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Why Linked Data?

The vision of linked data is to go from a Web of documents to a
Web of data:

Unlock data dormant in their silos
Make it available on the Web
Interlink it with other data

This is especially useful for Earth Observation data.
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Linked Open Data Cloud

A
Publications

W ncoming Links
——0utgong Lnks

Copernicus App Lab



Innovation

- Provision of Copernicus linked-open data (LOD) via online
services

- Improved data access via a streaming data library (SDL)

- Tools for semantic linkage of Copernicus data with other
societal or business information

Copernicus App Lab 6



GREEN UP YOUR LIFE

The designation “Greenest capital” is a

sought-after trophy, but how to establish } }
and validate such a claim? .m-. %
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Use case: “What is Europe’s greenest capital?”

Being ‘green’ brings many benefits for city marketing. Some of those benefits are listed below:
e Increase in tourism
Positive international media coverage worth millions of euro
Increase in international profile, networking and new alliances
New jobs — green capitals have successfully exported their green products, processes and services
More emphasis on environmental projects through sponsorship and grants
Momentum to continue improving environmental sustainability
Boost in local pride and feeling of belonging
Enhancement of culture and the arts
Green vegetation reduces heat island-effects

The designation of being the “Greenest capital” is therefore a sought-after ‘trophy’, but how to validate such a
claim?

(e.g. a Google search for “What is Europe's greenest city?” shows a variety of claims)
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Use case: “What is Europe’s greenest capital?”

The designation “Greenest capital” may be seen from Space, e.g. using Copernicus Land Monitoring,
provided the question is rephrased as follows:

Question: Which capital in Europe offers the
most green space for their inhabitants?

But: what defines the city boundary of a captial, and what defines its greenness?
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Use case: “What is Europe’s greenest capital?”

Definition:
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Use case: “What is Europe’s greenest captial?”

before AppLab:

approximate city boundaries by drawing a buffer
around a city centre (lat,lon)
,

Get Transect
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Use case: “What is Europe’s greenest captial?”

before AppLab:

City boundaries by on-screen digitization

Transect for Leaf-area lndex
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Use case: “What is Europe’s greenest capital?”

after AppLab:

Obtain actual city boundaries from LOD (WP4), e.g. sourced from OSM offered as GeoTriples:




Exploring data, Adding
value, Publishing info




Earth Observation Linked Data Cycle

Exploring and

Discovering Data

Streaming Data Library Discover Complementary
(SDL) Web-interface Linked Open Data Sources

Accessing EO data (Geo)SPARQL-Endpoints

OPeNDAP
Installed at EEs

Subsetting and Combine and Visualize
Derived Products (e.g., Mobile and Web)

Ramani Cloud
Analytics



Earth Observation Linked Data Cycle

Exploring and

Discovering Data

Streaming Data Library

Discover Complementary
(SDL) Web-interface

Linked Open Data Sources

Accessing EO data (Geo)SPARQL-Endpoints

OPeNDAP
Installed at EEs

Combine and Visualize
(e.g., Mobile and Web)

Subsetting and
Derived Products

Ramani Cloud
Analytics

« Coponmicus Type: Atmosphare d

Products/Time-series PM2pS Acrosol
Forecast (Eurcpe)

Copernicus Type: Marine Products/Ocean
Blogeochemistry (North Atlantic Near Real
Time)

Copermicus Type: Land Monitoring
Producta/Time-saries BloPar Leaf-Area
index (Global)

Copernicus Type: Land Monitoring
Products/Time-serfes BloPar Normalised
Difference Vegetation Index (Global)

Copornicus Type: Land Monitorning
Products/Time-series BioPar Burnt-Aroa
(Global)



Results task 3.3: Web-interface

Provide a web-interface;
3 > Misc Data: Relief of the bedrock surface “
discovery and exploration ,
- Misc Data: Relief of the iced surface |
Web interface has been expanded to support a Sentinel-1: Iceberg Concentration
{Greenland, The Asctic)
one-stop-shop:

e Supports discovery (text search)and ot P gt
explc?ratlon Of d.atas_ets (map VIeW) Sentinel-1: Ocean Winds Climatology

® Provides basic filtering options (Global)

e Provides Ul for SDK (scripting with functions, Sentinel-1: Products (Global)
documentation) with illustrative example to Sortinel1: Seaice Thickness (Global)
faC|||tate d.OwnStr.eam SEEVICE prOVIder Sentinel-1: Soil Moisture (Twente-area, The

to builld their own add-ons (workflows). Netherlands)

Sentinel-2: Land Cover (European)
famani

Sentinel-2: Products (Global)
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Graphical data discovery

Provide a web-interface;

discovery and exploration

. O

Live view
Copernicus/LAI LAl Data Files
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Web interface for visual discovery and exploration
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Data by Source (Link)

Datasets and variables
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Earth Observation Linked Data Cycle

Exploring and

Discovering Data

Streaming Data Library Discover Complementary
(SDL) Web-interface Linked Open Data Sources

Accessing EO data (Geo)SPARQL-Endpoints

OPeNDAP
Installed at EEs

Subsetting and Combine and Visualize
Derived Products (e.g. Mobile and Web)

RAMANI Cloud
Analytics



Get Metadata (getMetadata) from Ramani
(click for an example)

l 15:00:00.000Z2 <
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Subsetting by time and space
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Server-side Analytics

* App Lab Analytics (SDK for downstream service providers)
e Broad range of analytics available
e SDK for downstream service providers
e Fiunctions for supporting the use case:
m Monthly average
m Yearly anomalies
m Spatial average
m Temporal filter

%amam



SDL scripting language (SDLS)

«open

Scripting

The SDL scripting language (SOLS), a PostScript-based language on which the Streaming Data Library (SDL) Is based,
faciiitates the creation of user-tailored analyses and graphics from (geo-spatial) data. The SOL Is designed to maniputate
large datasets and medal mput/output. Given the proper commands in its command file, & can read data from its data
catalog, a netCDF file, or a set of data dwectly embedded in.bne with the script, and output the data, either by feeding it to
a model, creating a new data file {(or URI to this new data), or creating plots and other graphical or tabular represantations
of the dala.

Re30 Moce

SDLS Usage
Data Sesection
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BOUACES L EOAL LNCEP LENC .OE (SLO0AL Reyn_tmithOivi ,weekly .sa%
T (L9 Baw 1581) (29 Dec 2001) RaNGE

- Select 3 Ancontnou AT petod
ERpest

STUNCEE LNOAA BCDC JDRILY LOLOBALICO IMD 444960 VALLE .pesx .tevp
T (3-4 Zep 1955-195%0) RNE



Server-side Analytics

SDK for downstréam service providers;,
broad range of functions available

%amani

Function Index
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Server-side Analytics

SDK for downstream service providers;
creating SDL add-ons using the visual model
builder

& 2y renameORO
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T 0.0 monthiyAverage
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T ) L) tAcg) VALUES
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Server-side Analytics

SDK for downstream service providers;
‘script’ your own add-ons for the SDL

Function Detail
monthlyAverage Sping
(Mitp 1dap vgt vito benrecds/soasCICopernicus/LAl) readdods LA
Converts dally data to monthly data by averaging beme (Jan 2003) (Dec 2004) RANGEEDGES
lon (7.733333W) (12 416667E) RANGEEDGES
Callyvar minfrac fa (52 85N) (35 083333N) RANGEEDGES
lon /x renameGRID
Arguments a1 1y renameGRID
e /T renameGRID
label type Description T monthiyAverage
yeanyy-anomaties
dailyvar dally data to be averaged, with units of unifs T (Jun) (Jui) (Aug) VALUES
minfrac Minimum fraction of data that must be present (L., fraction not indic e to be cakulated. If
minfrac is not present, then a missing value is retumed  If minfrac is ‘data present.

(optiona)




Server-side Analytics

Analytics e.g. to reveal anomalies in Air temperature (2m), sourced from the

ERAInterim reanalysis product,Copernicus Climate Change service
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Greenest pixel in Europe

SDK for downstream service providers; Live View
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Greenest pixel in Europe; variance in time

SDK for downstream service providers;

creating SDL add-ons using the visual model

builder

famani

Function Index
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EO value-chains with micro-remitances on a blockchain

Description Views 3D View Dats Fivers Deta Selection Duta Frles Dala Tables Export Mede
& Get Bhorten UAL
Legona

erms : freely accessible (<10K calls)
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Consuming data in your application

=> Use API to directly consume the data in
your app
=> Available for several development
platforms
€ Android
€ Javascript
€ NodelS
¢ i0S
-> Different data access methods
€ OPeNDAP link
€ LlayerlD
=> Many different return types both text and
images
—> Maps-API ontology to make API logic
explicit




Air Temperature Anomalies

SDK for downstream service providers;
creating SDL add-ons using the visual model
builder

yearty -anomabes
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What is next?

Build your App, expanding
beyond urban ‘greenness’...

Consider other relevant ‘urban
well-being’ aspects. such as air
quality from COPERNICUS
Atmosphere (here rendered in
an augmented reality-app).



Maps-API

On-screen demos with
sample App to guide App-
developers

Ramani Maps (Unreleased)

Upsis! Loy Magn & Nevigation

g resid

SATELUTE IMAGERY

3D BUILDING OFFLINE MAP




What is next?

Expand on this ‘greenest capital’ use case together with us by, for example:

Rank-order Europe’s capitals by ‘greenness’ (using other LOD, WP4), i.e. to arrive
at a top-3 and a ‘winner’.

Expand beyond urban land-cover, for example by adding other relevant aspects to
‘well-being’ in cities (e.g. sustanianbility, air quality, micro-climate in relation to heat
island-effects, demographics and heat-wave casualties) to allow for a more holistic
approach in assessing who is the ‘greenest capital’ of Europe. We even support
‘what-if’ scenarios, e.g. does rainfall in Paris change if the sea-surface or land-
surface temperature elsewhere becomes warmer?

In competing for the trophy ‘greenest capital of Europe’, what infographic or media
exposure works best for city marketing purposes? Imagineer new ways of giving
this a spin.

Explore within-city patterns, discover relationships aka correlations between
datasets

Explore what UIX works best to market ‘greenest capital of Europe’ claims?




Fact-checking claims using triangulation pget?

The greenness was evaluated with
Greenest European metropolis - population above 2M, only considering ‘greenness’: the Normalized Difference
Vegetation Index and allows
i‘ ' ; comparison amongthe43
' _ analyzed capitals
A . , https://philippgaertner.github.io/
oo e R 2017/10/european- capital-
: 4 - greenness- evaluation/

Validate any claims of greenest
capital or city by allowing search
engines to find your fact- checks

4 ; 3 A (e.g.using schema.org’s
p S : ’. A reviewClaims: type, as part of the
& J. Sl ‘ s < JSON- LD- snippet created by
: ¥ LS. ] ; s AppLab’s semantically enriched
g 'y g MAProom, for validating claims
‘s . -« ; i g by other journalists/websites for

being ‘greenest’)




Peer-reviewing claims “Europe’s greenest capital?”...

who validates or reviews claims (i.e. being the ‘greenest’ capital)?

Enn Rajasaar - 14 days agoe
 Bulishit, Weather conditions may be very different. You can't just base your
investigation in pixel-to-pixel analysis,

Reoply - Sharo

Diego-Xavier Garcia Martens ~ Enn Rajasasr 14 days ago

| agree the study Is a bit too general and seems 1o privilege public greenery
seen by satellite and apparently street view through celor algorithms. Whsle
cities with wban typologies ke Brussels have prdvate gardens for each house
in every block and because of it and the forests in the scuth the city has
around 50% of it's surlace made up of various greenery and also making it the
Oth capital in europe in terms of biodiversity $o the low score is crimenally
misleading...

~ - Reply - Share -

Thomas Dissaux - Diego-Xavier Garcia Martens - 8 days 2o

Agreed ! Waaaay too general | Glad I'm not the only cne who got
surprised by Brussels score. Also all the cities are studied in a 5 miles
racius so what about bigger cities and what about cities which are
organised along a river and other urban configuration. The pictures are
nice but the ranking is like you said "criminally misieading” since it
might énd up on social platform as “general knowledge®,

~ v Reply - Shave

Or fiction...

Here ‘Greenness’ as key KPI, and
the methods used to calculate
this, are disputed by others and
even deemed as “ criminally
misleading” .

But who establishes the ‘truth’?




Example: facilitating robust peer-review workflows

how can one review such claims (i.e. who is the ‘greenest capital 2018’)?

ClaimReview
Caroncal URL: kzp | Jychema org/ ClaimReview

Thing > CreativeWork > Review > ClaumReview

Semantics WCS 3.0

A web of documentsis not
enough, aweb of data helpsto
triangulate the ‘truth’!

A fact-chacking review of claims made (0f reported in yome creative work (refereaced vis BemReviewsd)

Property Expected Type
Properties from ClamfAeview
Clalateviewed Text
Properties from Review

1temkeviowed ™rg
Feviewhspeot Tem
CoviewBudy Texy

oy Lontat Lag nieg

Properties from CreativeWork

[more_]

Description

A short semmacy of the specific claims reviewed s a ClumReview

The mem that Is bewng reviewed /rated
This Review or Rating s relewant 10 ™S part of facet of the nemileviewed
The actual Body of the feviem

The mating given in Bhis review. Note thit reviewns can themsehrs be rated. The revieviat iog apples to
FAling given by the review. The aggregateRating peoperty appiies 10 The review itself, as a creative work




Working with Semantic
Web Technologies




Benefits of Linked Data Technologies

Approach without Copernicus App Lab Tools

Download all datasets from their
respective repositories

Understand the data

Make conversions to comply with
standards

Align data from different datasets to
be able to combine the information
(interlinking process)

Store the transformed data using a
new model
Consume data
Analyse data
Visualisation

Approach with OPeNDAP only

View metadata to understand the
data

Consume data

Make conversions to comply with
standards

Align data from different datasets to
be able to combine the information
(interlinking process)

Analyse data

Visualisation

Approach with all Copernicus App Lab Tools

View metadata to understand the data
Consume data

Analyse data

Visualisation




Building Apps with Linked Data

Linked Data applications have three main parts:
e Consume Linked Data
e Analyse Linked Data
® Application User Interface

Consume Linked Data using HTTP requests
® GET request with a query parameter:
O query : SPARQL query string (url encoded)

® Use Accept header according to the required results format:

O application/spargl-results+xml (XML)
application/spargl-results+json (JSON)
text/tab-separated-values (TSV)
text/html (HTML table)

O O O OO

application/kml (KML)

application/json OR application/geojson (GeoJSON)




Explore within-city patterns, e.g. parks vs. urban greenness (Paris)
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Explore within-city patterns, e.g. parks vs. urban greenness
(Amsterdam, Paris, Helsinki, Brussel)
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Explore within-city patterns, e.g. parks vs. urban
greenness (Amsterdam, Paris, Helsinki, Brussel)

4 ‘\\
* Leaf Area Index (LAI) C|ty Boundary » Calculations monthly Rank Order
anomaly

* Greenness (NDV))

* Alr quality (Nitrogen * Natura 2000 protected * Rank order based on
Diaxide, GEMS Ozone, UV area calculations
emmisions) * OpenStreetMap (OSM)

* Ocean conditions * Global Administrative

Areas (GADM)
Coperncius Data Analytics




Query Example - “Greenness within Paris” LA3

APP

SELECT ?w1 (ceil(avg(?lai)) as ?meanlLAl) ?name

WHERE {
?s lai:lai ?lai .
?s geo:hasGeometry ?geo .
?s lai:observationTime ?t .
?geo geo:asWKT ?w .
?adm a gadm:AdministrativeUnit .
?adm gadm:hasName ?name .
?adm geo:hasGeometry ?geol .
?geol geo:asWKT ?w1l .

?adm gadm:belongsToAdm2 ?adm?2 .

?adm2 gadm:hasName "Paris" .
FILTER (geof:sflntersects(?w,?w1))

!
GROUP BY ?w1 ?meanLAl ?name

Select LAl values, their
geometries and valid time.

Select Administrative Units

Filter Administrative Units
that belong to Paris

Filter LAl values that are inside Paris




Examine within-city patterns, e.g. CLC vs. temporal urban




Launched in > 550 41.241 > 70

20 14 Participants Hours of Apps

Coding developed

Example timeline of an typical event and RAMANI’s role

I N

Jul Aug Sept Oct Nov Dec July Aug Sept Oct Nov Dec
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+31(0)6 29072 718
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RAMANI B.V.
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