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Description

Students will gain an understanding of what light
pollution is, how we map light pollution and how we
can work with real data in order to identify changes

in light pollution patterns.

How we are using satellite data to map spatial -

temporal paiterns.

What digital tools are needed in order to analyze

and visualize this type of data.

Students will also analyze and present their findings
using short reports or poster presentation in order 1o

communicate their explanations.



GENERAL

OBJECTIVES

Describe what light pollution is along with the

different types of light pollution.

To recognise some sources of light pollution and
describe how these affect how we see stars in the

night sky.

To conduct an experiment to find out how light

pollution patterns are changing.

Use the scientific method and sfructures fo

analyze your data and validate your results.




Task 1: Infroduction to Light Pollution (45 minutes)

1.1 Eliciting questions and Background Exploration (20

minutes)

Start by leading a brainstorm about how we use light in our

daily lives.

QUESTION Video: Light Pollution explained (1 min and 16 sec.)

ELICITING
ACTIVITY




QUESTION ELICITING ACTIVITY

1.2 Light pollution monitoring and mapping (20

minutes)

You can ask students if we can see Light Pollufion

from spacel! Is this possible and howe

Video: Light Pollution mapping (2 mins and 25

sec.)

Now let's use an online Geographic
Information Systems platform to monitor light

pollution at a global scale!

Dark Site Finder



https://darksitefinder.com/maps/world.html#7/40.591/22.634

EXPLORE PREVIOUS KNOWLEDGE

Let the students to navigate on the map and

identify different areas of increased light pollution.

Discuss with the students their thoughts and if any
correlation exists between the sites of increased light
pollufion and the number of people live there (big

cities, industrial areas, roads efc.).

This map is real, however, is a little bit enhanced in
terms of the light pollution distribution, spread and

colours.

What is next? TO WORK WITH REAL DATA AND DIGITAL
TOOLS! LET'S DO THIS!



CASESTUDY

1.3 Light pollution in our
area/city/region using real data and

tools (45 minutes)
Introduction (Video)

How can we quantify these changes

using real data?




Case Study Background information

In order to better understand what type of data we will use and how we “translate” or model the Earth

surface and processes, we have to discuss first about spatial data structures (type of data and how

spatial information is stored, data types etc.)

Vector and Raster data:

Some useful examples on
how we can model a river, a
mark on the map or an area
using vector and raster data

structures!

Vector data
(Lines, Points,
Polygons)

Raster data
(asLines,
Points,

urban area

river

An example

raster data

vector data


https://pediaa.com/what-is-the-difference-between-raster-and-vector-data/

Case Study Background information

Indicative example of a raster dataset (i.e

~
-~

-
-~

satellite image) expressed as a grid of multiple
cells with different (or the same) pixel/cell

values, for example, light pollution density

How do we manage and process this type

of data?

Using Geographic Information Systems (GIS)

and specific GIS-based applications and \

platforms! by

GIS definitions: hitps://www.esri.com/en-us/what-is-gis/overview

GIS software and platforms (see QGIS):

https://en.wikipedia.org/wiki/List of geographic information systems software



https://www.esri.com/en-us/what-is-gis/overview
https://en.wikipedia.org/wiki/List_of_geographic_information_systems_software

Case Study- Download tools

Before we begin, students have to download data and install QGIS platform! SE—

QGIS Platform Download (version 3.18.1)

Download Light Pollution data o Vs B

VIIRS 2012 Ad 8 color blind
60

Feature i

None selected 4 &
85

Basemap i
O Road
® Hybrid

What's the difference with the Dark Sky
Finder app?

Now we can download spatial data (i.e.

on each cell we know the light poliution

impact and not a colour value)!


https://qgis.org/downloads/
https://www.lightpollutionmap.info/#zoom=8.15&lat=38.2410&lon=23.9360&layers=B0FFFFFFFFFFTFFFFFFFF

Case Study- Plaiform overview

In the platform you can see the light pollution levels at global scale.

In particular, you see the radiance levels at night, as seen from the satellites.

On the right corner you may select different light pollution maps per year (i.e. from 2012 - 2021), you can change the
basemap layer, change the transparency level, see the map legend or even to save different locations around the world.

v Map layers

Ll Scarch places... WA A ‘ ¥ o ; : Oewiay)| |
® | & ‘ IR \ 1 N ks BN \World Atias 2015~ L ESERET"

. ‘o.

i

Basemap i

O Road

® Hybrid

> Map legend

> My locations

> Privacy settings

f ¥ &

| 1000 km |




Case Study- Plaiform overview

While you select one of the VIIRS mission rasters (maps), you can zoom in wherever you want and you can left-click a specific

area (pixel). Then a graph appears showing the temporal changes on Light Pollution levels from 2012 — 2021, the exact

coordinates and the elevation as shown below.

b Lo 3
Sl Search places...

Radiance info (2020) . 5 .
Coordinates: 51.19393, 5.68509 il et . . - Feature i

Value: 0.60 Saly R 8- 7.' None selected
Elevation: 35 meters e P 3 e

Timeline —
5 +.1

v Map legend
| Radiance 10°W/cm?* sr
0.10 025 0.35 2.00 6.00 300 65.0 150

FANNNCI Do T




Case Study- Plaiform overview

In case you want to download data or see further VIIRS Country statistics

information and statistics at a country level, you can use

OALLCOUNTRIES @OECD OEEA+UK+CH OG20

the toolbar on the left as shown below:

X

-

Aurora may interfere in * countries. Read Help on how statistics are calculated.

Country ¥ Population Area (sq.km) Avg.Sum  Trend R?i‘::k I\ﬁ:gn

o Austria 8,869,537 83,850.51 253,137 +030% 285 0.649

B Begium 11,473,875 30,790.18 678,162 -015% 591  4.740

B+l canada* 37,553,100 10,133,038.69 2595954 -178% 691 0.225

"“ -k - Emam Denmark* 5,811,413 4827028 156,676 +1.17%  27.0 0.698
N W Search places... BN France 67,009,000 55449412 3508310 -315% 524  1.361
"' CESTS . B cermany 83,019,200  360,625.87 1,880,617 -027% 227 1122
‘-@-' @‘y —-—‘ [Z O r ; "= Greece 10,741,165  144,280.45 763,727 +014% 711  1.139
I—]w— I : ‘ B ireland 4,857,000 7432177 200591 -255% 413 0581
éb il D “"&\ Bl tay 60,359,546  307,441.81 4541647 -028% 752 3178

' s Luxembourg 613,894 2,581.40 43,896 +093% 715 3.660

== Netherlands 17,332,500 38,586.10 941,819 -109% 543 5251

s= Norway* 5334762 35148118 448615 -006% 841  0.490

EN Portugal 10,276,617 9392859 1,046,697 -185% 1019 2.397



Case Study- Plaiform overview

In order to download data, you select the tools icon (bottom right) and then you click on the circle

to select a specific area based on the circle’s radius as shown below:

Radiance statistics (2021)
Pixel count 149665
Sum 940278.2 /\\'
Area 20151 km? //W
Mean 6.2826

Std. dev. 24.8919
Minimum 0.0000
Maximum  2996.3000

Timeline (sum)

While you select the circle’s radium you left click and a pop-up window appears with all descriptive characteristics for

this area and the option to download the data in GeoTiff format (bottom right corner).

Repeat the above-mentioned process for both the VIIRS 2014 AND VIIRS 2021 images using always the same circles center and radius.
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Case Study- QGIS Platform overview

] % (¥
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= FERE L I

LETRO

Favorites:

Home

11

Dy,

E:\
@ GeoPadiage
£ Spatialite
@ postars
P mssqL
@ orade
& os2
@ wms TS
B AYZ Ties
@ wes
Vo wWFs

| OWS

@ ArcGisMapServer
W ArcGisFeatweServer
3k Geatiode

Processing Toolbox
e A (D)

o || ¥ Recently used
g L verge

B Cup raster by extent
& Majority fiter

Navigate to your folders — Drag and drop datasets @ orgaty
. - ) Database
or inspect your progress and what you are saving Qe s
@ Layer tools
Open any Vector or Raster based files with Add Q hem i
@ Raster terrain analysis
command Q e
Q vect oeaten
@ Vector general
@ vector geometry

3. All Vector data-based commands and Processes Q Vector overay

@ Vector selection
G vector table
i GoAL

4. All Raster data-based commands and Processes oo
& saca

& Seripts

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

Coordnate [ 1.208,0.020 | scale[19sa7as | @ magnifier [100% ¢ rotation [0,0°

Some technical guidelines
considering the tools
(QGIS Platform) we will
use during this Activity!

Load data: In general,
data can be loaded in

four ways.




Case Study- QGIS Platform overview

Step 1. Install the Plugins needed to run the activity

(QuickMapServices)

@ *Contours — QGIS You can load the Basemap using the

Project Edit VWiew Layer Settings \Vector Raster Database Web Mesh 5SCP  Pr

=] = B Manage and Install Plugins...
D E_:l;l =l Ha .
#_ Python Console Ctrl+Alt+P

Main Toolbar on top: Web >

B@V. AL W

Select Manage and'Install Plugins

(2 Plugins | All (718)

LT

‘Fi Installed
W Not installed

' 9% install rom zip

# Settings

All Plugins

| o

quickmap]|

Type “quickmapservices”

o Wi TITer
o |8 QuickMapServices

All Plugins

On the left you see the list of all plugins available for your

Select it

QGIS, both installed and available for download. Some plugins
come with your QGIS installation while most of them are made
available via the plugin repositories.

You can temporarily enable or disable a plugin. To enable or
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 All Uninstall Flugin Reinstall Flugin

Close Help

quickMapServices > OSM > OSM

Standard. The result is shown below!

(Q *Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

BRx Oe el PRA 2% LM OK
LL AN

9
Browser
QRyry=xo
Favorites
" Spatial Bookmarks
» [&) Home
» o
@ GeoPackage
/£ Spatialite
@ rostGis
P wmssa
@ Oracle
@ os2
@ WMS/WMTS
B8 vector Tiles
b 32 XYZ Tiles
@ Wes
) WFS / OGC API - Features
© ows
@ ArcGIS Map Service
4 ArcGIS Feature Service
Layers
I 340
¥ test
1M -109.6000
-36.8750
35,8500
1085750
1 181.3000
W - viirs npp 201200
M 00000
66.1000
1322000
1983000




Case Study- QGIS Platform overview

Step 2 - Based on the above-mentioned

instructions you can start with:

e T] w
RQ@ -

During the first step of the Activity, load the
Light Pollution files you have downloaded (VIIRS
2012 and 2021) on the QGIS platform.

P mssaL

@ Oracle

;_2 DB2

@® WMS/WMTS

Use the Main toolbar (top of the screen) ->

) WFS / OGC API - Features
) OWS

Layers -> Raster Layer -> Navigate fo your folder [

and select viirs_npp_201200.tif and
viirs_npp_202100.tif

The results on the map will look like this, having

only black and white colours for both images:



Case Study- QGIS Platform overview

| Q@ Layer Properties — result — Symbology

— R
BV A8 W T
(‘; Information Render type | Singleband pseudocolor elect Singleéband Fseudocolor
E}) E? @m_ J'L§ Source Band Band 1 (Gray)
Browser [E]ES)

T
Q =T 5 ) L] I Symbology P Min [ Max Value Settings

Change Ilayout colors using Favortes . Symbology

v IV Spatial Bookmarks I‘_g Transparency Internolation
. 4 » [_'] Project Home B Hitogram Color ramp
Layer Properties (double-click EEkEE 9 -
. : { Rendering .: = -
On The , fif imoge you have \ Value Color Label

E',:,package G Temporal 43 Optionally, you can change coloramp
1“ Spatialite :
Iooded) J| > SymbO’Ogy — > : PostGl5 ‘ Pyramids
MSSaL _
@ Oracle - l Metadata

Layers 3

@l % 7 E = g

Classify. See image below Gt Serve

Double-click

Single-band Pseudocolor ->

Legend

Press Classify

Mode |Continuous ™

orine_2018_clip '#":"F‘ = h‘!
- Corine_1990_clip
¥ U2018 CLC2018 V2020 20ul Clip out of range values

¥ U2000_CLC1990 V2020 20ut

Style -

Apply




Case Study- QGIS Platform overview

(2 *Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

IEBRERY O LLNH! PR A , L OC| @ B Z mv Ll ~

® Q9

V. /Zu B e =
a¢ Vo, ® \dentify button

Browser

|dentify areas of increased EET

light pollution (blue and + % Spatal Bookmarks

yellow colors) or the i kb
. /£ Spatialite
differences between 2012 gf{_sgs
Vi L
and 2021 by checking and Bon
& WMS/WMTS

un-checking each map on 8 vectorTies
sir XYZ Tiles
The Loyers pOnel ?xESS/OGCAPLFeaIures
) OWS

Alternatively, you can use @ Arcols Map Senice

& ArcGIS Feature Service

the identify button (see the Layers

v Q& Y + 10
image above) in order to " D s
-36.8750

extract the exact light 358500

108.5750

. ) e
pollution values (in terms of _1813000
0.0000

illumination levels). 66.1000
132.2000
198.3000
W 264.4000
& viirs_ npp 202100
Il 0.0000







Case Study- Quantify differences

Step 3 - Quantify changes of Light Pollution levels

We have to simply compare each pixel's value from viirs_npp_201200.tif and viirs_npp_202100.tif and we
have to do this for all pixels! To succeed that, we need a specific tool called “Raster Calculator”. Using this
tools we can run through different math operations and conditional statements between different rasters

(images).

DeERRy ORI PRI BaLICRS @ #LEm-5

REV.Zm @ /. : = RQ@ 2
. .o . y . -5 By 0
A simplified measure to compare pixels’ values is o 9SS save Jayer to your folder as Final.tif
Favorites - w”w‘w-. e . | e T AT |
» [ Spatial Bookmarks \ test@1 Output layer C:\Users\louka\Desktop\Final € | | ... I B~ A
b subtractin the ixel values of 4y Ol Erame - | T
y g p y I\ st .\\ RSP e
2 S 3 B e —
3 roucis AN Ymin |37.72083 3+ ymax 3835833 B
1 . . 1 r i.r . . i I :grzscla: STy Columns | 193 % Rows 153 P
~ viirs_npp_202100.if f 201200.1if = f ==
S . Ik's . L .’}r ) gy y ° g%:/ﬁsmws W c::w::as i EPSG:4326 - WGS 84 -~ |[@
LAASE | Vector Tiles . | result to project
» @ xwvczsrnes E—
&) WES / OGC API - Features -

- + o sqrt cos sin tan log10 (
© ows | r—(
@ ArcGIS Map Service . 71' = / s acos asin atan In )
> ArcGIS Feature Service - [ 1 2 5 = 5 = == e 0 !
Layers % '
oY -RAL == Lo == /\
&

v VO test - }f:i Raster Calculator Expression
A |
- iy X AR S | viize-ree-20z100017 - wiize npp 201200817 Type the expressio

35.8500

1085750 A8 o
=‘1'a:‘1’53000 o— o Expression valid
- viirs npp 201200
0K Hels

I 0.0000

P
66,1000 E — N .
1322000 " G — 5 R ——
1983000 ¥ — X N iR e

W 2644000
- 9 viirs_npp 202100
W 0.0000



Case Study- Map differences

< *Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vectgr Raster Database Web Mesh Progessing Help
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Red areas indicate a
reduction of light pollution
levels between 2012 and
2021
(Athens airport - COVID-19)



Results

Present your results and communicate your findings.

@\RK SKIES & LIGHT POLLUTION

oor [—
lighting uses 120 = miifion

terawatt -hoursof — tons of oil B
Energy Lkl

oI RIA-M o 1 o Lnshielded  Equivalent to:
S\ lights waste l§3.3 billion or

o\ /.« dbout 30% SI0 for every

; “f,“"tf'““" man, woman, and
campaign lighting child in the LLS.

leaflet to start a

Waste from bad
lighting releases as
much G, as:

3 million
passenger cars

We would need to plant 875 million trees every year to offset the waste

ME Monjq uEsq {0 bisug B\ WO fLEEZ BABLA ABSL [0 DY26] (5 MS2{E

Create a scientific poster

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

RAKIBUL SHOGIB and JAMIE SPINNEY
DepanTHINT OF GEOGRAPHY
SOUTH DAKOTA STATE UMVERRTY

TYPES OF LIGHT POLLUTION

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

Light Trespass - light falling where it is not intended,

i Y | . wanted, or needed

r ! '™ Ai‘.‘ : i’ ‘ I
| ! | v Glare - excessive brightness causes visual discomfort and

Clutter - bright, confusing, and excessive groupings ¢

monly found in over-lit urban

sources,

pr ion 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 pollutant?

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.

CONCLUSION

Light pollution affects every citizen. Light during darkness

WHY IS IT IMPORTANT?

The Milky Way is hidden from a third of all humans Scientific evidence suggests that light pollution
* Interferes with normal circadian rhythms and, thus a potentially threat to our environment, wildlife

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

yehavior in insects and animals,

mplement practical solutions to help combat light
safety of nighttime
pollution locally, nationally, and internationally

REFERENCES




Results (2)

Present your results and communicate your findings.

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 v

¥ ]
[ |

Utah

Create a map (or set of

maps) demonstrating light

pollution differences in

different areas and

Chaco Culture NHP

- Mew Mexico

timescales.

!lllllll : : ¥
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https://www.flickr.com/photos/mpk/171117951
https://creativecommons.org/licenses/by-sa/3.0/

