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Why Flat?

Equipotential Surfaces, W,

7

/

Imagine pouring water onto a
dry lake bed. If everything is
level it will simply pool up. It
would “like” to get to lower
potential (darker lines), but the
lake bed is in the way.

Images credit NOAA

If the lake bed is tilted (it's now
the side of a hill), the water can
move towards lower potential
(towards darker lines). Water
appears to flow because of a
change in height

If the lake bed appears flat, but
there is a under one
end, the resulting geopotential
difference causes water to flow to
lower potential (again, from light
to dark lines). It appears to flow
because of gravity.

Exaggerated (!), but you can
imagine a scenario where the
height difference and gravity
attraction “conspire” to keep
the water still on the side of a
hill!



https://geodesy.noaa.gov/research/geopotential-datums/geopotential-surface.shtml
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Why Flat?

GNSS co-located
tide gauge

Mean Sea Surface
(Local MSL) \



https://geodesy.noaa.gov/research/geopotential-datums/geopotential-surface.shtml
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Why Flat?

Apri nel map viewer Modifica mappa & Accedi

Home v GEOID18 Web Map
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https://geodesy.noaa.gov/research/geopotential-datums/geopotential-surface.shtml
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Visualization of Gravity Field Models and their Differences

This s an interactive web site (based on Javascript) to visualize the Geoid and other gravity functionals of the Earth. Please have some seconds patience for generating the image on the server.
The Geoid undulations are multiplied with a so-called radial ‘boost factor’ initial value: b = 10,000) to make them visible.
You can select another Functional, gravity Model and Subtrahend model (to display model differences)

).
The option Grid defines the resolution of the view: smaller values show more details, but require more computing time (on the server).

T | Timeseries of Gravity anomalies
g T o> Geoid data as anomalies from

Temporal Models

e : _ = & . simplified geometries (ellipsoid)

Topographic
Models

Calculation Service
Regular grids
User-defined points
G3-Browser (beta)

Temporal Models
Trend & Amplitude
Spherical
Harmonics
Evaluation
Spectral domain
GNSS Leveling

Documentation
FAQ
Theory
References
Latest Changes
Discussion Forum

Table of Models
3D Visualization
Calculation Service

Imprint
Data Protection

Admin-Login

ieomaflrum. e
platesilines  |-|Boost|+| |-| Color|+| Background
By clicking on the image you can Rotate and by scrolling with the mouse wheel over the image you can Zoom.



https://icgem.gfz-potsdam.de/home
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WGS84 and Global Poistion System REPRESENTATION
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Lat/Lon value is angles not meters!
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WGS84 and Global Poistion System REPRESENTATION

PRESENTATI(
OETHEEARTH

Lat/Lon value is angles not meters!

ELLIESOID
APPROXIMATION

T

-
ANOMALY]
MODEL(GEQID]

Credit: NASA/JPL-Caltech
‘ a Google Developer Group

Gela




s Name or NORAD ID
DOVE 3 v

SURCAL 159 #2872 @

Speed: 26,612 km/h
Height: 919 km
Latitude: -62.44°

Longitude: -108.72°
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https://satellitetracker3d.com/

Google 3D Tiles + deckgl + CARTO

The Importance of

Vegetation for Cities. credit ERSI 360VR
Start )

CARTS . G‘xﬂm‘n Flatform Vdock.gl
| soldati dell'esercito americano si
ammalano durante il test delle cuffie basate
su HoloLens di Microsoft

Aug. 28, 1962 i L 3,050,870
NS0F WLATOR

Filed Jaa. 10, 1961 8 Shoota-Sheot 3

3D in geospatial,
una sfida aperta

Google Developer Group
credit



https://www.arcgis.com/apps/360vr/index.html
https://space-solutions.airbus.com/industries/defence/training-and-simulation/
https://patents.google.com/patent/US3050870A/en

2025 compound
annual growth
rate

12.7%

Con una crescita
stimata del 18.3 nei
prossimi anni

Google Developer Group

Geospatial Solutions Global Market Report
2025
$1210.94 billion

The Business i 1—‘
Research Company 0!0
AR
$617.84
billion
$548.07
billion

2025 2026 2027 2028 2029

Market Size (in USD billion)

source: https://www.thebusinessresearchcompany.com/



Why Code?
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Scripting, analysis and report

Deploy services (back-end)

Data management

Data viz and sharing (front-end)




Why Code?
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Geospatial technology is...

and is not...




A little history...

Paolo Forlani, [Africa], 1566
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A little history...

BRITISH .

PATHE

Google Developer Group British Paté [Making Maps], 1961



A little history...
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Milestone of GIS (Geographical Information Systems)

Roger GRASS GIS, LMObII.e GISs
Tomlinson MIDAS/Maplnfo SEIRIT

Based Machi
_ Services achine
2002:Gary Learning
ERSI founded Sherman write
QGIS
Cloud
GIS
1963 1969 N\ 2000's 2010’s
| A-GIS
Canada The first Gis Digital
Geographic desktop Twins
Information products Remote
System Sensing
y Grow of the most | 2005: Google
<D Google Developer Group advanced company in Maps
* G this sector
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| wisely started
with a map

Three Case History
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Case #1: NO CODE approach

gls Rlverbanks Tools

toolbox for river analysis

-_with les and Python

~‘.»",
3
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: oy Y :
» httos //glthub com/glanfrancodr)/qgls rlverbanks tools
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qgis-riverbanks-tools [ Models / CVI [ Confined_Valley_index_v.1.1.py

isigner Modello - RB Safety Bands tool - DEV

+ 687 lines (536 loc)

32.2 KB =) &2~

Executable File

Blame

Buffer su un solo lato

#Imports from qgis.core

from qgis.core import QgsProcessing

Description | Left side buffer

21 from qgis.core import QgsProcessingAlgorithm

22 from qgis.core import QgsProcessingMultistepFeedback Layerin ingresso

23 from qgis.core import QgsProcessingParameterVectorlayer "T\ (e ——
24 from qgis.core import QgsProcessingParameterNumber © L o

25 from qgis.core import QgsProcessingParameterBoolean

26 from qgis.core import QgsProcessingParameterFeatureSink

27 from qgis.core import QgsProcessingParameterDefinition

import precessing

31 ~ class ConfinedValleyIndex(QgsProcessingAlgorithm):
<IDOCTYPE model>
#Definition of input parameters Sgtlon Lysesswn> .
3% v def initAlgorithm(self, config=None): SOpELEn (Eypesttip Samestchildrmnts
N . ) X X 4 <Option type="Map" name="native:fieldcalculator 1>
35 self.addParameter(QgsProcessingParameterVectorLayer('left_river bank', 'LEFT River Bank', types=[QgsProcessing.TypeVectorLine] B <Option type="bool" name="active" value="true*/> S
36 self.addParameter(QgsProcessingParameterVectorLayer('right_river_bank', 'RIGHT River Bank', types=[QgsProcessing.TypeVectorlin <Option name=*alg_config*/>
37 self.addParameter(QgsProcessingParameterVectorLayer( 'river_line', 'River Line', types=[QgsProcessing.TypeVectorline], defaultV <Option types*QString* names*alg_id* values*native:fieldcalculator"/>
38 param = QgsProcessingParameterNumber('sezid_number_lenght', 'SEZ-ID number lenght', type=QgsProcessingParameterNumber.Integer, 2 Fetien (g ARring MaSTRRAL AL/
N S <Option type="Map® name="comment">

Eld param. setFlags(param.flags() | QgsProcessingParameterDefinition.Flaghdvanced) 4 Ot T T Rt Eig Rse=CAToEY Vel
48 self.addParameter(param) <Option type="QString® name="component_description* values**/>
41 param = QgsProcessingParameterBoolean( 'transects_id_assignment_revert', 'Transects ID assignment revert’, defaultValue=False) 1 <Option types“double® nas 5 *116.00800080000001" />
42 param.setFlags(param.flags() | QgsProcessingParameterDefind tion.FlagAdvanced) 5 SOpsion Kyn A2

14 <Option type="double" name="component_pos_y* value="576"/>
43 self.addParametexr(param) 1 <Option typ =" CoRp _width X s
&b self.addParameter(QgsProcessingParameterNumber('transects_step', 'Transects STEP', type=QgsProcessingParameterNumber.Integer, 16 <Option type="bool® name=*outputs_collapsed® value="true®/>
45 self.addParameter(QgsProcessingParameterNumber( ' transects_width_m', 'Transects WIDTH [m]', type=QgsProcessingParameterNumber.I <Option types'bool® names*parameters_collapsed* values"true*/>
46 self.addParameter(QgsProcessingParameterVectorlayer('valley_bottom', 'Valley Bottom', types=[QgsProcessing.TypeVectorPolygon], 3 ‘;"’;“"’ et e ket

. S » . ~ 2 <option type="gstring® omponent._ -10 to points*/>

&7 self.addParameter(QgsProcessingParameterFeatureSink('Out', 'OUT', type=QgsProcessing.TypeVectorAnyGeometry, createByDefault=Tr 54 Dption types*double” nases*cosponent height® value=*33.807166486819615%/>
48 1 <Option type="double® name=*cosponent_pos_x* value=*1266"/>
49~ def orocessAloorithm(self. parametars. context. madel feedback): 22 <option type omponent_pos_y* >

23 <Option type=*double® name="component_width* valus 1>
<Option name="dependencies
<Option type="QString™ name="id" value="native:fieldcalculator_1"/>
<Option name=*outputs®/>

<Option types*bool* names"outputs_collapsed* values*false*/>

Native .model3 file format (xml-like)

Exported .py file with class and scripts




Case #1: NO-CODE approach

gis Riverbanks Tools

Watershed characterization

Land use
Area
[km¥]
Perimeter

57.6

Ikm] | Agriculture
Maximum height Human activiti

1,250
[mamsl] s Natural vegetation

129.7

Mean height

Studied river segment

Length: 12 km

Cross-section width:15+50 m
Mean slope:1.04%

Hydraulic regime: intermittent

~ DiPETROET

Qais RVERBANKS TOOLS SUITE FOR MORPHOLOGICAL RIVER ANALYSIS

RUTY JLI R Sa—" e &



Case #2 — Hardcoded geoprocessing script

HECO: Here Comes the QOil! — proof of concept

Highlights
HECO

[Simulation of oil spill impacs

Lsing EmodiE: cat, vessel an 3 W ey /A quick tool for simulating surface oil spill
i LY ", g using 2D surface simplified LDPM model.

¥+ EMODnet data and real-time sea current
forecasting used as forcings

A Identifies at-risk marine areas and vessel
routes

®¥™ |nteractive web-GIS environment for
instant visualization

#8 Supports decision-making in emergency

Event: 2025-03-17 04:30:00

« n » C 2025-03-17 08:30:00

kAR . - — e response

30 km

% Google Developer Grou
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HECO: Here Comes the Qill — Proof of concept

https://github.com/SeaQuestTeam/HECO

Data web-gis
heco.py Lagrangian Dispersion visualization

| heco.py (&) PartIC|e M Od el

8 gianfrancodp updated function name

Code | Blame 879 lines (681 lo 32.2 KB Time: 2025-03-08 00:00:00
This module contains the functions develped for the HECO Proof of Concept

3 author: Gianfranco Di Pietro ~ PhD student at University of Catania

4 contributors: Martina Stagnitti, Massimiliano Marino, Elisa Castro, Sofia Nasca
5 supervisor: Rosaria Ester Musumeci

ort matplotlib.pyplot as plt
t matplotlib.colors as mcolors
t matplotlib.colorbar as mcb

tplotlib.patches im
tplotlib.animation import

FancyBboxPateh

FuncAnimation, PillowWriter
t pandas as pd

t numpy as np

t os

t cartopy.io.img_tiles as cimgt 10.325 10.350 10.375 10.400 10.425 10.450 10.475 10.500

t xarray as xr

T ssl
t ipywidgets as widgets

T
¥
¥

IpOrt cartopy.cTs as cers
T
T
¥
¥

72 # C ute the new position of the oil spill

IPython.display import display 472 Co
22 inport pyproj 473 X_new = X + u * dt + np.random.normal(@,1)* np.sqrt(2 *
= Gl St CHeD 474 y_new = y + v * dt + np.random.normal(@,1)* np.sqrt(2 %
geopandas import GeoDataFrame

shapely.geometry import Point, LineString

26 import yaml

I |
CETEYIL S EIHE LD Case #2 — Hardcoded geoprocessing script
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EDITO Datalab

Reduce

Home

My account

Project settings

Service catalog

My Services

Process catalog

My processes

My Secrets

HECO: Here Comes the Qill — Proof of concept
O https://github.com/SeaQuestTeam/HECO

< My Services

@ Access your running services

Services are supposed to be shut down as soon as you stop usi

5 Refresh + New service W Deleteall 0, Events

Running services

© HECO-test

Service Started:
Jupyter-pyth i Oy

Google Developer Group

Gela

Deploy in EDITO’s cloud containers

- = 2 c  HECO.pyrb

X 00

= G » Markdown ~ O

~> This Natabook will o usad for the hackaton Deliverable

oy
EMODnet
®=|

HECO

HEre Comes the Oil

s / HECO [ heco /

> Name -

§ heco_map.html

H heco_results.csv

[ heco_results.geo...

[ heco_results.gif
.' [ HECO_TEST.nc

[ heco-polygons.g...

Modified
2 min. ago
2 min. ago
2 min. ago
2 min. ago

next yr.

2 min. ago

® | | HECO.ipynb 2 min. ago

Case #2 — Hardcoded geoprocessing script


https://datalab.dive.edito.eu/my-services
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Satellite Derived
Shoreline

ML-Segmentation from Google Earth
Engine datasets




N

AP| Reference

Overview

Client Libraries
JavaScript/Python
ee Algorithms
ee Array
ee.Blob
ee Classifier
ee Clusterer
ee.ConfusionMatrix
ee.Date
ee.DateRange
ee.Dictionary
ee.ErrorMargin
ee.Feature
ee.FeatureCollection
ee Filter
ee.Geometry
ee.Image

ee.Image

abs

add
addBands
and

arrauhnsim

% Google Developer Group

Google Earth Engine

Registrare un Progetto Google cloud
Abilitare Python API
Importare in python/javascript: ee (aka. Earth Engine)

ee.lmage n- & Send feedback

An object to represent an Earth Engine image. This constructor accepts a variety of arguments
- A string: an EarthEngine asset id,
- A string and a number: an EarthEngine asset id and version,
- A number or ee.Array: creates a constant image,
- A list: creates an image out of each list element and combines them into a single image,
- An ee.Image: returns the argument,

- Nothing: results in an empty transparent image.

Usage Returns

ee.Image(args) Image

Argument Type Details

args ImagelList, optional Constructor argument,

Examples

EE contain more than 40
years of satellite and
scientific data

Earth Engine Data Catalog

ipt environment with a single click. You

AHN3: Netherdands AHNO5m  AHNd: Netheriands AHN 0.5m \ Giobal 30m v32 ALOS-2 PALSAR-2 StripMap
Level 21

from Japanese
ind related
Zation, JAXA Implemen

CASE #3 — Machine Learning for Remote Sensing



https://developers.google.com/earth-engine/datasets/

Machine learning in Python:
The power of scikitlearn and matplotlib

e (Classification: p-
Identifying which
category an
object belongs to

e Used pre-trained
neural network
pretrained
classifier with
joblib function

SIRACUSA-ANAPO 2018-01-03-09-57-00 s2
_— - S >

‘a Google Developer Group ! éf\ |
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Machine learning in Python:
The power of scikitlearn and matplotlib

A, Figwee 1
‘ﬂ(-') Q=2

e Train new classifier
with manual labeling
and matplotlib inside
a jupyter notebook.

e Supervised threshold
adjusting for better
segmentation

‘ a Google Developer Group
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Machine learning in Python:
The power of scikitlearn and matplotlib

#ED>FQELZB

e Train new classifier
with manual labeling
and matplotlib inside
a jupyter notebook.

e Supervised threshold
adjusting for better
segmentation

@ o Dost e matplxtlib

Gela
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