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Main features of Copernicus Data Space Ecosystem

APl-based open data distribution
service

» Platform for building new software

All Copernicus
Sentinel Data

solutions
* Access to Imagery and data products

Copernicus
Contributing
Missions Copernicus Browser
Federated datasets * Interactive visualization
Complementary » Custom processing and analysis
data * Time series

* |mage download
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Use case example - global erosion risk estlmatlon m JupyterLab

JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles % no need to set up

anythlng locally - https://github.com/eu- cdse/notebook-
mples/blob/main/sentinelhub/soil erosion risk.ipynb

s -
e, .

jupyterhub.dataspace.copernicus.eu a OO

Start nOtebOOk, impor’[ (' File Edit View Run Kernel Tabs Settings Help

dependencies ; B BOD L S G 5 T
Define study area (Somogybabod, ¢ = ° e
Hungary) . - Estimation of erosion risk based on bare soil periods and "
Calculate number of bare soil e ) digital elevation model slope

days from Sentinel-2 = i ——— e
Collect terrain SlOpES — pre-calculated & it iy shows how to calculate a simplified estimate based on a combination of terrain steepness and the number of days without

vegetation cover. It aims to illustrate the accessibility of such datasets in the Copernicus Data Space Ecosystem, which can be

with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location_...

complemented by local information on the other factors such as precipitation or soil properties. The notebook uses the

API Sentinel Hub APIs to access the data and evaluation scripts to perform the calculations on the server side. No downloading
Estl m ate e rOSIO n rIS k aS p I'Od u Ct Of of data is needed. For a more detailed introduction to the Sentinel Hub APls, please refer to this document,
] i In the first step, the dependencies are imported, including getpass for managing credentials, matplotlib for visualization of
Slope a'nd ratlo Of bare SOII days images, and a number of functions from the Sentinel Hub package.
Calculate time series of local |
import getpass
estimated erosion risk using inport natplotiib as mpl
. . import matplotlib.pyplot as plt
StatIStlcaI AP I import pandas as pd
from sentinelhub import (
CRS,
BBox,
DataCollection,
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https://github.com/eu-cdse/notebook-samples/blob/main/sentinelhub/soil_erosion_risk.ipynb
https://github.com/eu-cdse/notebook-samples/blob/main/sentinelhub/soil_erosion_risk.ipynb

Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally

. . ."\-\._.H RH_. '*._1 Hx H"x xxﬁ“.ﬁ”n__ . .
* Jupyterhub.dataspace.copernicus.eu NN
N N
[ Start nOte bOOk’ Import ( File Edit View Run Kernel Tabs Settings Help
d e p e n d e n CI eS ) 2 Launcher X % soil_erosion_risk.ipynb X BB 3
] . o B+ XTO 0 » m C » Code v & Sentinel Hub O
¢ Defl n e Stu dy area (SO m OgybabOd ) o Here we define the bounding box for our analysis. This area of interest is a network of agricultural fields on complex - S
H u n ar ) ! | topography near Somogybabod, south-west Hungary. The area is affected by erosion, occasionally forming spectacular -
g y = g/ - /EO4scil /v3/ gullies (Jakab & Szalai 2015). The area of interest is the blue rectangle in the right center. You can take a closer look of the
) Cal Cu Iate n u m ber Of bare SO' I o place in Copernicus Browser at this link. Of course, you can define an different bounding box for your own area of interest in
. Name B Copernicus Browser or bbox finder.
days from Sentinel-2 - Bt
. | img
 Collect terrain slopes — pre-calculated A _init_py
with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location._...

API » B soil_erosion_riskipynb
« Estimate erosion risk as product of

slope and ratio of bare soil days
« Calculate time series of local

estimated erosion risk using

Statistical AP
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Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally N\ |

» jupyterhub.dataspace.copernicus.eu

e Start note book, Im port (" File Edit View Run Kernel Tabs Settings Help

d e e n d e n CI eS iz 2 Launcher X M soil_erosion_risk.ipynb X Bk

p_ & & B+ X O O » m C » Code v # Sentinel Hub O
* Defin I m . . I |
efine study area (Somogybabod, o Get the number of bare soil days over a certain time interval &

H u n g ary) = g/ - /EOdsoil /v3/ Evalscripts are short sections of cade that perform a pixel-by-pixel mathematical operation on the spectral bands of an |

°® Cal Cu Iate n u m ber Of bare SO| I N~ : inge or series of irlnages. More information on evalscripts functions and features can be found in the documentation here
and here respectively.
. - ¥ ™t

days from Se ntl nel 2 ™ ing This evalscript combines cloud masking based on scene classification of Level-2 pixels with bare soil detection based on the
o CO I Iect te rral n Slopes —_— pre-calculated & _init_py Barren Soil Custom Script, and outputs counts of days of bare and vegetated soil within the requested time frame.

with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location._. e LeCrLit bare sotl, = wun

API - W soil_erosion_risk.ipynb //VERSI 0N=;

function setup() {

) EStImate erOSIOn rISk aS prOdUCt Of re::;:tf ["BO2", "Be4", "Bes8", "B1ll1", "B12", "SCL", "dataMask"]
slope and ratio of bare soil days gt s 1 ey SBRGT,
« Calculate time series of local .

EStImated erOSIOn ”Sk US|ng function isCloud(sample) {

. . // Define codes as invalid:
Statistical API const invalid = [
@, // NO_DATA
1, // SATURATED DEFECTIVE
3, // CLOUD_SHADOW
s // CLOUD_LOW_PROBA

S AT RATF AT A maaAana
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Use case example - global erosion risk estlmatlon-m JupyterLab

- JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally A\ W\

* jupyterhub.dataspace.copernicus.eu

e Start notebook’ import ( File Edit View Run Kernel Tabs Settings Help
dependenCieS B [;La‘;'“he;( — : ;sclil_erocf»f:;ﬁsk-ipyjb X B ey - @
» Define study area (Somogybabod, ¢ * ° ot clenr = bare_soills, ©, 11 + bare sotll, ¢, o .
Hungary) P
« Calculate number of bare soll - - : - ( ( )‘) I
days from Sentinel-2 = b1t Lnshou(bare_ratio, cnapacividis®);
» Collect terrain slopes — pre-calculated . E:sit_.py °
with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location_...
API
» Estimate erosion risk as product of 25

slope and ratio of bare soil days

» Calculate time series of local
estimated erosion risk using i
Statistical API

75
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Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally

» jupyterhub.dataspace.copernicus.eu O

e Start note boo k 1m po rt (" File Edit View Run Kernel Tabs Settings Help
)
- [Z Launcher X M soil_erosion_risk.ipynb X B
- e %
dep_endenCIGS i & B+ XO O » m C » Code v # Sentinel Hub O
* Define study area (Somogybabod . . |
y dy Q- Get terrain slope for the same area $ -
Hungary) | | | o
] = WM/ - /EOdsoil fv3/ Copernicus Data Space Ecosystem allows users to upload their own data in a Cloud Optimized Geotiff (COG) format,
® Cal Cu Iate num ber Of bare SOl I — - ingesting it with the Bring Your Own COG ("BYOC") API. Once a dataset is ingested, in can be made available privately or
. * = publicly, and other Sentinel Hub API requests can access the data collection via its BYOC collection ID (example here)
days from Sentinel-2 it | | - _
] M img Terrain slopes were calculated using the GDALDEM slope function, running on the full global 30 meter Copernicus DEM
» Collect terrain slopes — pre-calculated & _init_py dataset. The following command was used:
Wlth GDAL on CREODIAS and IngeSted Wlth BYOC M. srosiariaol lacafion. . ‘gdaldem slope input dem.tif slope-byoc.tif -of COG -co COMPRESS=DEFLATE -co BLOCKSIZE=1024
API| -c0 RESAMPLING=NEAREST -co OVERVIEWS=IGNORE_EXISTING'
¢ EStI m a.te e rOSIO n rIS k a.S p rOd U Ct Of This dataset of slopes is made available in Copernicus Data Space Ecosystem as a public BYOC collection, making streamlined

querying and processing possible. L

slope and ratio of bare soil days
« Calculate time series of local
estimated erosion risk using iy

i i function setup() {
Statistical API return {
input: ["slope", "dataMask"],
output: { bands: 1, sampleType: "FLOAT32" },
};
}

Here we also define a simple evalscript that returns slope angle values directly from the dataset
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Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally AL

- jupyterhub.dataspace.copernicus.eu RN
o Start nOte bOOk’ Import ( File Edit View Run Kernel Tabs Settings Help
. [Z Launcher X M soil_erosion_risk.ipynb X =+

dependenCIeS - . & B+ X O 0O » m C » Code v # Sentinel Hub O QQ

® Deflne StUdy area (SomogybabOd’ o ;te)zz:;:)s:_‘SentinelHubRequest.-v tput response(“default", MimeType.TIFF)], 5
resolution=resolution, [

Hungary) | = w/ e sionoro coipeate,
« (Calculate number of bare soill = : ,  ETREESRAL

dayS from Se ntl ne I '2 * : e We collect raster slope data of the area of interest and timeframe from the Process AP| request into a the variable slope

: img

¢ CO”ECt terraln SIOpeS — pre-caICUIated & _init__py slope = slope request.get data(save data=True)[@]

with GDAL on CREODIAS and ingested with BYOC M erosion_aoi_location._..

AP We visualize an image of the slope variable using pyplot again.
« Estimate erosion risk as product of St e horl. O

slope and ratio of bare soil days
« (Calculate time series of local

estimated erosion risk using

Statistical API
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Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally

» jupyterhub.dataspace.copernicus.eu NN

. Start notebook, import Crewmmmem s |
. = [Z Launcher X M soil_erosion_risk.ipynb Sl '
dependenCIGS B+ X008 » m C » Code v # Sentinel Hub O aﬁ
. s C
* Define study area (Somogybabod, g Calculate relative erosion risk -
H u ngary) To estimate erosion risk at a specific location and time, we simply calculate the product of the terrain slope and the ratio of |

M/ - /EOdsoill /v3/

« Calculate number of bare soll - .

* M data WEIGHT BARE SOIL = !

days from Sentinel-2

B img relative_erosion_risk = (slope / “9) * WEIGHT_SLOPE * bare_ratio * WEIGHT_BARE_SOIL

» Collect terrain slopes — pre-calculated & _init_py

with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location_... o : | - |
AP B soi , T calculated below. You can set the visualization parameters vmin and wvmax according to the minimum and maximum
5 SON_erosion_fisK.ipyn B : . : . . . : . : .

statistics to scale visualization of the result. Finally, an image is created showing the estimated erosion risk for each pixel.
« Estimate erosion risk as product of
slope and ratio of bare soil days
« Calculate time series of local
estimated erosion risk using
Statistical API

days with bare soil. The respective weighting of these two parameters can be modified by the user.

To optimize the visualization, the minimum and maximum of the erosion risk within the area and timeframe of interest is

relative_erosion_risk.min()
0.9

ér. relative_erosion_risk.max()
0.02239825470106942

# First we define a colormap. White for risk of zero, green for low risk, yellow for moderate, red for high.

cmap = mpl.colors.LinearSegmentedColormap.from list(
"vellow to red",
[(@, (1, 1, 1)), ( ' » (0, 0.5, 9)), (relative_erOSion_riSk'”"()) (1, 1, @)), (1, (1, &, @))],
N= .
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Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need
to set up anything locally 0L

* Jupyterhub.dataspace.copernicus.eu MR R R RN
[ Start nOtebOOk’ Import ( File Edit View Run Kernel Tabs Settings Help
. 8] [ Launcher X M soil_erosion_risk.ipynb X B

dep_endenmes - S b BT b N B & Sentinel Hub O

¢ Deflne StUdy area‘ (Somogyba‘bOdl o = # First we define a colormap. White for risk of zero, green for Low risk, yellow for moderate, red for high. g '
cmap = mpl.colors.LinearSegmentedColormap.from_lis .
H u n g ary) p"yel?ow__to_red“ ’ :
. = W/ - [EO4sail /v3/ [00;: €15 31, 1)), ( 5, (9, , 2)), (relative erosion risk.max(), (1, 1, @)), (i, (1, 8, 8))],

» Calculate number of bare soll - i s

days from Sentinel-2 i o

. img - .

 Collect terrain slopes — pre-calculated & _init_py PaRmina & et AR

with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location_... plt.inshow(relative erosion risk, cmap=cmap)

API
« Estimate erosion risk as product of

<matplotlib.image.AxesImage at @x7fc951c79b10>

0

slope and ratio of bare soil days T ' o
« Calculate time series of local ol o
estimated erosion risk using 25 - ,. " |
Statistical AP o S & o
? B > "
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Use case example - global erosion risk estlmatlon m JupyterLab

« JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code Ilbrarles -> NOo need

to set up anything locally

* Jupyterhub.dataspace.copernicus.eu PR R RN
Start nOtebOOk’ Import ( File Edit View Run Kernel Tabs Settings Help
. @ Launcher X M soil_erosion_risk.ipynb X: B
dependenCIeS - & i B + X O 0 » m C » Code v - & Sentinel Hub O
Define study area (Somogybabod, g - =2 ”‘i g 2T .
Hungary) - 75 4 - & ,. E v ‘4 kel
_ ‘= W/ - /EOdsoil /v3/ 400 Y s 1 B =t
Calculate number of bare soil -l : - R i
days from Sentinel-2 - [rm oo AU T NI
. Img 2 a1 : L :. . W
Collect terrain slopes — pre-calculated A _init_py ". % o I Y
with GDAL on CREODIAS and ingested with BYOC B erosion_aoi_location_... 600 e [ & Wl T
AP o N R Ry TR
Estimate erosion risk as product of TR ey
slope and ratio of bare soil days TR ~ M
Calculate time series of local T VL . -
estimated erosion risk using il e a g
. X w1
Statistical AP Nt X
P ..—'\ — . Ll de Sl .
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Use case example - global erosion risk estimatibn';in JupyterlLab

. JupyterLab has all Sentinel Data Collections, CDSE API-s and a set of EO Code libraries = no need to set up anything
les/blob/main/sentinelhub/soll erosion risk.ipynb

locally https://github.com/eu-cdse/notebook-sam

* Jupyterhub.dataspace.copernicus.eu
o Start nOtebOOk’ |mp0rt ( File Edit View Run Kernel Tabs Settings Help
. - [Z Launcher X M soil_erosion_risk.ipynb X +
dependenCIeS - 5 o R+ X000 » = ‘C' » Code v ‘ | & Sentinel Hub O
 Define study area (Somogybabod, ¢ - for Jab 1 st ge_cickiabels()(1::2) -
Hungary) | BN e Bl Erosion Risk time series
* Calculate number of bare sall = : 0.008 1
days from Sentinel-2 o
. Img
* Collect terrain slopes — pre-calculated & _init_py 0
with GDAL on CREODIAS and ingested with BYOC B erosion aoi_location_.. S 00041
AP S
« Estimate erosion risk as product of x 0% =
slope and ratio of bare soil days 8 oo,
 Calculate time series of local -
estimated erosion risk using o oo
Statistical API ~0.004 - - — lsmev\
’10'1’5 o 1013’06‘0 o "
Date |
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https://github.com/eu-cdse/notebook-samples/blob/main/sentinelhub/soil_erosion_risk.ipynb

Roadmap overview - New datasets and functionality 2024

Complete time series of Sentinel-2
Collection 1
Monthly Sentinel -1 mosaics
S-1 SLC Burst @)
Gradual start of CCM data access
VHR 2021 and VHR 2018 in Copernicus Browser
VHR 2015 (CCM)
STAC - Support for Assets in newly published May 2024

Sentinel products {D
openEO: Random forest support * VHR 2015 in Copernicus Browser
On-Demand Production S-1, S-2 and S-3 openEO: Client-based-processing - STAC - availability of Assets In historical 1@’;'
Availability of S-1 SLC and S-1 RAW EO Sentinel products
compressed products in OData interface « Access to historical AUX data for S-1, S-2
Additional Sentinel-3 products in openEO and S-3 O
openEO: HR-VPP collections * SAR Sea Ice (CCM)
openEO: best available pixel compositing ﬁ
June 2024 Q
STAC — relation links  Sentinel-3 Level 2 support in Copernicus
openEO: generating netCDF larger than 1GB Browser and Sentinel Hub API’s 4
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Copernicus data infrastructure is
ready for upscaling of EO-based
soil monitoring

* Building and selling/opening EO
solutions Is possible without major
Investment in data infrastructure

» Bandwidth, processing capacity
or data storage is not a limit any
more

e |nternational initiatives can be
supported by highly scaleable EO
solutions

dataspace.copernicus.eu
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