State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber
Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany

T T = - T
= .,:_:'.-___:.h R -:a.- e e e S I R T T R S e

| Show the state of the art to vnsuallze SC|ent|f|c data
at the DKRZ.

Different data and grid types need different
visualization types and programs.
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Earth Science Data

Increasing data file size
Various formats of scientific data se

Different kinds of grids underlying t Softwa re
Common used visualization types
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2D software

= NCL
= Python: matplotlib/basemap, PyNGL/PyNIO
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Climate simulations are carried out with coupled Earth system models
Supercomputers and storage systems are used over years Deutsches
Results: very large and complex data sets Klimarechenzentrum
Data analysis and visualization are essential part of the scientific workflow | | (DKRZ)

Different classes of tools are used for the analysis and visualization

This PICO: Overview of 2D- and 3D-analysis and visualization software.
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3D software
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Climate Models

To understand the climate system, the different physical and bio-
geochemical processes and interactions in atmosphere, ocean and on
the land surface need to be taken into account.
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To facilitate simulations of the whole Earth system, coupled numerical | i
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models of the different subsystems are used. Due to the model
complexity, the spatial model resolution, the long simulation periods
and the use of ensemble techniques to reduce the model uncertainty,
powerful supercomputers and storage systems are needed for this
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Grid Types

Numerical climate models require atmosphere and ocean to be divided into grid cells.

_ Depending on the discretization and numerical scheme used, we have to deal with different grid
ﬁ types of the 3D time-dependent data. The algorithms used for the visualization are usually

= | computationally less expensive for simpler grid types.

M-~

| Simple grid type: regular, rectilinear

-

Complex grid types:  curvilinear, unstructured

Curvilinear '
Unstructured
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The new High Performance Computer System for Earth System
Research (HLRE-3):

3.6 PetaFlops peak performance

54 PB parallel file system

° 38.300 compute nodes (> 100.000 cores) 21 visualization nodes with 2 Nividia GPUs e

e 266 TB main memory
* 20 PB parallel file system
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Domain-
specific

Vapor
UV-CDAT
GrADS
Ferret
GMT

http://www.ncl.ucar.edu/

http://www.unidata.ucar.edu/software/idv/

https://www.vapor.ucar.edu/

http://uvcdat.linl.gov/

http://cola.emu.edu/grads/

http://www.ferret.noaa.gov/Ferret/

http://gmt.soest.hawaii.edu/

2D script-based

2D/3D interactive GUI
3D interactive GUI
Collection: 2D /3D tools
2D script-based

2D script-based

2D script-based

General-
~ purpose

ParaView
Avizo
IDL

Python /
matplotlib

http://www.paraview.org/

https://www.fei.com/software/avizo3d/

http://www.harrisgeospatial.com/

http://matplotlib.org/

3D interactive GUI
3D interactive GUI
2D script-based
2D script-based
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| DKRZ’s supported Visualization
and Analysis Software

3D software
= ParaView
= Vapor
= Avizo T

2D software
= NCL
= Python: matplotlib/basemap, PyNGL/PyNIO
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ParaView

3D software

= Regular, curvilinear and unstructured grids
= netCDF, ASCII

o



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber
Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany

G4l b OBl B o
iR

Siaeing drawser

AR B B A

2 EHE) ECHAMH_OM _AtE.nc
@ @ Transtorm?
@ @ Contourl

Properties _ Information

Progeies

Apply Resat Delet

iSearch .. (use Esc Lo clear Lexl]

= Properties

= Display

= view (Render Viaw)

Az Grid
Center Axes Visibility
Orientatian Axes.
7/ Orientagien Axes Visibilicy
Orientation Axes Interactivity
(3 drientatan Axes Label Celar

(2 Ortentaron Ases Outine o

Recuires an input

0 | 2limaxis 9

FErrErT

O Layout#1 @+

iy

(6,558

90 o0

BOEG

Renderviewl = H 10 @ o

B 0 b &

0 S 5..0-RC1-184-gec0Ode 64-8it

Tire, 156 RS

%o
£ & @
. I < B

oo P remsar
§ buikin
z ‘ @ erde.pog
2 5 nerupt ne
® Transform2
& I PlotDaiat
Propurlios nfoimetion
roperies

oy Reset 3 Delete

Search . fuse Ese 1@ cloar ox)

= Properties(Plot [

= Dispiay (Parale [

Finldl ASSOSiation  pyint Data

Serles Parameters

Varable
4/ ant_o0_TOT_550_bc

Baints (1)
Points (2)

Points (hagritucie)
AkOriginalfices

O B =

Reprasaatatlo

Time: 366,042

C— L Bl
{H 7“; & e b ) o

L s

am

1 [ (men s 24wy

O Layout 11 @

DKRZ

DEUTSCHES
KLIMARECHENZENTRUM

Rendor¥iow!

ParalielcoordinatesChartviewt

L

p——
o Panat

| C3PRay Remeing

1 Easis SRRy
3 e
Avbiurt Sarclen 5

S c—

et



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber
Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany

<= DKRZ

DEUTSCHES
KLIMARECHENZENTRUM



http://www.dkrz.de/

2016







State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber
Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany

- T T .":‘i g
L . -
. \

». - O
. N

» 9

Vapor

3D software

= Read regular grids
= netCDF, ASCII

Plot types

Contours

Cross Sections
Isosurface

Flow Visualization
World Map https://www.vapor.ucar.edu/
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3D software

= Read regular grids
= netCDF, ASCII

Plot types
Slice
Bar Chart
Iso-Surface

Glyphs
Streamlines
Volume Rendering

http://www.fei.com/software/avizo-3d/
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| NCL — NCAR Command Line Language

2D software
= Read regular, curvilinear and unstructured grids
= Data formats: netCDF, GRIB, ASCII
= Data analysis functions library

Plot types:
XY
Contour
Vector
Bar Charts
Overlay
Panel

Animation http://ncl.ucar.edu
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Python: matplotlib/basemap,
PYNGL/PyNIO

2D/3D software

= Regular, curvilinear and unstructured grids
= netCDF, GRIB, ASCII

o
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Curvilinear grid: MPI-ESM-LR (2D lat/lon arrays)
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Cloud-resolving simulation over Germany {7 e

Supercomputer: Mistral (DKRZ)
Parallel Projection of Cloud and Wind Data to visualize vertical Distribution Simulated Day:  April 26,2013
Height Level: 0 km - 12 km (60 m spacing)
Resolution: 1429 x 1556 x 202

(regular rectilinear grid)
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Fig1. Display of liguid cloud water (gray volume rendering), cloud ice (purple isosurface), rain (blue isosurface) and wind magnitude (streamtubes). Note the various cloud types at different altitudes, as
well as the huge cumulonimbus incus cloud in the south towards the Alps. It has a large anvil shaped ice cap and strong upward moving winds.
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Fig2. Display of liquid cloud water (gray isosurface) and divergence (red/blue valume rendering). Note the vertical hoses of highflow vorticity that overlap with the large cloud system. Here vorticity re-
lates to changes in pressure and air that is moving up/down. Over the Alps we also see a lot of turbulence, which is due to the orography and the high mountains.
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Fig3. Display of liquid cloud water (gray volume rendering), high wind velocity (yellow isosurface), high vorticity (blue isosurface) and wind magnitude (streamtubes, seeded at 3km). The passage of the

isosurface through the clouds indicates a separation between two rain bands. High vorticity visualizes the turbulence within the cumulus cloud systems, as well s - due to the orography - over the Alps.

00



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas Rober > DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany L

Time: 27.0 Hours R2B10 ~84 Million Cells per Level - 2.5km per Cell

Integrated Cloud Water (kg/m?2) Integrated Cloud Ice (kg/m?2) - =
0.00 0.00 Q.01 010 1.00 1500 000000 000 000 000 001 002 005 010 020 050 100 3.00 S ! A



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Béttinger , and Niklas Rober @ DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany L

" ParaView Velocity |

—

™
Horkontal Velocity tm/s) E
ol 02 0 2 5 10 20250
Ll e L . “‘ﬁﬂ-c“ —



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Béttinger , and Niklas Rober @ DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany e

o

Salnify (P5U) -
0 By 0 e 30 35 0 05 370 s =»o Lt 0



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Béttinger , and Niklas Rober @ DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany DEUTSCHES

KLIMARECHENZENTRUM



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization
Karin Meier-Fleischer , Michael Bottinger , and Niklas Rober @ DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany e

Vapor — ICON ocean data -

)



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas Rober > DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany L

- A "N

o~ oy

g ————— "
Display Date [=) 3 o -

ElProjection [=

@ (Display Date 3

= Pu
- = . et = 3t & - -
'L‘:r':u Position: x 30 y 30 Y | X
[0 text (M) forearound (W] background [ : :\:-. \ -~ % S
g -
s i -
01/10/1979 — .o,



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization
Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber @ DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany e

(C) DKRZ / MPI-M ICON Ocean Model

[DegC]



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization

Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber
Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany

<= DKRZ

DEUTSCHES
KLIMARECHENZENTRUM



http://www.dkrz.de/




State of the Art in Earth Science Data Visualization

*‘L

-

.

-

o .

wind vel

Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber
Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany

) '“_ =
NCL - Monitoring web page for MPI-

-

ESM |

ocity

- Y I‘N X N‘«
J’NE‘:L\&

- _‘1
=Sy
> s

=
e e
e

-0.4

-0.32 -0.24 -0.16 -0.08 0

Reference Vector
0.08 0.16 0.24 0.32 0.4 0.48 0.56
[m/s]

<= DKRZ

DEUTSCHES

KLIMARECHENZENTRUM



http://www.dkrz.de/

State of the Art in Earth Science Data Visualization
Karin Meier-Fleischer , Michael Bottinger, and Niklas R6ber @ DKRZ

Deutsches Klimarechenzentrum (DKRZ), Hamburg, Germany L

R . asBET. .. S

| NCL - Display different domains and resolutions on Earth globe
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NCL - Multiple timeseries |
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NCL Doc Example: multiple timeseries e 3

Area mean:
Project: project name 2m temperature Lat: -45.76 42.24
Maodel: model Lon: -24.64 60.28
Data: yearly mean

———————— Data 4 rcp85
———————— Data 4 rcp45
Data 4 historical
-------- Data 3 rcp85
———————— Data 3 rep45
Data 3 historical
-------- Data 2 rep85
———————— Data 2 rcp45
Data 2 historical
———————— Data 1 rep85

———————-Data 1 rcp45
Data 1 historical

- -

1950 1980
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NCL - Multiple timeseries with bars
T T —

Variable: tas
Project:

« historical | RCPs —

2000
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NCL — Madden-Julian Oscillation

MJO - 1995-1999: May to Oct
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| Use transparency to overlay on Earth topography (JPEG file)
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Python — matplotlib/basemap: Contour Lines ' . .
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Curvilinear grid: MPI-ESM-LR (2D lat/lon arrays)
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| PyNGL/PyNIO: Vectors |
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| PyNGL/PyNIO: Mollweide projection: ICON data
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