed with respect to
insolation, building density, minimum safe distances from housing to parking areas, recommendations on creating green
spaces along the busiest motorways as well as some other parameters that are now a part of regulatory documents on con-
struction. A comfortable urban environment can hardly be created in Russian cities without adherence to hygienic standards
regarding ambient air quality, noise levels, insolation, creating easily available open green spaces. All this should be imple-
mented without any limitations on building density, especially in downtowns areas. Hygienic standards stipulate transition
from fossil fuels to more environmentally friendly ones in cities located in Sberia and the Far East. There are also other
multiple indicators of urban environment quality that shouldn’t be neglected. The review also considers how important inso-
lation is for health of urban citizens, especially bearing in mind the latest data on significance of vitamin D for prevention of
osteoporosis. A great attention is paid to positive effects produced by open green spaces on population health including men-
tal health, higher levels of physical activity, better social interactions and mutual trust, and reduced social isolation. All
these aspects are becoming truly vital after the COVID-19 pandemic. Green spaces are also important since they help miti-
gate certain negative conseguences of living in an aggressive urban environment.

Key words: public health, COVID-19, urban planning, building density, ambient air, noise, insolation, green spaces,
vitamin D.

Urbanization has been growing over the
last 20 years as has a share of urban population
in Russia and it has already reached 74.3 %. It
means that a lot of attention should be given to
living conditions in cities. In 2020 the share of
urban population in Russia was by almost 20
% higher than on average in the world where it
amounted to 55 %.

Historical background. In Russia studies
on peculiar features of different territories, cli-
mate included, started as far back as in the 18t
century. They enabled determining population
groups with high mortality and morbidity rates.
Over a period from 1797 to 1861 provincial
boards of health created more than 150 topog-
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raphies describing wind directions, smells, and
other territorial features'. F.F. Erismann, a pio-
neer and founder of scientific hygiene in Rus-
sia, stated it was necessary to study health as
profoundly as possible bearing in mind associa-
tions with sanitary factors. Later the idea was
implemented by many doctors working in ur-
ban and rural areas. The 20" century brought
about rapid industrialization resulting in occur-
rence of a lot of new cities. Some of them were
properly located on the windward side with re-
spect to metallurgic productions (Magnitogorsk
as an example) but there were also poor choices
on layouts of industrial and residential areas.
Some cities were located in hollows between
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mountain ranges and their development led to
higher ambient air pollution, the city of Chita
being a good example here. As scientific hy-
giene advanced, new data were accumulated
and applied to develop relevant standards for
territorial layouts. It is very interesting to note
that in 1943, during the Great Patriotic War,
V.A. Ryazanov, the chief sanitary inspector and
deputy public healthcare minister in Perm re-
gion, in future an academician and the director
of the A.N. Sysin’s Chief Hygienic Institute of
the Russian Academy of Medical Sciences, de-
fended his doctoral thesis. Its subject was “Ur-
ban development with respect to smoke as a
major issue™. In his work, he substantiated the
necessity to establish maximum permissible
concentrations of pollutants in ambient air and
to assess ambient air pollution in urban plan-
ning. And it was 9 years prior to the infamous
London smog that became a worldwide phe-
nomenon and stimulated overall refusal from
firewood and coal as fuels. The study by V.A.
Ryazanov paved the way for the Soviet hygi-
enic standardization school that established
standards for concentrations of pollutants in
ambient air. Up to 80ties last century this
school occupied the leading place in the world
developing this direction together with studies
and research in the sphere of urban planning
hygiene. Some hygienic recommendations on
urban planning became a part of the construction
regulations SN 41-58, supplemented in 1967.
After the WWII, hygienists took active
part in teams dealing with master plan creation
when cities were being developed and recon-
structed in the country. Data on various compo-
nents of an urban environment as well as use of

sanitary rules and standards gave grounds for
developing science-based requirements to resi-
dential areas layouts and their improvement.
These tasks were tackled by institutes for hy-
giene located in Moscow, Leningrad, Saratov,
Ufa, Sverdlovsk, Novosibirsk and other cities
as well as by experts of hygiene departments at
medical institutes. A new trend appeared in
practical hygiene, so called preventive sanitary
surveillance. It covered a lot of issues starting
from hygienic assessment of land allocation for
construction and up to commissioning.

When making his report on the meeting
devoted to sanitary-hygienic issues of urban
development and construction, K.I. Akulov® *
mentioned a growth in designed building den-
sity, failure to meet standards for insolation of
houses and territories, placing large industrial
objects too close to cities, and deteriorating
sanitary conditions. Also, it was noted that ur-
ban development didn’t conform to valid sani-
tary and construction rules and standards’. An
issue regarding “smart regulation of city
growth” was also very topical at the end of the
60ties last century.

The sanitary service was an influential au-
thority and had a power to veto a project to
build an enterprise within city boundaries as it
was the case in Krasnoyarsk with the project to
build a large lavsan production facility there”.
Unfortunately, other productions were devel-
oped in that city and a dam was built on Yeni-
sei. All this resulted in “black sky” effect, ele-
vated levels of ambient air pollution, and in-
creased population mortality due to respiratory
diseases® [1]. Reports that were made at the
above-mentioned meeting gave examples on

2Ryazanov V.A. Planirovka gorodov v svyazi s problemoi dyma [Urban planning with respect to smoke as a major is-
sue]: thesis for a degree of a Doctor of Medical Sciences. Molotov, 1943 (in Russian).

3 RSFSR Chief Sanitary Inspector, deputy RSFSR Public Healthcare Minister (1965-1990).

* Akulov K.I. Sostoyanie i zadachi sanitarnoi sluzhby po gigiene planirovki naselennykh mest [The existing situation and
tasks to be solved by the sanitary service regarding hygiene of urban planning]. The proceedings of the organizational and me-
thodical meeting on sanitary-hygienic issues of urban development and construction. Moscow, RSFSR Public Healthcare Min-
istry, Erismann’s Moscow Scientific Research Institute for Hygiene, 1970, pp. 3—10 (in Russian).

>Kovshilo V.E., Zaichenko A.IL, Nedogibchenko M.K. Gosudarstvennyi sanitarnyi nadzor za proektirovaniem i stroitel'st-
vom naselennykh mest v SSSR [The state sanitary surveillance over planning and construction of settlements in the USSR].
Gigiena planirovki i blagoustroistvo gorodov [ Urban development hygiene and improvement in cities] : The proceedings of the first
all-Soviet scientific conference. Moscow, the USSR Public Healthcare Ministry, 1974, pp. 11-14 (in Russian).

%0 sostoyanii i okhrane okruzhayushchei sredy v Krasnoyarskom krae v 2017 godu: Gosudarstvennyi doklad [On the
ecological situation and environmental protection in Krasnoyarsk region in 2017: The State Report]. Krasnoyarsk, The
Krasnoyarsk Ministry of Ecology and Regional Use of Natural Resources, 2018. Available at: http://mpr.krskstate.ru/

dat/File/3/doklad%202017..pdf (June 08, 2021) (in Russian).
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how to develop recommendations for northern
territories using uninterrupted ribbon devel-
opment with high ground floors. Results pro-
duced by hygienic expertise of development
and construction projects were taken into ac-
count when a new edition of construction
standards and rules was being prepared in
1967 (SN and P-P-K.2-62). For example, an
item 2.7.D was added; according to this item,
“when functional division of a territory is tak-
ing place, it is necessary to design recreational
zones within a settlement”. There was also a
requirement to provide the least possible build-
ing density in residential areas in regions with
hot climate (the 4™ climatic zone); moderate
building density, for regions with moderate
climate (the 2™ and 3" climatic zones); and
elevated building density, for cold regions. The
document stipulated some other useful provi-
sions, but still, it didn’t contain any hygiene-
based standards for a minimum green area per 1
person though such standards are truly vital for
Moscow and other Russian cities with their
population exceeding 1 million people.

It is quite interesting to note that in 1967
the RSFSR Public Healthcare Ministry was
made responsible for control over implementa-
tion of city master plans by the Order of the
RSFSR Council of Ministers and the authority
performed it ever since. The sanitary-epide-
miological service took active part in develop-
ing these master plans working in close coop-
eration with such project institutes as the Cen-
tral Scientific and Research Institute for Town
Planning, the Ukraine State Institute for Town
Planning (Giprograd), institutes responsible for
developing master plans of Moscow city and
Moscow region, design and town planning in-
stitutes in regional centers. Accumulated and
generalized experience in town planning hy-
giene’ provided an opportunity to develop a

scheme how to perform a complex hygienic
assessment of residential planning and con-
struction. The assessment involved estimating
the environmental conditions and recreation
zones, social and demographic characteristics
of a given territory, and social surveys among
population about living conditions. The latter
aimed to determine whether daily rest was effi-
cient enough for people and to analyze children
morbidity as well as some other parameters.

We can give a specific example of a hygi-
enic assessment with respect to residential areas
planning and development. There was a study
performed in Omsk that involved using a wind
tunnel and a device reproducing natural light-
ing. The study revealed that insolation in resi-
dential areas wasn’t sufficient and there were
defects in line building due to free space being
too limited. Results produced by aerodynamic
filming were especially indicative since they
proved hyperventilation to be quite possible due
to formation of whirlwinds in small yards not
exceeding 0.5 hectare. Drastic fluctuations in
wind mode were also possible in areas with line
building that wasn’t planned properly. An area
can cool down more significantly in case of line
building (49 % whereas closed-type building
results in only 27-31 %). The study also al-
lowed developing a well-grounded recommen-
dation not to use a building system with a com-
plicated configuration when its open angle was
northward since it could create unfavorable
temperature and humidity conditions in winter
that made for drastic cooling of the body and
deteriorated insolation®. There was also a sug-
gestion to exclude closed building along mo-
torways and to promote more open location of
residential buildings with protective green areas
between them aiming to prevent polluted air
masses from spreading onto residential areas’.
All the aforementioned are examples of hygi-

" Metodicheskie rekomendatsii po gigienicheskomu obosnovaniyu razmeshcheniya i razvitiya proizvoditel'nykh sil na ter-
ritoriyakh novogo osvoeniya i v promyshlenno razvitykh regionakh [Methodical guidelines on hygienic substantiation of locat-
ing and developing production facilities on new territories being developed and in industrially developed regions]. Moscow,
USSR Public Healthcare Ministry, A.N. Sysin’s Institute for Common and Communal Hygiene, 1983, 69 p. (in Russian).

8 Sokhoshko I.A. Gigienicheskaya otsenka planirovki i blagoustroistva zhilykh mikroraionov v klimaticheskikh uslovi-
yakh Omska [Hygienic assessment of residential planning and improvement of residential microdistricts in climatic conditions
in Omsk]: the abstract of the thesis for a Candidate of Medical Sciences degree. Omsk, 1974, 13 p. (in Russian).

Feldman Yu.G. Gigienicheskaya otsenka avtotransporta kak istochnika zagryazneniya atmosfernogo vozdukha
[Hygienic assessment of motor transport as an air pollution source]. Moscow, Meditsina, 1975, 160 p. (in Russian).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

149



B.A. Revich

enic recommendations on creating the most
comfortable living conditions for population.
Unfortunately, at present these recommenda-
tions are not always followed.

Almost 20 years after the Omsk project an-
other study was accomplished in Nizhniy Nov-
gorod with its focus on assessing the city master
plan and several projects on detailed planning
and construction, building density, and some
other parameters. Many-stories building in the
city was accompanied with higher building den-
sity, smaller green areas, improper insolation,
and elevated noise levels. Microdistricts were
planned in such a way that it produced negative
effects on incidence among children; incidence
rates were by 1.5-2.0 times higher in blocks
with closed perimeters and high population den-
sity than in semi-open blocks and population
density being by 3—4 times lower'.

The situation in 2021. In 21* century
new economic relations stimulated, on one
hand, a demand for apartments that could be
rented, but on the other hand, a demand for
construction of social housing within renova-
tion programs. All this resulted in further sus-
tainable growth of cities with their population
exceeding 100 thousand people, and megaci-
ties accounted for 33 % in this growth. The
highest growth rates (17-20 %) are typical for
the southern regions in the country (Bataisk,
Krasnodar, or Novorossiysk), in the “oil city”
of Surgut, and some others. There have been
drastic changes in the situation with town
building and reconstruction; developers now
determine architectural layouts in a city, infill

development has grown in volumes, and mi-
crodistricts are developed as unified com-
plexes. The Federal Project “Creating a favor-
able urban environment” which is a part of the
National Project “Housing and urban envi-
ronment” stipulates a goal to improve quality
of the urban environment by 1.5 times by
2030. Efficiency is to be monitored using an
index of urban environment quality. Some
other indicators are also important and should
be monitored to preserve health of urban popu-
lation. They include a share of population liv-
ing in dilapidated housing; a share of popula-
tion with free access to public green spaces; a
share of population provided with qualitative
drinking water from public water systems; a
number of services available in a city that can
make life of immobile people more comfort-
able. However, some important parameters
mentioned in the new sanitary-Epidemiologic
Rules SanPiN 2.1.3684-21'" and parameters of
sustainable development are neglected, for ex-
ample, ambient air quality and insolation level.

An index of urban environment quality'?
includes such a parameter as “a share of pub-
lic green spaces (parks, gardens, etc.) in the
total square of all green spaces in a city”.
This share should be not less than 25 % in a
microdistrict (or a block) with apartment
buildings; but if we take Moscow, we can see
that the requirement is met only in 15 districts
of 111 located within the Moscow Automo-
bile Ring Road, the average share in the city
amounts to 7 % and it is even lower than 5 %
in 37 districts.

"Baranova T.F. Gigienicheskoe obosnovanie planirovki i zastroiki zhilykh kvartalov krupnogo goroda [Hygienic sub-
stantiation of residential planning and construction in a big city]: the abstract of the thesis for a Candidate of Medical Sciences

degree. Nizhniy Novgorod, 1992, 29 p. (in Russian).

""'SanPin 2.1.3684-21. Sanitarno-epidemiologicheskie trebovaniya k soderzhaniyu territorii gorodskikh i sel'skikh

poselenii, k vodnym ob"ektam, pit'evoi vode i pit'evomu vodosnabzheniyu, atmosfernomu vozdukhu, pochvam, zhilym
pomeshcheniyam, ekspluatatsii proizvodstvennykh, obshchestvennykh pomeshchenii, organizatsii i provedeniyu sanitarno-
protivoepidemicheskikh (profilakticheskikh) meropriyatii: utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo
vracha RF ot 28 yanvarya 2021 goda Ne 3 [SanPiN 2.1.3684-21. Sanitary-epidemiological requirements to maintenance of
territories in urban and rural settlements, to water objects, to drinking water and drinking water supply, ambient air, soils,
housing, exploitation of production and public facilities, organization and accomplishments of sanitary and anti-epidemic
(prevention) activities: approved by the Order of the RF Chief Sanitary Inspector on January 28, 2021 No. 3]. KODEKS
Available at: https://docs.cntd.ru/document/573536177 (August 02, 2021) (in Russian).

'20b utverzhdenii Metodiki opredeleniya indeksa kachestva gorodskoi sredy munitsipal'nykh obrazovanii Rossiiskoi
Federatsii: Prikaz Minstroya Rossii ot 31 oktyabrya 2017 g. Ne 1494/pr [On approval of the procedure for determining the index
of the urban environment quality in municipal settlements in the Russian Federation: the Order by the RF Ministry of Construc-
tion issued on October 31, 2017 No. 1494/pr]. The RF Ministry of Construction. Available at: https:/minstroyrf.
gov.ru/upload/iblock/ddc/prikaz-1494pr.pdf (August 02, 2021) (in Russian).
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Another important requirement is that cit-
ies with their population exceeding 100 thou-
sand people should have green spaces with their
total area being 10 km® for public territories and
4 km? for residential areas; the figures are 7 and
6 km® accordingly for average-sized cities with
their population from 50 to 100 thousand.
However, this approach doesn’t conform to up-
to-date recommendations issued by the WHO
on green spaces being available to reach on
foot. Guided by expert evidence, “Environment
and Health” center of the WHO Regional Of-
fice for Europe recommends estimating a resi-
dential area as per certain quantitative parame-
ters describing availability and square of green
spaces. These are the quantitative characteris-
tics of the indicator: a share of people who
leave no farther than 300 meters from a green
space with its area being not less than 0.5 hec-
tare and therefore can reach this space on foot:
a share of people living no farther than 900 me-
ters form a green space with its area being not
less than 5 hectares; and a share of people liv-
ing no farther than 1.5 km from a green space
with its area being not less than 10 hectares.
These data can be acquired from databases on
land-use, satellite photos, OpenStreetMap and
some other sources. Therefore, if we want to
improve quality of the environment in the close
proximity to residential areas, we should in-
clude data on green spaces being available to
reach on foot in detailed town planning pro-
jects. Besides, the WHO Regional office for
Europe recommends using some other indica-
tors of urban population health associated with
green spaces availability in residential areas.
These indicators are mortality rates, mental
health, and prevalence of allergic diseases, tu-
berculosis, and pneumonia. Certainly, these in-
dicators are too general and it is necessary to
establish more precise ones for cities in Russia
allowing for the available medical statistics and
experience in the field. These generalized indi-
cators of urban environment quality established
in Russia seem rather insufficient for estimating
green spaces in residential areas based only on
their availability to reach on foot. Therefore,
any decisions on town planning should include
recommendations developed by the WHO. Be-
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sides availability of green spaces, it is necessary
to have data on their condition and morphology.
That is why it is important to use a new tool
developed by the “Environment and Health”
Center of WHO Regional Office for Europe
which is called GreenUr. The tool is applied to
quantitatively estimate benefits of green spaces
in cities for public health. It is a plagin for
QGIS which is a free and open-source desktop
GIS. GreenUr gives an opportunity to measure
presence and availability of green spaces in cit-
ies, includes algorithms for calculating potential
direct effects produced by green spaces on
physical activity, mental health, and some other
parameters. This program can be used as educa-
tional, communicational and scientific support
by various experts and managers dealing with
urban economy. The review by the WHO on
urban green space interventions and health [2]
dwells on how to develop green spaces in cities
and estimates their effectiveness for preserving
urban population health as per such parameters
as physical activity, mental health, and others.
Living in a city close to a spatial open green
area (especially located near the apartment
blocks) makes for reducing levels of stress,
anxiety, and depression. Size of green spaces,
their availability as well as presence of different
kinds of green spaces and ratios between them
in a residential area are all statistically signifi-
cant predictive parameters of stress occurrence
[3]. Results produced by an epidemiological
study in Denmark are especially interesting
since they provide data on more than 940 thou-
sand people born from 1985 to 2003 and esti-
mation of their mental health depending on how
close to green spaces they lived in their child-
hood. Adults who grew up in places with the
smallest available green spaces faced elevated
risks of mental disorders such as depression,
anxiety, and psychoactive drugs abuse in an
older age. These risks were by 55 % higher than
among people who spent their childhood in ar-
eas with large available green spaces [4].
Another wide-scale study in England es-
tablished that green spaces in cities located near
places where people of pre-retirement age live
reduce mortality due to all causes [5]. In Can-
ada green spaces in cities made for reduction in
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mortality due to respiratory diseases [6], lower
risks of mortality due to cardiovascular diseases
and greater probability of survival after
ischemic stroke [7]. Available green spaces
support growing physical activity, make for re-
duced risks of cardiovascular diseases, type II
diabetes, and obesity. Regular walks in a park
relieve tachycardia and diastolic blood pressure
and can be considered a rehabilitation proce-
dure in case of coronary insufficiency. When
residential blocks are located close to green
spaces, especially forests, it produces a lot of
positive effects including better immune system
functioning [8—10], reduced risks of ischemic
heart disease [11-14], making for weight loss
[15], relieving stress and cognitive fatigue, im-
proving attention and emotional recovery [16],
making a society more united [17] though the
latter can vary depending on an area covered by
a park. Green spaces close to places where
pregnant women live make for greater body
weight of their newborns which is an important
indicator of infant’s health [18]. They make a
significant contribution to solving vital health
issues directly associated with specific features
of any megacity: they reduce level of noise and
improve sleeping.

According to the WHO estimates, losses
caused by anthropogenic noises amount to
1.0-1.6 million of DALY (Disability Adjusted
Life Years) in the EU [19]. Properly designed
green spaces can considerably mitigate negative
effects produced by anthropogenic noises on
people living in megacities. The most effective
way to get protected from motor transport
noises is to take into account landscape peculi-
arities and to design a motorway bearing in
mind how close a residential area is to it and to
plan green “shields” between a motorway and
residential housing. The necessary width of
such shields should be from 1.5 to 10 meters.

Positive impacts exerted by green barriers to a
great extent occur due to psychological effects
since practically all respondents were sure that
a green barrier had positive influence but they
also tended to overestimate its actual potential
of protecting from noise by more than half [20].
Green spaces in a city are not only a nec-
essary recreational resource for health protec-
tion but also a way to protect residential areas
from polluted ambient air and noise created by
motorways. Specific model research per-
formed in 70ties last century showed that trees
and bushes planted in several rows (3 or 4
usually) were quite efficient in isolating resi-
dential and other buildings from polluted am-
bient air coming from traffic areas. When trees
are planted in one row, they provide protection
from gases that amounts to only 3 % in winter
growing to 7-10 % in summer. Trees planted
in two rows together with bushes reduce intro-
duction of polluted air by 30-40 %" . A con-
tribution made by green spaces into reducing
motorway noises was also estimated. Trees
and bushes planted between a traffic area and a
pedestrian area allow a two-fold reduction in
noise levels'®. Earlier these data were actively
used by the Moscow Sanitary Service in its
practical activities and experts highlighted cer-
tain drawbacks when estimating development
projects for some microdistricts, in particular,
green spaces being distributed unevenly, ab-
sence of a compact green area, and others'.
Results produced by another present-day
study that focused on examining five parks in
Moscow (Severnoe Medvedkovo, Lefortovo,
Golyanovo, Maryino and a park in babushkin-
skiy district) showed that the greatest noise
reduction was achieved when there was hori-
zontal canopy density together with bushes
covering spaces below tree crones; elevated
noise levels were detected at a 300-meter dis-

13 Sidorenko V.F., Kirillov G.P., Feldman Yu.G. Issledovanie gazozashchitnoi effektivnosti zelenykh nasazhdenii na av-
tomagistralyakh [A study on efficiency of green spaces in protecting from gases along motorways]. Gigiena i sanitariya, 1974,

no. 10, pp. 6 (in Russian).

14Karagodina L.L., Osipov G.L., Shishkin I.A. Bor'ba s shumom v gorodakh [Fighting against noise in cities]. Moscow,

Meditsina, 1972, 160 p. (in Russian).

15 Zaretskaya G.P., Kushchinskaya L.G., Sinitsyn V.I., Gerashchenko V.V., Faifer F.I. Gigienicheskaya otsenka zastroiki
nekotorykh mikroraionov g. Moskvy [Hygienic assessment of development plans for some microdistricts in Moscow]. Gigiena
planirovki i blagoustroistvo gorodov [ Hygiene of town planning and improvement] : the proceedings of the | All-Soviet scientific
conference. Moscow, USSR Public Healthcare Ministry, 1974, pp. 119-123 (in Russian).
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tance from motorways'®. Results produced by
all these studies stress out the necessity to
make changes into the structure of green
spaces near motorways with intense traffic, to
plant trees and bushes together bearing in
mind their capability to protect from gases.

At present it is more obvious that green
spaces are greatly required near large office
centers as a recreational resource for a lot of
office workers. As it was stated by S. Polon-
skiy, a notorious developer of the Moscow In-
ternational Business Center (Moscow-City),
this office space didn’t meet contemporary
demands for necessary comfort since “there is
no creativity without proper offline”.!” This
statement is further proved by foreign re-
searchers who focus on influence exerted by
green spaces on urban population health in
their works. Apart from effects on health,
green spaces in megacities are making a more
and more substantial contribution to their so-
cioeconomic development and bring them new
competitive advantages on the global “market”
of megacities. Ideas related to sustainable de-
velopment and greater focus on environmental
issues, both with respect to economy and soci-
ety, are becoming more and more popular
among people. Therefore, available green
spaces that are effectively integrated into the
urban environment are becoming a key factor
of a megacity investment potential, its pros-
pects in attracting advanced personnel and
high-tech productions [21].

In a wider context, green spaces act as a
powerful stabilizing factor given the more in-
tensive climatic change and we should re-
member that people living in megacities are
more susceptible to risks associated with it.
Experts of the Organization for Economic Co-
operation and Development (OECD) spot out
three types of the most significant climatic
threats to cities, megacities included. These
threats have direct influence on living condi-

tions and include heat waves, floods, and in-
creased vulnerability of poor urban population
who are the least protected from such phe-
nomena. Heat waves in megacities occur both
due to growing weather instability and peculi-
arities of the urban environment, such as great
amounts of concrete and asphalt and elevated
heat emissions from variable equipment. As a
result, average temperature in cities is by
3.5-4.5 °C degrees higher than in rural areas
and this discrepancy is predicted to grow by
1 °C over each following decade [22].

Given great deficiency of green spaces in
many largest world megacities, all the afore-
mentioned factors lead to occurring “heat is-
lands”, or considerable areas in a megacity (up
to several km?) where heat waves produce the
greatest effects. Therefore, a role played by
parks in a city is becoming more vital since
they can cool off air temperature by 1 °C on
average and it can be felt on a distance up to
1 km around park boundaries; water reservoirs
enhance the effect [23].

Building density and / or population den-
sity is another significant parameter applied in
assessing how comfortable a residential area
is. Average population density in 14 Russian
cities with their population exceeding 1 mil-
lion people amounts to 2.4 thousand people/
square km; it is also close to this value in
24 cities located in the European part of the
country with their population being 260-500
thousand people and amounts to 2.3 thousand
people per square km. This density corre-
sponds to levels detected in European cities,
large capitals excluded. Lower density which
is equal to 2.06 thousand people/square km is
typical only for 11 cities (Nizhnekamsk,
Engels, Stariy Oskol, and some other cities in
the central European part of the country) with
their population varying from 100 to 250 thou-
sand people. We should note that Nizhne-
kamsk was developed according to one of the

' Luk'yanets A.G. Vliyanie razmeshcheniya tipov parkovykh nasazhdenii na komfortnost' sredy v gorodskikh parkakh
[Influence exerted by location of different types of trees and bushes in parks on creating a comfortable environment in them]:
the abstracts of the thesis for a degree of Candidate of Agricultural Sciences. Moscow, 2011, 20 p. (in Russian).

17 “Konvoiry aplodirovali, kogda menya otpuskali na svobodu” [“Escort applauded when I was being released”]: an interview
with S. Polonskiy. Novaya gazeta, 2021, no. 37, pp. 12-13. Available at: https://novayagazeta.ru/articles/2021/04/05/konvoiry-
aplodirovali-kogda-menia-otpuskali-na-svobodu (June 15, 2021) (in Russian).
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most successful master plans created by Gip-
rogor Institute and was granted several awards.
An industrial zone in the city is located several
kilometers away from residential areas with re-
maining forests, parks, and public gardens. The
city has been repeatedly awarded as a winner of
“Comfortable urban environment” contest.

The situation in Moscow is quite the op-
posite. Population density varies from 7 to 21
thousand people/square km in 112 Moscow
districts located within the Moscow Automo-
bile Ring Road with its average value being
11.1 thousand people per square km. It is close
to New York (10.8 thousand people/square
km) and higher than in such large European
cities as London, Berlin, or Madrid. Building
density is high in Moscow and other million
cities, predominantly in their centers with only
small green spaces. This creates “heat islands”
where air temperature is by 2-3 °C higher than
on average in a city, insolation is poorer, am-
bient air pollution, noise and electromagnetic
fields are elevated in some locuses.

Population density in other 56 “condi-
tional” megacities in Russia which are regional
capitals (without 13 capitals of autonomous
republics, regions, and areas with population
density being lower than 1 thousand people /
square km) can be divided into 4 quartiles. The
list also includes 9 cities with population ex-
ceeding 200 thousand people (Table).

High building density creates certain
health risks for urban population. They occur
due to hindered dispersion of pollutants in am-
bient air when residential areas are located too

close to industrial zones and motorways with
intense traffic, smaller green spaces and greater
“closed” territories, and formation of heating
microclimate. Some municipal authorities make
a lot of effort to increase population in their cit-
ies but it is not arithmetical values of human
resources that should measure management ef-
ficiency in the post-industrial era. If we look at
a rating showing life quality in megacities, then
we can see that, according to estimates by
Economist Intelligence Unit, leading places are
occupied by relatively small Canadian (Cal-
gary, Vancouver, and Toronto) and European
cities (Vienna, Hamburg, and Helsinki).

Growing climatic changes, temperature
rise in Russia included, have brought about the
necessity to work out such town planning deci-
sions that could allow achieving optimal micro-
climate in residential blocks located on territo-
ries with the most severe climate in Arctic re-
gions and in the southern regions in the country
where air temperatures are extremely high. This
necessity is dictated by excessive mortality dur-
ing heat and cold temperature waves since their
number will only grow given further global
warming. Therefore, it is vital to build up vari-
able town planning models that provide an op-
portunity to create optimal microclimate in
residential areas [24].

Direct inclusion of hygienic recommenda-
tions into construction standards and rules be-
came a considerable, though temporary, suc-
cess in town planning. Thus, T.E. Bobkova, a
leading expert on the environmental hygiene,
Doctor of Medical Sciences, Professor, took

RF regional capitals and large cities distributed as per population density

A quartile as per average 2 Average population, Average population
! city squalr)e, km? ¢ Average square, km thouiarfd geople density, thogusgng people/km’
™ 276.6 359.9 1.3
2" 2284 4384 1.9
34 185.8 427.1 2.3
4" 129.9 395.8 3.2
Large industrial cities
(Angarsk, Bratsk, Volzhskiy,
Komsomolsk-na-Amure, 314.1 264 1.6
Magnitogorsk, Novokuznetsk,
N. Tagil, Sterlitamak, Cherepovets)

Note: all calculations are based on data provided by Rosstat.
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part in development of Construction standards
and rules 07.01.89. “Town planning. Building
planning and development of urban and rural
settlements”. She acted as a co-author in pre-
paring important sections in this document in-
cluding environmental protection, residential
areas, and standards for calculating and de-
signing parking lots for various objects. This
document establishes standards for building
density in residential areas but they have been
neglected for a long time [25]. Shorter sanitary
gaps between residential areas and children
facilities and parking lots also make the urban
environment less comfortable. This reduction
has become possible since requirements stipu-
lated by Construction rules SP 42.13330.2016
“Town planning. Building planning and devel-
opment of urban and rural settlements. The
updated edition” are no longer valid. And it
should be noted that according to those rules
parking lots were to be located not less than
10-30 meters away from residential buildings.
Unfortunately, there is no such a juridical
concept in Russia as infill development and it is
not regulated by any standards or norms. In the
RF the Town Planning Code, Moscow Town
Planning Code or regional documents in the
sphere do not determine this concept and do not
contain any up-to-date hygienic recommenda-
tions on how to assess population density bear-
ing preservation of people’s health in mind.
Moreover, any issues related to infill develop-
ment are considered in town planning only with
a focus on effective development of a city, al-
though certain social risks caused by such de-
velopment are recognized [26] since it involves
reduction in sanitary gaps between residential
buildings, schools and pre-schools and parking
lots and sometimes there are even demands to
open pre-school playgrounds for public access
[26]. These issues are vital in foreign countries
as well, even in such ecologically-oriented
states as Sweden where massive development
can cause damage to green infrastructure [27].
There are certain limitations imposed on
construction in foreign megacities, for exam-
ple, in a situation when sanitary conditions can
deteriorate. For example, Moscow with its new
sky-scrapers would use experience of New
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York City administration. New York authori-
ties introduced provisions according to which
when a new building was constructed with its
height exceeding heights of neighboring build-
ings by 15 meters, it was necessary to calcu-
late trajectories of its shade for a whole year.
Variable limitations imposed on construction
of such buildings are also valid in Canada,
Great Britain, and some other countries [28].

Infill development in Russian cities has re-
sulted in multiple complaints of people living in
low-rise buildings when high buildings were
constructed in close proximity. People com-
plain of poor insolation and lack of natural light
and courts have been asking for an inspection in
such cases [29]; there are court decisions on
insufficient insolation due to a new multi-storey
building. We can’t fail to mention an opinion
held by S. Kuznetsov, the Chief Architect in
Moscow, who believes that standards on insola-
tion are archaic documents developed at the
time when prevalence of tuberculosis was high
among population and now they only create
difficulties for “qualitative development of city
architecture”.

An insolation issue in Russia cities is
truly vital at the moment. Insolation standards
exist in Germany, Italy, the Netherlands, Swe-
den, France, and some other countries [30];
proper insolation produces bactericide effects
thus improving quality of living spaces as per
their microbiological parameters since it pre-
vents pathogenic microflora from developing.
Ultraviolet insolation is known to produce a
lot of health-improving effects including better
immune and psychophysiological state, better
metabolism, increased hemoglobin, better
wound healing and some others. But apart
from that, some recent research works have
shown that insufficient insolation can be a risk
factor of a stroke [31].

Sanitary standards for insolation were
first established by the USSR Public Health-
care Ministry in 1963 and amounted to 3 hours
a day. They were based on the results pro-
duced by examining bactericide effects of in-
solation, that is, its capacity for providing bac-
teriological wellbeing in living and public
spaces. 40 years later, in 2002 required insola-
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tion period was reduced to 2 hours and we
have every reason to believe that it was pri-
marily done in the interests of developers.
There was no such concept as land value in the
USSR but transition to the market economy
resulted in drastic increase in land value in cit-
ies, especially in their downtowns and places
with developed infrastructure. Construction
businesses and developers are extremely inter-
ested in maximum compact building on city
territories and, obviously, lobby for the revi-
sion of existing regulatory documents includ-
ing standards on insolation. There was another
change in these standards in 2017 when insola-
tion period was reduced further by 0.5 hours.
We can hardly say that this change is favorable
for public health. These new standards permit
to considerably increase height of new build-
ings to be constructed and to reduce a number
of hours during which sunlight can enter
apartments in neighboring houses in areas with
compact building, especially those located on
lower stories. Previously sanitary standards
stipulated a period of insolation for living
spaces from March 22 to September 22. Now
this period is one month shorter in spring and
one month shorter in autumn, that is, we have
lost insolation by low spring and autumn sun.
Now it is allowed in Moscow to build higher
buildings that cast a shade over windows of
neighboring lower ones [32]. If this new stan-
dard is followed, a number of sun hours in liv-
ing spaces will fall down in a situation when a
new building is being constructed in cities lo-
cated in the center of the European part of the
country and this building is by 5-6 stories
higher than neighboring ones. It is especially
true for apartments with their windows facing
north-west and north-east. We can also state
that people living in Moscow will have less
sunlight in their apartments than people living
in Moscow region [33]. Insolation issues can
also occur in rooms with windows facing
south in case they have deep recessed balco-
nies [31]. A study focusing on bactericide ef-
fects produced by insolation revealed its low
effectiveness in living spaces with northward
windows [34]. Experts from RosBuzinessCon-
sulting (RBC) believe that an actual coefficient
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of building density in towns reaches 2.18 in
locuses with high-rise buildings and imposes a
real threat to a comfortable urban environment
[35]. Some foreign standards on insolation
stipulate certain periods of insolation in winter
that amount to 4 hours a day from September
21 to March 21 in Germany and more than 5
hours a day in northern Sweden. Unfortu-
nately, there are no such regulations in Russian
standards in spite of insolation being espe-
cially necessary exactly in this time of the year
[30]. Changes in insolation standards, build-
ings with a greater number of stories, and an
increase in building density in residential areas
can lead to shading of living spaces, fewer hours
during which direct sunlight can reach them, and
greater energy consumption, whereas in Russia
the energy saving strategy has already been im-
plemented for 9 years.

It seems inadequate to estimate positive in-
fluence by solar radiation based only on bacteri-
cide effects in megacities with compact and ex-
tremely compact building without taking into
account its psychophysiological effects on urban
population. We should also bear in mind that
insolation in cities to a great extent depends on
relief peculiarities, especially given growing
building density, since the European part of Rus-
sia is located on territories where vertical wall
structures are typically used in construction [36].
The author suggests estimating influence exerted
by a certain relief on insolation conditions with
an indicator showing a deviation in its maximum
permissible density on this relief from its maxi-
mum density on a plane surface.

The second issue of insufficient insolation
is associated with poor availability of green
spaces in dense town building. There are huge
green areas in Moscow, “Losinyi ostrov” for
example, and they are very important for the
overall ecological situation in the city; still, they
are not enough for improving mobility and
health of people living in Moscow. The WHO
Regional Office for Europe recommends plac-
ing open green spaces not farther from a resi-
dential area than a 20-minute walk on foot.
Even these small spaces can provide people
with certain amount of ultraviolet which is in
great deficiency in a northern country and sup-
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ply them with vitamin D (protohormone D, to
be more exact). Over the last years a much bet-
ter insight into significance of this substance for
health has been achieved and it is obvious that
this vitamin helps prevent various chronic non-
communicable diseases. And here we mean not
only metabolic disorders where its contribution
has long been examined profoundly but also
oncologic, cardiovascular, and other diseases.
However, as opposed to any other vitamin, vi-
tamin D is not a vitamin in a classical meaning
of this term due to not being biologically active
whereas other vitamins are. In the body, vita-
min D transforms into a biologically active
hormonal form through a 2-stage metaboliza-
tion using genomic and non-genomic mecha-
nisms. It produces variable biological effects
due to interactions with specific receptors local-
ized in cell nuclei in many tissues and organs as
well as on plasmatic cellular membranes. In
this respect an active metabolite of vitamin D
acts as a true steroid hormone; that’s why this
vitamin is called “D-hormone” [37]. Low D-
hormone concentration creates elevated risks of
ischemic heart disease, type II diabetes melli-
tus, and some other diseases. Vitamin D defi-
ciency is typical in people who live on territo-
ries located to the north from 350, that is, practi-
cally on the whole territory of Russia. Vitamin
D deficiency leads to osteoporosis and osteopa-
thy. This has been proved by studies on its con-
tents in blood of people living in the north-
western region where vitamin D deficiency is
detected in 50 % of pregnant women and this
condition results in statistically significant
growth in anxiety and depression (r = —0.11,
p =0.03) [38]. When this hormone deficiency is
detected in men, it is a risk factor of chronic
prostatitis, prostate hyperplasia and other an-
drologic disorders [39]. Another issue is D-hor-
mone deficiency detected in 13 % of European
children. This results in improper bone miner-
alization, developing rachitis, bronchial asthma,
diabetes mellitus, and many other diseases [40].

Conclusion. So far creating a comfortable
urban environment hasn’t become the main
objective of urbanists, architects, and other
experts on town planning in Russia. The rules
are dictated by developers, especially in down-
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towns; there is infill development involving
high-rise buildings shading neighboring lower
ones; less strict limitations are now imposed
regarding insolation; a number of state stan-
dards and other regulatory documents in the
sphere of construction has gone down by 1/3.
Russian regulatory documents on town plan-
ning don’t incorporate recommendations de-
veloped by the WHO on open green spaces
that should be available to reach on foot.
Population density is growing persistently in
large cities. Russian indicators in ratings for
sustainable urban development [41] don’t in-
clude a very significant one, namely, average
annual concentrations of fine particulate mat-
ter in ambient air. This indicator is included in
the Sustainable Development Goal No. 11
“Make cities and human settlements inclusive,
safe, resilient, and sustainable”. Instead of this
indicator that gives the most precise idea of
ambient air quality in a city, our regulations
rely on archaic ones developed as far back as
in 70ties last century. An example can be
“specific emissions of pollutants from station-
ary sources and motor transport per 1 square
km”. To assess health risks caused by motor
transport, we should apply calculated concen-
trations of pollutants caused by traffic flows
instead of this indicator that can hardly be con-
sidered informative. Starting from 2019, the
ecological situation in cities has been assessed
by the Analytical Credit Rating Agency
(ACRA) that has developed a new complex
indicator showing environmental conditions in
a given region. This indicator incorporates
emissions of hazardous chemicals, discharges
of polluted sewage, industrial wastes, commu-
nal wastes, etc., calculated per a unit of gross
regional products (GDP) as well as environ-
mental expenses per a unit of budget expendi-
ture. Still, these indicators do not give a clear
picture of urban environment quality. Foreign
estimates indicate that urban environment
quality is rather poor in Russian cities. As per
estimates given by The Economist, only Mos-
cow was included into the rating of cities with
the comfortable urban environment occupying
the 68" place (New York holds the 58" place;
London, 48“‘; Berlin, 21%; and Vienna is the
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leader). Experts from IESE business school
have made up a rating that includes 174 cities
all over the world and estimates their stability.
Moscow is on the 87" place in this rating;
Saint Petersburg, 124"; and Novosibirsk, 159"
place. The leaders with the most comfortable
urban environment are London, New York,
Paris, Tokyo, and Reykjavik [42].

If we turn to such fashionable concepts as
“smart city” or “healthy city”, we can see that
most publications about them don’t contain any
hygienic assessment and this fact makes their
image “not so ideal”. A good example is Volgo-
grad as a “smart city” [43]. Architects consider
any issues with respect to public health only
bearing in mind medical aid provision and build-
ing new medical centers; the only things impor-
tant about green spaces are their volume and a
number of planted trees. There is a postulate that
“a density of a city is directly proportionate to its
development rate and inversely proportionate to
comfortable living conditions which influence its
appeal” [44]. But Russian cities haven’t yet
reached enormous scales of Asian megacities
and we still have a possibility to make our urban
environment truly comfortable. There is certain
progress even in cities with the highest ambient
air pollution and population mortality and new
activities are being developed aiming to reduce
health risks due to decreasing emissions of prior-
ity pollutants [45].

This paper was accomplished in summer
2021 when experts from a lot of spheres in-
cluding epidemiologists, geographers, econo-
mists, physicians and others were trying to de-
termine risk factors in the urban environment

that could make for COVID-19 spread. There
was a review of foreign research works focus-
ing on relationships between ambient air pollu-
tion and COVID-19 mortality among popula-
tion [46]. Relationships between the disease
and another indicator of urban environment
quality, namely population density, are not so
obvious [47]. But it is important to note that
these research works also gave some attention
to such risk factors as a degree of urbanization,
socioeconomic status, public transport avail-
ability, ambient air quality, strictness of quar-
antine measures, etc. Two basic processes oc-
cur in cities during an epidemic due to various
factors. One of them results in an improving
epidemiological situation due to better access
to high-quality medical aid; the other makes
this situation worse due to higher population
density and more frequent trips on public
transport. As new data on COVID-19 inci-
dence and mortality among urban population
are being accumulated, relationships with
other risk factors in the urban environment
will be studied more profoundly. This will al-
low developing new prevention activities
aimed at protecting health of urban population.
Hopefully, this will also help estimate infill
compact development in Russian downtowns
differently and better understand the signifi-
cance of ambient air quality and open green
spaces in cities.
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