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Metadata
Age and language of the students: 15 – 18, Greek

Number of Lessons – Duration (per lesson): 1 Lesson (45 minutes)

Subjects: 2D – 3D Surfaces, Spatial Analysis, Surface characteristics

Curriculum and country:

Country: Greece Class: Lower Secondary – Higher Secondary Grade: 7-12

Topic: Geography

Objectives (Max 100 words): Some of the key objectives to be addressed through this activity include: 1) The use
of Geographic Information Systems to perform important surface analysis procedures (i.e., estimate slopes) or to
recreate 3D surfaces, 2) To understand some crucial aspects and spatial characteristics for identifying potential
landing sites on Mars and the Lunar surfaces.

Materials and Tools (Max 100 words):  QGIS (qgis2threejs)



Metadata

Spatial concepts, skills and abilities:

Which spatial concepts and skills are covered by the activity?

Location, Shape/Area, Surface, Slope/Gradient

Spatial skills:

Recognizing and understanding patterns/Understand and identify models of spatial organization

Select an ideal location based on the given spatial features

Visualization

Delineation of spatial regions/ zones based on given features/ properties

Geospatial concepts and spatial abilities documentation (see Section 3.2):

http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf

http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf


Description of the activity in detail
Short Description (Max 500 words):

Rigorous selection of a landing site for a Martian rover plays a crucial role in the success
of the mission because it guides the rover to a location on Mars where the science
objectives can be best achieved. Selecting an optimal site is a complex multi-objective
optimization problem enumerating a vast number of criteria.

What we do?

During this activity, we focus on certain surface-related parameters, including elevation, 
latitude and slopes in order to extract an optimal landing sites for a Martian rover! Do 
you think that’s an easy task? Let's find out!

Keywords (Up to 5): 

Spatial Modelling, Surface Analysis, 3D terrain



1. Questions eliciting activities

Provoke curiosity

Usually, the most effective way to provoke students’ curiosity is by
presenting an exciting video or a series of photos

https://www.youtube.com/watch?v=4czjS9h4Fpg

(Perseverance Rover’s Descent and Touchdown on Mars)

But how did we manage to get to the final landing stage?

Propose preliminary explanations or hypotheses

It is best to ask these questions in the context of a relative discussion.

Is it an easy task to identify potential optimal sites?

What criteria are needed?

What is the scope of the mission?

https://www.youtube.com/watch?v=4czjS9h4Fpg


Plan and conduct simple investigation

This is the phase in which students are being prepared for the subsequent phase of evidence 
gathering during observation.

2. Active investigation

• During this step, students may collect evidence regarding the criteria needed to identify optimal landing
sites. Delineate which of these criteria are based on the surface characteristics and which are not.

• It is already difficult to gather enough spatial data even for the Earth’s surface, thus, consider for Mars.
• Use the following resources to provide students with further insights about the problem:

1. Selecting Landing site for the Mars 2020 rover
2. Mars Landing Site Selection

https://www.researchgate.net/publication/326221620_The_science_process_for_selecting_the_landing_site_for_the_2020_Mars_rover
https://www.nationalacademies.org/event/03-23-2021/docs/D710F555C5320CC7FAAA7175CB9E63FD3BEFE7503638


Gather evidence from observation

It is recommended to introduce group work at this stage. Guide the 

teachers to divide students in groups, each of which will be facilitated by 

the teacher to formulate and to evaluate explanations to the scientific 

questions based on the collected evidence. 

3. Creation

Activity planning

https://mars.nasa.gov/mars2020/mission/wher
e-is-the-rover/

Preparative steps

1. Download QGIS 3.18.1 version

2. Download Mars DEM data
Download Lunar DEM data

Students can work in groups of three 

where each member of the group is 

responsible for: 

1) data collection (maps, spatial data etc.) 

2) previous missions’ landing criteria, 

scope and objectives and finally,

3) future missions objectives and goals.

https://mars.nasa.gov/mars2020/mission/where-is-the-rover/
https://qgis.org/downloads/
https://astrogeology.usgs.gov/search/map/Mars/Topography/HRSC_MOLA_Blend/Mars_HRSC_MOLA_BlendDEM_Global_200mp_v2
https://astrogeology.usgs.gov/search/details/Moon/LRO/LOLA/Lunar_LRO_LOLA_Global_LDEM_118m_Mar2014/cub


3. Creation (Mars surface data – DEM – Simplified scenario)

1. During the first step of the Activity, 
load Mars surface data in the QGIS 
platform.

2. Use the Main toolbar (top of the 
screen) -> Layers -> Raster Layer -> 
Navigate to your folder and select 
Mars_DEM_5000.tif

3. Change layout colors using Layer 
Properties (double-click on the .tif
image you’ve loaded) -> Symbology -
> Single-band Pseudocolor -> Classify.

4. Identify mountains and pits, find 
altimeter values (identify button).

Source: 
https://www.istockphoto.com/phot

os/mars-white-background



3. Creation (Criteria for landing sites identification)

Source: Pajola et al. 2019

1. Key criteria for potential 

landing sites, considering 

ExoMars and Mars 2020 

missions.

2. What we need for this activity?

3. Landing elevation and areas 

near the Equator. 



3. Creation (Mars 
surface data - DEM)

Install qgis2threejs plugin:

Plug-ins > Manage and Install Plugins



3. Creation (Mars 
surface data - DEM)

1. Create an empty 
polygon shapefile and edit 

an area you consider as 
the most suitable.

2. Use Clip DEM with 
polygon layer and 

select “Apply”



3. Creation (Moon surface data – DEM – Simplified scenario)

1. During the first step of the Activity, 
load Moon surface data in the QGIS 
platform.

2. Use the Main toolbar (top of the 
screen) -> Layers -> Raster Layer -> 
Navigate to your folder and select 
Moon_DEM_5000.tif

3. Change layout colors using Layer 
Properties (double-click on the .tif
image you’ve loaded) -> Symbology -
> Single-band Pseudocolor -> Classify.

4. Allocate mountains and craters, find 
altimeter values (identify button).

Source: 
https://www.shutterstock.com/el/se

arch/moon+white+background



3. Creation (Moon 
surface data - DEM)



3. Creation (Moon 
surface data - DEM)

1. Create an empty 
polygon shapefile and edit 

an area you consider as 
the most suitable.

2. Use Clip DEM with 
polygon layer and 

select “Apply”



3. Creation (Criteria for landing sites identification)

Source: Pajola et al. 2019

1. Key criteria for potential 

landing sites, considering 

ExoMars and Mars 2020 

missions.

2. What we need for this activity?

3. Landing elevation, dimensions, 

slopes and aspect. 

4. You can use additional criteria 

from: 

https://www.mars.asu.edu/data/

Scale up the difficulty!

https://www.mars.asu.edu/data/


3. Creation (Optimal areas)

Landing ellipses of previous missions -
Latitudes and Longitudes of optimal areas 

near the Equator. 



3. Creation (Additional criteria – Wind speed and Direction)

Discussion about additional 

criteria, for example, wind 

speed data and albedo levels 

on Mars?

Can we find these data?

Can we relate this spatial 

information to data that we 

already have? (i.e. DEM)



3. Creation

Proposed sites for the Mars 2020 mission 
based on the Digital Elevation Model 

(DEM)

You can read on the maps the Latitudes 
and the Longitudes!



3. Creation (Mars DEM Reclassify heights)

Step 1: Reclassify heights using 
“Reclassify by Table” tool.



3. Creation (Mars DEM Reclassify Results)



3. Creation (Mars Slope)

Step 2: Estimate slopes on 
Mars using Raster Analysis 

Tools!

Raster > Analysis > Slope



3. Creation (Slopes Reclassification)



3. Creation (Dem and Slope overlay)



Creation – Part 3 (Aspect criterion)

Let’s formulate Aspect criterion without any further 

instructions!

What do we need to estimate Aspect?

What orientation is preferred?



3. Creation (Create a new Polygon Shapefile)

In this Step, students can create 
a new Polygon shapefile in order 

to Edit and Digitize the most 
suitable area!



3. Creation (Clip DEM using the Polygon area)



3. Creation (Qgis2threegis – Clipped Landing Area)



3. Creation (Qgis2threegis – Export to Web)



3. Creation (Qgis2threegis – 3D for the Entire Mars Surface)



Explanation based on evidence

Describe ways and they can use to this end and give them directions how to discover them.

​Find previous landing sites on Mars and the Moon and compare your results.

Consider other explanations

4. Discussion

Source: http://redplanet.asu.edu/?p=33040

• How do you explain the 
spatial distribution of 
the landing sites on 

Mars?
• Can we apply the same 

procedure for the 
Lunar surface?

• Which objectives 
change and what is the 

purpose of a Lunar 
Mission?

http://redplanet.asu.edu/?p=33040


4. Discussion (Landing sites – Digitize landing sites)



5. Reflection

Communicate explanation

Provide content which the teacher can use to help the students to

get familiarized and to become efficient in scientific writing.

Students can deliver a short report of previous missions landing

sites, the selected criteria for these missions and the objectives.

They can link the criteria with different spatial aspects by reviewing

and discussing in parallel the criteria they used, the geophysical

characteristics in the landing site they propose etc.

You can stimulate further discussion using information from the 

links below:

Computer Vision on Mars

Mars Rover movement algorithms

https://www.ri.cmu.edu/pub_files/pub4/matthies_larry_2007_1/matthies_larry_2007_1.pdf
http://www.cs.ait.ac.th/~mdailey/cvreadings/Carsten-MarsPath.pdf


Useful links

Mars landing: How to Select a Landing Site on Mars

Mars 2020 Mission: The Perseverance Rover Landing

China Mars Rover: Why the China Mars rover’s landing site has geologists excited

Mars: Landing Sites

Mars Landing: Picking a Landing Site for NASA's Mars 2020 Rover

Moon landing: Appolo Missions Landing sites

Moon landing sites: Landing sites Map

Lunar Surface: Different spatial data representation

50 Years Ago: Lunar Landing Sites Selected

https://www.nationalacademies.org/event/03-23-2021/docs/D710F555C5320CC7FAAA7175CB9E63FD3BEFE7503638
https://www.usgs.gov/news/mars-2020-mission-perseverance-rover-landing?qt-news_science_products=3#qt-news_science_products
https://www.nature.com/articles/d41586-021-01340-0
https://sos.noaa.gov/datasets/mars-landing-sites/
https://mars.nasa.gov/mars2020/timeline/prelaunch/landing-site-selection/eight-potential-sites/
https://airandspace.si.edu/explore-and-learn/topics/apollo/apollo-program/landing-missions/sites.cfm
https://moon.nasa.gov/resources/65/moon-landing-sites/
https://quickmap.lroc.asu.edu/?extent=-90,-25.6312682,90,27.005675&proj=10&layers=NrBsFYBoAYchGSIDMz4BYF0QOwK4A2BkA3gL4C6FplFQA
https://www.nasa.gov/feature/50-years-ago-lunar-landing-sites-selected


Chapter break (Any questions?)



Thank you for your attention!



Loukas Katikas – R&D Department at Ellinogermaniki Agogi,

Environmentalist and Researcher,

Email: lkatikas@ea.gr


