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The inappropriate or excessive use of artificial light, known as light pollution, can
have serious environmental consequences for humans, wildlife, and our climate
(DarkSky.org). Light pollution is a relatively new and less investigated topic in Mongolia.
Previously, there was little awareness about its significant negative impacts. To understand
the extent of light pollution in Ulaanbaatar, the capital city of Mongolia, we compared it
with a city less affected by light pollution. Ulaanbaatar and Tucson, Arizona, USA, were
selected for this investigation. Both cities have populations of around one million. We used
NASA's VIIRS/NPP Lunar BRDF-Adjusted Nighttime Lights Yearly SQM data to analyze
light pollution from 2012 to 2023. ArcGIS applications were employed to map light pollution
in the selected cities. The National Observatory Khurel Togoot in Ulaanbaatar is much more
affected by light pollution than Kitt Peak National Observatory in Tucson. Ulaanbaatar and
its observatory suffer from significant light pollution due to urbanization and uncontrolled
lighting conditions. In the Gobi region of Mongolia, cities are expanding rapidly due to
mining and urbanization, resulting in uncontrolled lighting. This light pollution poses a
significant threat to the visibility of stars and celestial phenomena, making it difficult for
astronomers, researchers, and enthusiasts to study and appreciate the cosmos. Monitoring
and implementing dark sky protection using satellite data are crucial for preserving the
conditions needed for observing the night sky in the Mongolian Gobi desert.
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I. INTRODUCTION

More than 80 percent of the world’s population,
and 99 percent of Americans and Europeans, live
under sky glow. Despite its seemingly
picturesque name, sky glow caused by human
activities is one of the most pervasive forms of
light pollution (National Geographic). Kyba et al.
(2017) reported that the Earth’s artificially
illuminated increased by

approximately 2.2% annually between 2012 and

outdoor area
2016, demonstrating the rapid global growth of
light pollution. Artificial outdoor lighting that
changes natural light conditions in ecosystems
and negatively affects

living  organisms

Longcore( 2004). Sky glow is the brightening of
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the night sky, primarily over urban areas, due to
electric lights from cars, factories, outdoor
advertising, and buildings, effectively turning
night into day for those who work and play long
after sunset. People living in cities with high
levels of sky glow struggle to see more than a
handful of stars at night. Light pollution is a
global issue. Light pollution maps illustrate how
and where our globe is illuminated at night. Vast
areas of North America, Europe, the Middle East,
and Asia are aglow with light, while only the most
remote regions on Earth remain in total darkness.
While Mongolia appears to be in one of these dark
areas, its capital city, Ulaanbaatar, is
experiencing significant light pollution. This
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study investigates the extent of light pollution in
Ulaanbaatar and its implications. The findings
from this case study can serve as a lesson for other
regions of Mongolia, such as the Gobi region, in
terms of controlling light pollution for future
development. Light pollution is becoming an
important environmental and
in Mongolia. Although
Mongolia is internationally recognized for its vast
open landscapes and naturally dark skies, rapid
urbanization, mining expansion, industrial
development, and uncontrolled outdoor lighting
are causing significant increases in artificial night
brightness, especially in Ulaanbaatar and parts of
the Gobi region.

increasingly

astronomical issue

II. DATA

Various international institutions have developed
numerous maps on light pollution. This study
utilized several sources for analysis and visual
validation, including DMSP and NASA VIIRS
Blue Marble Nighttime Lights Yearly SQM data
(Figure 1) and  Globe at  Night
(https://globeatnight.org) (Figure 2) Sky Quality
Meter (SQM) data were used to assess night sky
brightness and used to measure how bright or
dark the night sky is. It measures:sky brightness,
sky glow, artificial nighttime light. SQM values
are usually expressed in: magnitudes per square
arcsecond (mag/arcsec?). This is a standard
astronomy unit for measuring night sky
brightness The NASA VIIRS/NPP Lunar BRDF-
Adjusted Nighttime Lights Yearly SQM dataset
was processed in ArcGIS to analyze spatial and
temporal variations in light pollution. For
visualization and comparison purposes, the
nighttime brightness values were normalized into
a relative scale ranging from 0 to 2.5. Higher
values correspond to areas with stronger artificial
nighttime illumination and greater light pollution
intensity. Globe at Night is an international

citizen science program that measures night sky
brightness and light pollution around the world. It
ordinary people,
amateur astronomers, and the public to participate

allows students, teachers,

in scientific observations of the night sky Walker

2020. The project is organized by NOIRLab and
international astronomy partners. In the Globe at
Night program, participants observe the night sky
from their location and compare the visible stars
with standard star charts. Based on how many

stars are visible, the brightness of the night sky
and the level of light pollution can be estimated.

Figure 1. NASA VIRS data

Figure 2. Globe at Night /citizen science data
III. STUDY AREA

Ulaanbaatar is the capital and most populous city
of Mongolia, with a population of 1.6 million. It
is the coldest capital city in the world by average
yearly temperature, situated at an elevation of
about 1,300 meters (4,300 feet) in a valley on the
Tuul River. The city experiences warm summers
and long, bitterly cold, dry winters. The climate is
extreme, with summer temperatures reaching up
to 73 °F (23 °C) and the coldest January
temperatures, usually just before sunrise, ranging
between —36 and —40 °C (Figure 3). Tucson is the
second-largest city in Arizona, with a population
of 1,043,433 The city’s elevation is 2,643 feet
(806 meters) above sea level. Summers in Tucson
daily high
temperatures between 98 and 102 °F and low

are characterized by average
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temperatures between 71 and 77 °F (22 and 25
°C). Early summer features low humidity and
clear skies, while mid- and late summer are
marked by higher humidity, cloudy skies, and
frequent rain. (Figure 4) South Gobi is an aimag
(province) of Mongolia, located in the south of
the country, in the Gobi Desert. Umnugobi is
Mongolia's largest aimag. Dalanzadgad, the
capital, is a city in the Gobi undergoing
urbanization and was also selected for light
pollution analysis. The province is rich in mineral
deposits, including gold and copper. Agriculture

is of minor importance. As the aimag has various
sights to offer, tourism is gaining importance.
Umnugobi includes several well known tourist
dark sky areas, including the Flaming Cliffs, Gobi
Gurvansaikhan National Park and Khongoryn Els
- The Singing Sand Dunes (Figure 5).

The locations of Kitt Peak National Observatory
in Tucson and Khurel Togoot National

Observatory in Ulaanbaatar were analyzed for
light pollution. Until 2017, Ulaanbaatar had lower
levels of light pollution compared to Tucson.

However, after 2017, light pollution in | = =~ g — P
Ulaanbaatar increased significantly compared to ‘_ o : e 1 e s
Tucson. There is no significant light pollution e ) B St
around Kitt Peak National Observatory in g ”\;/

Tucson, while Khurel Togoot National S S > R
Observatory in Ulaanbaatar is located in a light- ‘ o o o S e N
polluted area. Light pollution less in the Southern " | umnugobi province

Gobi (Figure 6). w @3,5

IV. METHODOLOGY AND ANALYSIS :

The air pollution map (Light Pollution Map) was Figure 5 Study area in Gobi region

used for this study. Ulaanbaatar, Mongolia
(Figure 3), and Tucson, Arizona, USA (Figure 4),
were selected for light pollution measurements.
Both cities have populations of about one million.
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Figure 6 Comparison light pollution in the Ulaanbaatar, Tucson and Umnugobi

V. RESULTS AND DISCUSSION

Based on the analysis of light pollution maps
from remote sensing: Light pollution tends to be
higher in industrialized nations compared to the
developing  world. noteworthy
exceptions exist, with some heavily polluted

However,

areas found within countries not exhibiting
significant light pollution on the
Conversely, some countries with overall high
light pollution levels have regions devoid of any
light pollution. These findings highlight the
importance of considering localized factors when
estimating total light pollution for each country.
There appears to be a lack of awareness among
the local population in Mongolia regarding the
significance of preserving clear, dark skies and

map.

the detrimental impacts of light pollution.
Initiatives such as Astro-Ecology education
activities could play a crucial role in raising
light
consequences. The study already demonstrates

awareness about pollution and its
that light pollution in Ulaanbaatar has increased
rapidly after 2017 and that Khurel Togoot
Astronomical Observatory is now located within

a significantly light-polluted area.

With mining and urbanization driving expansion
and uncontrolled lighting in the Gobi, similar
light pollution challenges are emerging as those
faced by Ulaanbaatar, the capital of Mongolia.
Historically, there has been limited awareness
about light pollution and its significant negative
impacts. This study serves to educate the people

of the Gobi about light pollution and its effects,
urging them to consider these impacts in their
regional development plans. Furthermore, the
insights gained from this study can assist decision
makers in planning and developing future cities
with  minimal light  pollution  from
inception.Continuous  monitoring of  light
pollution in Mongolia is essential for protecting
dark skies, supporting astronomy, preserving
ecosystems, promoting sustainable development,
and ensuring that future urban and mining

expansion occurs with environmental
responsibility.
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3aiiHaac TaHZaH cyaUIaJ 00JI0H IIMHIK/IIX YXAaH4 UPIIIMHH M3
TYJAryypJjan MoHroa Yic gaxnb rapjauiiH 00XUpAJIbIH 6HOOTHIH TO10B
0aiiiaJ, HAaIAbIH 60PYJIOJITHIHH YUI XaHAJArBII YHIJICIH Cyaajraa
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Xypaauryii: XuiiM3J1 MpAAAT 30XUCTYH 3CB3J XAT UX alllUTIacHAaC YYIRITIH MIPIHAH OOXUPI0T Hb
XYH TOPOJIXTOH, 33pJIT aMbTaH, ypramal 00JI0H A3JIXHUIH Yyp aMbCrajl HOLITOW Coper Helee Y3YYIIaT
(DarkSky.org). I'spnmiiH Goxupmon Hb Monron VYiicaa XapbLaHTyi IIWHY Oereeja TeAMNIOH
CyJUTaraaaryi acyyuIblH HAT FoM. MOHTON YIICEIH HUMCTAI Y maanOaaTap XOTHIH MIPIMITH OOXHUPIITBIH
HOXIIOJI Al IBIT YHAJIIXUIH Ty IIPIUIHH OOXUPIO0JI XaphllaHTyil 0ara epTCOH XOTTOM XapbIlyyJicaH
cynanraa xuiiB. Cynanraanj XyH aMbIH TOO OMPOIIIO0 OYIOYy HAT cast OpYMM XYH amTaii MoHToN YJICHIH
VYnaanbaarap xotr OomoH AHY-siH Apuzona myxuitH TycoH XOTBIT COHTOH aBcaH. ['apmuiiH
ooxupmieiH eepunentuir 2012-2023 oner xoopoHn cymiaaxgaa NASA-ruith VIIRS/NPP Lunar
BRDF-Adjusted Nighttime Lights Yearly SQM ereranuiir ammrnacad. COHTOCOH XOTYY/IbIH TIPIIUHH
OOXWpUIBIH TapxanTeir 3ypariaxan ArcGIS mporpamm xaHramkwidr x3parmaB. CyganraaHbl yp
IYHII3C Xapaxaj Ymaan6aatap XOT aaxb Xypd3aTorooTsiH OIOH OpOH CYIJIANBIH TOBUHH OWPOIII00
razap Hb TycoH xotbiH Kurt Ilux YHumscuuit Onon opon CynnansiH TeBHitH oHpoOII00X Ta3paac
XaBbIYH MX TOPIUHH Ooxupmona eprex OaifHa. XOTKWIT IPUUMTIA HAIMATIDK, TIPINTYYITHHH
30XMITYYJANT XaHTaNTTy# Oaifraaraac YmaanOaaTtap XOT OOJIOH TYYHUI OHp OpPUMBIH a)KHIJIaITHIH
Oycyyn TapiauiiH OOXUPIIBIH HOITOH acyynanrtail Tynrapy Oaitna. MOHroJIBIH TOBUHH OyC HyTarT yyo
yypXailH XerkWuJl, XOTXKHWITBIH ©cCeiTeec IIalTraalaH XOT CYypHH Ta3pyyd XypHAauTail Tak,
XSHAITIYH TOPANTYYIST HAMITAYK OaifHa. YYHUE yiMaac yycak Oyd rIpiuitH OOXHPAON Hb OO
0osioH Oycal OrTOPryH OMETYYOMHI aXuriiax OONOMXHHT OyypyyJK, OJOH OpOHYM[, CYyIUIaadyuj
OOJIOH COHUPXOTYJIBIH CaHcap OTTOPTYHI CyAjiaX, TAHHH MAJDX YW aXHJularaaHj TOMOOXOH Caaj
yupyymk OaitHa.MiiMm33¢c MOHTONBIH TOBHIH OYCHIH IIOHWAH TIHTIPHHAT QKUTIIAX HOXIIOIANUT
XaJrajgaH XxaMmraajaxblH TYJI XUHMAJI JaryyJblH ererae]] CyypuiIcaH IIpiauiH OOXUPIUIBIH TOITMOI
MOHHUTOPHHT XUHX, MOH XapaHXyH TIHIIPHUHT XaMraanax 00JIoro, apra XaMKI3T X3PIrKYYIIX Hb HOH
qyxall I0M.

Tynaxyyp yr: I'spauita 6oxupaon, SQM m3133, BRDF- menniin rapnuitH M333, UPraHUA HIMHKIIX
yXaaHbl M333



