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® CLOUDNET

Cy p rumigué geostrategic
position can support Earth & ERPLINET
Observation from satellite
programmes ithree
continentsand provide
valuable services in the g
satellitecalibration and Infoterra UK @ w4
validation processes. Eumetsat DI
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TheE X C E L 8i$io0 &d the geostrategic position of Cyprus

Cyprus is ideally located to host th€oEdue to itclimate which is
characterised by00 days of sunshine a yearprovidingexcellent
weather conditiondor cloud freesatellite images!
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Needs and opportunities that have motivated us to establish an Earth
Observatlon Centre of Excellence in Cyprus

X Opportunities:
A Aeroso d cloud monitoring superstation in th€astern A The ECOE has the potential to becomeatalystfor facilitating and
_ Mediter'ean Middle East and North Africa (EMMENA) enablingRegional, European and International cooperation
&, ~ strong demfand for EO monitoring to provide data to evaluatef Capitalise on the favourabkEnvironmental, weather and climatic
_ the extent gf pollution and climate change conditions of Cyprugo conductcutting-edge researclwith impact in
A Droughtsgi_f’_water shortagesn the EMMENA region various sectors, includingimate change, marine, solar energgtc.
Wl A The development of th&overnment of the Cyprus space strateggn
A Restoratloﬁfa_rogrammes in EMMENA be exploited for further EO research and applications
A Disaster RISk Reduct|on A Create a unique European capacity in Cyprus by mobilizing internal

national assets and consolidating European EO capabilities in Cypr
serve EMMENA. Such, currently missing, assets and infrastructures
are: European Satellite Ground Stations covering EMMENA

A Availability offunding instrumentsfor EO national and European Lev
Big Datamanagement and analytics

A Regio aI_DlgltaI Innovation Hulfor Earth Observatiorin Cyprus
to heéspace technology companies and innovators

L eratosmeenEs: |
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AWe define EMMENA as t
geographical region whi
includes the following#
countries: Algeria, Bahrai
Cyprus, Egypt, Iran, Iraq, Isra
Jordan, Kuwait, Lebanon, Lib
Malta, Morocco, Oman;: =
Palestine, Qatar, Saudi Arabiz

Syria, Tunisia, Turkey, Ulteesl
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This\wwides an overview of the existing EO applications in the EMMENA region, where 6647 articles were efficit
categorized into the following thematic areasmosphere, water, agriculture, land, disaster risk reduction, cultural heritag

: 'energy marine safety and security, and other. The big Earth data thematic area was identified as hoAzotahlof 180
artieles were further rewewed from the selection of the top 20 highly cited articles per thematic area.

The results from the top 20 articles reveakethigh research interest in the thematic area of disaster risk reduction with
almost two times higher number of citations than the second thematic area (wat to
‘he main knowledge gap was the lack of protocols and the development of early warning systems
!. on EO. Thelesults also revealed limited research in specific EO applications for the water thematic area, which include
“body monitafing through radar altimeters and water quality parameter estimation through thermal and optical satellite d
‘Also, EO resgarch related to cultural heritage (1.4% of the total number of studies) and marine safety and securitytt{6.9
(o] ¢=1 numb‘q,"f studies) was surprisingly rare. The main research interest in the thematic area of atmosphere was relat

precipitation: estimates, dust, and the impact of coronavirus on air qualitg. thematic area of agriculture covered a wide
range of EO applications (evapotranspiration estimation, land suitability for agriculture, irrigation mapping, agri@situral |
loss, crop monitoring, crop production, yield prediction, crop mapping, stem water potential monitoring, and crop water
footprint estimation).

The stu&y has also identified the top authors, research organizations, and funding agencies for the EMME gieil
data (60.8%) and Sentingldata (35.4%) are the most widely used among the Sentinel mlsﬂ%)
At Lanidsat 7 (10.096) are the'most widely Used Gata Souices among the Landsat imssiomsions Gexelopment o bg
Earth data techniques and the increasing availability of satellite EO data will enhance the research capabilities in the
aforementioned thematic areas.
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\/ El ERATOSTHEMES CoE HUB legional Exploitation Platform X X Excelsior2020 - EXcellence Rese ) >
http 3.0y "

Visit ERATOSTHENES CoE Visit Knowledge Hub Visit Networking Platform Visit NexusHub

EGIONAL Home Documentation CubeViewer
XPLOITATION PLATFORM

AtmoViewer JupyterHub
Regional Exploitation Platform

"'ﬂbnclu B
B Exploktation

The platform

The ERATOSTHENES Regional Exploitation Platform (REP) provides a collaborative and interactive platform to be used
by EMMENA educational institutions, research organizations, and data science teams. The ERATOSTHENES'S REP is
designed to facilitate the efficient and secure deployment of notebooks and other interactive computing
environments, enabling users to work on data analysis, coding, and research tasks collaboratively.

The ERATOSTHENES Regional exploitation platform is &

C
application that acts as a gateway to a shared computi
-~ environment for multiple users in EMMENA region ana

makes availabl&CoE'and 3rd party data, models,
algorithms etc. to EMMENA stakeholders.
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/7% NETWORKING

ERATOSTHENES | |

&7 PLATFORM

Home About Profiles Login

ERATOSTHENES'Centre of Exegéllence

NETWORKING '
PLATFORM

¢ Become part of the ERATOSTHENES Centre of
Excellence Earth Observation Community
and engage with stakeholders in the EMMENA
region

See more

Troros] MM DEC - pmod wrc
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Stakeholders

PAGE 12

QOrganization Name

Thematic area of interest

Refresh filters

Search

Search all of registered stakeholders in the ERATOSTHENES CoE Netwarking Platform

Advanced Search Page.
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https://ecoehub.eratosthenes.org.cy/knowledgaub

Providing inowladige to help booat innovasion
In Earth Obsarvation.

Register to our
knowledgehub

Projects
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Multi -actor approach

ANetW”orkmg and Knowledge Hubs

A Ryzg rona"l ExploitationPlatform

Ing Labsand BusinesdncubationProgrammes

ENCELSI®?R

kopemicus

ACQUCITIY
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CYPRUS EO DATA CUBE: Next steps
Expansion to EMMENA ~ ©
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Cyprus EO Data Cube

BNl -

G

EODC is a powerful tool that allows users to analyse vast amounts of satellite imagery and c’)ther’EO,défa@i f

Data Cube Acquisition Sources

1.9{ ! Q& -{ &y Tehtiyied f

2b! {1 Q&4 ahb5L{ 6AY G204Fft wmp
a) Vegetation Indices ¥Bay L3 Global 250 m.
b) Leaf Area Index/FPARC&y L4 Global 500 m.

c) Burned Area Monthly L3 Global 500 m.
d) Net Evapotranspiration-8ay L4 Global 500m

Expected to be operational by the end of July 2024.
Expansion to EMMENA region by 2025.
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Production of Analysis Ready Data (ARD) and-Precessing R S
AResampling at 10m of Sentir@ldata using GDAL software (python).

ASentinell are preprocessed using snappy (ESA SNAP python API). - N

Aah5L{Q | 5C TAf SEeoTARSSIng2SefichGai Bckaga. yu 2| N,

AAIl the data are reprojected to EPS@836and converted into Cloud Optimiz&seoTIFFECOGS).
AConverting to COGs is crucial because it makes data analysis.e-'asiér and faster. -

b AGE 17 . -

Preparation of Data Cube Environment
AOpen Data Cube python API set up

AConnection withpostgreSQMatabase (wittpostGlSextension)

m Cyp o T
Un ity o -
Te: l l ogy Cyp
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Product and Dataset Preparation R s

ADocumenting each type of satellite as product according to €02 metadata ty@antiles.
ADocumenting each image as dataset according to eo2 metadata twanfnﬁlles
ADatasets are arranged hierarchically under products.

gee)
—
Tl
< -
O

Finalization of Data Cube

A Indexing of images/dataset in Data Cube using python and Open Data Cube |
A Setup of Jupyter notebook which serves as an interface to access, analyse and V|suaI|ze data
A Documentation material will be provided in Regional Exploitation Platform. -

—

+

—T— Cyp
This pi
][ Un wf Cypru
Te l nology
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Efficiency of Cyprus Data Cube o
Data Source Bandwidth Processing Time

Sentinell 11 MBps 234.1 seconds/image .

Sentinef2 11 MBps 121.3 seconds/image

MODIS Trafficregulated  27.3 seconds/prgrocessing

consoRTOM ——4989 AFFILIATED ENTITIES
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Data Acquisition System

A Q-
Feature Descriptioh» |
Feed Type Threeband ”
: Slmultaneous receptlon of S, X and I<
Reception
bands - N ',,
Mission Suitability - Supports current and-futuré missions

Meets stringent criteria for service

Reflector Size
avallablllty and receptlon margin

Tracking

5[ wQa 9FNIK 20aSNBI A2y RIEGF | OljdAaAdAzzy aidldazy 20 0SR Ay
Neustrelitz, Germany.
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Near Reallime ARD to serve EO data provision, suppa
numerous of EO downstream applications and
researchers around the region and the rest of world.
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Demonstration (calculating the water extent of Kouris dam in Cyprus) e

PAGE 27

ey © e temttrencerz e ol Time-Series data cime
|Oad|ng sample_<frequency # quarterly

Le using
print('calculatin DWI seasonal medians...')
54, y: 8742, x: 6718) mndy = data2[ IDWI"].resample(time=sample_frequency).median().compute()

calculating MNDWI seasonal medians. ..

(time)
B /root/anaconda3/envs/dcagri/lib/python3.9/site-packages/rasterioc/warp.py:3

44: NotGeoreferencedWarning: Dataset has no geotransform
he identity matrix will be returned.

v ; _reproject( Ca|CU|at|ng quarter
CPU times user 5min 36s, sys: 2min, total: 7min 36s Seasonal Composltes

Wall time: 21.9 s

)

(x)

(time, y, x)
(time,
(time, y,

Visualize time
series

In [91:

) ) ) . mndwi.plot(col="time', col_wrap=4, cmap='RdBu', vmax=1, vmin=-1);
(Green - SWIR) / (Green + SWIR)
iI'] = (data2.B@3 - data2.Bl1ll1l) / (data2.B@3 + data2.Bll)

Spectral Index
calculation

1 year time-series compositeswere calculatedin 21.9s
(wall time.)
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ndvi_time_se... - JupyterlLab

(&) Z\ Notsecure 172.16.63.42:8888/lab/tree/ndvi_time_series.ipynb W

Apps ‘& smokin_pafos - Alb... E Adobe Edge Animat... Add a one-time-use... @ Interacting with a S... !Z Learn to build dece... » (192) 02. Solidity Va... [ Master Dissertation @& What is Ethereum & Ethereum Develope... E:] Mobile Computing

— File Edit View Run Kernel Tabs Settings Help

» ®m C » Code ~ ~ Openin.. ¥

Cyprus Earth Observation Data Cube (CEODC)

CEODC contains numerous products of NASA's Moderate Resolution Imaging Spectroradiometer (MODIS) and satellite imagery data from ESA's satellite

1 minute ago missions.

M Untitled.ipy... yesterday

A demonstration app for plotting NDVI time series using MOD13Q1 product over Cyprus of the last 24 years.

Import of necessary python packages

[ 1: *matplotlib inline B ™ v & 5 @
import datacube
import numpy as np
import xarray as xr
from datacube.utils.geometry import Geometry
import matplotlib.pyplot as plt
from matplotlib.colors import ListedColormap
from matplotlib.patches import Patch

Connection to EODC and initialization of a demo application
dc = datacube.Datacube(app="ndvi_time_series')

Set up of time range

start_time, end_time = ‘2020-01-081°', '2823-12-30°

Set up of query to search for satellite images to the EODC

query = {‘output_crs ("EPSG:32636"), ‘'resolution®: (-250,250), ‘time’: (start_time,end_time), ‘dask_chunks®':

Query the EODC's database and load the images

data = dc.load(product="CYPRUS_MOD13Q1l',**query)

Simple 0 1 {8 Python 3 (ipykernel) | idle Mode: Command & Ln 2, Col 16 ndvi_time_series.ipynb m

i= Q search /. | = g '? G E:.’- @ @ @ ? ﬁ % @ Q 9 12:‘3’5252':‘
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&

Disaster Risk
Reduction

Water Resources
- Management

Climate Change
Monitoring

Big EO Data Analytics

The ERATOSTHENI®E&Consists of
three Departments:

A Environment and Climate
A Atmosphere
A Agriculture
A Water
A Land

A Resilient Society
A Disaster Risk Reduction
A Cultural Heritage
A Access to Energy
A Marine Safety and Security

A Big Earth Data Analytics
A Information extraction

A Visual exploration & visualization

A Crowdsourcing & data fusion
A Geoinformatics

AFFILIATED ENTITIES
@ cvric  pmod wre n

ENCELSI®?R
(@

T .

BIG EARTH
DATA ANALYTICS

Information Extraction

s Disaster Risk Reducti
Atmosphere e o Visual Explaration

Agriculture Cultural Heritage & Visualization

Water Marine Safety & Security Crowdsourcing

Land Energy Eatalusion

Geoinformatics

Masters / PhDs (in cooperation with University)

Skills Development Center

Z
(e
=
S
]
o
w

Professional Training Programme

ERATOSTHENES CoE Networking & Knowledge Hub

Product & Services

ERATOSTHENES CoE Living Labs

Space Business Incubation Programmes

ENTREPRENEURSHIP

Asset Sharing Unit

DATA
PAGE 29
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Investment @
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Ground-Based remote
sensing Station

; DASH

. s satellite Data Acquisition
230 people Station Hosting

8 total capacity _

ech. Big

! Sensors

S

-

i data
Total 112 People 3 RS laboratories -

8 technicians 3
2000m> @~

37 44 total surface

PAGE 30

A 112Personneln 7 years 132in 15years
A 2000m? Officesand Research.aboratories

A State-of-the-art-RemoteSensingResearcHnfrastructure

@ Competence Centers

Climate change monitoring
@ Disaster Risk Reduction
Access to Energy

9 Water resource management :

Big EOQ data analytics

& skills

Technical excellence

Innovation uptake
O Entrepreneurial mentality

Extroversion \Q

@ Engagement

i Liaison

& Innovation

Regional Exploitation

2oy office Platform
°:> 3,004 —F < 2
— ‘{"0/!\;0' Knowledge: e LivingLab
solar radiation station digital Networking \/_QZ¢

Innovation

KN N i ¥ %
hubs Hub (;>°‘°<") GraVity @‘ L _J

@ Income & sustainability

b e o

H2020-H2030-FP10 EMMENA Nationa! £54
i- | - projects Projects Projects Projects CopernicLs, etc

o 20% 30% 20% 15% 15%
A

Data Acquisition Station (DAS) tg—

Sun-lunar photometer

Mlcrowave

Doppler lidar .
i diorgeter Polly*™T Raman lidar PP

14HEED
Ground based station (GBS)
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Data Acquisition Station (DAS) esrormipnes || 427 Deutsches Zentrum

PAGE 31

. y M German Aerospace Center
Through governmental funding ECoE has acquired — ‘ S—

key infrastructure and equipment that will directly
contribute to the Research Excellence and Service
capacity of the ECoE such as the Data Acquisition
Station (DAS).

The DAS is being purchased and will be
operational offering Commercial Services for
international Busines€ustomers inDecember
2025

Within EXCELSIOR, ECoE is suppgdetbngst
others¢ by the German Aerospace Center (DLR)
establishing DAS

CYTA as strategic partner of ECakuvill host and
operate DAS

TTTTTTTTTTTTTTTTTT
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Technical Description of the Data Acqwsmon Station

PAGE 32

>

9m full-motion Triband Antenna from Safran -France
To be installed at 35A049 longitude & 33A284 latitude
Simultaneous Reception in S, X & Ka Bands

> >

Tracking satellites orbiting as low as 400km

>

Horizon visibility down to 5 A elevation

Transmit capability in S-Band (both RHCP & LHCP) for
TT&C services

Transmit EIRP up to 60dBW per polarization

>

>

Pointing accuracy:< 0,045Arms

>

Tracking accuracy: < 0,015Arms
Cortex Low & High Data Rate Baseband equipment

> T

llllllllllllllllll
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