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Abstract
Urban landscape combines built-up areas with strongly altered natural (green and blue) and other
open spaces. Voluminous literature examines urban socio-environmental interactions in tropical
and temperate cities, whereas high-latitude cities are rarely considered. Here, we create a historical
perspective on urban green (vegetation) and blue (water) spaces in a sub-Arctic city of Nadym in
Russia. Our study explores a novel way to combine quantitative information from satellite imagery
and biometric studies with qualitative information from interviews with stakeholders and
residents. Such a joint analysis helps to understand dynamics of the urban green and blue space as
well as its value for society. Furthermore, we propose objective indicators reflecting societal values
of spaces in connection with recreational and ecological services. By contrast to temperate city
studies, we found that green space is less used in summer, but still highly valued, deep lakes are
used and valued more than warmer shallow lakes, and winter white space do not shrink but
enhance the urban public space. Satellite images reveal inevitable loss of green space to urban
construction and its remediation by artificial plantings (almost by 30% at present), whereas less
valued blue space decreased almost three-fold. Interviews reveal that shallow lakes have reduced
recreational values due to ice bottom and algae bloom. High values are attributed to deep artificial
lakes, which are more than ten times deeper than natural lakes and do not freeze throughout in
winter. Our biometric studies show that trees in urban environment are significantly taller than in
the corresponding undisturbed areas. Since majority of the Arctic cities are built using very similar
planning ideas and technologies, our findings shall help objective appreciation of green and blue
spaces in other settlements.

1. Introduction

The creation of safe, inclusive, and accessible public
spaces is included in Goal 11 (sustainable cities and
communities) of theUnitedNationsMillenniumSus-
tainable Development Goals. This goal, however, is
difficult to achieve in densely populated cities where
public spaces must compete for valuable land plots

or the requirements for infrastructural development
are difficult to fulfill. While compact cities have been
receiving renewed attention for their ability to reduce
greenhouse gas emissions (Russo and Cirella 2018),
the availability and composition of green and blue
space still play an important role in determining
the quality of public spaces. Researchers have com-
piled extensive evidence of the socio-environmental
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value of urban green space conceptualizing it as an
anthropic biome (e.g. Pincetl and Gearin 2005). Blue
(water) space improves the quality of life and air qual-
ity in cities, helps moderate urban climatic anom-
alies (Steeneveld et al 2014), and supports higher
health standards (Roe et al 2019). Moreover, com-
bined green and blue spaces bring synergistic bene-
fits to urban ecosystems (Gunawardena et al 2017,
Bockarjova et al 2020).

Voluminous literature exists on urban green and
blue spaces in low latitude cities, whereas cities in
high latitudes are only rarely studied. City planning
in high northern latitudes has historically maximized
human isolation from inhospitable environments
(Hemmersam 2016, Jull 2016). The harsh, cold cli-
mate and high costs of construction in those regions
have prompted the creation of dense urban built
environment; single-house cities have been proposed
by some architects (Jull 2016). Although this environ-
mental isolationism has never been fully implemen-
ted and has been heavily criticized (Pressman 1996),
the concept of a compact Arctic city remains domin-
ant in urban planning (Tunström et al 2018). Such an
isolationism has influenced urban public (green and
blue) spaces, which have not been truly incorporated
in the urban living space.

Arctic urban populations often comprise set-
tlers from southern regions that have their own
specific configurations of place attachment, concep-
tions of environment, and human-nature relations
(e.g. Stammler and Sidorova 2015, Lyarskaia 2016,
Laruelle et al 2019, Orttung et al 2020). Shift worker
camps in the Arctic transform into permanent set-
tlements when a new sense of place emerges among
their inhabitants (Stedman 2003). This occurs when
local residents begin incorporating nature into their
living space (Kaltenborn 1998, Brown and Raymond
2007, McBride and Douhovnikoff 2012). Kareiva et al
(2007, p 3) point out that urban landscapes are
among ‘the most domesticated landscapes on the
planet, in which every element of the environment
has been consciously or unconsciously selected to
accord with human desires.’ In this sense, Arctic and
sub-Arctic cities are particularly extreme cases of
human-induced transformations of nature.

It is not easy to quantify societal attitudes with
objective indicators. Diverse approaches that utilize
geoinformation systems (GIS) to combine qualitat-
ive social information (interviews) and quantitative
remote sensing information have become popular
(Sherrouse et al 2011). Satellite imagery dating back
to the 1960s (e.g. the declassified Corona images) also
helps researchers to assess the true scale of localized
human impact (Frost et al 2013, Yu et al 2015). The
application of high-resolution remote sensing to Arc-
tic urban studies, however, remains sparse (Esau and
Miles 2016, Esau et al 2016, Lappalainen et al 2016).

This knowledge gap justifies our examination of
human-induced changes in the archetypal sub-Arctic

Russian city of Nadym. Its significant and influ-
ential climatic anomalies related to an urban heat
island have already been documented (Kirilyuk 2006,
Kirilyuk and Buganov 2007, 2008, Esau et al 2016).
We propose a novel way to combine quantitative
information from satellite imagery analysis and bio-
metric studies with qualitative information from
interviews with stakeholders and residents. We con-
sider the urban environmental changes that have
occurred in the city from its foundation days to the
present and identify the local social values and per-
ceptions of nature that are embedded in transforma-
tions of the green and blue spaces in Nadym.

In this study we first examine changes to land
cover and to the boundaries of bodies of water that
occurred between 1968 and 2012. It allows us to
identify factual changes in the space use. Then, we
study local practices and values attached to develop-
ment, maintenance and enhancement of green and
blue spaces; urban planning documents and inter-
views are used in this analysis. We juxtapose these
changes against population and climate dynamics in
order to estimate the input of each factor in chan-
ging land use. Second, we review changes in green
spaces both spatially (in comparison with changes in
corresponding rural areas) and compositionally (in
comparison with past changes). Third, we determ-
ine changes in blue spaces by comparing the size and
depth of natural and artificial lakes. We then com-
pare these results with those of additional field stud-
ies in and around Nadym. In conclusion, we exam-
ine the contribution of the present study to the body
of research on human-environment interactions and
resilience to global change.

2. Area of study, data, andmethods

2.1. Area of study
The city of Nadym (65◦ 32′ 0′′ North, 72◦ 31′ 0′′ East)
is located in the Yamal-Nenets Autonomous Okrug,
Russia. Nadym has a continental subarctic climate. It
is located on territories that have traditionally been
occupied by the Nentsy nomadic indigenous people
(figure 1). Contemporary Nadym was founded as a
base for shift workers in 1960s. In 1972, it trans-
formed into a city with a permanent population.

Nadym is a typical Soviet city consisting of
microrayons.Mirorayons are residential areas that are
densely built following the ‘closed contour principle’
to protect people from strong winds and snow, espe-
cially in the winter. Schools, kindergartens, and other
facilities are located within walking distance inside of
the microrayon (Jull 2016, Romantsov 2016). Con-
struction in the city was more dense than usual, how-
ever, because architects had originally planned to
build a dome over the city to isolate it entirely from
the Arctic environment; the project was later aban-
doned due to its high cost (Leontyeva and Karpova
2016). The first urban plan estimated that the city’s
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Figure 1. Area of study demonstrating location of the city
of Nadym and the background area for comparison of tree
heights. Adapted from Kuklina et al (2021), with
permission from Elsevier.

population would only be 12 000 people (NII PG
2017). The population, however, exceeded 26 000 by
1979 (Stas’ 2014). The population peaked in the 1980s
and, after declining in the 1990s, has stabilized at
about 46 000 people. Nadym is one of the major oil
cities in Siberia. It is experiencing an economic boom
brought about by the oil and gas industry. Construc-
tion work is still ongoing.

The development of the Nadym area has induced
climatic and ecological transformations. Land Use -
Land Cover (LULC) changes have resulted in signific-
ant ground warming (Yakubson et al 2012), followed
by the greatest loss in ground bearing capacity (over
40%) among the Russian Arctic cities (Streletskiy et al
2012). Soils on aeolian sands in this area experience
particularly significant warming, in part because of
deep heating caused by penetrating precipitation and
meltwater (Kurchatova and Proskonina 2018). Large
changes in sandy plots are reported for other areas
of the Arctic as well (Lara et al 2018). More than
half of Nadym is built on aeolian sand dunes on the
second terrace of the Nadym River. Other parts of
the city include areas of large, hilly bogs, floodplains,
and Siberian pine/larch woodlands. LULC changes
following climate warming could be also significant
here, as shown in plot studies (Moskalenko 2009).

The Nadym municipal area (3.7 thousand ha)
includes the city of Nadym, an airport, the Nadym
railroad station, and an industrial area known as ‘the
107th km.’ Only the city has residential and busi-
ness areas and has been developed following a mas-
ter plan, with designated open public spaces. Urban

green spaces include natural vegetation at themargins
of the city and artificially planted vegetation (mainly
white birch trees, different kinds of willow trees, and
flowers) along themain streets and squares (Pechkina
2019). In this study, we focus only on the city itself
and its adjacent industrial zone. The total area under
consideration comprises 835.878 ha.

2.2. Data andmethods
Our selection of data and methods for this study
is guided by the aim to find informative objective
indicators to valuate subjective public attitudes to
the urban natural environment. Urban green and
blue spaces in Nadym are under high anthropogenic
pressure. High urban density (see figure 1) and the
harsh climate each reduces the regenerative capa-
city of nature, making human pressures more easily
detectable. We take a non-traditional, interdisciplin-
ary approach to examining the impact of those pres-
sures by combining quantitative information from
very high-resolution satellite remote sensing systems
with qualitative analyses of urban planning docu-
ments and interviews. More specifically, this analysis
included both existing scholarly works on the subject
andmunicipal and other local open access documents
and web-based social media sources.

We gathered 12 semi-structured interviews
including three with former local stakeholders
responsible for the city planning and management
and nine with ordinary residents. The respond-
ents’ recruitment was conducted using a ‘snowball’
approach. To receive the written answers, we sent to
the respondents the standardized guides of the inter-
views with questions on the green and blue spaces,
their use and structure (see supplementary materials
(available online at stacks.iop.org/ERL/16/075009/
mmedia)). The structure of interviews was a com-
bination of standardized guide and open questions
that varied depending on the area of the competence
of the interviewees. The interviews with the former
stakeholders included additional questions on their
expertise in the area of urban planning and develop-
ment. Interviewswith other residents containedmore
detailed questions about their individual experience
of usage of green and blue spaces. The answers were
then thematically coded.

We apply a content analysis methodology to ana-
lyze the coded interviews and municipal documents.
We identify local practices and values attached to
development, maintenance and enhancement of
green and blue spaces in the city. These practices
and values were compared with quantitative indic-
ators derived from satellite imagery. In addition,
the census data gathered in 1979 and 1989 and
more detailed data from the local source My City
(www.mojgorod.ru/janao/nadym/index.html) were
involved in the study.

After qualitative characterization of the societal
values of the specific urban places we look at their
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Table 1. Data and sources.

Methods Data Sources

Remote sensing
analysis

2 m resolution scene for 21 August 1968 Corona KH-4; ID: DS1104-
2217DA034_34_b earthexplorer.usgs.
gov/

0.5 m resolution scene for 13 July 2012 WorldView-2; ID: 1030010019750E00,
DigitalGlobe via PGC

Tree height
measurements
Bathymetry

DEM 23 August 2020; 0.05 m DJI Phantom 4 Pro,
AgiSoft Metashape Professional 1.6.3

Depth values from 25 July 2020 and 7
August 2020 at a speed of 5–10 km h−1.
Measurement points ranged from 440 to
735, depending on the size of the body of
water.

Garmin EchoMAP 42CV

GIS-analysis Spatial datasets, state land cadaster ArcGIS 10.4.1 software (ESRI; Redlands,
CA) (pkk.rosreestr.ru/)

Analysis of
meteorological data

Data on precipitation and air temperature;
1960–2018

Roshydromet AISORI (http://meteo.ru/
it/178-aisori)

NDVI measurements 30 m resolution archive of harmonized
Landsat data on annual mosaic of
median values from 1 July to 28 August
(1985–2019)

Landsat, GoogleEarthEngine (earthen-
gine.google.com)

Analysis of
population changes

Census and statistical data on population
change

www.demoscope.ru/weekly/ssp/
rus79_reg2.php; All-Union Popula-
tion Census 1989 www.demoscope.ru/
weekly/ssp/rus89_reg2.php; Data from
www.mojgorod.ru/janao/nadym/
index.html; Municipal database

quantitative characteristics that would open for fur-
ther routine statistical analysis and perhaps model-
ing and prediction.We identified buildings and infra-
structure using OpenStreetMap (Barrington-Leigh
and Millard-Ball 2017) and satellite imagery. We
assessed the dynamics of green space in Nadym by
comparing vegetation cover in 1968 (from CORONA
imagery) and 2012 (from WorldView imagery). We
then applied object-oriented processing (Blaschke
2010): we first segmented satellite imagery using
eCognition software and manually identified vegeta-
tion class by attributing the corresponding segments.
Then we estimated the Normalized Difference Veget-
ation Index (NDVI), which characterizes vegeta-
tion greenness in the city (Walker et al 2012).
Our new data are of much higher resolution than
NDVI estimations that are based on the mod-
erate resolution spectroradiometer (MODIS) data
products. The MODIS NDVI data for Nadym have
already been analyzed in Esau et al (2016) and
Esau and Miles (2016, 2018). For convenience,
our methods, data, and data sources are listed in
table 1.

One of the tasks we must solve for the urban
green spaces is to quantify their difference from
undisturbed green plots. Both urban and undis-
turbed green areas are experiencing climatic vari-
ations. Urban impact is an additional factor thatmust
be estimated having only one contemporary review of
both green areas. To solve this problem, we compared

the vegetation traits of urban green space with those
of natural, undisturbed green space in similar geo-
morphological conditions and with similar vegeta-
tion composition. We selected a lichen thin forest
(Siberian pine, Scots pine) on fixed aeolian sands
35 km southeast of Nadym, near the mouth of the
Heigiyakha river. We collected measurements with
unmanned aerial vehicles. We calculated tree height
inArcGIS by subtracting digital terrainmodel (DTM)
values (the height of the surface without vegetation)
from digital surface model (DSM) values (the height
of the surface with vegetation). We used the Gaussian
normal distribution function in order to obtain the
differences between individual and average tree can-
opy heights using MATLAB. We analyzed the influ-
ence of climate on NDVI variability from 1985 to
2019 through an analysis of precipitation and grow-
ing degree days (GDD) (Spinoni et al 2015, 2018, Box
et al 2019).

Similarly, for the urban blue space, we must find
quantitative indicators that characterize values of
water bodies for the public. We assessed the dynam-
ics of blue space in Nadym by manually comparing
the digitized boundaries of bodies of water as seen
in Corona (1968) and WorldView (2012) imagery.
We conducted our own direct depth measurements
in the largest and most socially significant lakes in
Nadym. We performed depth interpolation by using
the inverse distance weighted (IDW) method, with a
grid cell of 4 m.
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3. Results

3.1. Overview of city growth and composition
The current composition of the green, blue, and
built spaces in Nadym is influenced by a variety of
factors, that form a compromise between the need
for housing and infrastructure, environmental main-
tenance, available resources, and the desires of res-
idents. Although Nadym is a densely built city with
limited parking and courtyards spaces, its planning
indicates a strong hierarchy of environmental values
among inhabitants, at least among stakeholders in the
administration and cornerstone industry. Figure 2
reveals that they have preserved forests within the city
and clear-water lakes at urban margins.

Comparison of satellite images from 1968 to 2012
shows that the urban core was built on barren land
(table 2). Simultaneously, a significant loss of green
space within the urban area was partially remediated
by the gain in vegetation cover from artificial plant-
ings (almost one third of its current green space).
In contrast, the share of blue space decreased almost
three-fold. Construction work blocked many chan-
nels and water bodies in the center, while, in the mar-
gins they have been preserved. Other spaces, includ-
ing built-up areas, barren lands, and disturbed areas
such as waste landfills and areas covered with asphalt,
almost doubled in 44 years.

3.2. Green spaces
Socio-environmental interactions are perhaps the
most apparent in changes and tending of urban
forest. Residents alter green spaces in Nadym dir-
ectly through mechanical disturbance and indirectly
through artificial planting of trees and bushes. They
preserve native trees and introduce other, more resili-
ent plants. This ‘domestication’ of nature has led to a
specific urban composition of native and non-native
tree species enhancing biodiversity and public attract-
iveness of green areas (figure 3).

This study looks at dynamics of two larger
parks—Cedar Grove (area: 23.2 ha) and Kozlov’s
Park, a forest named after E FKozlov (area: 15.9 ha)—
that are found within the city margins. Efforts to
meet all-Russian standards for public green space in
urban areas are especially noticeable in the parks.
The most recent master plan of the city envisions the
conservation and maintenance of the Cedar Grove
Siberian pine woodland (Pechkina 2019) and of
Kozlov’s Park in the city center (Popov et al 2014,
Pechkina et al 2016, NII PG 2017, Pechkin et al 2018).
The latter is popular among citizens and serves as a
focal point for the city: most of the city’s public insti-
tutions, such as sports facilities, cultural centers, the
registry office, school, and kindergarten, are concen-
trated around the park, making it attractive for public
use (NII PG 2017). By contrast, Cedar Grove is seen as
a natural conservation area; local authorities carefully
manage and maintain its tree composition. In the

Figure 2. The development of modern Nadym in northern
West Siberia, Russia. Land cover changes are shown on
co-registered images from CORONA, 1968 (left) and
WorldView-2, 2012 (right).

1970s, Cedar Grove was threatened by birch expan-
sion, which was supposedly caused by changes in soil
structure, moisture, and microclimatic conditions
after the construction ofmulti-story buildings nearby
(source: Interviewwith the former deputy head of the
Nadym municipality). The unwanted trees were cut
down. These public places did not exist in the original
master plan and were a bottom-up initiative from city
builders, constituting a rather unique movement for
the oil cities of Western Siberia (Museum of History
and Archaeology of Nadym; Stas’ 2014).

An analysis of satellite imagery clearly reveals con-
siderable efforts to preserve, sustain, and even expand
the city’s green spaces. Figure 3 shows new green
areas in immediate proximity to apartment blocks
and along streets. According to Pechkina (2019),most
of the artificial plantings take place along the cent-
ral streets of the city. The industrial zone, in contrast,
is often covered by spontaneous vegetation (Kuklina
et al 2021). That distribution of artificial and nat-
ural green areas is indicative of residents’ attribution
of higher societal value to green urban construction
and afforestation near their homes (Riley et al 2018).
Annual tree planting events are part of the local Gas-
prom office’s corporate ecological policy (Gasprom
Nadym Dobycha 2020).

Yet, the public use of the green spaces is limited
in summertime. Respondents explain that both green
and blue spaces have high concentrations of blood-
sucking insects (midges).Midges plague walkers, who
prefer to communicate ‘on their feet’ rather than stop
or rest on park benches. During the summer, resid-
ents often prefer open, windy areas outside the city
wheremidges are blown away, such as the banks of the
Nadym and Longyugan rivers, hills, the roadsides of
country highways, etc. On warm days during the off-
season, however, urban green spaces are in demand.
In the fall, e.g. the residents pick mushrooms, berries,
and pinecones in Cedar Grove.

Urban park maintenance requires significant
efforts from the residents and contributions from the
municipal budget. Therefore, it can be seen as an
objective indicator of the green space significance for
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Table 2. Changes in land cover between 1968 and 2012 in the city of Nadym.

21 August 1968 13 July 2012 Lost from 1968
to 2012 (ha)

Gained from 1968 to
2012 (ha)ha % ha %

Nadym 835.9 100 835.9 100 0 0

Green 463.54 55.50 273.65 32.70 277.26 87.37
Blue 84.65 10.10 28.53 3.41 72.16 16.04
Other (sand. built area, barren
land, waste polygons)

287.71 34.4 533.72 63.89 164.07 410.08

Figure 3. Changes in green space allocation during city
construction. From 1968 to 2012, the share of green spaces
decreased from 55.5% to 32.7% of total urban space. Some
formerly sandy areas, however, have been ‘greened’: silt was
brought from the Nadym River flood plain to cover the
sand with soil.

the residents. In the Arctic climate, we propose the
height of tree canopies as such an objective indic-
ator. The fits are shown in figure 4. McBride and
Douhovnikoff (2012) study emphasized high public
significance of and attention to trees in the Arctic set-
tlements. We found that trees in Kozlov’s Park are
significantly taller (the mean height is 982 cm with
95% statistical confidence interval ± 220 cm) than
in corresponding undisturbed areas (827 ± 218 cm).
This difference indicates that the tree heights in these
two areas are statistically different with at p < 0.05
in a standard t-test (Krzywinski and Altman 2013).
Moreover, the difference in 155 cm is outside the 95%
confidence interval given by the two standard devi-
ations for the interannual variability of the natural
NDVI over the last 17 years (the MODIS data over
2001–2018; Esau et al 2016).

3.3. Blue spaces
Surprisingly, the residents value urban blue space far
less than it could be expected on the basis of extrapol-
ated results from temperate latitudes (Bockarjova et al
2020). Open blue spaces in Nadym study area include
several lakes. Lake Yantarnoye is the biggest natural

Figure 4. Distribution of canopy heights in Kozlov’s Park
(blue) and Heigiyakha (red). The park has a greater
proportion of taller trees than does natural woodland with
similar vegetation.

Figure 5. A bathymetric survey (depth) of the largest
natural and artificial bodies of water (lakes and dugouts)
and lake recreational areas. The organized recreational area
has been developed by the municipality; the spontaneous
recreational area lacks municipal funding and has been
developed by urban residents themselves.

lake in the area, with a length of about 2 km, area of
0.8 km2, and depth of 2 m. In 2018 and 2019, as part
of a program for the improvement of the urban envir-
onment, city authorities built an embankment along
the lake’s shore.

Two artificial lakes (sand dugouts), unofficially
called Second Yantarnoye and Prodolgovatoye, were
created during the development of the city. The max-
imum depth of these dugouts is 22 m, more than
ten times deeper than that of natural lakes (figure 5).
In the cold local climate, natural lakes have rather
distinct hydrological and temperature characteristics
(Pointner et al 2019)—unlike them, the artificial lakes
do not freeze through to the bottom and do not have
an ice floor. That makes them more attractive for
summertime recreational activities. These dugouts
have become popular public spaces.

6
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Figure 6. An illustration of residents’ attitudes toward
waterfronts in Nadym. (a) The well-developed shore of
Lake Yantarnoye (photo by A Pechkin 2020) contrasts that
(b) of a lake in the industrial zone at the margins of the city
(photo by A Soromotin 2020).

Unlike green spaces, which benefit from anthro-
pogenic interference, blue spaces demonstrate more
varied effects of human involvement. While artificial
lakes, which coincidentally obtained desired phys-
ical traits, benefit from their acceptance as public
space, shallow natural lakes are poorly maintained.
For example, Lake Yantarnoye is unsuitable for swim-
ming or fishing due to chemical contamination, and
its algae blooms cause a foul smell. In the summer,
residents often walk at some distance from the shore
to avoid gnats. Insect density reduces residents’ use
of the lake’s constructed waterfront. Moreover, blue
spaces located in the industrial zone of the city face
littering. Littering often takes place along the shores of
bodies of water that the local residents find unattract-
ive, significantly reducing their recreational poten-
tial and highlighting the distinct boundaries between
domesticated and ‘wild’ nature (figure 6).

4. Discussion

In recent decades, the old academic perception of the
urban environment as a disturbance of nature has
shifted; research nowviews it as an urban or anthropic
biome. Increased interest in socio-environmental
interactions has motivated a search for the material
footprints of societal attitudes toward urban nature. It

Figure 7. A comparison of NDVI mean values for
Heigiyakha and Kozlov’s Park, including (a) annual
precipitation and (b) growing degree days.

is important to introduce quantitative indicators that
would characterize public values of diverse objects of
the anthropic nature. Indeed, urban environment is
modified in accordance with human ideas and val-
ues; seemingly similar landscapes might follow rather
different transformational pathways (Kareiva et al
2007). These differences are evident in a compar-
ison of Nadym’s urban green spaces (Cedar Grove
and Kozlov’s Park) and urban blue spaces (Lake
Yantarnoye and Second Yantarnoye). Even though the
city is surrounded by green space, the ‘wild’ nature
of that space discourages residents from using it.
Instead, the sparse vegetation of a sandy river terrace
facilitated a bottom-up residential movement to cre-
ate cultivated green spaces that align with the res-
idents’ own attitudes. Deliberate cultivation efforts
include fertilization, tree planting, and the removal
of unwanted undergrowth (Srodnykh 2005). Urban
green spaces have the higher NDVI values and tree
heights than their natural counterparts. Yet humans
also indirectly impact these spaces by creatingwarmer
microclimates and causing carbon dioxide pollution.
More detailed studies are needed, however, in order
to evaluate different factors contributing to urban
greening.

Climate warming in this area favors a gradual
increase in biological productivity, as reflected in
increasing NDVI values. Figure 7 compares NDVI
values of similar (in terms of species and age)
areas of Kozlov’s park and Heigiyakha. Since the
1980s, vegetation in Kozlov’s park has exhibited
greater productivity than has natural vegetation in
Heigiyakha. As Srodnykh (2005) and Koronatova
and Milyaeva (2011) have shown, the successional
dynamics of vegetation communities explain this
accelerated urban ‘greening.’ Srodnykh (2005) com-
pared the composition and biological state of green
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spaces of different ages in eight northern Siberian cit-
ies, revealing that green spaces in the cities are pop-
ulated by fast-growing species. For example, different
willow and birch species constitute 95%of the trees in
Tarko-Sale. The NDVI values of such trees are max-
imized within 15–20 years after planting. In a 13 year
study of sand quarries, Koronatova and Milyaeva
(2011) discovered the increasing dominance of more
productive herbaceous and woody plant communit-
ies. NDVI changes in the two relatively small places
that we selected for our study agree with the areaw-
ide NDVI increase that Srodnykh (2005), Koronatova
andMilyaeva (2011), and other authors describe (e.g.
Miles and Esau 2017). Bhatt et al (2013) and Miles
et al (2019) relate these changes to an increasing
number of GDD. The most affected LULC types are
grassland and larch woodland. Air temperature and
GDD are the primary drivers of the NDVI increase
(Barichivich et al 2014). Other factors, however, also
impact the observed trends, indicating the existence
of additional influences on urban greening that need
further exploration.

Green and blue spaces both reflect local attitudes.
On one hand, blue spaces are reduced by city build-
ers, who fill some of them in with sand. On the
other hand, blue spaces are impacted by the cre-
ation of new deep dugouts. The city’s development
has negatively impacted the ecological state of Lake
Yantarnoye, leading to paludification and the destruc-
tion of fish habitats (Krasnenko et al 2018). Litter-
ing in and the contamination of natural lakes in the
industrial zone illustrate their low importance for
urban residents; these blue spaces are analogous to
neglected green spaces (Rupprecht et al 2015). Such
spaces, located on the border between domesticated
and ‘wild’ landscapes, are also distinguished by their
liminality. They conform the call by Pitt (2018) to
distinguish brown, gray and green watery environ-
ments. Meanwhile, residents care for and maintain
better the artificial dugouts that provide recreational
services.

The results of our studies demonstrate wide vari-
ety of human impact on urban green and blue spaces
and dynamics of their transformation. Incorpora-
tion of this knowledge into the urban planning and
identification and support of some local initiatives to
enhance these places would increase urban sustain-
ability can contribute to increasing sustainability and
resilience of Arctic cities.

5. Conclusion

Urban landscapes are known for their extreme
diversity and complexity of anthropogenic pressures
on included natural objects. Quantitative indicators
that account for social attitudes might be helpful for
creating of more systematic review and modeling of
the socio-environmental interactions in such urban
anthropic biomes. We conclude that informative

indicators could be introduced using measurable
characteristics of vegetation productivity and lake
bathimetry. By examining the green and blue urban
spaces in Nadym, we have revealed extremely differ-
ent pathways of development, patterns of use, and
care for such spaces. It would be impossible to assess
these pathways without understanding the attitudes
of stakeholders and residents toward different green
and blue spaces in the city.

We found that NDVI and tree density are inform-
ative indicators that reflect the intended and uninten-
ded human effects on urban green spaces in Nadym.
The limited usage of green spaces in summertime
contradicts the conclusions of many studies of tem-
perate cities (Tyrvainen et al 2007). The interviews
that we conducted resolve this contradiction—high
tree density reduces wind and intolerably increases
pressure frommidges. Despite this detrimental factor,
residents still push for further ‘greening’ of the city for
rather their symbolic than practical value.

We found that the lake depth and the free fresh-
water flow are informative indicators for determining
the recreational value of bodies of water: they determ-
ine the quality and temperature of water, towhich res-
idents are very sensitive.

More studies are needed, however, to identify the
effect of different factors on vegetation growth and
water quality within the city and the actual local
practices of forming, using, and maintaining green
infrastructure.
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