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WASCAL Data Cube

Big data remote sensing to monitor the environment
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West African Science Service Centre on Climate Change and Adapted Land Use (WASCAL)
Large scale climate service center, build to help tackle the challenges of climate change and climate variability in the
region

By strengthening the research infrastructure and capacities related to climate change

Funded by the Federal German Ministry of Education and Research (BMBF).

Implemented in a cooperation between german and west African partners lead WASCAL

West African
by the Center for Development Research (ZEF Bonn). S
*®%e ¥ Climate Change
. . . . . . o o - - ~
Since 2014 recognized as international Institution [ Ny ShareapEiol EanaUae
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= 11 countries in West Africa
= Headquarter in Accra
= Competence Center in Ouagadougou

= Beyond language borders

WASCAL

West African

Science Service Centre on
S0, Climate Change
: . and Adapted Land Use

5Headquarters
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Why do we use Earth Observation Data Cubes ?
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Open Satellite Data Downloads

The number of downloads every year from the open data portals has increased
exponentially!

Files Scenes
Downloaded Downloaded
200,000,000 Modis 150,000,000
Landsat
150,000,000
100,000,000

MODIS satellite Terra

100,000,000 launched in 1999 and
Aqua 2002

First Landsat satellite

was launched in 1972.
50,000,000 Open access was
granted in 2008.

50,000,000

Sentinel 2A & 2B

% Sentinel 1A & 1B

2017

2000 2005 2010 2015 2009 2013

SOURCES: MODIS and Landsat data was provided by NASA » !
Sentinel data was obtained via their annual reports, 2015-2017 Sentinel-1A was Sentinel-2A was

launched in 2014, and launched in 2015, and

Sentinel-1B in 2016 Sentinel-2B in 2017

*Files downloaded from the MODIS portal often contain multiple scenes

$& Radiant. Earth

Earth Imagery for Impact
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Landsat has already taken more than 7.5 million images of the Earth's surface

40 Years of Global Observations

P
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This corresponds to a data volume of > 7.5 petabytes...

ETM+ L7 2018

Status as of August 31, 2018

Total Marketable Scenes: 112,612
Unique Marketable Locations: 8,539

[ J1[7]2-3 00 4-5 [ c-7 [ &-2 [ 0- 11 I 2 I 13- 1+ I > I 16 - 17

6:7 & Source: USGS, 2019 7
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... and this number will continue to increase with the
Increasing number of satellites!
ESA Sentinel 1 & 2: 5-10TB / day !

o ¥ Source: esa.int
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Landsat 8 > 2800 scenes ‘s

¥

; Landsat 7 > 5000 scenes
o Landsat 5 > 1600 scenes
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knowledge is not understanding,
understanding is not wisdom”

information is not knowledge,
(Clifford Stoll)

“Data is not information,
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How to transform this large amount of data into useful information and

support evidence-based decisions

DECISIONS FUTURE

change, WHAT ACTION?
movement reveals direction

given purpose,
becomes

WISDOM WHAT IS BEST?
understanding, integrated, reveals principles
actionable

given insight,

becomes

KNOWLEDGE PAST
[— contextual, synthesized, WHY?
learniing reveals

given meaning, patterns
INFORMATION

usetul, organized, structured WHAT?

reveals

given context,
becomes

|

relationships

(Frangi et al. ,2018)
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Why do so few people use satellite data?

- Scientific knowledge is required to understand... (what kind of data? / resolution? / what type?)
- Difficult to access and download

- Difficult to prepare... atmospheric corrections, geometry, alignment, formats

- Need for training and capacity building ‘

A new solution.... DATA CUBES ? : ’ /

@?» 13
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What are data cubes?

Multi-dimensional stack (space, time, data type) of spatially aligned pixels & used for efficient
access and analysis.

Time Series

__—Time Slice
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The idea of the WASCAL Data Cube is ...

to increase the value and impact of global Earth observation satellite data for west
africa by providing an accessible exploitation architecture for an efficient and user-oriented
analysis based on multi-temporal earth observation data.

s
Jupyter
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s Data acquisition, ~ Radiance to Atmospheric Pro ssing,  Map, Graph, .
' Convert Digital TOA CONBEtisne in tces

' Number to reflectance, classification,

i Radiance Additional y

: information .

< (e.g., Solar "
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Analysis Ready Data production

(Guiliani et al. ,2018) 16
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Traditional approach
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Datacube approach
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What is Open Data Cube ?

The Open Data Cube Infrastructure provides an integrated
gridded data analysis environment providing long-term analysis
ready earth observation data from multiple satellites and other
acquisition systems.

Why using this approach?

The Data Cube framework allows multi-sensor environmental
monitoring on a cloud-based platform for an efficient and user-
oriented analysis of land surface phenomena based on multi-
temporal earth observation data.

i DLR

OPEN DATA CUBE

... and Use

Courtesy of Geoscience Australia
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History Results Output

Satellite

Landsat 8 v

Data Selection:

Spectral Index:
NDVI v

Compositing Method:

Least Recent Pixel v

Geospatial Bounds:

Min Latitude Max Latitude
53.89989436981337 53.899895369813365
Min Longitude Max Longitude
12.983311686850893 12.983312686850892
Start Date End Date
02/11/2013 12/26/2016

Running tasks

Additional Options

E10

feterow

Goven

WMaichin

Salemhis
Dermetin

Home

Grimmen

Data Cube Manager ~

[
Aentreptow \

Tools +  Task Manager ~  Submit Feedback

A Logged in as: datacube G Logout

Lat: 54.0621, Lon: 13.2076
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p 2D Plots

A full listing of the plots generated by your pixel drilling task can be
seen below.

Leaflet | Map data © OpenStreetMap contributors
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: jupyter BurkinaFasoCube (Lake Bam) (unsaved changes)

N

File Edit View Insert Cell Kemel Widgets Heip Trusted | Python 3 C

@ +|[c]/@m|m 2 ¥ | MRun [ B[ C W |[Makdonn -] =
[}

Visualize DataCube extent

In [4]:

from utils.data cube utilities.dc display map import display map
platform = "LANDSAT 8"

product = "1s8 lasrc burkinafaso"
longitude extents = (-1.57, -1.485)
latitude_extents = (13.303, 13.55)
display map{latitude = latitude_ extents,

longitude = longitude extents)
outf4]:

Load the dataset and the required spectral bands

In [5]: from odc.ui import with ui cbk

landsat_dataset = dc.load(latitude = latitude extents,
longitude = longitude_ extents,
platform = platform,
time = time_extents,
product = product,
measurements = [‘'red’', ‘'green‘', 'blue‘', 'nir', ‘swirl', 'swir2','pixel_ga'].,
progress cbk=with ui cbk())

é{?ﬁ 1 S R Y 7 A B TS T N T
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The Data Cube is a system designed to:

Catalog large amounts of EO-data

Provide a Python based API for high performance
guerying and data access

Give scientists and other users easy ability to
perform Exploratory Data Analysis

Allow processing of the stored data on a
continental scale

Track the provenance of all the contained data to
allow for quality control and updates

Satellite Data Provider

® &
".o w."

N »
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Jupyter Notebook Web Service

i DLR

Application
Programming
Interface
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Time

e

NAWAY

All available data at one point as time

Large scale mosaic

23
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Time

Combine several time slices

Cloud removal

i DLR
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Time

All slices for a specific region

Time series analysis

25 Apr 2013
NDVI

i DLR
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ic region

Time series analysis

All slices for a specif
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8 Jan 2014 81)ani201'4
True colour NDWI
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time = 2014-02-09T10:21:13
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Why using the Data Cube approach?

« Makes it easier to use satellite data by reducing preparation time

« Enables efficient time series analyses and data interoperability

* Provides free and open source software and algorithms for the cloud or a local computer
« Allows community development, shared capacity building and organized algorithms

» Because it works ... just ask Australia and Switzerland!

i DLR

30




Julius-Maximilians-

UNIVERSITAT
WURZBURG

Thank you for listening
Questions?

i DLR
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Benin: Climate Change and Water Resources

Burkina Faso: Climate Change Informatics

Cap Verde: Climate Change and Marine Science

Cote d’lvoire: Climate Change and Biodiversity

Ghana: Climate Change and Land Use

Mali: Climate Change and Agriculture " e
Niger: Climate Change and Energy

Nigeria: West African Climate System; Climate Change and

Human Habitats
Senegal: Climate Change Economics
The Gambia: Climate Change and Education

Togo: Climate Change and Human Security Legend

@ Doctoral Research Programmes

-

20 MSc Programmes

1000 1500 km
L I

i DLR
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www.phenocube.org

< somalia

B

Welcome to the Open Data
Cube

CEOS is using the power of the Open Data Cube to help address the needs of
satellite data users, giving them a better picture of their land resources and land
change.

« Ease of use and access to satellite-based data

« Multiple dataset interoperability and spatial consistency
» Use of "Analysis Ready" Data Products

« A Shift in Paradigm from Scenes to Pixels

i DLR
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