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System Earth
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Trace gases
(z.B. CO,, H,0)

Max-Planck Earth System Research Partnership
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Data-driven Earth Science - Big data
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CAB-LAB

VOLUME

DATA SIZE

>>1 Pbytelyear /
(~200 Billion bibles or 50
Lib of Congress)

VARIETY

A2k

Heterogeneous data:

« Organ to global

« Point, gridded, 1D-
4D integrated

* Hourly to millenial
time scale

« Uncertain and pos-
sibly inconsistent

VERACITY

UNCERTAINTY OF
DATA

eo open science 2.0

Data-driven Earth System Data Cube (Markus Reichstein)
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File Edit View

' Data Portal
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2 Most Visited [ GoogAdv §:] G-Scholar

Data-driven view on dynamic Biosphere-Atmosphere Exchange

Primary production (GPP) [g m™ day] Evapotranspiration [MJ m=2 day]
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\ Extraction of events from data cubes

Max Planck Institute
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1. Detrend and deseasonalize s s s
pixel by pixel £z
2. Tag voxels (lat, lon, time) £
with extreme anomaly
» Basedon 1%, 5% or
10% percentile
3. Find spatio-temporally
connected voxels
» “Extreme events”
4. Characterize them
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Spatial extent
Duration
Total integral
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Based on this: Zscheischler et al. 2013, Ecol. Inf, Zscheischler et al. 2014, 2015
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Total impact:
>2 PgC yrt

Corr. with total impact

Probability of occurrence

North America, a=1.74
South America, a=1.77
Europe, 0=1.72

Africa, 0=1.76

Asia, 0=1.75

Oceania, 0=1.76

1

10° 10* 10° 10
Total impact, decrease ing C
Reichstein et al. 2013, Nature
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EEEg Many extreme events not “recorded”
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without Earth Observation
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Frank et al. 2015, Glob Ch Biol
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 High dimensional

« Same resolution in
» space
> time

« Compatible units

Nice, but analytical challenges

> ,,,‘? = l Y = Dimensionality reduction
111"
o

Mahecha et al. 2015, earthsystemdatacube.org
Matthieu et al. submitted to IGARSS
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i-esa
(CAB-LAB Atmosphere, biosphere & anthroposphere .. e

properties as three dimensions

Biospheric index

EVI, fPAR, Ts, Sm
Biomass....

Population, GDP,
harvest, livestock

Atmospheric index
Precip, Tair, cloudiness, Radiation, trace gas conc...
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Biosphere-atmosphere virtual lab (BAVL)
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Biosphere-

Data Analytics — Atmosphere

Toolkit System
Trajectory
(BAST)

/ Diagnostics
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Not download, but subscribe (tools to the data), seamless updates by “living data cube”
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CAB-LAB BAVL use-cases

Use BAVL
Data Access

Max Planck Institute
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Data Analytics Toolkit

Use on-
demand
processing

Develop
DAT tools

Use existing

A
A Configure libs/tools
\ P tools
Execute \; - : ____________ Compare
DAT tools \ results
\
\
L} s
\ \
\ \
‘\ ‘\ Configure
\ v 7! Workflows
A~ Execute
\ ,, \ ---________,_.-- Locally
Execute =
Workflows ~--,:"'"-“\--...___._"___._
Scientist o i Execute

~ Compare Remotely

results

Integrate
DAT tools

Manage £~ Integrate

Workflows ~ o -3 remote
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N = science
\\ N \ code
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N NI Workflow Management System
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Version &
Share Code

Share
Workflows

Publish
results

Brockmann et al. 2015, CAB-LAB proposal (modified)

Community Services (Saa$S)
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Earth System Data Cube (ESDC) Index of Biosphere-Atmosphere
System Trajectory (iIBAST)
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Data analytics toolkit (primitives)

CAB-LAB
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Time series decomposition by Singular Spectrum Analysis (SSA)
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f2esa

Decomposed & mapped fPAR times series
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FPAR original data Seasonal signal

Fluctuations (high freq)

FAPAR: high frequency var. FAPAR: low frequencies var.

cf. Mahecha et al. (2010), Pat Recog Lett.



& 1st BAST runs on preliminary ESDC
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Multi-method approach: extracting robust
features; here: novelty detection

Flach et al. 2015, in prep.
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Summary
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e Earth System Data Cube highly
relevant for Earth System
Science

* Detecting localized events ool
efficiently done =

— Ccycle extremes globally
important, related to water cycle

* Biosphere-Atmosphere-Virtual ~
Lab being established for use by —
the community for free DA . t

— Now: Prototyping with existing
data

— Future: Sentinels

latitude
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Thanks to collaborators and funders!
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CAB-LAB

COUPLED ATMOSPHERE BIOSPHERE VIRTUAL LABORATORY

ESA STSE Coupled Atmosphere Biosphere Virtual Laboratory (CAB-LAB)
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