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Age and language of the students: 15 — 18, Greek
Number of Lessons — Duration (per lesson): 2 Lessons (45 minutes each)
Subjects: Spatial Modelling, Multi-Criteria Analysis, Overlay, Renewable Energy, Offshore Wind Farms
Curriculum and country:
Country: Greece Class: High School Grade: 2"° grade

Topic: Environment, Mathematics, Geography

Objectives (Max 100 words): Understand multi—objectivity in spatial analysis, Identify spatial patterns, Solve

spatial problem for location-allocation procedures

Materials and Tools (Max 100 words): Spatial data acquisition, GIS application (QGIS — Open Source)



Metadata

Spatial concepts, skills and abilities:

Which spatial concepts and skills are covered by the activity?

Overlay, Buffer, Map, Surface, Map Projection

Spatial skills:

* Selectanideal location based on the given spatial features,

e 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 101 A1l final.pdf



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

* Land use management

* Proximity to human infrastructures

* Environmentally sensitive areas and Ecological Risk Assessment
e Disaster Risk Management

What to do?

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.

Keywords (Up to 5):

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



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=HqCVgRbPQcg H

(Offshore Wind Farms characteristics)

<

Propose preliminary explanations or hypotheses

It is best to ask these questions in the context of a relative discussion.
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?
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https://www.youtube.com/watch?v=HqCVgRbPQcg

2. Active investigation c?e;;@siﬂ%f\wg
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Plan and conduct simple investigation

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

During this step, students may collect evidence regarding multi-criteria decision making and Offshore Wind
Farms site-prospecting.

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?



2. Active investigation

Provide students with relevant information and resources and the first cycle of discussion begins:

Available data: Available tools for MCDM:

QGIS
ArcGIS (Schools License)

Wind, Elevation and Bathymetry

Land-use, Water, Population

Global spatial data (multiple topics)

National and Global data providers (multiple topics)

Need to Learn:

Offshore Wind Farms Multi-Criteria Decision-Making Criteria and Steps (see Figs.1 and 7)

Offshore Wind Farm siting criteria (see Table 1)

Offshore Wind Farm siting criteria (see Section 3 and Tables 1 - 2)

Offshore and Onshore Wind Farm siting criteria review (see Tables 2-3)



https://www.mdpi.com/1996-1073/11/7/1855
https://reader.elsevier.com/reader/sd/pii/S0301421517300186?token=71E342899A10E76AB69DB188D54B9E16CEBEEE95F67960D854904C76B23947AA3F6730D68C2ED5B8C2969653B0893C75&originRegion=eu-west-1&originCreation=20210702090247
https://www.mdpi.com/2071-1050/12/3/905
https://www.mdpi.com/1996-1073/13/22/5906
https://globalwindatlas.info/
https://www.diva-gis.org/gdata
https://gisgeography.com/best-free-gis-data-sources-raster-vector/
https://freegisdata.rtwilson.com/
https://www.qgis.org/en/site/
https://www.esri.com/en-us/industries/education/schools/schools-mapping-software-bundle

2. Active investigation (Examples G;%’ﬁhm

CUSTOMERS

1. Wind Farm Deployment Model
1. Number of Turbines
2. Wind Turbine Size
3. Wind Turbine Layout (3 layout cases) Round 3
4, Offshore Wind Farm Locations

Round 3 Offhore Locations|
- Annual Mean Wind Speed
- Distance from ports ‘/NQ GIS
- Water Depth
iLeC Model o "
LCC= CP&C+ CPRA+ CI&C+ CO8M+ CDAD 3, Ceitaria Selection Framawork
CAPEXe CP&C+ CP&A+ CI&C (Criteria Selection Framewors
OPEX= CO&M 1. Brainstorm and Mindmap
2. Literature Review
- Production and Acquisition cost (CP&A) 3. Discussion with Experts
- Predevelopment and Consenting cost (CP&C) 4, Preliminary Assessment ;
- Installation and Commissioning cost (C18C) 5. Values Assignment 5. Optimum Location
- Operation and Maintenance cost (CO&M) 6. Decision on an appropriate Offshore Wind Farm
- Decommissioning and Disposal Cost (CD&D) MCDM Method Locations Ranking
1. Wind Farm 2. Multi-Objective 4. Mutti - Criteria §. Optimum Location
Deployment Model Optimisation Decision Making M d I d D e o I A h d
2. Multi-Objective Optimisation 4. Multi-Criteria Decision Making o e s a n Iglta p ps t at a re u se
Lxmnm Deterministic TOPSIS and Stochastic expansion
CAPEX Criteria Selection.
1. Production and Acquisition cost (CP&A) 1. Accessibility I h I : I b f I I d
A. Life Cycle Cost(LCC) | 2 predevelopment and Consenting cost (CP&C) 2. Operational environmental conditions ds a so} t e og ICa Ste ps to e roliowe
Objective Functions 3. Installation and Commissioning cost (CI&C) 3. Environmental impact

4. Extreme environmental conditions

nd 5. Grid Connection H i 1 i i
4 Operation and Maintenance cost CORM) . e s in order to solve multi-criteria site-
5. Decommissioning and Disposal Cost (CD&D) 7.LCOE
8 St et 6. Number of Turbines (NWT) | oemsx | .
- Other Objective Functions | +otal Installed Capacity (TIC) Outcome: A list of prioritised locations p ros p e Ct In g p ro b I ems.

8. Power Extracted (P)

. python
NSGA Il
Outcome: A non-dominated Set of Optimum Offshore Locations



2. Active investigation (Examples) Gost
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FRAMEWORK FOR CRITERIA SELECTION

1 . Create a mind map of the idea
(- SaEe Ul 2 | Brainstorm criteria ideas that have impact on the alternatives

1 . Conduct literature review on the idea and discover related studies
2 PERFORM A LITERATURE REVIEW 1 2 ‘Cpnﬂrm or re]eq |d§as from thg prevuous step
3 . Discover new criteria and gaps in literature

1 . Discuss ideas with experts
2 . Discuss aims and future work
3. DISCUSS WITH EXPERTS b How we select our
3 . Ask experts' opinions and/or data

- Identify strengths and weaknesses of the work and criteria criteria defl nlng the
.Make sure the criteria are clear and precise prob]em?
. Make sure the criteria do not overlap with each other

Decide the final list of criteria
Create a clear description for the criteria

CRITERIA
SELECTION

N 4. PRELIMINARY ASSESSMENT §

0N bH WON -

1 . Create a decision matrix (criteria vs alternatives)

SR RV o) Re g (o] RUIRE ISl 2 Estimate the criteria/weights

1 . Which method is best for the study?

2 . How are the criteria presented?
6.
SEERS TR B B 3 . What are the expectations for the results?



Chapter Break (Any Questions?)




3. Creation

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.

Activity planning

Before the beginning of the activity, student 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.
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Preparative steps

1. Download QGIS 3.18.1 version

“\GIS

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

sssss
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3. Download environmental
data (NATURA areas)



https://qgis.org/downloads/
https://globalwindatlas.info/
https://geodata.gov.gr/en/dataset/to-diktuo-natura-2000-kai-prostateuomenes-periokhes

Creation — Part 1 (Open QGIS)

QGIS interface

Vector and Raster
data:

One key concept that
the students must
deeply understand is
how we “translate”
and represent spatial
information to spatial
data

K 2 5 ¢
G(STEAM
[ B S
Q Untitled Prujed:- - 2. 3- . - X
D B8 BT (’_’)@ﬂﬂg% =P, #E m=- M
i!%\fé?ﬁ%ﬁ y /B Z 0 ¢ 1
Browser Processing Toolbox [ 4
m~ i g ] L L NCRE N
Favorites Q. search...
o =
D:\ ! Clip raster by extent
E:\ . % Hajurity filter
g 1. Navigate to your folders — Drag and drop datasets .
PostGIS . . & Databas
g or inspect your progress and what you are saving Qs
@ e,
& wmswmTs . . g ;ay;rh: ! |
g xene 2. Open any Vector or Raster based files with Add g
@ wrs (@ Raster te ly
o command @ o v
@ ArcGisMapServer ¥ Vector analy:
& ArcGisFeatureServer & Vector creati
s Geohiode g Vector g |
6. 3. All Vector data-based commands and Processes Q@ vecoroveer
5 x v
v d®TE-BAL o GDAL
4. All Raster data-based commands and Processes o o
S
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 Coordinate | 1.208,0.020 | Scale[ 1959725 ~| @ Magrifier [100% 1| Rotation [0,0° :|HARrender @ epsciaze @



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

Creation — Part 1 (Open QGIS) c;@;s%’frs M
Tk

raster data

~l / N N 21 urban area

Vector and Raster ~_\_\_,_j";--;\ '}
data: f

One key concept that
the students must
deeply understand is J O
how we “translate”
and represent spatial
information to spatial
data

river

vector data

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.


https://pediaa.com/what-is-the-difference-between-raster-and-vector-data/
http://www.eo4geo.eu/training/urban-heat-islands-basic-gis-knowledge-vector-and-raster-data/
https://www.azavea.com/blog/2014/08/21/summer-of-maps-raster-versus-vector-visualization/vector-raster/

Creation—Part 1
(Load data)

Elevation — Bathymetry
(Raster)

NATURA
(Vector)




Creation — Part 1 (Coordinate Systems - Reproject) GoSTEAM
AN

A first discussion may begin focusing on the coordinate systems, geographic transformations and projections!
(Geography and Mathematics)

{5} Coordinate Reference System Selector x
5 -
@ Reproject Layer Filter | L 2100
Recently Used Coordinate Reference Systems
Parameters Log Coordinate Reference System Authority ID

Some of the spatial data inputlayr
p Y NATURA [OGC:CRS84] - @@ -J% it

Selected features only

acquired may have different

EP5G:4326 - WGS 84

o

L] 3

COO rd i N ate SySte m b Advanced Parameters Predefined Coordinate Reference Systems Hide deprecated CRSs

R jected
=prolE Coordinate Reference System Authority ID
[Create temporary layer] NADS3 / Montana EPSG:32100
* Mercator

( G e Og ra p h i C O r P roj e Cte d * B u t V! Open outpt fe afterrunning aigortm WE5_1984 Web_Mercater_Auxiliary_Sphere ESRI: 102100

* Transwverse Mercator

. . GGRS58T / Greek Grid EP5G:2100
what does it mean?). It is ‘ o

GGRS37 | Greek Grid

crucial to transform all data to T scnsrrommses | ceass cedr

BASEGEOGCRS ["GER537™,
DRTUM["Greek Geodetic Ref
eeeeee System 1387",

d common Coordinate SyStem. coraren gog TELIFSOIDIGRS 25207,

0% LENGTHUNIT [ "metze | i

| |Run as Batch Process. . oK Cancel Help
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Creation — Part 1 (Coordinate Systems - Reproject) GQSTEAM

L) Warp (Reproject)

* Most of the times, we select coordinate Parameters | Log
Input layer
systems based on spatial scale we work B -

Source CRS [optional]

Project CRS: EPSG:4326 - WG5S 84 b

(i.e. national) and the agent that we

Target CRS [optional]

EPSG:2100 - GGRS37 [ Greek Grid hd

will deliver our results (i.e. European

Resampling method to use

Bilinear -

Union, Greek Ministry etc.)

Modata value for output bands [optional]

Mot set =
¢ CO NSl d erin g th at we WO rk fo r th e G ree k Output file resolution in target georeferenced units [optional]
Mot set
Ministry, all available data will be P
Reprojected
re p rOJ ecte d to t h e H e | | e n | C G eo d et | C C:Usersloukat/Desktop/EA_Frasmus+/GOSTEAM_Scenarios/Summer_Schoal (Offshare_wind /Results MWind_proj. tif

v | Open output file after running algorithm

Reference System (GGRS87 - GDAL/OGR console call
EPSG:2 100) 0% Cance

Run as Batch Process... Run Close Help




Creation — Part 2 (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!

@ New Shapefile Layer

File name
File encoding
Geometry type

Additional dimensions

Mew Field

C:fUsersfloukat/Desktop/EA_Erasmus+/GOSTEAM_Scenarios Summer_School /[Offshare_wind Results/new_layer.shp
System

[~ polygon

®) Mone Z (+ M values) M values

EP5G:4326 - WGS 84

Mame  |Mask

Type abc Text Data

Length |80
Fields List
Marme Type
id Integer

Precision

1 Add to Fields List

Length Precision
10

Remove Field

Ok Cancel

Help
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Creation — Part 2 (Select Study Area as Polygon) G;@z TE

LBy (ﬂa,rg,
‘A ; Seige

() *Untitled Project — QGIS

1. Select a folder to create a new e
DEERRN UeLPLHNI Pirag g tlDO &5 E %
R@Viowm @ 4/ %% = @ oy

2. Select the new layer on the Layers GU- & - Ry~ O raaroyeen |

empty polygon shapefile.

Feature (Ctrl+.)

Browser =
menu and click on “Toggle Editing”. oRT®O
¥ [ Files -
. * 5 Surmmer_School
3. Click on “Add Polygon” and draw a ~ B Ofshore.wind
b [ Greece NATURA
. » [ Photos
Polygon that will be used as a Mask. 5 Resuts

" GRC_elevation_w_ba

. . . - GRC_wind-speed_101

4. To the final point we edited, we summer school e
- GOSTEAM_ProposaI.pdf_

press right-click by adding number 1 » S GOSTEAM.Proposalpdt |-

5" Yeanie TiThe nnn

1 L4
Layers ]

as the Polygon “id”. ¢ 8% T 6% a0

. . v NATURA_proj
The bigger the Polygon is, the more the . Bl e e
’ ind_praj
. . . b v 3 Bathymetry_proj
processing time increases to the next B NATURA

4 - GRC_wind-speed_10m
b " GRC_elevation w_bathymetry

steps!
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Creation — Part 2 (Clip NATURA areas)

WAQ S
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1. Select Vector -> Geoprocessing -> @ ciip
C||p Parameters Log ! C"p
Input layer

This algarithm dips a vector layer using the
features of an additional polygon layer. Only the
parts of the features in the Input layer that fall
within the polygons of the Qverlay layer will be
added to the resulting layer.

2. Select NATURA layer as input and () NATURA.proj [EPSG:2100] -] € R L

Selected features only

the new_layer (Polygon Mask) as S
[~ new_layer [EPSG:2100] - ['ﬁ'] %

Selected features only

3. Save as NATURA clip. Cipped

icenarios/Summer_School (Offshore_wind /ResultsMATURA_dip.shp -

The attributes of the features are not modified,
although properties such as area or length of the
features will be modified by the dipping operation.
If such properties are stored as attributes, those
attributes will have to be manually updated.

overlay layer.

v | Open output file after running algorithm

Why we use Vector Toolbar? Because
NATURA areas are illustrated as Polygon
Features (Vectors) and we want to work

only with raster datal

0% Cancel

Run as Batch Process... Run | Close Help




Creation — Part 2 (Clip Wind and Bathymetry rasters)

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

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

as grid entities (georeferenced images)!

O ) .

==

=y

) ﬂ;‘“&"
o
'7cw;=¢'

Q@ Clip Raster by Mask Layer

Parameters Log

Input layer
" Bathymetry_proj [EPSG:2100]
Mask layer
L~ new_layer [EPSG:2100]
Selected features only
Source CRS [optional]
EPSG:2100 - GGRSET [ Greek Grid
Target CRS [optional]
EPSG:2100 - GGRSET [ Greek Grid
Assign a specified nodata value to output bands [optional]
Mot set
Create an output alpha band
v | Match the extent of the dipped raster to the extent of the mask layer
¥ | Keep resolution of input raster

Set output file resolution

¥ Resolution to output bands [optional]

0%

Run as Batch Process... Run

- &)

Close

Cancel

Help




Creation — Part 2 (Clip Results)

Clipped data to the Polygon Mask

extent!




Chapter Break (Any Questions?)




Creation — Part 3 (Bathymetry criterion) G;@?S%}E M
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In this step, we want to Reclassify (change)  owbee we e proceing e
depth values (meters) in score valuesinthe 3 0 @ L la IO @ = RS me L0 0= T

(5} Reclassify Values (Table) o

range between 0 and 10! L

Parameters Log b

4 Lookup Table

1. Select Processing -> Toolbox and Procesing Toalbox o®

minimurm maximum new Add Row

1/0 1700 0 Remave Row(s —*‘t st SRR
type to the search area “Reclass”. .. - : | [ e
“ . P s - ‘ x T ey oo
2. Select “Reclassify values (Table)”. s« 0 : et ] ey
. . 5-70 -0 & Add unique value index field
3. Grid -> Bathymetry_clip. 50 0 1 - %g%’;?m

@ r.reclass.area

4. Operator: [1] | e

] @ v.reclass
~ & sach )
5- Save aS ”Bathym etry _fn” : :aftém;zlli}i:xtl_lre classification
-l.ztétcﬂce-jlaizif; values

lues (range)

assify values (simple)
& Reclassify values (single)
& Reclassify values (table)

* Terrain Analysis - Morphometn
& Curvature classification

0% Cancel

Run as Batch Process. . | Run | Close

Coor SIEET, : = tion | 0,0° %+| ¥ Render & Epsciaie @




Creation — Part 3 (Wind criterion)
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In this step, we want to Reclassify (change) wind speed values (m/s) in score values in the range between 0 and 10!

1.

2.

and type to the search area
“Reclass”.
Select “Reclassify values
(Table)”.
3. Grid -> Wind_clip.
4. QOperator: [1]
5. Save as “Wind_fn”

Select ProceSSIng > TOOlbOX | 0 RecI355|fy‘u’aIues('I'abIeJ

Parameters Log
'd Lookup Table

minimurm
1|0 4
24 &
3|6 8
48 10
510 15

Run as Batch Process...

maximum

=] =4 e =

0%

new

e e

Add Row
Remove Row(s)
Remove Al
CK

Cancel

® 2 H

E

Processing Toolbox
CRCE-NEAEN
L, redass
= (1) Recently used
@ Reclassify values (table)
Reclassify by table
= () Raster analysis
Reclassify by layer
Reclassify by table
~ (2 Vector table
Add unique value index field
- & GRASS
~ Raster (r")

@ rreclass

@ rreclass.area
* Vector (v.*)
@ vreclass

| ~ & saca

* Raster analysis
& Soil texture classification
¥ Raster tools

& Reclassify values
& Reclassify values (range)

@ Reclassify values (single)
@ Reclassify values (table)
+ Terrain Analysis - Morphometr,

& Curvature classification

@ Reclassify values (simple)

B



Creation — Part 3 (Slope criterion)

Let’s formulate Slopes criterion without any further

instructions!

What do we need to estimate Slopes?
[s a Raster or Vector dataset?

We prefer flat areas or not and why?



Creation — Part 3 (NATURA criterion / Buffer)

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.

G.'! Buffer

Parameters Log
Input layer

[~ NATURA_dip [EPSG:2100]

Selected features only
Distance
2,000000
Segments
30
End cap style
Round
Join style
Round
Miter limit
2,000000

¥ Dissolve result

Buffered

€@ (5
=

narios/Summer_School /Offshore_wind /Results/NATURA_buf.shp

of | Pinan st fla aftar

Run as Batch Process...

inmira slasritses

0%

kilometers -

- 9 w%

G

FY
-

L1

Buffer

This algorithm computes a buffer area for all the
features in an input layer, using a fixed or dynamic
distance.

The segments parameter contrals the number of
line segments to use to approximate a quarter
crcle when creating rounded offsets.

The end cap style parameter controls how line
endings are handled in the buffer.

The join style parameter spedfies whether round,
miter or beveled joins should be used when
offsetting corners in a line.

The miter limit parameter is only applicable for miter
join styles, and controls the maximum distance

from the offset curve to use when creating a
mitered join.

Cancel

Run | Close Help




Creation — Part 3 (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.

-~

A

1.2 phjectid

s

objectid
144, 0000000000,

59,00000000000...
60,00000000000...
57,00000000000...
105,0000000000...
41,00000000000...
42,00000000000...
43,00000000000...

44 00000000000...

Fl

CODE
.| GR4110002

GR1430003

GR1430004

GR1430001

GR2410001

GR1270007

GR1270008

GR1270009

GR1270010

AR AANT A

B &

area

62837464,00000...
333160,4000000...
2491456000,000...
311121664,0000..,
116065024,0000...
5328192, 500000...
2861008, 790599,
9339620,000000...

11509713,00000...

44 WA 40T

Q MATURA clip — Features Total: 35, Filtered: 35, Selected: O

A TED D (BR 2 E

perirmeter

3744308999999,
4400,529300000...
193202, 4400000...
82648, 47000000..,
216476, 7000000...
22157, 25400000...
18385,45100000...
30180,67199999...

21603, 22999999...

AT AT TE NN

R

[ New field (Ctrl- W) |

hectares

6283, 746000000...
48,81600000000...
249145,6099%99...
31112,16400000..,
11606, 50200000...
532,2189990049,.,
286,1100000000...
938,9619999999...

1150,971000000...

A4 W A

5CI

SCl

5C1

5CI

5C1

SCl

5CI

SCl

5C1

ChA

SITETYPE

@

PERIPHERY

FOTIIRIR

T FFFFFY

PREFECTURE

TIIITY

FEFFFY

* || Update Al

MAME_LATIM
AGIOS EFSTRAT...

SKIATHOS: KOU...

ETHMIED THAL...

OROS PILIO KAL.,

LIMMES YLIK] K.

AKROTIRIO ELL..

PALIOURI - AKE...

PLATAMNITSI - 5.

AKROTIRIO PYR...

EICAAT ASIAC T

pdate Selected

.
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Creation — Part 3 (NATURA criterion / Union)

WAQ S
= ] q é“;\:‘
S- M

(2 Union >

The scope of the Union tool is to Parameters | Log Union

Input layer
e This algorithm checks overlaps between features

initi Y MNATURA buf [EFSG: 2100 - % within the Input layer and creates separate
merge the l nltl al NATU RA p0|ngnS buf [P L [gj] features for overlapping and non-overlapping
parts, The area of overlap will create as many
identical overlapping features as there are

with the Buffer zones created in the Overlay layer [optiona] features that particpate in that overlap.

) MATURA_dlip [EPSG:2100] - [gj] % An Overlay layer can also be used, in which case
features from each layer are split at their overlap

4

Selected features only

I'eVIOUS Ste S ! y with features from the other one, creating a layer
p p Selected features only containing all the portions from both Input and
p Advanced Parameters Owerlay layers. The attribute table of the Union
layer is filed with attribute values from the
Unicn respective original layer for non-overlapping

features, and attribute values from both layers for
snarios/Summer_School /Offshore_wind/Results MATURA_union, shp e overlapping features.

1. Select Vector -> Geoprocessing ->

v | Open output file after running algorithm
Union.

2. Select NATURA buffer layer as

input and NATURA_clip as overlay

layer.

3. Save as NATURA _union. 0% Cancel

Run as Batch Process... Run | Close Help




Creation — Part 3 (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?

(2} MATURA_union — Features Total: 36, Filtered: 36, Selected: 0
. . y == = ! ) = 7 -
1. Right-click the /@ @ A TESD BR 2 E
I.J Toggle editing mode (Ctrl+ E]l
1 objectid_2 CODE_2 area_2 perimeter_ hectares_2
NATURA_UHIOH layer and 21| 5 0| GR2420010 £2433300,00000... 42337,20999999,,, 6243,320000000... SPA
. 22| 5 145,0000000000... GR4110003 208170363,0000... 137588,9700000... 20817,03700000... SC|
“« : d " :
select “Open Attribute
p 21| 5 0 GR1270013 4395787,000000... 14707,51499999... 439,5730000000... SPA
” 24| 5 146,0000000000... GR4110004 183110368,0000... $9431,77999999... 18311,03700000... SC|
Table”.
25 5 0 GR4110010 222194368,0000... 167725,3200000... 23819,43799999,. SPA
. . 26| 5 207,0000000000... GR1110004 164377408,0000... 80184,83599999... 16437,74000000... SC|
2. Intheline with the
27| 5 0 GR4110008 1252424,800000... $558,032999999,,, 125,2420000000... SPA
“ ” o 28| 5 MULL | NULL NULL NULL NULL | NULL
NULL” input, add value i : : i
20| 5 0 GR1430005 129673256,0000... 133592,4500000... 12967,32600000... SPA
“ ” £ 5 0 GR1Z70004 £6331518,500000... 15955,10299999... £33,1520000000... SPASCI
5 at the “score” field =t : : :
31 5 0 GR2420011 393081280,0000... 234656,8099999.., 39308,12999999... SPA
o 1 V24
3_ Press Togg|e ed|t|ng 32| 5 0 GR2420006 40889144,00000... 33497 69000000... 4088,914000000... SPASCI
32| 5 0 GR1270014 234511664,0000... 125018,6399999... 23451,16300000... SPA
a gain 34| 5| 107,0000000000... GR2420002 12977340,00000... 19668,47999999,,, 1297,733893939... 5C
35| 5/ 143,0000000000... GR4110001 182316624,0000...  £1263,85000000... 18231,66200000... 5CI
L |

PERIPHERY_
I IIIITT

NULL

PREFECTU_1

FRITIT

NULL

* || Update Al

MAME_LAT_1
OROS KANTILI

LESWVOS: DYTIKI ...
YGROTOPOI ME...
LESVOS: KOLPO...
MOTIODYTIKI C...
FEMNGARI SAMO...
MISIDES KAI VR...

MNULL

MISIA KYRA PA...

LIMMOTHALAS...
ORI KENTRIKIS ...

SKYROS: OROS ...
CHERSONISOS ...
DIRFYS: DASOS ...

LIMMNOS: CHOR...

Update Selected f

score_2

-




Creation — Part 3 (NATURA criterion / Rasterize)

1. Select Raster -> Conversion -> Rasterize
2. Select shapes as NATURA union.
3. Attribute -> score.
4. Quput extent -> Bathymetry fn or
Wind fn
5. Cell_size: 241.1611050045360116
6. Save as NATURA raster

We have to convert NATURA _union from shapefile to
raster because Wind and Bathymetry data are also in
raster format!

Selected features only
Attribute
1233 gcore_2
Output Values
[2] attribute
Method for Multiple Values
[4] mean
Method for Lines
[1] thick
Methed for Lines
[1] el
Preferred Target Grid Type
[3] Floating Point {4 byte)
Cutput extent [optional]
426613.9948,688514.9543,4244435. 445 1, 4484873.0698 [EPSG:2100]
Cellsize
100,000000
Fit

[1] cells

| 0%

Run as Batch Process...

K 2 § ¢
Al
G{JSTEAM
[N
- (2} Rasterize

Parameters Log

Shapes

[ NATURA _union [EPSG:2100] - @gj] *}\\ﬁ

-
-

-

Cancel

Run | Close




Creation — Part 3 (NATURA criterion / Fill No Data) éw

, “Q@FillNeDstaCls T X
1. Select Processing -> Toolbox .
Parameters | Log ‘ Fill NoData cells b_

a n d ty p e to t h e S e a rC h a re a Raster input This algorithm resets the MoData values in the

3 MATURA_union_raster [EPSG:2100] - || .. input raster to a chosen 'v'_alue. re;ulting in a raster
e dataset with no NoData pixels. This value can be Processing Toolbox
F | | | . Band Mumber set by the user using the Fill value parameter, The ~ N
algorithm respects the input raster data type (eq. '*tt 'I"_ L = Sy
Band 1 = a floating point fill value will be truncated when p

. ] applied to an integer raster). il
2. Select FI” NOData Ce”S. Fill value — |F' :_»;I RECEﬂtl'_'," used
|10 a |- B Fill NoData cells

3. Rasterinput-> Sutptraster ~ @ Cartography

[Save to temporary file] — Align points to features
= (2} Rastertools

N ATU RA ra Ste r_ ¥ | Open output file after running algorithm E Fill NoDats cells

* (&) Vector geometry
4.  Fill value: 10

Delete holes
M= GDAL
= Raster analysis
o= Fill nodata
%% GRASS
= Raster (r.*)

1

1

5. Do not save output raster, just

@ r.basins.fill

Run the command (bug ¢ s
r.fill stats

@ rfillnulls

issues) @ rlske

@ r.patch
> & SAGA
* Simulation

We need to fill all NoData values & ks moten
With the higheSt score (10)! : @ Fillli_la!:s iI|1_|I'Ei_'CI|'C|£

* Terrain Analysis - Hydrology

Run as Batch Process.. Run | Close Help @ Fill sinks

& Fill sinks fwann B lin

0% Cancel




1.

3.

4.

Creation — Part 3 (NATURA criterion / Rasterize)

K 1
GQSTEAM
B S
(2 *Untitled Project — QGIS
Select rlght_cllck to the OUtpUt Project Edit Wie Layer Settings Plugins Vector Raste ;:-.:euz:;es .'.::stl.if-:-n Processing Help
D % =f:: @ @' ﬁ.) ﬁ) ;] o Save Raster Layer as...
- utput mode (® Raw da endered image
file -> Save Raster Layer as BQV e D | :muz d GE:HFF o R : N
and name |t aS ”NATU RA_fn”. @] - D? | File name _Frasmus +\GOSTEAM_Scenarios\Summer_School\Offshore_wind\Results\NATURA_fn.tif &
Browser & Layer name
2. Set CRSZ].OO AET™®e6 CRS EPSG:2100 - GGRSS7 / Greek Grid - | |8
b [ Files = &
Extent -> Calculate from Layer TR e wind s
b [ Greece MATURA Morth |4484873,0698

¥ [ ] Photos

-> Bathymetry clip. } B Resuls

=" GRC_elevation_w_ba
Resolution horizontal and PG s spesd W
summer-school-draft_M

ve rtlca | . " GOSTEAM_Proposal.pdf

¥ = GOSTEAM_Proposal.pdf

West |426614,9548

Current Layer Extent

South |4244473,0698

Calculate from Layer =

w Resolution (current: layer)

East |688514,9548

Map Canvas Extent

® Harizontal | 100 Vertical | 100 Layer Resolution
""" ¥ianie Tithn nnn 3
241.1611050045360116 ‘ ’ -
. Layers & )
- I@ @ -Y-' 1 —1; Q v Create Options
~ v ¥ Output raster et | 2 Profile | Default
Band 1 (Gray)
. 10 MName Value
o Validate Help -
D NATURA clip v | Add saved file to map oK Cancel Help

b | 2 NATURA_union_raster

M nATHRA nnine




Creation — Part 4 (Weighted Sum and Final Map)

@ Raster Calculator

Raster Bands

1. Select Raster -> Raster Calculator. sime, <101
Gncfe|ev;¥5pn_dv_hathymetq@1
GRC_wind-speed_10m@1

2. Type in the expression box: ﬁij;@
"Bathymetry fn@1" * 0.33 + "Wind_fn@1" * e
0.33 + "NATURA_fn@1" * 0.33 -
3. Save as “Final_fn” ' g
Our goal is to combine each pixel score for each b "‘

Raster Calculator Expression

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 sumup to 1!

Expression valid

"Bath fn@l™ * 0.33 + "Wind fn@1"

Result Layer
Output layer iool\Offshore_wind\Results\FINAL_Fn €3
DOutput format GeoTIFF
Selected Layer Extent
X rnir 426613,99475 > X max |683514,95479
' min 4244435,44808 = ¥ max | 4434873,00977
Columns | 1086 = Rows | 997
Qutput CRS GGRS37 [ Greek Grid -
v | Add result to project
Cos 5in tan log10 (
acos asin atan In ]
= = = AND OR
% 0.33 + "HATUBRR fn@l™ * 0.33
oK Cancel

Help

Ak Ll L1

e




Creation — Part 4 (Final Map) c%g;%nﬁui

Final map extraction expressed as the
weighted sum of all criteria in the
range between 0.33 — 8.25.
These scores depend on the weight of
each criterion.

With no weights the scale could be

potentially between 0 and 30.

But how can we extract our final most . 4 s rinaLfa
suitable areas?? ini;_éaraﬂ

I 0,33




Creation — Part 5 (Screening of optimal areas)

1. Select Raster -> Raster Calculator.

2. Type in the expression box:

”Final_fn@]'" >=7 (CUt-Off Value)

" 3T
\

-

Q Raster Calculator

Raster Bands

Bath_fni@1

Bathymetry_clip@1
Bathymetry_proj@1

FINAL_Fn@1

Final_areas@1
GRC_elevation_w_bathymetry@1

Result Layer

Output layer |

Output format | GeoTIFF

|Selected Layer Extent|

GRC_wind-speed_10m@1 Xmin | 426613,99475 |¢| ¥ max | 683514,35479 |¢|
MNATURA_fri@1 ; - a
NATURA union raster@1 Ymin | 474443544808 2|  ¥max | 448487306877 |3
Wind_clip@'l Columns | 1086 |¢| Rows |997 |=|
Wind_fn@1 —
Wind_proj@1 Output CRS |EPSG:2100 - GGRSG7 [ GreskGrid ~ ~ | | &%
test@1 .
v Add result to project

w Operators

|+ ] = || st || s || sn || tan || lgl0 || ( I

I [ / o~ || aws || an || atan || || ) |

| < | > = J = == || = | aw || OR |

| abs | | min | | max |

Raster Calculator Expression
"FINAL_Fn@l™ >= 7

Expression valid

oK Cancel | | Help




Chapter Break (Any Questions?)
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4. Discussion

b'P‘Q:xw

= ] -
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Explanation based on evidence

Describe ways and they can use to this end and give them directions how to discover them.
Wind speed and depth importance!

Use the following apps (Wind Power Calculators):

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

http://xn--drmstrre-64ad.dk/wp-content/wind/miller/windpower%20web/en/tour/wres/pow/index.htm

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

Foundations’ cost

Consider other explanations
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 incorporated in the analysis? Why do you think they are important?

How we can be sure that the solution we propose is solid? (Sensitivity analysis, run of different scenario by
adjusting the scoring and weighting factors)


https://rechneronline.de/wind-power/
http://drømstørre.dk/wp-content/wind/miller/windpower%20web/en/tour/wres/pow/index.htm
http://drømstørre.dk/wp-content/wind/miller/windpower%20web/en/tour/wres/pow/index.htm
https://power-calculation.com/wind-power-energy-calculator.php
https://www.researchgate.net/figure/Cost-comparison-of-fixed-and-floating-foundation-concepts-3_fig1_323974196

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.

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

Results and Discussion and finally,

Their conclusions

Sy
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Thank you for your attention!
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