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geo engine

Background

- Database Research Group @ University of
Marburg, Germany

- research
- spatio-temporal data processing
- geo processing systems
- deep-learning on satellite time-series

- Visualization, Analysis, and
Transformation system
- web-based

- explorative
- used @ GFBio, GEO BON, Eumetsat

gee

What we are working on

- spatio-temporal data processing platform /
engine
- cloud-based (hosted / on-premise)
- explorative analytics
- sustainable

- transfer research — start up
- grant from German Ministry of Economics
and Technology (EXIST)

= geo engine
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Example with ERAS Land Data



<« gbeZ:“’ e ‘ < 01.01.201300:00:00 ‘ -
(=]

m Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

~ Data Table Citations



01.01.2013 00:00:00
> Add Data

‘ Leaf area index, high vegetation

channel: Leaf area index, high vegetation

Data Repository
Generic data repository

ABCD Archives
Lookup GFBio ABCD archive

GFBio Search Baskets
Log in to display your GFBio search results

Draw Features
Draw features on the map

stom Features
g in to use custom vector data from, e.g., CSV files

Species Occurrences
Query data from GBIF

Country Selection
Select country borders

Data Table Citations




01.01.2013 00:00:00 .
> Data Repository

‘ Leaf area index, high vegetation

Q ErAS

channel: Leaf area index, high vegetation

ECMWF

ECMWF ERAS
@
Channel Measurement

snow cover coverage (percent (%))
2m temperature 2 metre temperature (K)
Leaf area index, low vegetation lai_lv (m*2 m**-2)

Leaf area index, high vegetation lai_hv (m**2 m**-2)

ECMWF Snow Cover

ECMWF ERAS
24
Channel Measuremel

snow cover coverage (percent (%))

Data Table Citations




‘ snow cover

channel: snow cover

<« gbe'{:" ‘ \Q O\‘ ’ < 01.0120130000:00 >

h Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A Data Table

e i

2 > Data Repository
Q
ERA5
= =
i o
= #f  ECMWF
T S
——

ECMWF ERAS
@
Channel
snow cover
2m temperature
Leaf area index, low vegetation

Leaf area index, high vegetation

ECMWF Snow Cover

ECMWF  ERAS
@

Channel

snow cover

coverage (percent (%))

2 metre temperature (K)

lai_lv (m*2 m**-2)

lai_hv (m**2 m**-2)

coverage (percent (%))



' snow cover

channel: snow cover

O

. Leaf area index, high vegetation

channel: Leaf area index, high vegetation

~ Data Table

Citations

01.01.2013 00:00:00

> Symbology Editor

[J Global Layer Properties ~
Opacity 100 %
rgba(0,0,0,0) NoData
rgba(0,0,0,0) Overflow
fA\Color Map ~
1
z '8
s B
.
i B
t T T T T T T T T T \
8 EAE i : T 20
I-ﬂ_ﬂﬂ qO0,00
eoverage in percent (X}
Sync map and histogram
Min Max
0 $100 <
Colormap name
ARCON Y
[[J Reverse colormap
Step distribution
linear v
Color steps 16

Create color table

@ color Table v




01.01.2013 00:00:00

> Symbology Editor
' snow cover :

0 percent (%)
6.67
13.33
20
26.67
3333
40
46.67
53.33
60
66.67
73.33
80
86.67
93.33
100

+ [J Global Layer Properties A

& Opacity 100 %

i rgba(0,0,0, 0) NoData

rgba(0,0,0,0) Overflow

TS S s A

)

3 e

g ) - - fA\Color Map ~
(2]

channel: snow cover

O

Frequency

. Leaf area index, high vegetation H

JI
i § ¥ i 8 0
I—ﬂ_ﬂﬂ qoo.oo

channel: Leaf area index, high vegetation

eoverage in percent (X}

Sync map and histogram
Min Max
0 <100 <
Colormap name
ARCON Y
[[J Reverse colormap
Step distribution
linear v
Color steps 16

Create color table

@ color Table v

A Data Table Citations




' snow cover

channel: snow cover

O

. Leaf area index, high vegetation

0.1 M2 m*-2

0.24
0.58
0.92
1.26
16
194
228
262
2.96
33
3.64
3.98
4.32
4.66
5

channel: Leaf area index, high vegetation

Data Table

Citations

01.01.2013 00:00:00

R

> Symbology Editor

IJ Global Layer Properties ~
Opacity 100 %
rgba(0,0,0,0) NoData
rgba(0,0,0,0) Overflow
fA\Color Map ~
1
z '8
s B
.
S B
t T T T T T T T T T \
5 EE i : EETI 20
I-ﬂ_ﬂﬂ qO0,00
eoverage in percent (X}
Sync map and histogram
Min Max
0 100 -
Colormap name
ARCON Y
[[J Reverse colormap
Step distribution
linear v
Color steps 16

Create color table

@ color Table v




Q Q < 01.01.201300:00:00 >

[ .
q snow cover 5

channel: snow cover

h Leaf area index, high vegetation

channel: Leaf area index, high vegetation

Faroe®Jands

A Data Table Citations



Qe Q < 01.02.20130000:00 >

o
=]
ﬂ snow cover :

channel: snow cover -

h Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

Faroe®Jands

A Data Table Cita




< 01.03.2013 00:00:00 >

<« gfuTL" a Q

Faroe®jands

Do

1 snow cover :

channel: snow cover

E Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

A Data Table Cit




< 01.04.2013 00:00:00 >

<« gf:TL" a Q

Faroejands

Do

1 snow cover :

channel: snow cover

Eﬂ Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

A Data Table Citations



Qe Q < 01.0520130000:00 >

[ .
q snow cover 5

channel: snow cover

h Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

Faroe®Jands

A Data Table Citations



Qe Q < 01.0620130000:00 >

B .
‘q snow cover :

channel: snow cover

h Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

Faroefjands

~ Data Table Citations



Qe Q < 01.07.20130000:00 >

B .
1 snow cover :

channel: snow cover

h Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

FaroeRiands

~ Data Table Citations



« ngT'Qg" Qe Q < 01.08.201300:00:00 > !-'_:i"‘-o
N g—

B .
1 snow cover K

channel: snow cover

h Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

Faroe®jands

~ Data Table Citations



Qe Q < 01.09.20130000:00 >

ﬂ snow cover :

channel: snow cover

h Leaf area index, high vegetation :

channel: Leaf area index, high vegetation

Faroefjands

A Data Table Cita




Q Q < 01.01.201400:00:00 >

B .
q snow cover 5

channel: snow cover

hl Leaf area index, high vegetation

channel: Leaf area index, high vegetation

Faroe®Jands

A Data Table Citations



‘ < 01.01.2014 00:00:00 >

° > Add Data

=
-_—
'1 snow cover :
channel: snow cover ol - R 57 @ Hep v
— — o
= - = &>
- =
— |
s - e \
e — e S i B & |
h Leaf area index, high vegetation H "4 - & - - — . Data Repository
- o Ty Generic data repository
channel: Leaf area index, high vegetation - o - - o
- - ¥ . - i
@ ABCD Archives
- Lookup GFBio ABCD archive

C)

+, GFBio Search Baskets
L2 Log in to display your GFBio search results

Draw Features
Draw features on the map

Custom Features
Log in to use custom vector data from, e.g., CSV files

. Species Occurrences
Query data from GBIF

9 Country Selection
Select country borders

A Data Table Citations



" snow cover

channel: snow cover

E Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A Data Table

Citations

ol K QI

‘ < 01.01.2014 00:00:00 >

- 3 e -
- " #
‘- S - ﬁl -
: £
e . St

> GBIF Occurences Loader

1. Search Species
Lookup a Scientific Name

Search Level

Species

Scientific Name

Lynx lynx

Lookup

Output Name
Specify the name of the operator result

Output Layer Name

Lynx lynx

via Wikimedia Commons



https://commons.wikimedia.org/wiki/File:Lynx_lynx_poing.jpg
http://creativecommons.org/licenses/by-sa/3.0/

° > GBIF Occurences Loader

=}

N —
" snow cover :
channel: snow cover ol > 3 1. Search Species

I < 01.01.2014 00:00:00 >

- L . "
- - Lookup a Scientific Name
- =3 -
- T R Search Level
- -
o " » T -
h Leaf area index, high vegetation H "4 & - - ~ DEC
i —-——
channel: Leaf area index, high vegetation - L - - - X I
- e S » - 3 % o= i Scientific Name
) - |

C)

Reset
2. Select Resources
Select different source results

GBIF (22208)
Output Name
Specify the name of the operator result

Output Layer Name

Lynx lynx

Add

A Data Table Citations



@ Unx lynx (GBIF)

ﬂ snow cover

channel: snow cover

h Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A Data Table

Citations

< gibd- |

‘Q Q’ l < 01.01.201400:00:00 > I

o
=}

£

C)

> GBIF Occurences Loader

1. Search Species
Lookup a Scientific Name

Search Level

Scientific Name

2. Select Resources
Select different source results

GBIF (22208)

Output Name
Specify the name of the operator result

Output Layer Name

Lynx lynx

Reset

Add




@ Felis silvestris (GBIF)

@ Lynx lynx (GBIF)

H snow cover

channel: snow cover

ﬂ Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A Data Table

Citations

< gfbi

i
© '

\QQ

< 01.01.2014 00:00:00 > ’

o3

> GBIF Occurences Loader

1. Search Species
Lookup a Scientific Name

Search Level

Scientific Name

Reset

2. Select Resources
Select different source results

GBIF (14033)

Output Name
Specify the name of the operator result

Output Layer Name

Felis silvestris

Aconcag, CC BY-SA 3.0, via Wikimedia Commons



https://commons.wikimedia.org/wiki/File:European_Wildcat_Nationalpark_Bayerischer_Wald_03.jpg
https://creativecommons.org/licenses/by-sa/3.0

@ Felis silvestris (GBIF)

@ Lynx lynx (GBIF)

" snow cover

channel: snow cover

h Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A Data Table

Citations

E > Add Data

@ Hep

. Data Repository
Generic data repository

@ ABCD Archives
a Lookup GFBio ABCD archive

W GFBio Search Baskets
L2 Log in to display your GFBio search results

Draw Features
Draw features on the map

Custom Features
Log in to use custom vector data from, e.g., CSV files

. Species Occurrences
Query data from GBIF

9 Country Selection
Select country borders




&uat

@ Felis silvestris (GBIF)

@ Lynx lynx (GBIF)

. snow cover

channel: snow cover

O

. Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A~ Data Table

Citations

01.01.2014 00:00:00

> Draw Features

@ Hep

Feature type

Polygons

Start

End




<« gfb‘? < 01.01.201400:0000 >

@ Felis silvestris (GBIF) H o\ Search

> Operators

@ Lynx lynx (GBIF)
Layer Statistics

) new feature layer Get statistics for any layer

snow cover . &
- g Pie Chart
channel: snow cover Plot your data as a pie chart

o—
Scatter Plot

‘ Leaf area index, high vegetation Scatter plot your data

channel: Leaf area index, high vegetation
Time Plot
Plot time data

Raster

Expression
Calculate an expression on a raster

Raster Mask

Apply a mask to a raster

RGBA Composite
Create an RGB composite from a set of rasters

Heatmap
Create a heatmap for points

Numeric Attribute Filter
Filter data via numeric range

Point in Polygon Filter
Filter points that are enclosed by a polygon

rminology Resolver
Augment attributes via the GFBio Terminology Service

Textual Attribute Filter
Data Table Citations Filter data via text filter



< 01.01.2014 00:00:00 >

@ Felis silvestris (GBIF) Point
Select Input Point

euvar : > Point in Polygon Filter

@ Lynx lynx (GBIF)
Input

) new feature layer
Felis silvestris (GBIF)

- snow cover

channel: snow cover

o—8 @@ B\\@ Polygon
. Select Input Polygon

‘ Leaf area index, high vegetation
Input

channel: Leaf area index, high vegetation
new feature layer

Output Name
Specify the name of the operator result

Output Layer Name
Felis silvestris | europe

Data Table Citations



O Felis silvestris | europe
@ Felis silvestris (GBIF)
@ Unxlynx (GBIF)

‘ new feature layer

. snow cover

channel: snow cover

n Leaf area index, high vegetation

channel: Leaf area index, high vegetation

Data Table

Citations

01.01.2014 00:00:00

> Symbology Editor

@ Hep

layer

Felis silvestris | europe

IJ Global Layer Properties

Stroke width
Default Radius

Stroke Dash Select

w Default fill color

g 1) Default stroke color

Define an attribute to color mapping to fill

@ Fill Color By Attribute
elements

~ I EnableFill Color By Attribute

Fill Color Attribute v:

@Stroke Color By Define an attribute to color mapping for the stroke
Attribute of elements

I Enable Stroke Color Attribute

Point Radius By

Attribute Define an attribute to radius mapping for points

J Enable Radius By Attribute

N JapINy nN



@ Uynxlynx | europe

QO Felis silvestris | europe

v new feature layer

. snow cover

channel: snow cover

o

. Leaf area index, high vegetation

channel: Leaf area index, high vegetation

Data Table Citations

< 01.01.2014 00:00:00 >




w@U@T : < 01.01.2014 00:00:00 >

@ Uynxlynx | europe

Do

QO Felis silvestris | europe Hide Layer

) new feature layer

Show Legend

. snow cover

channel: snow cover

O S —————————————

Lineage

Remove

‘ Leaf area index, high vegetation
Rename

channel: Leaf area index, high vegetation
Edit Symbology

Export

Share

Data Table Citations




Lineage for Lynx lynx | europe

. GFBio Source . AL OGR Raw So...

dataS.. GBIF filena.. data:text/json,..
level Species layer _..

term  Lynx lynx query._...
Point in Polygon Fil... '

new feature |ayer

Lynx lynx | europe




Qvar

@ Lynx lynx | europe

eee

O Felis silvestris | europe

! snow cover

channel: snow cover

h Leaf area index, high vegetation

channel: Leaf area index, high vegetation

A Data Table

Faroef€jands

<

01.01.2014 00:00:00

>

%‘+ {Do



@ Uynxlynx | europe

QO Felis silvestris | europe

. snow cover

channel: snow cover

O

. Leaf area index, high vegetation

v Data Table

]
O
]
O
O
O
]
O
O
—

basisofrecord

FOSSIL_SPECIMEN

FOSSIL_SPECIMEN

UNKNOWN

channel: Leaf area index, high vegetation

HUMAN_OBSERVATION

HUMAN_OBSERVATION

HUMAN_OBSERVATION

HUMAN_OBSERVATION

HUMAN_OBSERVATION

Citations

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

gbifid

9.21708e+08

3.05095e+08 * 3.64895e+07

3.79681e+07

1.46433e+08

1.1056e+09 +4.66651e+08

6.84505e+08 +27.7128

1.00142e+09 +2223.02

3.21384e+08

1.24858e+09 + 30762.7

scientificname

Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Felis lynx Linnaeus, 1758

Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)

Lynx lynx (Linnaeus, 1758)

01.01.2014 00:00:00




@ Uynxlynx | europe :

QO Felis silvestris | europe :

. snow cover :

channel: snow cover

O

. Leaf area index, high vegetation H

] 0 000O0OOoo

channel: Leaf area index, high vegetation

Data Table Citations

basisofrecord

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION

HUMAN_OBSERVATION

HUMAN_OBSERVATION

gbifid

9.22265e+08

1.25802e+09 +6.92179e+07

1.24859e+09 + 5539.54

1.25403e+09 +1.95963e+07

1.24858e+09 + 3.57526e+07

1.26541e+09 +32

1.24858e+09

1.24856e+09 +20041.5

1.24858e+09

scientificname

Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)

Lynx lynx (Linnaeus, 1758)

01.01.2014 00:00:00




Quar :

@ Uynxlynx | europe

QO Felis silvestris | europe

. snow cover

channel: snow cover

o

. Leaf area index, high vegetation

channel: Leaf area index, high vegetation

Data Table Citations

01.01.2014 00:00:00

> Extract a Raster Value and Add it to the Vector L...

Point, Polygon
Select Input Point, Polygon

Input
Lynx lynx | europe

Raster
Select input Raster

Input A
snow cover

Input B
Leaf area index, high vegetation

Configuration
Specify the operator

Value Name for Raster A

snow cover

Value Name for Raster B

Leaf area index, high vegetation

Output Name
Specify the name of the operator result

Output Layer Name

Lynx lynx | europe + snow + lai_hv

d




QO Felis silvestris | europe :

© Lynx lynx | europe + snow + lai_hv

. snow cover :

channel: snow cover

O

. Leaf area index, high vegetation :

] 0 00OO0O0OO0oOoaOo

channel: Leaf area index, high vegetation

Data Table Citations

Leaf area index, high vegetation [m**2 m*+-2]

1.71071

3.8007 +1.08023

1.53337 £0.118875

1.30359

4.0423 +0.177697

2.22249

basisofrecord

PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

gbifid

8.00312e+07

7.23571e+08 + 887.964

1.25964e+09 +3.03229¢e+07

9.22265e+08

1.25802e+09 +6.92179e+07

1.24859e+09 + 5539.54

1.25403e+09 +1.95963e+07

1.24858e+09 + 3.57526e+07

1.26541e+09 + 32

01.01.2014 00:00:00

scientificname

Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)

Lynx lynx (Linnaeus, 1758)

snow cover [percent (%)]

55.3675

23.3873+1.53098

75.2045 + 4.96682

70.1662

83.1042 +23.8943

93.2858



© Lynx lynx | europe + snow + lai_hv :
O Felis silvestris | europe E
" snow cover :
channel: snow cover
h Leaf area index, high vegetation :
channel: Leaf area index, high vegetation

v Data Table Citations

Leaf area index, high vegetation [m**2 m**-2]

3.33511

3.92791 +1.06227

3.36791+0.193956

2.88528

4.35103 £0.192414

] 0 00OO0O0OO0oOoaOo

3.17262

ofrecord

PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION, PRESERVED_SPECIMEN

HUMAN_OBSERVATION

gbifid

8.00312e+07

7.23571e+08 + 887.964

1.25964e+09 + 3.03229e+07

9.22265e+08

1.25802e+09 + 6.92179e+07

1.24859e+09 + 5539.54

1.25403e+09 +1.95963e+07

1.24858e+09 + 3.57526e+07

1.26541e+09 + 32

01.06.2014 00:00:00

scientificname

Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)
Lynx lynx (Linnaeus, 1758)

Lynx lynx (Linnaeus, 1758)

snow cover [percent (%)]

5.1383 +3.57728

0.0563825




Q Q < 01.06.201400:00:00 >

@ Lynx lynx | europe +snow + lai_hv :

(O Felis silvestris | europe + snow + lai... §

1 snow cover

channel: snow cover

h Leaf area index, high vegetation : =l
channel: Leaf area index, high vegetation s
Faroe®®jands
: 4
-
—

A Data Table Citations



Lineage for Felis silvestris | europe + snow + lai_hv X

. GFBio Source . OGR Raw So... ‘

dataS.. GBIF filena.. data:text/json,..
level Species
term Felis silvestris

| &
. Point in Polygon Fil... . L Source . GDAL Source

chann... Leaf areainde... chann... snow cover
source... ecmwf_era5 source... ecmwf_era5
transf... false transf... false

A

Raster Value Extra...

XResol... 1024 Leaf area index, high veg... m
yResol... 1024
attribu... snow cover, Le...

Felis silvestris | europe +...




S gbef:” I ‘Q Q’ l < 01.06.201400:00:00 >

. Lynx lynx | europe + snow + lai_hv H

O Felis silvestris | europe + snow + lai... 2

" snow cover :

channel: snow cover

Raster, Point, Line, Polygon
Select Input Raster, Point, Line, Polygon

Input

Lynx lynx | europe + snow + lai_hv .4

h Leaf area index, high vegetation H

channel: Leaf area index, high vegetation

Config
Specify the Histogram

Attribute

snow cover v

Range Type

Custom v
Min Max
1 $ 100 &

[C] Choose number of buckets automatically

Number of Buckets

20 2

Output Name
Specify the name of the operator result

Output Layer Name

Histogram of Lynx lynx | europe + snow + lai_hv

A Data Table Citations



i gbei” I IQ Q’ ‘ < 01.0620140000:00 > > Plots

‘ °
=}
—

. Lynx lynx | europe + snow + lai_hv :
‘ oz Histogram of Lynx lynx | europe + snow + lai_hv

Histogram

-_—

g

O Felis silvestris | europe + snow + lai... 3

" snow cover :

channel: snow cover
>
o
c
@
3
o
o
w
h Leaf area index, high vegetation H
channel: Leaf area index, high vegetation 10 20 30 40 50 80 70 20 90 100
coverage in percent (%)
Y [ ]

A Data Table Citations



> Plots

S gbei” l IQ Q’ ‘ < 01.06.201400:00:00 >

‘ °
=}
—

. Lynx lynx | europe + snow + lai_hv :
‘ oz Histogram of Felis silvestris | europe + snow + lai_hv

Histogram

-_—

2

O Felis silvestris | europe + snow + lai... 3

" snow cover :

channel: snow cover

Frequency

h Leaf area index, high vegetation H

channel: Leaf area index, high vegetation o e 20 %0 o 25 o0 o 20 %0 100
coverage in percent (%)
Y []
Histogram of Lynx lynx | europe + snow + lai_hv
Histogram
P
o
c
o
El
o
o
w
10 20 30 40 50 60 70 20 %0 100
coverage in percent (%)
¥ ]

A Data Table Citations



o g ' {Q QI 1 < 01.10.201400:00:00 > N > Plots

. Lynx lynx | europe + snow + lai_hv :
oz Histogram of Felis silvestris | europe + snow + lai_hv

Histogram

(O Felis silvestris | europe + snow + lai... 3§

! snow cover :

channel: snow cover

>
9]
c
]
3 20
=4
o
w

n Leaf area index, high vegetation :

g i 0 T T T T T T 1
channel: Leaf area index, high vegetation 10 20 30 40 50 60 70 80 90 100

coverage in percent (%)

r
HH
m

Histogram of Lynx lynx | europe + snow + lai_hv

Histogram

Frequency

0 60 70 80 90 100
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Tech-Stack

Frontend Backend

- map view with OpenLayers - everything is a time-series

- Angular & Material Design - workflow-based processing

- interactive - written in Rust
- workflow generation - data access with GDAL
- plots - user-functions with Python

T PR ar?d zoom - Apache Arrow for interoperability
™ - OpenCL integration
- space

gee



How queries work

in two steps
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1. Register workflow

Raster
Re-Project Source
Cluster Combine
Vector
Source

Frontend .
Backend



1. Register workflow
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Re-Project Source
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2. Query data

with ID via WMS / WFS — Raster / Vector data

Frontend

' Backend
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2. Query data

with ID via WMS / WFS — Raster / Vector data

ID

i Time(interval)

Lt

___________

Boundingbox

Frontend

' Backend
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2. Query data

with ID via WMS / WFS — Raster / Vector data

' |
— o | 1
| 1
| 1

ID i Time(interval) i E_Bél];ma;r;g;l;(;x
Frontend -
Backend
Vector (Table) Raster (Tiles)

gee



2. Query data

with ID via WMS / WFS — Raster / Vector data

' |
— o | 1
| 1
| 1
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Frontend -
Backend
Vector (Table) Raster (Tiles)
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What is next?

e More operators

e Python operator for user functions
e APIs for Jupyter integration

e ML integration
o Train: feed stream into ML frameworks (e.g. Tensorflow)
o Apply: use model as operator

gee

60



| www.geoengine.de

—_— |

info@geoengine.de

Explore and Combine Spatio-Temporal Data
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How the backend works
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1. Deserialize workflow

into an operator graph

{JSON}

Raster

Re-Project Source

Combine

Vector
Source
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1. Deserialize workflow

and parse operator parameters

Raster

Re-Project Source

Cluster Combine

O

Vector
Source

dataset_id: 1111-2222-3333-4444,

| channel : 2,
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2. Query the graph

by forwarding the query to sources

— o

Time(interval)

___________

Boundingbox

-
Query

Cluster*

Re-Project*
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Raster
Source*
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2. Query the graph

o C% Raster
Re-Project* n— Source*

Time(interval) v
N O O
Boundingbox O
Y Vector
BNy Source

gee



2. Query the graph

and adapt the query if needed

— o

Time(interval)
Cluster*

___________

Boundingbox

-
Query

Query rewrite
EPSG:4326 — 900913

_________

___________

Combine*

Vector
Source*

Raster
Source*
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3. Data streams

produce data matching the query

—

Time(interval)
Cluster*

Combine*

___________

Boundingbox

H_J

Query

gee

Re-Project*

Raster
Source*

O

Raster (Tiles)
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4. Apply operators

to each raster tile / vector chunk

. Raster
Re-Project* Source*
Time(interval) O
N Raster (Tiles)

Cluster*

___________

Vector
(Chunks)

Vector
Source*

gee
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Other examples
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Combination of flight-tracks and weather radar Digital Teaching Tool for Copernicus-Data
(OpenSky Workshop) (Eumetsat)

gee



Cloud strategy

e Current: Deploy next to the data
o Data portal @ GEO BON, GFBio, NFDI4Biodiversity
o Training tool @ Eumetsat

e Next: Hosted Service

o one service for many users
o projects & data in one place — share data and functions
o no maintenance for users

e Additionally: Parallel processing
o split data processing along spatial and temporal axis

gee
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