
       GOSTEAM Hands-on Activity Template (Inquiry-based) 

 

Title: 

Ride like the wind: selecting an Offshore Wind Farm sites 

Short Description (Max 500 words): 

Spatial Multi-Criteria Decision-Making (MCDM) is used for decisions with a geographical 

element, most often in site-prospecting and risk assessment processes where multiple factors 

need to be considered. Some examples incorporate: 

• Location-allocation problems 

• Marine Spatial Planning 

• Proximity to human infrastructures 

• Environmentally sensitive areas  

Keywords (Up to 5):  

Multi-criteria analysis, Spatial Modelling, Renewable Energy Resources, Offshore Wind Farms 

 

Information about the Implementation 

Age and language of the students:             9-12           12-15          15-18           18+ 

Language:  Greek   Age: 

Number of Lessons – Duration (per lesson):  

Number of Lessons:              2-3   Duration per Lesson:             45’ 

Subjects: 

For which subject(s) the activity is usable, is it an interdisciplinary activity?  

Science 

 Physics         Chemistry         Biology         Geosciences         Environmental         Other 

Technology 

Engineering 

Arts 

Mathematics 
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Information about the Scenario 

Curriculum and country: 

Link of the current activity to the curriculum: 

Country:   Greece   Class:  Secondary  Grade:  10 - 12  

    

Topic:  Spatial Modelling, Multi-Criteria Analysis,  

 Overlay, Renewable Energy, Offshore Wind Farms 

 
Objectives (Max 100 words): 

Description of the learning objectives 

During this activity, students will get familiar with some of the procedures described 
in order to  
 

• identify suitable areas for Offshore Wind Farms using different criteria,  

• reclassification rules and  

• overlay operations. 
 

Materials (Max 100 words): 

Which resources and materials (software, hardware) are needed?  

  Material: Search Engines, Satellite Images 

  Software: QGIS 

 

Spatial concepts, skills, and abilities: 

Which spatial concepts and skills are covered by the activity? 

Spatial concepts:  

Primitives: Identity/Name                Location       Space/Time 

Simple:     Distance Direction              Connectivity            Movement 

 Boundary         Shape/Area                  Adjacency 

Difficult:   Overlay  Buffer             Topology               Coordinate   

Map           Scale       Shortest Path Navigation 

Surface               Slope/Gradient            Aspect             Contour  

Complex: Interpolation     Map Projection                   Spatial Dependency   

Other: 

Cross-cutting geospatial and environmental STEAM instruments 
for the new generation (GOSTEAM) 
Project No: 2020-1-SE01-KA201-077972

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors, 
and the Commission cannot be held responsible for any use which may be made of the information contained therein.  



GOSTEAM Hands-on Activity Template 

 

Spatial skills: 

Map literacy 

Navigation/orientation 

Estimating distances and directions 

Recognizing and understanding patterns/Understand and identify models of 

spatial organization 

Select an ideal location based on the given spatial features 

Visualization 

Understand and identify spatial correlations/ dependencies 

Categorize spatial entities/ geographic features and identify hierarchies 

Compare spatial entities and draw analogies among them 

Identify/determine connections/relations 

Understanding scale in space and time 

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

Short Description 

Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and 
giving walking and driving directions.  
Estimating distances and directions: Measure paths, weighted distances, angles. 
Map literacy: Using, interpreting/understanding, learning from, and communicating 
acquired spatial knowledge from maps, comprehension of geographic features 
represented as points, lines, or polygons. 
Recognizing and understanding patterns/Understand and identify models of spatial 
organization. Delineation of spatial regions/zones based on given features/properties: 
Regionalization processes, pattern recognition and clustering identification in the 2d 
and/or the 3d world. 
Select an ideal location based on the given spatial features: Single or multi-criteria siting 
and optimal areas identification. 
Visualization: Visualizing spatial entities from written/oral verbal descriptions, from 
their 2d or graphical representations or through mental transformations; such as axis 
rotation or perspective taking. 
Understand and identify spatial correlations/ dependencies: The ability to realize, 
identify and explain patterns, clusters and relevant spatial dependencies. 
Categorize spatial entities/geographic features and identify hierarchies: Identify the 
hierarchical form of data and gradients between spatial entities. 
Compare spatial entities and draw analogies among them: Calculate and compare 
different geometric objects’ shapes, area and boundaries. 
Identify/determine connections/relations: The ability to identify links and common 
characteristics among spatial entities and between humans and spatial entities. 
Understanding scale in space and time: The understanding of changes/transitions 
through space and time for different spatio-temporal scales. 

 

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

http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf 
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Description of the activity in detail 

Question Eliciting Activities 

Provoke curiosity 

Describe ways and materials that teachers will present to their students to attract their 

attention to the topic investigated.  

 Usually, the most effective way to provoke students’ curiosity is by presenting an exciting video 

or a series of photos 

You can introduce the subject to your students using the following video 

Offshore Wind Farms characteristics: 

https://www.youtube.com/watch?v=HqCVgRbPQcg  

After the video, you can show to students the following image (you can find the 

pictures in the activity’s material folder). Alternatively, you can select any offshore 

area you prefer to run the activity. The area below is an indicative example. 

Ask students where do they think is the optimal site to place an offshore wind farm 

and why? 

If they can’t find any place, explain to 

them that this is normal! Why? 

 

Because they haven’t seen any criteria 

or prerequisites yet! 

 

To do that, we need to find many 

different types of spatial information, to 

analyze and combine this information, in 

order to succeed in selecting optimal 

areas. 

 

Propose preliminary explanations or hypotheses 

Formulate the scientifically oriented questions that teachers will present to the students to 

trigger their engagement in thinking about the topic investigated based on their existing 

knowledge. Make these questions digitally available and easily usable, e.g., by integrating them 

in the materials described in the previous step. 

 It is best to ask these questions in the context of a relative discussion.  
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Based on the questions below, you can start the first cycle of discussion with the 

students. 

Have you ever seen wind turbines at the sea? 

Why we select the marine environment instead of onshore sites? 

How many criteria are needed to be converged in order to allocate suitable areas for 

RES deployment? 

What spatial data are needed and how can spatial modelling improve site-selection 

procedures at the preliminary assessment steps? 

 

Active Investigation 

Plan and conduct simple investigation 

Provide the teachers with a specific plan of the investigation that will take place. Offer 

instructions about the activities they students will need to perform and what kind of materials 

they may need. Describe ways that the teachers can use to facilitate the students to focus on 

evidence.  

This is the phase in which students are being prepared for the subsequent phase of evidence 

gathering during observation. 

What criteria are considered as the most important?  

What type of data are needed? How can we analyze these data?  

What tools are used during spatial analysis procedures?  

Which are the expected outcomes? 

 

Need to Learn: 

 

What Geographic Information Systems (GIS) are? 

A spatial system that creates, manages, analyzes, and maps all types of data! 
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https://www.youtube.com/watch?v=-ZFmAAHBfOU (What GIS is?) 

https://www.youtube.com/watch?v=LHDCRjAxpI0 (What GIS is?) 

 

GIS and Spatial data needed - Vector and Raster data: 

One key concept that the students must deeply understand is how we “translate” and 

represent spatial information to spatial data 

 

 

 

 

 

 

 

 

Support Material for Vector and Raster data: https://gisgeography.com/spatial-data-types-

vector-raster/ 

WHY THIS IS IMPORTANT? 

In order to understand spatial data structures, models’ data inputs, data volume, spatial 

resolution, scale, computational efficiency and spatial data, big data manipulation-processing-

visualization etc.  

 

Multi-criteria decision making using GIS data and tools: 

Figure 1: Vector and Raster data differences  

Figure 2: Spatial Multi-criteria decision making (Source: Rikalovic and Cocic 2014)  
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Many of the problems we are facing today are complicated, with a lot of conflicting 

interests and solutions. However, groups need to be able to work together and 

compromise to find a solution that is the most feasible. There is often a spatial or 

geographic nature to these problems, and thus, by using GIS with different frameworks 

or analyses, can aid the decision-making process. 

Multi-criteria decision making (MCDC) is one approach used to facilitate the 

consideration of multiple criteria by decision makers. MCDA is used to logically evaluate 

and compare multiple criteria that are often conflicting to make the best possible 

decision.  

Using a GIS-MCDA can is a process that transforms and combines geographical data 

and value judgments to solve spatial problems. To do this it considers geographical data 

models, the spatial dimension of the evaluation criteria and decision alternatives in 

evaluating the criteria  

(Source: https://storymaps.arcgis.com/stories/b60b7399f6944bca86d1be6616c178cf) 

How we select our criteria that are defining the problem? 

See below some Models and Digital Apps that are used as also, the logical steps to be 

followed in order to solve multi-criteria site-prospecting problems. 

 

 
GIS, Multi-Criteria analysis and Offshore Wind Farm site prospecting 

Figure 3: Spatial Multi-criteria decision making (Source: Mytilinou et al. 2018)  
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Identifying relevant criteria and spatial data for Offshore Wind Farm Planning! What 

criteria do we need? See the following examples! 

 

 

 

Keep in mind that: 

1. Increased wind speeds lead to maximized produced energy. 

2. As the depth increases, the foundation cost increases (you can see the foundation 

types here) 

Figure 4: Some important criteria for allocating suitable areas of potential offshore wind farms. 
a) Wind, b) Depth, c) Protected areas, d) Seismic hazard zones (Source: Spyridonidou et al. 

2020)  
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3. We cannot place offshore wind turbines inside marine protected areas. 

4. We prefer areas close to the onshore transmission network, near to ports and 

harbours as also, areas that are not too far from the shore (cost increase 

considering the cables, installation and operation and maintenance procedures!).   

What we want to do?  

1. Define our problem, goal or objective. Try to understand and define the problem 

as comprehensively as possible (Find the most suitable areas for Offshore Wind 

Farms). 

2. Determine the criteria and the constraints. Using a combination of experts' 

opinions and information from various sources. This could be acquired from 

discussions with experts of relevant fields, surveying of literature and analysis of 

historical data (What data do we need? Can we find such data?). 

3. Transform the values onto a relative scale. This allows for comparison between 

each of the criteria, and for us to represent the judgments and expert knowledge 

with meaningful numbers (Most of the criteria that we select are expressed at 

different scales, i.e. wind = m/s, depth = meters, protected areas = binary/suitable-

not-suitable). Thus, we have to create a common scale! 

4. Weight the importance of each criterion in regards to the objective, and in respect 

to each other (Wind is most important than depth or the opposite? Are they equal? 

Based on these questions we set a weight score to each criterion). 

5. Combine, synthesise and aggregate the layers/criteria together (How? Using GIS 

platforms, i.e. QGIS). 

6. Analyse and then validate your results (You can create maps, tables, graphs using 

GIS platforms in order to visualized and support your findings!) 

 

Considering of the maps illustrated in Figure 4, imagine that you are trying to 

combine all these criteria and find the most suitable areas with the maximum wind 

speed, the minimum depth, outside protected areas and with minimum seismic 

hazard risk! 

 

Using some of the aforementioned criteria, let’s find out how can we succeed to 

manage this problem! 
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Creation 

Gather evidence from observation 

The selected resource (e.g., a simulation, an experiment, an animation, a graph, or other exhibit 

of similar nature) must provide students with an opportunity to collect evidence addressing the 

scientific questions presented in previous stages through direct or indirect observation. Provide 

guidance to the teacher organize and manage the activity most effectively and efficiently.  

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.  

Before the beginning of the activity, students are separated to groups of 2. One of 

the group members is responsible for the tasks’ flowchart implementation, data 

acquisition and the appropriate steps to be followed during the activity. The second 

member is responsible for the results validation and communication, including the 

final report and the maps preparation. 

Preparative steps 

1. Download QGIS 3.14.1 version  

2. Visit Global Wind Atlas website and download wind and elevation/bathymetry data 

Go to Download > GIS and API Files 

Select your country and then download 

“Elevation_W_Bathymetry” 

Then select “Wind-Speed” and to the “Select 

height” field set the height above sea level for 

the wind speed data. 

Your first task is to search for possible offshore wind turbine heights from ongoing 

offshore wind projects! 

Why is that important? Because during the pre-feasibility studies we need to estimate 

the potential wind power at the wind turbine height (the rotor height)! 

3. Download environmental data (NATURA areas) 

https://geodata.gov.gr/en/dataset/to-diktuo-natura-2000-kai-prostateuomenes-periokhes 

 

Visit this link and download all protected areas for Greece (see the figure below) 
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Select the “Shape” dataset, click on the button next to “Download” and set Format: 

Shapefile and SRS: WGS’84 

 

 

 

 

 

 

 

 

What the Shapefile and SRS mean? Remember that we discussed about 2 types of 

spatial data, Raster data (images in e.g. tif format) and Vector in shapefile (.shp) 

format! SRS stands for the “Spatial Reference System” which is the coordinate system 

of a spatial dataset. All data you have downloaded are in the WGS’84! 

Part 1: Open QGIS platform 

In order to open QGIS platform you have to navigate through the Start > QGIS 3.14 

Folder > Click on “QGIS 3.14 Desktop with grass 7.8.3” > Click on “New empty project”. 

Now you are ready to start the Activity by loading the data you have downloaded! 

Figure 6: QGIS interface and key functionalities 

Figure 5: 
Download 

NATURA areas 
data 
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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. The first way (Figure 5-selection 

2) is to use the Layer > Add Layer menu and select the appropriate type of data you 

wish to load. The second way (Figure 5-selection 1) is to open the Browser panel, 

navigate to the data you wish to load, and then drag the data on to the map display, or 

on to the Layers panel. The third way (Figure 5-selection 6) to load data is to enable the 

Manage Layers toolbar and click on the button representing the data type you wish to 

load. The fourth way is to locate the data in QGIS Browser, drag to the data, and drop 

it onto the QGIS Desktop Map Display or Layers panel  

(Source: https://www.gislounge.com/loading-data-mastering-qgis/). 

 
Part 2: Load spatial data including wind speed, bathymetry and protected areas 

 

Wind (Raster)                                                         Elevation – Bathymetry (Raster) 

 

 

 

NATURA (Vector) 

 

 

 

 

 

 

 

 

Figure 2: Data used for this activity including i) Wind (top left), Bathymetry (top right) 
and NATURA areas (bottom left) 
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Based on the above-mentioned instructions you can start with:   

1. During the first step of the Activity, load Wind, Elevation and NATURA data in the QGIS 

platform. 

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

and select GRC-elevation…..tif and GRC-wind-speed……..tif 

3. Use the Main toolbar (top of the screen) -> Layers -> Vecor Layer -> Navigate to your folder 

and select 262a95fb……shp (unzip the folder and load the file with the extension .shp) 

4. Change layout colors using Layer Properties (double-click on the .tif image you’ve loaded) 

-> Symbology -> Single-band Pseudocolor -> Classify. 

5. Identify mountains and plains, find height values and height differences, mostly in the 

Eastern-South part of the island (identify button). 

 

Figure 3: Change colors in raster files using the Symbology tab 

1. 

2. 

3. 

4. 

5. 
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Part 3 (Coordinate Systems - Reproject) 

A first discussion may begin focusing on the coordinate systems, geographic 

transformations, and projections! (Geography and Mathematics) 

Some of the spatial data acquired may have different coordinate system (Geographic 

or Projected. But what does it mean?). It is crucial to transform all data to a common 

(projected) coordinate system. 

 

• Most of the times, we select coordinate systems based on spatial scale we work (i.e. 

national) and the agent that we will deliver our results (i.e. European Union, Greek 

Ministry etc.) 

• Considering that we work for example, for the Greek Ministry, all available data will 

be reprojected to the Hellenic Geodetic Reference System (GGRS87 - EPSG:2100) 

 

In order to reproject our shapefiles (NATURA) we will navigate to the Vector tab on the 

main toolbar (top of the screen) > Data Management Tools > Reproject Layer (see 

Figure 4). 

In order to reproject our raster files (Wind and Elevation) we will navigate to the Raster 

tab on the main toolbar (top of the screen) > Projections > Warp (see Figure 5). Do not 

forget to set the “Resampling method” as Bilinear. 

Save your data as “Wind_proj”, “Dem_proj” and “NATURA_proj”. 

Figure 4: Shapefiles reprojection tool 
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Part 4 (Create Mask Layer) 

Next step consists of cutting/clipping a specific area of interest; thus, we must create a 

new empty shapefile layer and create a polygon mask! 

Why? To differentiate students’ results and trigger their interest upon different areas! 

 

Select a folder to create a new empty polygon shapefile (Browse window on the left of 

the QGIS interface). 

Right-click on your folder and select Create new > 

Shapefile. 

 

 

The “Create New Shapefile Layer” tool will appear (see 
Figure 6). 

Figure 5: Raster files reprojection tool (Warp) 
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Load you new empty shapefile through Layers > Add Layer > Add Vector Layer > 

Navigate to the folder you have created your empty shapefile. 

Load your new empty shapefile (Mask.shp) 

Select Mask.shp on the Layers menu and click on “Toggle Editing”. 

 

 

Click on “Add Polygon” and draw a Polygon that will be used as a Mask. 

 

 

 

On your Map screen a cross inside a circle will appear and you can star digitizing your 

Polygon area. To the final point you edited, press right-click by adding number 1 as the 

Polygon “id”.  

To the final point we edited, we press right-click by adding number 1 as the Polygon 
“id”.  

Figure 6: Create new shapefile window 

1. Save to folder and save as Mask.shp 

2. Geometry type > Polygon 

3. Select EPSG: 2100 (Greek Grid) 

4. Press OK 
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The bigger the Polygon is, the more the processing time increases to the next steps! 

 

  

Part 5 (Clip NATURA areas and Wind and Bathymetry rasters) 

1. Select Vector -> Geoprocessing -> Clip. 

2. Select NATURA layer as input and the new_layer (Mask.shp) as overlay layer. 

3. Save as NATURA_clip (see Figure 8). 

Why we use Vector Toolbar? Because NATURA areas are illustrated as Polygon Features 

(Vectors) and we want to work only with raster data! 

1. Select Raster -> Extraction -> Clip Raster by Mask Layer. 

2. Select new_layer (Polygon Mask) as mask layer. 

3. Source and Target CRS: 2100 

4. Select Keep resolution of input raster and match the extent. 

5. Save as Bathymetry_clip (see Figure 9). REPEAT FOR THE WIND RASTER 

 

Why we use Raster Toolbar? Because Wind and Bathymetry data are illustrated as grid 

entities (georeferenced images)! 
 

Figure 7: An indicate example of a digitized polygon area 

Cross-cutting geospatial and environmental STEAM instruments 
for the new generation (GOSTEAM) 
Project No: 2020-1-SE01-KA201-077972

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors, 
and the Commission cannot be held responsible for any use which may be made of the information contained therein.  



GOSTEAM Hands-on Activity Template 

 

 Figure 8: Clip vector data tool 

Figure 9: Clip raster data tool 
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Clipped data to the Polygon Mask extent! 

Part 6 (Bathymetry criterion): 

In this step, we want to Reclassify (change) depth values 

(meters) in score values in the range between 0 and 10! 

1. Select Processing -> Toolbox and type to the search area 

“Reclass”. 

2. Select “Reclassify values (Table)”. 

3. Grid -> Bathymetry_clip. 

4. Operator: [1] 

5. Save as “Bathymetry _fn” 

 

See Figure 10 
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Figure 10: Reclassify elevation values (table) 

1. Add 6 rows 

2. Fill the Table with these values. 
Alternatively, you can change 
either the depth limits or the 
final scores in the 3rd column 

3. Press OK 

Figure 11: Resulted Elevation criterion (use Symbology to change colors) 
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Part 7 (Wind criterion): 

In this step, we want to Reclassify (change) wind speed values (m/s) in score values in 

the range between 0 and 10! 

1. Select Processing -> Toolbox and type to the 

search area “Reclass”. 

2. Select “Reclassify values (Table)”.  

3. Grid -> Wind_clip. 

4. Operator: [1] 

5. Save as “Wind_fn” 

 

 

Part 8 (NATURA criterion / Buffer): OPTIONAL CRITERION! 

We want to create an exclusion zone (buffer) around all NATURA areas that might be 

potential sites for OWFs but not optimal. 

1. Select Vector -> Geoprocessing -> Buffer. 

2. Select NATURA_clip layer as input and Buffer distance 2km by selecting 

measuring units as “kilometers”. 

3. Select 30 segments and tick Dissolve results. 

4. Save as NATURA_buffer. 

1. Add 5 rows 

2. Fill the Table with these values. 
Alternatively, you can change 
either the depth limits or the 
final scores in the 3rd column 

3. Press OK 

Figure 11: Reclassify wind speed values (table) 
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NATURA criterion / Add score field 

1. Right-click on the NATURA_clip layer (Layers menu) and select “Open attribute 

Table”. 

2. Select the “New field” icon and name it “score”. 

3. Select “Open field calculator” -> Update existing field -> score -> type 0 on the blank 

box and Ok. 

Figure 12: Create buffer (exclusion zones) around NATURA areas 

Figure 13: Create new field on the NATURA_clip shapefile 
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NATURA criterion / Union 

The scope of the Union tool is to merge the initial NATURA polygons with the Buffer 

zones created in the previous steps! 

1. Select Vector -> Geoprocessing -> Union. 

2. Select NATURA_buffer layer as input and NATURA_clip as overlay layer. 

3. Save as NATURA_union. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NATURA criterion / Union 

Why we need this procedure? We need to set a low score inside NATURA areas (zero) 

and a higher score near to the NATURA areas (buffers). But outside these Polygons? 

 

1. Right-click the NATURA_union layer and select “Open Attribute Table”. 

2. In the line with the “NULL” input, add value 5 at the “score” field 

3. Press “Toggle editing” again 

 

 

Figure 14: Union tool for joining the initial NATURA areas with the exclusion buffers 
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NATURA criterion / Rasterize (Figure 16) 

We have to convert NATURA_union from shapefile to raster because Wind and 

Bathymetry data are also in raster format! 

1. Select Raster -> Conversion -> Rasterize 

2. Select shapes as NATURA_union. 

3. Attribute -> score. 

4. Ouput extent -> Bathymetry_fn or Wind_fn 

5. Cell_size: 241.1611050045360116 

6. Save as NATURA_raster 

 

NATURA criterion / Fill No Data (Figure 17) 

We need to fill all NoData values with the highest score (10)! 

1. Select Processing -> Toolbox and type to the search area “Fill”. 

2. Select Fill NoData cells. 

3. Raster input -> NATURA_raster. 

4. Fill value: 10 

5. Do not save output raster, just Run the command (bug issues) 

 

Figure 15: Set a value of 5 on the NATURA_union buffer polygons 
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NATURA criterion / Final criterion  

Figure 16: Rasterize tool parametrization 

Figure 17: Fill NoData cells tool parametrization 

1. Input file 

2. Attribute > score 

3. Output extent > Same as Layer > 
Wind_clip 

4. Cell size > 241.1611050045360116 

1. Input file > NATURE_union_raster  as extracted 

from Rasterization tool 

2. Fill NoData = 10 
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1. Select right-click to the output file -> Save Raster Layer as and name it as 

“NATURA_fn”. 

2. Set CRS:2100 

3. Extent -> Calculate from Layer -> Bathymetry_clip.  

4. Resolution horizontal and vertical: 241.1611050045360116 

 

 

 

 

 

 

 

 

Part 9 (Weighted Sum and Final Map): 

Our goal is to combine each pixel score for each criterion using an analytical expression 

(i.e. sum). A value of 0.33 is multiplied with each criterion as a weighting factor of 

“importance”. We may consider different weights for the criteria! 

All weights must sum up to 1! 

1. Select Raster -> Raster Calculator. 

2. Type in the expression box: 

3. "Bathymetry_fn@1" * 0.33 + "Wind_fn@1" * 0.33 + "NATURA_fn@1" * 0.33 

Figure 18: Finalized NATURA areas criterion 
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4. Save as “Final_fn” (see Figure 19) 

 

 

Part 10 (Final Map): 

But how can we extract our final most suitable areas?? 

Final map extraction expressed as the weighted sum of all criteria in the range 

between 0.33 – 8.25 (see Figure 20). 

These scores depend on the weight of each criterion. 

With no weights the scale could be potentially between 0 and 30. WHY??? 

Figure 19: Final weighted overlay map extraction using Raster Calculator 

1. Type this expression or use the operators 
and double-click on the appropriate layers 
on the Raster Bands window 

2. Save as: FINAL_Fn 
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Part 11 (Screening of optimal areas): 

Select Raster -> Raster 

Calculator. 

1. Type in the expression 

box: 

“Final_fn@1" > = 7 (cut-

off value) 

2. Save as: FINAL_areas 

Figure 20: Final map where green areas are the most suitable and red areas the non-
suitable for OWF siting 

1. Type this expression. You can also modify 
the cut-off value (7) and alternatively set 5, 
6 or 8 to see how the optimal areas change! 

2. Save as: FINAL_areas 
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Discussion 

Explanation based on evidence 

Guide the teachers to encourage their students to provide correct explanations for the topic(s) 

investigated.  

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

Wind speed and depth importance! 

Inspecting the initial data, it is rather straightforward to understand which areas are 

excluded considering the NATURA criterion, however, for the Wind and Elevation 

data it is not that clear. 

You can ask from students to think how they can validate that their results are 

correct! 

Using the “Identify button” they can inspect if the final suitable 

areas (Figure 21) overlay areas with minimum water depth and 

maximum wind speeds. 

By selecting the Wind_clip and the Bathymetry_clip on the layers panel, they can 

click on each pixel and identify the pixel’s value! If they find depths beyond 70 meters 

or wind speeds below 10 m/s, something seems to be incorrect! 

Figure 21: Final optimal areas in green colors around Lemnos island (Aegean Sea). You 
can type the name and identify this area on Google Maps  
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Alternatively, students can Polygonize their final suitable areas (i.e. transform from 

raster to polygons which is the opposite of Rasterize) and clip the Wind and Elevation 

rasters based on the polygonised suitable areas they extracted! 

To succeed that, you can type and open on the Processing Toolbox the “Polygonize” 

tool! 

 

Consider other explanations 

Direct teachers to facilitate the student groups to evaluate their own explanations in the light 

of alternative explanations, particularly those reflecting scientific understanding. Illustrate 

examples they can use and give them instructions how to locate them.  

If we change criteria weights, what do you think will happen? (Do the optimal areas 

change?) 

How do we select criteria weights? (i.e., based on the stakeholders, researchers and 

local communities' preferences). 

Can you identify additional criteria that can be integrated to the analysis? Why do 

you think they are important? 

How we can ensure that the solutions we propose is solid? (Sensitivity analysis, run 

of different scenarios by adjusting the scoring and weighting factors) 

 

Reflection 

Communicate explanation 

Guide teachers to facilitate each student group to reflect on the previous experiences and to 

produce a report with its findings, presenting and justifying the proposed explanations to the 

other groups and the teacher. 

Provide content which the teacher can use to help the students to get familiarized and to 

become efficient in scientific writing. 

The teacher may ask from the students to prepare a short report in order to 

demonstrate and discuss their results. Also, students may be guided to follow the 

appropriate steps in terms of the report outline including: 

An introduction and scope of the Activity 

The study area and data representation 

The Methodology outline (Multi-criteria decision making using GIS) 

Results and Discussion and finally, 
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Their conclusions 

 

Follow-up activities and materials 

Describe and direct the user to any follow-up activities or materials that can be used to wrap-

up the hands-on activity.  

These could include appropriate learning assessment and/or reminder materials (e.g.,  

quizzes, games, other user-friendly tests), hints for further activities etc. 

Use the following apps (Wind Power Calculators): 

Based on the pixels’ values of the Wind Speed data, using the identify button, you 

can find the mean wind speed value on the students’ suitable areas and import these 

values on the following apps in order to estimate the produced energy! 

https://rechneronline.de/wind-power/ 

https://power-calculation.com/wind-power-energy-calculator.php 

You can also download the Weibull distribution shape and scale (k,c) values from: 

https://globalwindatlas.info/download/gis-files 

Then insert these values on the following app along with the wind turbine 

characteristics to estimate the produced energy of a single wind turbine 

(ADVANCED) 

http://xn--drmstrre-64ad.dk/wp-

content/wind/miller/windpower%20web/en/tour/wres/pow/index.htm 

  

Play the following game (A historic journey of harvesting wind energy): 

https://www.brainpop.com/games/timezonexwindenergy/ 

Support material - Available data for integrating different spatial criteria: 

Wind, Elevation and Bathymetry 

Land-use, Water, Population 

Global spatial data (multiple topics) 

National and Global data providers (multiple topics) 

 

Sustainable contact 

Loukas Katikas (lkatikas@ea.gr) 
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