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OBJECTIVES

Define and Explain Light Pollution
Identify Various Types of Light Pollution
Recognize Sources of Light Pollution

Describe Impact of Light Pollution on Night Sky Visibility
Conduct Experiment on Changing Light Pollution Patterns
Apply Scientific Method to Data Collection and Analysis
Utilize Structured Approach to Validate Results

1.Pre-ACTIVITY: Introduction to Light Pollution (45 minutes)

Presenting Questions and Background Exploration (20 minutes):

@)
@)
@)

Begin with a brainstorm session to explore how light is used in daily life.
Initiate a discussion on the various ways we rely on light.
Show a concise 1m. video explaining light pollution.

Light Pollution Monitoring and Mapping (20 minutes):

@)
@)
@)

Pose the question: Can we see Light Pollution from space? Discuss possibilities.
Present a video (2 mins ) about Light Pollution mapping.

Introduce the online Geographic Information Systems (GIS) platform - Dark Site
Finder ( https://darksitefinder.com/maps/world.html#7/40.591/22.634 ).

Guide students to navigate the map and identify areas with high light pollution.
Engage in discussions about correlations between light pollution and human activity.



https://darksitefinder.com/maps/world.html#7/40.591/22.634
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= Note to Teachers:
* The map is authentic but slightly enhanced for clarity.
* Prepare for the next step - Working with real data and digital tools!

2. Activity: Exploring Light Pollution Patterns Using Real Data and
Tools

2.1 Introduction and Data Quantification (Video):

o Start with a brief video introduction.
o Explore how we can measure changes in light pollution using real data.
o Provide a case study background to contextualise the activity.

2.2 Understanding Spatial Data Structures and Modelling:

o Discuss spatial data structures and their significance.

o Introduce raster datasets with an example, like a satellite image depicting light
pollution density.

o Define the difference between Vector and Raster Data set (i.e. satellite image) by
using the examples e.g. river marks
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Support Material for Vector and Raster data: hiips://gisgeography. com/spatial data types

2.3 Managing and Processing Data with GIS:

o Explain the role of Geographic Information Systems (GIS).
o Provide definitions and references for GIS concepts.
o Introducing QGIS software as a tool for analysis.

2.4 Case Study Setup - Data Download and Tool Installation:

O Guide students to download QGIS version 3.18.1.
(https://qgis.org/downloads/)



https://qgis.org/downloads/
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O Instruct students to download light pollution data.

(https://www.lightpollutionmap.info/#zoom=8.15&lat=38.2410&lon=23.9
3608&layers=BOFFFFFFFFFFTFFFFFFFF)

PR seorch piaces

i
VIIRS 2012 B3 ® coiorbing

Feature i
| None selected - JE<3

Establishing secure connection.

o Highlight the difference between data sources, like the Dark Sky Finder app.

2.5 Exploring the Platform: Light Pollution Mapping (www.lighpollutionmapping.info ):

o Give an overview of the platform's capabilities.
o Demonstrate accessing global light pollution levels.
o Explain how to customize views (year, basemap, transparency, etc.).
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Search places... X . o (e . A Overlay i
World Atias 2015~ L]
C— ) E—

Feature i

None selected  ~ &3

0

1000 km

o Show how to select specific areas and view temporal changes.
o Example: Display the graph of light pollution levels from 2012 to 2021.



https://www.lightpollutionmap.info/#zoom=8.15&lat=38.2410&lon=23.9360&layers=B0FFFFFFFFFFTFFFFFFFF
https://www.lightpollutionmap.info/#zoom=8.15&lat=38.2410&lon=23.9360&layers=B0FFFFFFFFFFTFFFFFFFF
http://www.lighpollutionmapping.info/
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2.6 Data Download and Analysis:

o Describe how to access detailed statistics and country-level data (click the statistics
sign in the toolbar-shown with red rectangle).
o Instruct on downloading data for analysis (GeoTiff format).

7

ALLCOUNTRIES ®OECD « EEA +UK +CH G20

Country © Population Area (sq. km) Avg.Sum  Trend Rap:.:k ’::g"
— Austria 8,860,537 8385951 253137 +030% 285 0.649
BN Begum 11473875 3079018 678,162 501  4.740
I+l canada* 37,563,100 10,133,038.69 2,505,054 691 0225
=& Denmark* 5811413 4827028 156676 +117% 270 0698
B0 France 67,000000 55449412 3508310 -315% 524 1361
™= cermany 83,019,200  360,62587 1880617 -027% 227 1422
= greece 10,741,165 14428045 763727 +014% 711 1139
B0 reland 4,857,000 7432177 200,591 413 0581
BNty 60,350,546  307.441.81 4,541,647 -028% 752 3478
" Luxembourg 613,804 258140 43896 +093% 715 3.660
= Netherlands 17,332,500 3858610 941819 -109% 543 5251
BE Norway* 5334762 35148118 448615 -006% 841 0490
EN rFortugal 10276617 9392859 1046607 -185% 1019 2307

Aurora may interfere in * countries. Read Help on how statistics are calculated.
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o Download the data by selecting the Tools icon (bottom right and click on the circle to
select the respective area)

Radiance statistics (2021)
Pixel count 149665

Sum 940278.2
Area 20151 km? //M* /\‘.

Mean 6.2826

Timeline (sum)

Std. dev. 248919
Minimum  0.0000
Maximum  2996.3000

o Select the circle’s radius and left click, the pop-up window presents all descriptions
and data of the selected area.
o Guide students to repeat the process for different years (VIIRS 2014 and VIIRS 2021).

= Note to Educators:

= This activity empowers students to explore light pollution using real data and GIS
tools.

* Encourage thorough data analysis and interpretation.

= Concluding Remark: This activity encourages students to delve into practical
applications of data analysis and spatial tools to gain insights into light pollution
patterns within their region.

Enjoy facilitating these engaging activities!
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3. QGIS PLATFORM OVERVIEW and TECHNICAL GUIDELINES

Step 1

o Loading Data: Data can be loaded in four ways (shown on image)

4 Untitled Project - O 2. 3- 4- -
Sm«\ ajmm Em Database w:hneb 5' o
eBREROSFIFREPPEHBRENS e -N-5-5E H#E =-0-
BBV AW # /B2 xFa=<DBee"wEuEs99% @ a2 R
Browser & x 1 Progessing Toobox 8 x
agrare ________________.! . ‘! 208X
e o
> =1 L merge
> oy W Cip raster by extent
> E . %Mﬂmhﬂn
@ et 1. Navigate to your folders — Drag and drop datasets > Q ey
PostGIS. - . > @ Database
b or inspect your progress and what you are saving > Qe
::k > Q:mum
@B wms s > @ Layer tools
* Guane 2. Open any Vector or Raster based files with Add ) Qe
® wrs > G Raster terrain analysis
Som command ) Qoo
@ arcGsMspserver > @ vector analyss
& ArcGsFeatreServer > Q@ vector creation
3K Geotiode. > Q vector general
> @ vector. ¥
6. 3. All Vector data-based commands and Processes 3 @ ver ot
= ax G
cAwTE~FR0 >h;®n
4. All Raster data-based commands and Processes e
> ?:::,
5. Processing Toolbar, Button and Panel helps to find any
command or Process we are looking for from all available
Plug-Ins and Libraries of QGIS
6. All added layers that the user “loads” (step 2) to QGIS
Q_Type to locate (Ctrl+k) Ready Coordnate | 1.208,0.020 | Scale[ 1959725 | @ Magnifier [100% ] Rotaton [00° +] ARender @ sz @

o Install required plugins :
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Tlick on Plugins on the Main Toolbar
(2 *Contours — QGIS 8
Project Edit View Layer Setting Vector Raster Database Web Mesh SCP Prg
w N @/ anage and Install Plugins... I U
L o= 3 Ha |
#_ Python Console Ctrl+Alt+P
q @ Vo fi) Iﬁ m Select Manage and Install Plugins
@ Plugins| Al (718)  All Plugins 57
‘ Al |2 quickmepl Type “quickmapservices” a
— W M All Plugins
E ] Installed @ QuickMapServices
On the left you see the list of all plugins available for your
o Not installed . QGIS, both installed and available for download. Some plugins
Select it come with your QGIS installation while most of them are made
L 2% Install from ZIP available via the plugin repositories.
You can temporarily enable or disable a plugin. To enable or
* Settings disable a plugin, click its checkbox or double-click its name...

Plugins showing in red are not loaded because there is a
problem. They are also listed on the 'Invalid' tab. Click on the
plugin name to see more details, or to reinstall or uninstall
this plugin.

Click “Install Plugin”

Upgrade Al Uninstall Plugin Reinstall Plugin

Close Help

o) Basemap Loading: Load Basemap using Main Toolbar: Web > quickMapServices >
OSM > OSM Standard.
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Step 2
Starting the Activity:

o Inthe initial step, load downloaded Light Pollution files (VIIRS 2012 and 2021)
onto QGIS.

o Main toolbar: Layers > Raster Layer > Navigate to folder > Select
viirs_npp_201200.tif and viirs_npp_202100.tif.

o Initial map display will be black and white for both images.
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Color Layout Adjustment:

o Modify layout colors using Layer Properties.
o Double-click on .tif image > Symbology > Single-band Pseudocolor > Classify.
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@)

Identify areas of increased light pollution or differences between years by

checking/unchecking maps or using the identify button.
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Step 3: Quantifying Changes of Light Pollution Levels

o Compare each pixel's value from viirs_npp_201200.tif and viirs_npp_202100.tif.

@)

statements between rasters (images).

Simple Comparison Measure:

Use the "Raster Calculator" tool for mathematical operations and conditional

o Subtract pixel values of viirs_npp_201200.tif from viirs_npp_202100.tif.
o Open Raster Calculator via Main Toolbar: Raster > Raster Calculator.
o Enter: "viirs_npp_202100@1" - "viirs_npp_201200@1".
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Save layer to your folder as Final.tif * |

ROQEG &

Result Layer

C:\Users\louka\Desktop\Final €1

Output layer
Loum Tormat

—
GeoTIFr
Selected Layer Extent

X min

23.32083 X max | 24.12500

Ymin | 37.72083 + Ymax 3835833

Columns | 193 + Rows 153
Output CRS EPSG:4326 - WGS 84 g

v Add result to project

sn tan

asin

J "viirs_npp_20210081" -

"viirs_npp_20120001"

& oo o
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o Red areas indicate reduced light pollution levels (2012-2021) — Athens Airport

-COVID-19.
o Blue areas indicate increased light pollution levels (2012-2021) — Piraeus port
and Cosco investments.
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Results Presentation
o Communicate findings from the analysis.

o Share insights on areas with decreased and increased light pollution.
o Discuss observed changes, such as implications of COVID-19 on light pollution
levels.
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STUDENT TASKS

= Create a flyer to start a campaign or a scientific poster

@\RK SKIES & LIGHT POLLUTION

Dutd T -
ightroer oy — 10 million

terawatt -hoursof — tons of il
ENErgy

s 1 o linshielded Eguivalent to:
¢ lights waste 3.3 billion or

o about 30% S10 for every
of outdoor man, woman, and

lighting child in the LLS.

Waste from bad
lighting releases as
much Cl, as:

3 million
pasSenger cars

We would need to plant 875 million trees every year to offset the waste
Source: DarkSkies.org

LIGHT POLLUTION: WHAT IS IT AND WHY IS IT IMPORTANT?

RAKIBUL SHOGIB and JAMIE SPINNEY

TYP

Urban Sky Glow - the brightening of the night sky over
inhabited areas.

Light Trespass - light falling where it is not intended,
N wanted, or needed.

Glare - excessive brightness causes visual discomfort and
high levels of glare can decrease visibility.

Clutter - bright, confusing, and excessive groupings of light

sources, commonly found in over-lit urban areas. The

WHAT IS IT? proliferation of clutter contributes to urban sky glow,

trespass, and glare.

Most people are familiar with air, water, and land pollution,
but did you know that light can also be a poliutant?

The International Dark Sky Association (n.d.), an
organization that combats light pollution worldwide,
defines light pollution as
The inappropriate or excessive use of artificial light -
known as light pollution - can have serious environmental
consequences for humans, wildlife, and our climate.

WHY IS IT IMPORTANT? CONCLUSION

Scientific evidence suggests that light pollution: Light pollution affects every citizen. Light during darkness

* Interferes with normal circadian rhythms and, thus, is a potentially threat to our environment, wildlife,

negatively impacts human health and immune function;
gatively impa human health, and other organism as well. Each of us can

+ Adversely impacts behavior in insects and animals;
implement practical solutions to help combat light
* Decreases quality and safety of nighttime
pollution locally, nationally, and internationally.
environments;

* Wastes energy, which is expensive and it also REFERENCES

contributes to climate change; and,

+ Obscures our view of the wondrous night sky.
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= Create a map demonstrating light pollution differences in multiple areas and
timescales.

Chaco Culture National Historical Park National Park Service =
U.S. Department of the Interior
Night Sky: All-sky Average Anthropogenic to Natural Sky Brightness Ratio Natural Resource Stewardship and Science ©

y

0 2 40 Kioneters

0 0 510 20Mks

Spatal Refersnce

Albers Equal Area NADS3

The NPS makes no waranty. express or rrphed
related 10 he sccurracy of content of the map

NPS Bounsary

All-sky Average Sky Brightness
Anthropogenic to Nawral Ratio

NPS Natural Sounds & Night Skies Division and NPS Inventory and Monitoring Program MAS Group 20160509

= Educational Note:

Utilizing the QGIS platform and associated tools, students engage in meaningful analysis and
interpretation of real-world spatial data, gaining valuable insights into changing light
pollution patterns.

ENJOY THE ACTIVITIES!




