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Abstract. The paper presents results of research on light pollution in the night sky of Torui. A perma-
nent network of measuring stations has been established in the city, consisting of 24 sites represent-
ing various types of land development and land cover: single-family housing, city centre, multi-family
housing, areas overgrown with vegetation and open areas. Within this network, a repeatable direct
measurement of the sky brightness using an SQM photometer was carried out over a period of three

consecutive months in the summer season, i.e. from June to September 2017. The measurement ses-
sions were conducted in similar weather and astronomical conditions. Based on the obtained data,
a spatial distribution of light pollution was determined, ranges of values obtained during the meas-
urements were provided, and the results were additionally referred to the distinguished land cover

categories and land development types.
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Introduction

In the rapidly developing world, the environment
in which we live and work is exposed to increas-
ingly widespread and previously not analysed types
of pollution. People, plants and animals are affect-
ed by the deteriorating conditions of the environ-
ment (Jechow et al. 2019). The most thoroughly
researched forms of pollution, well known to most
people, are mainly air pollution (e.g. particulates
and ozone), water and soil pollution (e.g. pesticides
and heavy metals), landscape pollution, as well
as noise pollution and radioactive contamination
(Wang et al. 2004; Wyszykowski and Wyszykows-
ka 2007; Para and Para 2013; Wozny et al. 2014;
Zurek et al. 2017; Quadri et al. 2019; Wani et al.
2019). Research on these forms of pollution has
been continued for many years and the awareness

of their prevalence and effects among average citi-
zens is growing.

Light pollution is a form of environmental pol-
lution that has not been previously considered in
scientific research. This form has not yet been re-
searched in a comprehensive and multifaceted way
and not all factors and parameters related to its oc-
currence have been determined. Unlike other eco-
system contaminations, most often various physical
and chemical factors, light pollution is caused by
light, i.e. a factor that is not usually attributed to
negative effects of human activity. Nowadays, it is
increasingly often analysed as a form of environ-
mental pollution (Hénel et al. 2017). Targeted re-
search, along with regular monitoring, was only
started at the end of the last century. In Poland,
this type of research is carried out only by several
academic research centres (Scie;ior et al. 2010; Wo-
jciechowska et al. 2014; Sciezor 2018). The research

Bulletin of Geography. Physical Geography Series 2019. This is an Open Access article distributed under the terms of the Creative Commons Attribution-
-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), permitting all non-commercial use, distribution, and reproduction

in any medium, provided the original work is properly cited.

© 2019 Nicolaus Copernicus University in Torun. All rights reserved.

© 2019 Sciendo (De Gruyter Company) (on-line).



Light pollution in the night sky of Torui in the summer season

D. Karpinska, M. Kunz

carried out in the summer season of 2017 in Torun,
described in this paper and based on data acquisi-
tion, was aimed at a preliminary assessment of the
impact exerted by the selected elements, and ad-
ditionally constituted an attempt to determine the
effect of various types of cloud cover on the meas-
urement of pollution (Fig. 1).

Phenomenon of light pollution

Along with civilizational development, a significant
impact of artificial light on the natural environment
has been observed. Few people, however, are aware
of the phenomenon of light pollution. Light is con-
sidered to be something good, therefore we tend not
to see its negative effects (Roge-Wisniewska 2015).
Approximately 80% of the world population and
over 99% of the US and European population live
in areas with a light-polluted sky (Falchi et al. 2011,
2016). These citizens are not able to see the numer-
ous star constellations, not to mention the Milky
Way, due to the bright glow that can be seen in the
surroundings of even a small town (Fig. 2).

The excess of light causes hormonal disorders,
metabolic disorders, melatonin deficiency, slow-
wave sleep deprivation and the deterioration of
sleep quality in humans (Jones and Francis 2003;
Stevens 2009; Depledge et al. 2010; Skwarlo-Son-
ta 2014). The adverse effects of light are also ob-

Fig. 1. View of the Torun Old Town, source: https://farm5.
static.flickr.com

Fig. 2. A photo of Orion’s constellation visible, with the same
setting of camera, from a place far away from the ar-
tificial light source (left) and from medium-sized
agglomerations like a Torun, source: https://pl.wiki-
pedia.org/wiki/Zaniezyszczenie_swietlne

served in plants (light affects their development)
and animals that are adapted to the daily cycle
(Jones and Francis 2003; Navara and Nelson 2007;
Stevens 2009; Connors 2010; Depledge et al. 2010;
Falchi et al. 2011; Zimoch 2017). Excessive optical
radiation is also emitted into the upper part of the
atmosphere, which makes the illumination costs in-
curred by municipalities and individuals inefficient
or unnecessarily high. Consequently, areas that do
not need to be or should not to be illuminated are
lighted.

The amount of light emitted at night is deter-
mined by several factors, including, in addition to
the technical conditions mentioned above, both the
density and relative height of buildings as well as
the type of land cover in the vicinity of an observa-
tion point (Kocifaj 2007; Sciezor et al. 2010).

Measurement network and methods

Light pollution can be measured in a number of
ways. The methods employed can be classified into
instrumental and observational. The two groups of
methods are applied both by amateurs and profes-
sionals.

The method selected to achieve the objectives of
the presented research was an instrumental meth-
od using a professional SQM L-version photometer
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Fig. 3. SQM photometer version L from Unihedron (SQM-L),
source: http://unihedron.com/projects/sqm-1/

manufactured by Unihedron, Canada (Fig. 3). Ta-
ble 1 presents some of the technical parameters of
the photometer. Using this type of photometer al-
low us to compare our results with those obtained
by other research teams around the world (Kollath
2010; Scigior et al. 2010; Pun et al. 2013; Hinel et
al. 2017; Jechow et al. 2019).

In order to achieve the objectives of this pro-
ject, a permanent measurement network was estab-
lished in Torun, representing all characteristic types
of land development.

The sites of the measurement network are locat-
ed all over the city, forming a relatively even dis-
tribution. Each site represented a specific type of
urban development. The sites were selected in such
a way as to be easily accessible by road transport,
while maintaining the greatest possible distance
from street lamps and buildings as well as various
field diaphragms that may have a significant im-

pact on the readings. Free access to each station was
conditioned by the assumptions of the project. The
entire route between the sites was followed in each
measurement session, moving between the measur-
ing stations using a car. The measurement was taken
at a strictly defined time depending on the position
of the Sun on the horizon. In order for the meas-
urements to be carried out correctly, each measure-
ment had to be made at the time of the Sun’s lowest
position below the horizon (Fig. 4). No astronom-
ical night occurred in the summer at the latitude
corresponding to the location of the selected city,
which would guarantee the least influence of the
sunlight scattered in the atmosphere on the accura-
cy and correctness of the measurements. The route
during one measurement session was 45 km and
the average time of the trip was less than 2 hours.
Each station established within the measurement
network was checked for compliance with the re-
quired measurement conditions, both during the
day and at night. In addition, four reference sites

Day

Sunset

Fig. 4. Three types of twilight

Table 1. Selected technical data of the Unihedron SQM photometer

Total weight

0.14 kg

Dimensions

9.2 x 6.7 x 2.8 cm

Light sampling time

about 8 seconds

Maximum light sampling time 80 seconds
Angle of light registration 20°
Recorded bandwidth visible range (filter for infrared range)
Temperature °C and °F

source: http://unihedron.com/projects/sqm-1/
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were selected outside the city limits, which served
as a background for measurements in the urban
area. After taking all the assumptions into account,
the measurement network consisted of 24 sites
(Fig. 5).

Table 2 give locations of selected measurement
stations. The type of land development surrounding
a specific measurement station was marked with ap-
propriate colours (see the legend under the Table 2).

Results of the conducted measurements

Repeatable measurement sessions of the sky bright-
ness were started when all the stations were estab-
lished in accordance with the project assumptions.
In the described summer season, a total of nine
measurement sessions were carried out, including
three sessions with mostly cloudy sky and six ses-
sions with a cloudless sky.

Spatial analysis of the summer sky bright-
ness

Spatial distribution of light pollution in Torun was
determined based on average values obtained dur-
ing the summer season. Data interpolation was car-
ried out using the kriging method in the ArcGIS
(Esri) environment, which enables multifaceted spa-
tial analysis. The obtained interpolation result for
the data concerning the average value of sky bright-
ness for the summer season is presented in Figure 6.

The obtained spatial distribution shows that we
can distinguish three areas in the city with signif-
icantly higher brightness of the night sky (marked
with yellow and red colour) compared to other ar-
eas. They include the city centre, where Torun Old
Town with its compact development is located, Ru-
binkowo - a large housing estate with tall mul-
ti-family buildings and Wrzosy - a single-family
housing estate located in the north-western part of
the city. The darkest areas, marked in blue and navy
blue, are the zones located far from the functional
and geometric centre of the city.

Legend

PL% measurement stations
Classification of land cover in Torun.
inner-city buildings

- single-family housing

[ block building

B industrial and warehouse buildings

I industrial, construction and road-rail areas
’7 sandy or pebble areas

- forest and other tree stands

:I thickets, allotments, grassy vegetation

cultivation on arable land

- surface waters

Fig. 5. Map of land use/cover of Torun based on 1:10,000 scale database
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Table 2. List of measuring stations in the area of Torun

Location of measuring stations Coordinates Altitude
No. CODE (street names) PUWG 1992 [ma.s.l]
X Y H

1 Pawia 576187.00  471317.00 69.0
2 Antoniego/Jastrzebia 575100.00  471409.00 68.5
3 Jozeta Wybickiego/Kurpiowska 573364.00  472532.00 65.0
4 Szosa Okrezna/ul. Bielanska 572866.00  470743.00 49.5
5 Szosa Bydgoska 572679.00  468902.00 42.0
6 Szosa Bydgoska 571819.00  471121.00 49.5
7 Bydgoska/Jana Matejki 571665.00  472424.00 50.0
8 Bulwar Filadelfijski 571471.00  473531.00 39.5
9 Rynek Nowomiejski 571902.00  473936.00 49.0

CCT

Aleja 700-lecia Torunia/

Konstantego Ildefonsa Galczynskiego 57230000 473100.00 505

—
(==}

11 - Poznariska/Marii i Jana Priifferéw 569971.00  473123.00  47.5
12 Generala Andersa 569264.00  472646.00 55.5
13 LOD Lodzka 569786.00  475189.00 50.0
14 [NRUD Rypiriska 570570.00  477027.00  47.0
15 WIN Winnica 572982.00  476717.00 60.0
16 - Konstytucji 3-go Maja 573092.00  477972.00  67.5
17 Kosynieréw Kosciuszkowskich 573424.00  479497.00 64.5
18 MAK Jozeta Chrzanowskiego/Barwna 574707.00  479057.00 66.5
19 Polna/Réwninna 575302.00  476669.00 66.5
20 Polna/Kanatowa 574601.00  475726.00 65.0
21 Bolestawa Chrobrego 573049.00  474948.00 60.5
22 Wojska Polskiego 572682.00  474418.00 60.0
23 Grudzigdzka 573820.00  473946.00 62.0
24 CMR Celnicza 575211.00  474340.00 62.5

industrial, construction and road-rail areas

thickets, allotments, grassy vegetation
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Brightness of the sky
measured by SQM

oFLG measurement  [maglarcsec?)
stations

city border
disrict border

Legend

150

155
B,  buildings 160

m— Vislula River

0 125 25 5

Fig. 6. Spatial distribution of the light pollution in summer; interpolation — empirical Bayesian kriging

Analysis of sky brightness in relation to the
type of land development

The analysis of light pollution of the night sky in
relation to the type of land development was per-
formed based on the existing classification of the
land cover (Kunz et al. 2012) (Fig. 5). The sites were
assigned to the corresponding land cover classes
created by the integration of available spatial data-
bases on a scale of 1:10,000. For each category of
land cover, the average sky brightness was calcu-
lated from the summer measurements and broken
down into the degree of cloudiness (Table 3).

The highest sky brightness was observed in areas
with single-family housing and high-rise buildings
and in the city centre; its average value was about
16 mag/arcsec’. The darkest sky was observed in
sandy and gravelly areas, where average brightness
reached 18 mag/arcsec’. The difference between
the brightest area and the darkest one is about
2 mag/arcsec’, which means over six times bright-
er sky. There are differences between the bright-
ness of a mostly cloudy and slightly cloudy sky. It
is worth noting that for high-density housing, the

brightness of the sky during mostly cloudy nights is
higher compared to cloudless nights. The difference
is about 1 mag/arcsec?, which corresponds to a 2.5
times brighter sky. Another conclusion is the ob-
servation that the smallest difference occurs in ar-
eas with dense land development, where the sky is
so bright that the cloud cover does not have a great
impact on the observed brightness of the sky, as
shown in the diagram below (Fig. 7). The opposite
is true in areas far from built-up areas, where the
difference is greater than in densely built-up areas.

Figure 8 shows the relationships between the
brightness of the night sky and the type of land de-
velopment surrounding a measurement station.

On this visual juxtaposition, the sites are ranked
on the basis of the distance from the illuminated
road and the existing buildings. The visualization
according to this criterion shows the tendency of
the measured night sky brightness to decrease with
the distance from the traffic routes and buildings
illuminated at night. In the first part of the figure
we can see the dominance of sites classified as sin-
gle-family and multi-family housing, while on the
right side — open land sites.
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Table 3. Mean values of summer measurements in relation to land cover

CODE of Average light pollution in summer [mag/arcsec’]
measuring Classification of land cover average in days with average in days with
. general average . : . ;
station high cloudiness little cloudiness
SCH WRZ 15.67 15.14 15.93
cCT industrial, con‘structlon 15.67 15.17 15.92
and road-rail areas
CHP ZOO
PAU SZP WPL 16.32 15.69 16.63
BLW RNM 16.80 15.86 17.27
OKR POZ
RWN WOR 16.66 16.16 16.91
PLS STB
WIN MAK thickets, allotments, grassy
CMR LOD vegetation 17.72 16.80 18.17
BYD 18.01 16.96 18.53
CAS PLG
RUD 18.04 17.28 18.43
20,00
18,00
&~ 16,00 _ g
3 i L B L
L \
g "
E
z
g 12,00 |
WPL PLS SCH 518 SZP CCT  RNM PAU WRZ Z0O BLW RWN MAK WIN CHP LoD WOR POZ RUD BYD OKR  CMR CAS PLG

measurement stations

average in days with little cloudiness general average @ average in days with high cloudiness

Fig. 7. Average values of the sky brightness measured with the SQM photometer in the summer
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Fig. 8. Average sky brightness measured in summer with the SQM
photometer. Measuring stations arranged in terms of distance
from the road and buildings

Conclusions

Light pollution as a relatively new issue is currently
under intensive research and scientists from various
institutions are increasingly interested in this issue,
both in terms of understanding the causes and de-
termining its effects. The problem of excessive light
emission at night is becoming more and more com-
mon and is becoming a phenomenon subject to ob-
servations and systematic monitoring. The applied
research methods and visualizations of collected
measurement data are varied.

Light pollution is affected by a number of fac-
tors, including the scale of the cloud cover and the
type of land cover close to observation points. Based
on the conducted research, it can be concluded that
the brightest values are characteristic for dense-
ly built-up areas, representing large concentrations
of single-family and multi-family housing and city
centre buildings. The increase in the brightness of
the sky in these areas is caused by the large num-
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industrial, construction and road-rail areas

city centre buildings

forests and other tree stands

ber of street lamps and the presence of illuminated
billboards and neon lights, the number of which is
constantly increasing. On the other hand, the dark-
est places are open areas, located far from densely
built-up areas and adjacent industrial areas. Obser-
vations of the dark sky is also facilitated by a long
distance to illuminated traffic routes and buildings.
At the sites with high light pollution, it has been ob-
served that the degree of cloudiness has no signifi-
cant impact on the measurement of sky brightness.
This factors, on the other hand, affect the measure-
ments of this phenomenon in areas with a dark sky.

The obtained results are interesting to the extent
that the measurement of the night sky brightness
will be carried out within the established network
over a longer period of time, taking all seasons of
the year into account. Research on the sky bright-
ness is an interdisciplinary topic and it is necessary
to determine its limitations and impact on the ele-
ments associated with our lives.
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