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Before you start: Met.3D online resources

Documentation:

. . .
ttps: t m Met3D
ps:/ /collaboration.cen.uni-hamburg.de/display/Me
& Welcome to Met30 - Met3D - X
9
Q @ Anmelden [N
Met.3D Gallery Documentation Downloads Waves to Weather Home RRZ Home TUM.3D Home
Features News Credits CitingMet.3D Publications Contact Met30 Met3D
Welcome to Met.3D
SEITENHIERARCHIE
A aracti =3 ic H H > U dcumentation
Met.3D - Interactive 3D visualization of N B ey
. . . . e 2 Developer documentation This is the Met.3D open documentation. See the Met.3D main A Met 3D reference publication has been published in Geoscientif
meteorological (ensemble) simulations ki B vk VEraiian. (e e o 1o s VoSl Divelopint anal s eeutinle Sl
ooy Sl dtiooy o toY Ese Rautenhaus, M., Kem, M, Schifler, A, and Westermann, R. “Three
01 121 dimensional visualization of ensemble weather forecasts - Part 1: The
Version eleased Met 3D is an open-source i _
dimensional visualisation of ‘! MarcR./ met 30 Gitlab = 1
. B . and similar numerical atmosp N -
Anew version 1.5 is available, adding implemented in C++ and Ope c @ @& hipsgitiabcom/w Q search e Po PF =
support for interactive Skew-T diagrams. hardware. Its only “special” req
Also, a binary archive is now available card. & GitLab Q Sign in / Register
for download. @ Open-source e ) - be
Met.30 s open-source, { N Moz 2 @ metdD * Detadls
licensed under the GNU|
1 ic & GNU GPLA
. R . — . . . Met 3D currently runs under L] € = met.3D "/rubiic B GNUGPLA
Met.3D is an op tool for B e ey Westher forecasting during at :
of numerical weather predictions and similar numerical i - y is not restricted to this applica (3 httpy//met3d wavestoweather.de/
$ 5 < Met3D is intended to serve a
atmospheric model datasets. Met.3D uses state-of-the-art computer graphics Anew presentation about Met.3D has 30and wrseble dmlisaticed Project ID: 1797232
tachnalam and imnlomante 3 aumhar of rarantly nranacad ancamhla vicnalizatinn . S e s " e > o
Met 3D is currently developed|
Regional Computing Center, 4 Star  HTIPS https://gitlab.com/wxme
find the tool useful for your w{ 11
.
. experiences.
e SI e . The documentation for Met3] % Readme  Files (131 MB) Commits (654) Branches (5) Tags (11
o Use - .
® Developer documen -
met3d.wavestoweather.de s« o s @
. . uhh.de/imz-research "0 [u]
% release candidate #3 for version 1.4.0

ch5679d9 @

Mare R authored 3 weeks ago

Repository: ¢

Name Last commit Last update
I t | a b Co m WX m etv I s m et 3d % cmake added path to cmake defaults 2 months ago

g - -

— . » % config modified default pipeline/frontend file templates so th 1 month ago
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Basics: Met.3D frontend elements

File View Help

Synchronization °
Time and Valid: [Grl:’ohri:jnls-oe-zs 12:00 UTC ] B5H uscenen
Init: Sat 2016-09-24 00:00 UTC v
ensemble valid vil< 6 hours v > | |Lplay v | stop 50 .
navigation member: 0 v || |_| showmean cfg leferent
3D projection
Property Value
> Volumg

- options
'Sec: Wind speed

>~ Colourbar wind speed

>~ Base map

> Graticule

> Volume bounding box
P arameters >~ HSec Surface MSLP

>~ Colourbar pressure (traj)
for actors
and views

[ system [ Scene 4 [ scene 3 | Scene2 [ scene1

“Actors”’

“Scene views”’
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Basics: Met.3D frontend elements

HCL-colourbar (hclwizard.org) Bounding box

File View Help

Synchronization °
Valid: [Mon[ 2016-69-26 12:00 UTC ] B5 . .
T Horizontal section
Init: Sat 2016-09-24 00:00 UTC v 50 .
valid vil<, 6 hours v LMJ (colour: Wlnd,
il 358 Base map contours: geopotential
S:reonpee:ty Value : 20 height, wind barbs,
> Volume windspeed

>~ Trajectories

>-VSec: Wind speed

>~ Colourbar wind speed

>~ Base map

>~ Graticule

> Volume bounding box

> HSec Surface MSLP

>~ Colourbar pressure (traj)

stippling: relative
humidity)

| system [ Scene 4 | Scene 3 | Scene 2 [ Scene 1

Isosurface
windspeed

-60
view 3 (Scene

Graticule Vertical section (colour: wind,

contours: potential temperature)

Trajectories

UH
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http://hclwizard.org/

Tutorial content: you will learn...

1. Actors 1: create graticule, basemap etc.

2. Saving individual actors, session management

3. Loading datasets

4. Actors 2: horizontal section with data

5. Basic time and ensemble navigation, adjusting the colour bar
6. Actors 3: vertical section

7. System settings: multiple views, vertical scaling, camera interaction, annotations
8. Actors 4: 3D isosurface and vertical poles

9. Transfer functions

10. Basic ensemble statistics

11. Saving images and creating animations

12. Direct volume rendering

13. Data format: typical NetCDF layout

14. Working with Met.3D...

UH
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Create actors

File  View

Synchronization

Valid: |Mon 2018-10-01 @0:00 UTC

to create actors and to manage scenes:

0 hrs from
Init: | Mon 2018-10-01 ©0:00 UTC v “S ”
cene management” (F4)
valid vl < 6 C||hours ~ || > play |v| | stop
member: ] show mean cfg (v
Scene settings:
~ | Scene <
v Scenes: Render order in selected scene:
§ Property Value
Scene 1
~
v Scene 2
@
A Scene 3
. Scene 4
0
&
A
- create delete up down
R
Assignment of scenes to scene controls:
E .
i; propert[es Scene view 1: | Scene 1 v
Scene view 2: | Scene 2 W
scene view ,
Scene view 3: | Scene 3 b
Scene view 4: | Scene 4 ~

view 1 (Scene 1)

create actor

Actor settings:
Actors:

Labels

create create from file delete

Selected actor appears in these scenes:

|:| Scene 1
[] scene2
|:| Scene 3
(] scene4

@ Close

>
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Create an actor: Graticule

Choose “Graticule”, confirm with “ok”

Actor type:

Actor name:

Graticule

Horizontal cross-section

Movable poles

Surface topography

Trajectories

Transfer function scal...to colour (colour map)
Transfer function scalar to texture

Vertical cross-section

Volume bounding box

Scene settings:

Render order in selected

Actor settings:

Actors:

Scene 1
Scene 2
Scene 3

Scene 4

1 Graticule

Labels

Graticule

create | | delete | up | |

create ‘ ‘createfrom ﬂle| ‘ delete |

Assignment of scenes to scene controls:

Selected actor appears in these scenes:

Scene view 1: | Scene 1

(] Scene 1

Scene view 2: | Scene 2

[ scene z

Scene view 3: | Scene 3

D Scene 3
D Scene 4

Scene view 4: | Scene 4

Met.3D introductory tutorial v2021.03.20 — Slide 7
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Create actors: add “basemap” and “volume bounding box”

create new actors

anagement

Scene settings: Actor settings:

Render order in selected scene: Actors:

1 Graticule Labels a SS i g n a CtO rS
2 Base map

Graticule

Base map to scene

Volume bounding box

3 Volume bounding box

create | | delete ‘
create create from file delete

Assignment of scenes to scene controls:

Selected actor agears inta

IE Scene 1

Scene view 2: | Scene 2 ) scene 2

Scene view 1: | Scene 1

[ scene 3

Scene view 3: | Scene 3
[] scenea

Scene view 4: | Scene 4

close dialog

>

WAVES TO WEATHER
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Adjusting the visible region (bounding box)

File  View

Synchronization

Valid: Sat 2012-10-20 00:00 UTC
120 hrs from

Init: Mon 2012-10-15 @0:00 UTC

valid

member: | 0

< 65| hours v~ || >

v | | [[] showmean

~ Scene1
@
5
9 Property Value
~ Graticule
o enabled M| True
g > configuration
@ - actor properties
> labels
o
A bounding box Global
‘{;:.' > spacing Mone
> - colour Global
< draw graticule Morth America
@
§ draw coast lines MNorth Atlantic and Europe
v draw border lines

v

1

Bounding Boxes

new
clone
delete

load

save as

>~ Base map

Merth Atlantic and Europe NAWDEX

rotated grid suppor

* Northern Hemisphere

western | southern | east-west | north-south
extend

name
longitude | latitude

Global -180 -90
Morth America -170 10
North Atlantic and Europe -60 30
Morth Atlantic and Europe NAWDEX  -90 30
Morthern Hemisphere -180 0

360

125

100

120

360

extend

180

70

40

5]

90

vigW t<(GQceneA)

bottom

1045

1045

1045

1045

1045

20

20

20

20

20

1) View -> Show Bounding Boxes (or F3)
shows list of bounding boxes,
parameters can be adjusted

2) For each actor, the bounding box that
should be used can be chosen

Here: Select “North Atlantic and
Europe”

top
pressure (hPa} | pressure (hPa)

4— 3) Parameters could be set here; F3 closes

the view

w
" B
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Basemap: load map file

File view Help

Synchronization <&
Valid: | Sat 2012-10-20 00:00 UTC v
120 hrs from

Init: Mon 2012-10-15 0©:00 UTC i
valid v < 6 || hours ~ > play |v| | stop
member: |0 ~ | | [] show mean cfg |v
~ | Scene 1 <
ﬂJ
5
& Property Value

> Graticule
f; - Base map
5 enabled B True
A

» - configuration

- actor properties

= — ‘ In “Basemap’’ properties, select “load
= bounding box North Atlantic and Europe map and Open a GeOTIFF flle

2 colour saturation |0.30(D..1)

g > - rotated grid support

>~ Volume bounding box

view 1 (Scene 1) 21)
Bounding Boxes
new S western | southern | east-west = north-south bottom top ottom top
longitude  latitude extend extend pressure (hPa)  pressure (hPa) iure (hPa) pressure (hPa)
clone 1 Global -180 -90 360 180 1045 20 20
delete -
2 North America -170 10 125 70 1045 20 20
load
3 North Atlantic and Europe -60 30 100 40 1045 20 20
save as
4 Morth Atlantic and Europe NAWDEX  -90 30 120 55 1045 20 20
5 MNorthern Hemisphere -180 0 360 %0 1045 20 20

UH
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Get accustomed to 3D navigation

File View Help
Synchronization '
Valid: Fri 2012-16-19 06:00 UTC v
102 hrs from
Init: Mon 2012-10-15 00:00 UTC M
‘valid VH<I () ‘hours VH)leay VMS[Op‘
member: ‘9 V‘ [C] show mean ‘ cfg ;V‘
System <
Render time per frame: 3546.6 ms (0.3 fps)
Property Value

System \ Scene 4 \ Scene 3 ‘ Scene 2 ‘ Scene 1

> OpenGL resources (4.6.0 NVIDIA 390.87)
> - Application configuration
> All scene views
- Scene view #1
> configuration
camera position 24/-31.9/36.0
> modify camera
V- interactiol
(click to execute)

ave to image file (click to execute)

scene navig on move camera
full-s rotate scene
navigation sensitivity 2D top view

auto-rotate camera

single full-screen actor

v

sync camera with view 'worre

actor interaction mode || False

analysis mode ] False

draw position labels | True
> rendering

> annotations
> Scene view #2

> Srens view #3

1)

Navigate using left/right mouse button and
scroll wheel

view 1 (Scene 1)

40

2)

Select the “System” properties tab

For “Scene view #1", find out if the “scene
navigation” setting “move camera’ or
“rotate scene” works better for you

UH
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Saving individual actors and entire visualization sessions

File Wiew Help FIEN View  Help

S| ) Load/revert/
: switch session

Synchronization &

Valid: |Fri 2012-10-19 06:00 UTC v

102 hrs from Revert Current Session >

Init: | Mon 2012-16-15 00:00 UTC & Session Manager... 6 liee UTC v
Save Session Ctrl+S

valid v < 6| |hours v|| > play ||| stop oy S A | > play |v|| stop

member: | 9 v || [[] show mean cfg |v ‘Eil.[_. — Ctr\ﬂ(r | show mean

7 Save current

Scene 1 Scene 1 ©

@ @ .
E = 70
& Property Value E Property | Value 100 SeSS|O n
> Graticule >~ Graticule
2 - Base map 2 > Base map
] enabled W/ True S | | » Volume bounding box
8 — 3 b "
~- configuration tr -
load (click to execute) -4
[z} o
@ | execute | @ . |
c | = m
ﬁ > development aids E (See te r I n a
- actor properties
= . output)
z load map (click to execute) 2
g g
] %]
bounding box MNorth Atlantic and Europe

colour saturation  0.30(0..1)

System
System

> - rotated grid support

>~ Volume bounding box Load /Sa Ve

individual actors Session = all actors and viewport settings.

Does NOT include datasets! These need to be

Also: load via Scene Management (F4) loaded BEFORE a session is loaded.

view 1 (Scene 1) view 1 (S

UH
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yrbeanmen

How to get data into Met.3D: basic architecture

“ensemble-aware”

pipeline
forecast
‘\ async. request O actor
data processing pipeline (“forecast product”)
data item g cPU
J .
modular caching multithreading
GPU based
visualization

UH
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Load a dataset

A “dataset’ describes a single simulation or
an ensemble of simulations. All variables

and timesteps within a dataset need to be
defined on the same grid. Data can be in a

Mame of dataset: | ECMWF ENS

NWP Trajectories

Basic configuration

Directory in which data files are stored:

Use only files that match this filter (wildcards allowed): | *

single file or distributed over multiple files.
File format: | CF_NETCDF

Advanced settiNgs 1)
[] enable vertical regridding
D enable probability region detection filter 2)
[] treat rotated grid as regular grid 3)

convert geometric height to pressure using the ICAO standard atmosphere
surface pressure field type: | auto ~
Auxiliary 3D pressure field name: 4)
D disable grid consistency check
5)

Input variables for derived variables:
Memory manager for the dataset pipeline: | NWP ~ )

Scheduler ID: | MultiThread ~ 7)
save Configuration ~ © Cancel

File -> New Dataset

Specify name of dataset

Choose directory in which file(s) are
stored

Specify a “filter’ name that matches all
the files that belong to the dataset
Select data format

Additional parameters

Save configuration to reload later

Il Check terminal output for messages!
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Create a horizontal section (map) with wind speed data

Please choose type and name:

Actor type: Base map

Base map

Actor name:
Graticule

ransfer function scal...to colour (colour map)

Transfer function scalar to texture
Vertical cross-section
Volume bounding box

1) Scene management (F4) ->
Create actor -> select “Horizontal
cross section” -> add to “Scene 1"

File

View  Help

2) Select bounding box

| Synchronization o
Valid: Sat 2012-10-20 00:00 UTC <
120 hrs from
Init:  Mon 2012-16-15 00:00 UTC B
valid v|] ¢ 62 | hours v“ > leay v| | stop
member: |0 v | [ showmean dg v
~ | Scene1
T
,i Property Value
> Graticule
™ > Basemap
§ > Volume bounding box
- Horizontal cross-section
| enabled ) True
m :
> configuration
§ - actor properties
I > labels
o slice position 250.00 hPa
i slice position granularity 5.00 hPa
sync slice position with None
— difference first two variables _ off
> vector glyphs None

> ground shadow
> section graticule
> variables

Global

North America

North Atantic and Europe

North Atlantic and Europe NA...

Northern Hemisphere

view 1 (Scene 1)

Met.3D
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Create a horizontal section (map) with wind speed data

Flease select a variable and confirm with "OK™

Dataset

ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter

ECMWF ENS ENSFilter

Surface
Surface
Surface
surface
Surface
Surface
Surface
Surface
surface
Surface
Surface
Surface
surface
Surface
Surface
Surface
Surface
surface
Surface
Surface

2_metre_temperature_surface
Albedo_surface
Boundary_layer_height_surface

Convective_available_potential_ene Plagse select a variable

Convective_precipitation_surface
Evaporation_surface
Geopotential_surface
High_cloud_cover_surface
Land-sea_mask_surface
Low_cloud_cover_surface
Mean_sea_level_pressure_surface
Medium_cloud_cover_surface
Sea-ice_cover_surface
Sea_surface_temperature
Skin_temperature_surfg
Snow_albedo_surfa
Snow_depth_sygd

Variable Name
10_metre_U_wind_component_surface

10_metre_V_wind_compaonent_surface
2_metre_dewpoint_temperature_surface

surface_eastward
surface_northwar
surface_dew_poir
surface_temperal
surface_albedg

d confirm with "OK":

3) Select “add new variable”
4) Choose “wind speed"”

A horizontal section can display multiple
“variables” from a dataset

S ENSFilter

NS5 EMSFilter
= F ENS ENSFilter
CMWF ENS ENSFilter
ECMWF ENS EMSFilter
ECMWF ENS EMSFilter
ECMWF ENS EMSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter
ECMWF ENS ENSFilter

ECMWF ENS ENSFilter
ECMWF ENS ENSFilter

ECMWF ENS ENSFilter
ECMWF ENS ENSFilter

ECMWF ENS ENSFilter |H

Vertical Dimension

Surface
Surface
Surface
Surface
Surface
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels

Hybrid Sigma Pressure Model Levels '

Hybrid Sigma Pressure Model Level

ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels \
Hybrid Sigma Pressure Model Levels

Hybrid Sigma Pressure Model Levels
brid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels
Hybrid Sigma Pressure Model Levels

Surflice_pressure_surface

||_precipitation_surfac

lative_humidity_hybrid

cific_humidity_hybrid
Yremperature_hybrid
Vertical_velocity_pressure

Variable Name

| cloud_cover_surface
|_column_water_surface
_column_water_vapour_surface

e

ivalent_potential_temperature_hybrid
ction_of_cloud_cover_hybrid

ecific_cloud_ice_water_content_hybrid
cific_cloud_liquid_water_content_hybrid

_hybrid

u-component_of wind_hybrid

v-component_of_wind_hyl

brid

surface_air_press

lwe_thickness_of_
equivalent_poten
cloud_area_fracti
geopotential_hei
air_potential_tem
ertel_potential_vc
air_pressure
relative_humidity
specific_cloud_ice
specific_cloud_lig
specific_humidity
air_temperature
omega
wind_spee
eastward_wind
northward_wind

v DK H & cancel ‘
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Create a horizontal section (map) with wind speed data

5) To show data as filled 100
contours, add a “transfer
function/colour map:

F4 -> create actor -> ...

This is also an actor.

Please choose type and name:

Base map

Actor name:
Graticule

Horizontal cross-section

Movable poles

Surface topography

Trajectories

Transfer function scal...to colour (colour map)
Transfer function scalar to texture

Vertical cross-section

Volume bounding box

UH
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Create a horizontal

section (map) with wind speed data

File View Help

Synchronization <
Valid: | Sat 2012-18-20 00:00 UTC 4
120 hrs from

Init: Mon 2012-10-15 00:00 UTC 4
I\a'alld vll<I 63 Ihours vll>||play vl‘smp‘
member: 0 i ) show mean | cfg |v
~ | Scene 1 <
@

3

& Property Value

> - section graticule
~ variables
add new variable (click to execute)

~
a
=
2

~ Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)

data source ECMWF ENS ENSFilter

L]
w ong name Horizontal wind spee
=
ﬁ » - change/remove

> - data statistics (entire grid)
> - synchronization

Scene 4
i

select members (click to execute)

utilized members

System

ensemble threshold
~-rendering
render mode

transfer function

textured transfer function J None

filled contours

# contour sets Transfer function sc

contour label suffix ki

> - debug
> - Transfer function scalar to colour (colour map)

view 1 (Scene 1)

in the “variables/rendering” section

6) Set “render mode” to “filled contours”
7) Select transfer function that has been added

UH
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Add a second variable: Geopotential height

2) Now choose “render mode” = “line contours”,
then specify contour levels as “[from, to, step]”

File View Help

Synchronization

Valid: Sat 2012-10-20 00:00 UTC

Please select a variable and confirm with "OK":

Dataset Vertical Dimension Variable Name 120 hrs from
ECMWF ENS ENSFilter  Surface surface_pressure_surface surface_air_press P _1p- .
ECMWF ENS ENSFilter  Surface Total_cloud_cover_surface Init: Mon 2012-16-15 00:00 UTC
ECMWF ENS ENSFilter  Surface Total_column_water_surface e R
ECMWF ENS ENSFilter  Surface Total_column_water_vapour_surface valid v < 6 0| | hours v >
ECMWF ENS ENSFilter Surface Total_precipitation_surface Iwe_thickness_of,

ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels * Equivalent_potential_temperature_hybrid equivalent_poten
ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels Fraction_of_cloud_cover_h cloud_area_fractit
Hybrid Sigma Pressure Model Levels
ECMWF ENS ENSFilter Hybrid Sigma Pressure Model Levels air_potential_tem
ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels ' Potential_vor ertel_potential_vc
ECMWF ENS ENSFilter Hybrid Sigma Pressure Model Levels Pressure air_pressure

ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels ~Relative_humi; relative_humidity
ECMWF ENS ENSFilter Hybrid Sigma Pressure Model Levels Specific_cloud| specific_cloud_ice
ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels ' Specific_cloud_|
ECMWF ENS ENSFilter Hybrid Sigma Pressure Model Levels Specific_humidity|
ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels Temperature_hybi

member: |0 ~ | | [[] showmean

Scene 1

er_content_hybrid
|_water_content_hybrid
brid

air_temperature select members

ECMWF ENS ENSFilter Hybrid Sigma Pressure Model Levels Vertical_velocity plllssure_hybrid omega 2 Tl
ECMWF ENS ENSFilter Hybrid Sigma Pressure Model Levels Windspeed_hybrid wind_speed si ool
ECMWF ENS ENSFilter Hybrid Sigma Pressure Madel Levels u-component_of_Jlhd_hybrid eastward_wind ensemble mode
ECMWF ENS ENSFilter  Hybrid Sigma Pressure Model Levels v-component_of vllhd_hybrid northward_wind — -
o
@ ensemble thresh
& 5
‘ v oK ‘ © cancel | 3 - rendering
render mode line contours
o transfer function None
2 textured transfer function | None
Sé ¥~ contour sets

‘add contour set (click to execute]

[] False

use transfer func
- contour set #1
enabled (W] True

T L] 3) Contour colour, thickness etc.
use transfer function | [[] False

Moo can be specified here. Multiple

labels [ False

1) Add new variable -> select
T . . " remove (click to execute) [ mn -
Geopotential height” on model levels e contour sets” are possible.

> debug
> Transfer function scalar to colour (colour map) view 1 (Scene 1)
UH
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“Actor interaction mode’’:

move horizontal section

File View Help

Synchronization

Valid: | Sat 2012-160-20 00:00 UTC
120 hrs from

Init: Mon 2012-10-15 00:00 UTC

valid ~ ¢ 6L | hours >

member: |0 v | | [] show mean

Scene 1

Scene 1

Property  Value

> Graticule

>~ Base map

»-Volume bounding box

Scene 2

> - Horizontal cross-section
> Transfer function scalar to colour (colour map)

Scene 4 Scene 3

System

play |v| | stop

cfg |v

<@

100

1) Double click in scene toggles
between navigation and actor
interaction

2) Click and dr
section up and

view 1 (Scene 1) - actor interaction mode

ag handles to move
down
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Time navigation

File View Help

Synchronization ¢

Valid: Sat 2012-10-20 00:00 UTC o
120 hrs from

Init: Mon 2012-10-15 00:00 UTC 7

valid v < 6 | | hours > play || | stop

member: |0 ~ | | [] showmean cfg v

~ | Scene
u
g
& Property | Value
| | > Graticule
r; >-Base map
S >~ Volume bounding box
4 * Horizontal cross-section
>~ Transfer function scalar tof§folour (colour map)
o
@
g
A
~
@
g
A
=
Z
@

By default all variables are synchronized (can
be disabled in actor properties).

To restrict possible dates and times to values

~ load synchronisation configuration

save synchronisation configuration

in dataset, “connect” dataset with sync
control.

- Horizontal cross-section

enabled | True

Scene 2

» - configuration
» - actor properties
~ variables
add new variable
~ Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)
t ECMWF ENS ENSFilte

(click to execute)

Scene 3

Scene 4

> change/remove
> - data stafistics (entire grid)
> - synchronization
select members (click to execute)
ed membe O/1/2/3/4/5/6/7/8/8/10/11/12/13

-/To navigate in time, use GUI elements.

Correct sync can be checked in actor
variable properties (green = ok):

> rendering
> debug

> Geopotential_height_hybrid (Hybrid Sigma Pressure Model ...

view 1 (Scene 1) - actor interaction mode

>

WAVES TO WEATHER
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Ensemble navigation

File Vi

iew  Help

Synchronization

Valid:

Init:

valid

Fri 2012-10-19 06:00 UTC

102 hrs from

Mon 2012-10-15 00:00 UTC

VH< 6:2 | hours

member: | 9

Scene 1!

2
Propq 3

Scene 1

v

Scene 2

>
>
>
>

Scene 4 Scene 3

System

0

|
|
Gra 4
Bas 5
Vo! 6
Hol
37
Tral
'8

RT—

v

[] show mean

VH) ‘play Vi stop |

cfg

Similar to time, navigate between ensemble
members or toggle ensemble mean.
Check console output!

view 1 (Scene 1)

100

- Horizontal cross-section
enabled [®] True
configuration

actor properties
v-variables
add new variable (click to execute)
~ Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)

» - change/remove
» - data statistics (entire grid)

» - synchronization

select members (click to execute)

» - rendering
> - debug
» - Geopotential_height_hybrid (Hybrid Sigma Pressure Model ...

>
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Adjusting colour bar

range

File View Help

Synchronization <
Valid: Fri 2012-10-19 06:00 UTC >
102 hrs from

Init: Mon 2012-10-15 00:00 UTC v
Ivahd v \;I Gl Ihl:lurs v \;I | play Ml stop |
member: ‘9 ) [] show mean cfg |v
~ |Scene 1 ©
@
3
o= Property Walue

Graticule

Base map

Volume bounding box
Horizontal cross-section

Scene 2
FEEVARVARVERY:

Transfer function scalar to colour (colour map)
enabled (] True

configuration

Scene 3

<

actor properties
> labels
~-range

Scene 4

minimum value

maximum value 65 ‘

steps 50
> min/max options

System

» - position [(0.90, 0.90), 0.05 x 0.50]
display opacity (m] True
reverse range ) False
colourmap type HCL

N

The range of the colour bar can be
adjusted in the colour bar properties.

view 1 (Scene 1)

>

WAVES TO WEATHER
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Similar: vertical sections

File  View Help

Synchronization <
Valid: | Fri 2012-10-19 06:00 UTC v
102 hrs from
Init: Mon 2012-10-15 00:00 UTC 4
|va\id V| ‘;‘ G |hours V‘ ‘;| | play V‘ | stop

[ ]

member: |9 v‘ [ show mean

~ Scenel <
Property Value
~ Vertical cross-section
enabled (W True

> - configuration
> actor properties
- variables
add new variable (click to execute)
- Windspeed_hybrid (Hybrid Sigma Pressure
data source ECM ENSFi

lon me
> - change/remove
> - data statistics (entire grid)
> - synchronization
| Finalisation |
[ Fea ]

select members

System | Scene 4 | Scene 3 ‘ Scene 2 [ Scene

(click to execute)
0/1/2/314/5/6

utilized members
ens le r

ensemble threshold |0.000000

1) F4 -> create actor -> vertical section ->
assign to scene

w 1 (Scene 1)

‘- rendering
render mode
> - contour sets
>-debug

filled contours

- rendering
render mode

2) Add variable (here: wind speed) -> render mode =
“filled contours’ -> select transfer function

> contour sets
> debug

filled contours.

transfer function Transfer function scalar to colour ...

3) Toggle actor interaction
with double click -> click and
drag handles

view 1 (Scene 1) - actor interaction mode
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Met.3D introductory tutorial v2021.03.20 — Slide 24 Universitit Hamburg

>

WAVES TO WEATHER
DER FORSCHUNG | DER LEHRE | DER BILDUNG



System settings: multiple views, vertical scaling etc.

Scene 1
Scene 2
Scene 3

Scene 4

create

Scene view 1:

Scene view 2:

Scene view 3:

Scene view 4:

Multiple view layouts
can be selected from

the “View" menu.

Scene settings:

Scenes:

delete up

Assignment of scenes to scene controls:

Scene 1

Scene 2

Scene 3

Scene 4

Render order in selected scene:

down

R 2 Dual View, Vertical Alt+3
4 0ne Large, Two Small View .
= 50ne Large, Three Small Views  Alt+5

Synch Scene Management F4 o

[C] Show Waypoints

| | R 65
vall [C] showBounding Boxes F3 90 urc
Resize Window [ | 55
Init () Full Screen F1 00 UTC v

View Layout 23 1 Single View Alt+1
valid > o )
2 Dual View Alt+2

~ |Scene1 )

o | 6Quad View Alt+6
-

& | | property  value

| |2 Graticule

Actor settings:
Actors:

Base map
Volume bounding box
Transfer function scalar to colour (colour m

Horizontal cross-section

create create from file delete

Selected actor appears in these scenes:

E’ Scene 1

Scene 2 ‘
D Scene 3

view 1 (Scene 1) view 3 (Scene 3)

D Scene 4

In the scene management dialog (F4), select

which actor appears in which scene and which
scene appears in which view.

@ Close

w
>
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System

settings: multiple views, vertical scaling etc.

In the “System” tab,
properties for each of the
scene views can be set.

Examples: type of scene
navigation, vertical scaling
of the 3D view, some
annotations, synchronizing
the camera viewpoint
between two views.

File View Help

Synchronization

Valid: Fri 2012-10-19 06:00 UTC

102 hrs from

Init: Mon 2012-10-15 00:00 UTC

valid vl < 60
member: |9 ~
~ System
g
@ | Render time per frame:
a

Property
~
& |V Scene view #2
& N
e > configuration

camera position

m > modify camera
@
7l " interaction
A

resize

save to image file
scene navigation
>

navigation sensitivity

System

sync camera with view
actor interaction mode
analysis mode
draw position labels

~ rendering

> - background colour

far plane
multisampling
antialiasing
depth test for labels

lighting
vertical scaling
305 FPS measurement

~ annotations

v time
synchronise with
font size

N fant ealaue

2D top view

hours > play

[ show mean

464.0 ms (2.2 fps)

Value

-9.7/49.0/86.0

(click to execute)

(click to execute)

1.00

None
[] False
[] False

W} True

[255, 255, 255] (255)
500.00
W} True
[7] False
B True
Top
36.00
(click to execute)

Synchronization
16.00

[ EANGE FELEN

stop

cfg

Valid: Fri 2012-10-19 06:00 UTC (step 102 hrs from Man 2012-10-15 00:00 UTC)

40

40

70

70

100

levation: 250 hPa

700,

view 1 (Scene 1)

65

55

40

70

70,

100

Valid: Fri 2012-10-19 06:00 UTC (step 102 hrs from Mon 2012-10-15 00:00 UTC)

20 250 hPa
=

S ) -
;_\\—/ .
— \

view 2 (Scene 2)

view 3 (Scene 3)
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Met.3D: Isosurfaces

3D isosurfaces
and direct volume
rendering (DVR)
are implemented
using “raycasting’,
i.e. a ray is “shot”
from the camera
through each
image pixel and
through the data
volume to obtain
the required
visualization
information.

virtual
camera

isovalue of 50

Met.3D introductory tutorial v2021.03.20 — Slide 27
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Met.3D: Isosurfaces

3D isosurfaces
and direct volume
rendering (DVR)
are implemented
using “raycasting’,
i.e. a ray is “shot”
from the camera
through each
image pixel and
through the data
volume to obtain
the required
visualization
information.

File View Help

Synchronization

Valid: Fri 2012-18-19 06:00 UTC
102 hrs from

[nit: Mon 2012-10-15 00:00 UTC

valid ~ < 65 |h0ur5 V| > |play |V| stop

member: | 9 ~ | | [[] showmean cfg |~
~ Scenel <
Property Walue
>~ Graticule

> - Base map
> -Volume bounding box
~-Volume raycaster
enabled W) True
> - configuration
~ actor properties
> labels
render mode isosurface
observed variable Windspeed_hybrid
shading variable Windspeed_hybrid

>~ isosurface raycaster

System ‘ Scene 4 | Scene 3 | Scene 2 [ Scene

bounding box North Atlantic and Europe
draw bounding box (| True
> - lighting

>-normal curves
~ variables
add new variable (click to execute)

bR Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)

Actor type:

Actor name:

view 1 (Scene 1)

Please choose type and name:

Base map

Graticule

Horizontal cross-section

Movable poles

Surface topography

Trajectories

Transfer function scal...to colour (colour map)
Transfer function scalar to texture

Vertical cross-section

Volume bounding box

Volume raycaster

1) Create a “Volume raycaster”
actor

2) Select bounding box and add
data variable (here: wind
speed)

>

UH
i
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Met.3D: Isosurfaces

File View Help

Synchronization

Valid: Fri 2012-10-19 06:00 UTC
102 hrs from
Init: Mon 2012-10-15 00:00 UTC
valid V|« 6L > || play |v|| stop |

member: | 0 ~ | | [[] show mean cfg
~ Scene1

o

]

& | | Property Value
— | v Volume raycaster

f: enabled B True

S > configuration

a v actor properties

> labels
E render mode isosurface
§ observed variable Windspeed_hybrid
shading variable Windspeed_hybrid

e V- isosurface raycaster

% V- isovalues

A add isovalue (click to execute)

Vv isovalue #1
5 enabled | True
2 3

isovalue significant digits

isovalue step
colour mode

v

remove
> sampling step size
> - shadow
bounding box
draw bounding box
> lighting

constant colour

1
0.1
constant colour
[255, 255, 255] (255)
(click to execute)

North Atlantic and Eur...

W True

Specify the isovalue to be displayed
“actor properties/isosurface raycaster”
(set “significant digits” if you need floats).

”

Multiple isovalues can be
specified and displayed, e.g.,

‘_—

using transparent colours.

view 1 (Scene 1)

>

WAVES TO WEATHER

UH
Met.3D introductory tutorial v2021.03.20 — Slide 29 Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG



Improve spatial perception: add poles

File View Help

Synchronization o

Valid: Fri 2012-10-19 06:00 UTC bt
102 hrs from

Init: Mon 2012-10-15 00©:00 UTC o

valid vl < 63 |hours V| > ‘ play |V| | stop |
member: | 0 ~| | [] show mean cfg | v Please choose type and name:

Actor type: | Base map
Scene 1 < g
ase ma
v Actor name: P
Property Value Graticule
» Graticule Harizontal cross-section
>-Basema
= - Movable poles
» ~Volume bounding box
> Volume raycaster Surface topography
~- Movable poles Trajectories

enabled (W] True Transfer function scal...tofolour (colour map)

» - configuration .
] Transfer function scalar t@texture

- actor properties
Vertical cross-section

>~ labels
> - colour M [0, 104, 139] (255) Volume bounding box
render mode Tubes
tube radius 0.06
specify height per pole ] False
bottom pressure 1,050.00 hPa

System | Scene 4 | Scene 3 | Scene 2 [ Scene 1

top pressure 100.00 hPa T 1
ekmaree 1) Add a “Movable poles” actor to the scene.
q

v

2) Each “poles” actor can display multiple poles.
Add poles via actor properties.

view 1 (Scene 1)

UH
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Improve spatial perception: add poles

File View Help

Synchronization

Valid:

Fri 2012-10-19 06:00 UTC

102 hrs from

Mon 2012-10-15 00:00 UTC

Init:
| valid IS 6C
member: |0 v
~ Scene1
o
c
g
& | | Property
> Graticule
& | | > Basemap
§ | > Volume bounding box
a > - Volume raycaster
- Movable poles

m
o enabled
S > configuration

- actor properties
v > labels
w
= > colour
@
A render mode

tube radius

s specify height per pole
g bottom pressure
2

top pressure

v

EVRRV

<

tick marks

add pole

pole

pole

pole

- position
lon
lat

yotto

hours v > ‘play N

("] show mean

Value

B True

M [0, 104, 139] (255)
Tubes

0.06

(7] False

1,050.00 hPa

100.00 hPa

|_execute |

(-2.33, 49.28)
-2.33
49.28

stop

cfg |v

lon:-2.33, Iat:4928‘i 100
9100

Pole coordinates can be set directly in actor
properties. Poles can also be moved interactively in
actor interaction mode (double click on view).

view 1 (Scene 1) - actor interaction mode
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Transfer functions (colour bars): HCL

g Hue-Chroma-Luminance (HCL) is a

lid: Fri 2012-10-19 @6: - 1
i L perceptually linear colour space =
102 hrs from
e [Mon 2022-10-15 00:00 uTC : no misleading colour gradients
valid vl ¢ 6C | hours ~ || > || play |v| | stop
member: | 9 v | [ show mean dg (v | N TR e e
= : 1) Choose/create HCL colour scale
E Property Value . [ . " .
with “HCL Wizard” online
: minimum value -1
& maximum value 1
a steps 20 A W Wty gl g b
2 ! ;D:;‘g:“‘“ options oI aTaoe Y D 0n "l ciwizard.org/helwizard/ X
2 depeycpacey |8 toe e @ @ helwizard.org/hclwizard v @ B tr| Q search amBaoe @ =
E Az ;Dclimmap yee He . . Exi le Plot Export Spectrum Help Page
g e, T o Base Options Color Settings
hue 1 3400 o Nature of your data 360 ER huer
5 h:ez 128.0 Diverging . | |SET h I L4 d
g chroma 1 45.0
; . o clwizard.org
luminance 1 35.0 7 lor scheme — SET -
luminance 2 95.0
power 1/C 0.70 Pi¥g 0 100 CHROM
O SET
alpha 1 1.000 Example
lpha 2 1.000
:opw:r alpha 1.000 Map h n_m ) Lwn ser
>
> view 1 (Scene 1) - actor interaction mode .
‘ Control Options ~~ © R =
[] Reverse
Correct colors . 8 FOWER
-_— S
[ Desaturated
Vision 2 @ & nus
2) Copy parameters to Met.3D e -
. (O Deutan
transfer function actor o N
Ofit= Return to R

UH
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http://hclwizard.org/

Colour an isosurface using a second variable

File View Help

Synchronization i

2) To colour (“shade”) the e
. Valid: Fri 2012-10-19 06:00 UTC v
isosurface, select the new 102 s rom

. . Init: Mon 2012-10-15 00:00 UTC M
variable as “shading !

‘valid i | < 615 ‘hours = > | play v; stop.
- b | 1) S S - : B
Va rl a e - member: ‘O il [ show mean cfg B
~ |Scene1 <
@
§
& | | Property Value

1| |V~ Volume raycaster
enabled u| True
> configuration

3) For the isovalue of
interest, set “colour mode”

/- actor properties
P - labels

; render mode isosurface
[ . " & observed variable Windspeed_hybrid
to t ra n Sfe r fu n Ct I O n " — shading variable Vertical_velocity_pressure_hybrid
e - isosurface raycaster ‘
g v isovalues
A

add isovalue (click to execute)

v isovalue #1

enabled W True
isovalue 50
isovalue significant digits 1

isovalue step 0.1
colour mode transfer function (shading variable)
> constant colour [255, 255, 255] (255)

1) Add a neW data Variable remove (click to execute)

> sampling step size

(here: vertical velocity). In > shadon

bounding box North Atlantic and Europe
draw bounding box W True

the variable's properties, in

> normal curves

h o d d " V- variables
t e re n e r m O e g ro u p 1 add new variable (click to execute) )
> Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)

Se I ect a t ra n Sfe r fu n Ct i O n . > - Vertical_velocity_pressure_hybrid (Hybrid Sigma Pressure Model Levels) view 1 (Scene 1 )
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Ensemble statistics: Wind speed mean+std.dev

File View Help

Synchronization <

Valid: |Fri 2012-10-19 06:00 UTC ¥

s 1) Create a al section, add wind
Init:  Mon 2012-10-15 00:00 UTC v e iy speed, dlsplay as line contours in the range
AL 40m/s .. 80 ms/s. These contours will later
memer: 0 || O snowmenn IR —— o * show the ensemble mean wind speed.

e i i i I
valid VH<‘ 6.7 ‘hours V“>“play iv“stop‘

Scene 1

Property Value

select members (click to execute)

utilized memt

ensemble thresho 0.000000

V- rendering
render mode line contours
transfer function None

Scene4 | Scene3 | Scene2 ‘ Scene 1

textured transfer function | None

v contour sets
g add contour set (click to execute)
E use transfer function [] False
i “- contour set #1
enabled | True
0305
thickness 2.00
use transfer function [ | False
> colour H [0, 0, 0] (255)
labels ] False
remove (click to execute)

contour label suffix
> debug view 1 (Scene 1)
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Ensemble statistics: Wind speed mean+std.dev

File View Help

Synchronization <

Valid: |Fri 2012-10-19 06:00 UTC .

3) Add a colour bar to
It Won 2012-10-15 00:60 UTC s code the standard deviation,

levation: 250 hPa 1
valid VML\ 60 Vhours v i play |v stop‘ -/ Set the range tO 10..20. *1

102 hrs from 18

6

4

member: |0 ~ | | [] showmean cfg V‘

~ |Scene1 < ey

g —

4 Property Value
— | > Graticule g
: > -Base map <
§ | > Volume bounding box

a V- Horizontal cross-section

enabled W True
E >~ configuration
& > actor properties
V- variables

- add new variable (click to execute)

g > Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)

a > Windspeed_hybrid (Hybrid Sigma Pres: Jel Levels)

- Colour map STD wind

5 enabled W True 3

I3 > - configuration

w

> actor properties

2) Add a second variable, also conta
wind speed. This will be used to dlsplay
the wind speed standard deviation.

view 1 (Scene 1)
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Ensemble statistics: Wind speed mean+std.dev

File View Help

Synchronization <

T 4) For the first wind speed

variable (contours), disable

Valid: Fri 2012-18-19 06:08 UTC v

102 hrs from

Init: Mon 2012-10-15 00:00 UTC 4 . .
e = —— ensemble synchronization to
‘valid V“;| 63 |hours V||;leay |VHStcp| ” | | . -F
PR— | | allow local setting o
member: |0 v | | [[] show mean cfg |+ .
_ ensemble mode, then set its
~ Scenel < b 1)
ensemble mode to “mean”.
] Property Value
— - Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)
f; dat. ECN NSFilter
E long name H
> - change/remove
e >~ data statistics (entire grid)
E ~ synchronization
ﬁ synchronize with Synchronization
o sync init time (m| True
- sync valid time (®] True
g sync ensemble [ False
W [ Frosismon— Loiorsmoosome |
|| Ceio  |201210:5T0600002 ]
E select members (click to execute)
E utilized members 0/1/2/3/4/5/6/
A

~ rendering

ensemble mode me

render mode line contours
transfer function None
textured transfer function | None
v contour sets
add contour set (click to execute)
use transfer function [] False view 1 (SCEI’]S ‘I)
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Ensemble statistics: Wind speed mean+std.dev

File view Help

T z ) T 5) For the second wind speed

Valid: |Fri 2012-10-19 06:00 UTC v

p—— 100 variable (std.dev.), also disable

nft: | Won 2012-10-15 99:99 OTC - \evation: 250 hPa ensemble synchronization. Then
e S =AM -4 set its ensemble mode to

emeer: 2 ]| D show mean |~ ’ “standard deviation”: for

’ rendering select “filled contours”
g Property Value

and connect to the colour map.

> Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)

g ~ Windspeed_hybrid (Hybrid Sigma Pressure Model Levels)
[~ A=t - NEENC NESE I+
= Horizontal wind speed
> - change/remove
E > - data statistics (entire grid)
ﬁ > - synchronization

B pr— Investigate vertical structure and
g uthized memkboer: 0/1/2/3/475/6/718/9/10/

T N o ction temporal development of
g mble hre std.dev.

v~ rendering
render mode filled contours
transfer function Colour map STD wind
textured transfer function |None

» - contour sets

contour label suffix

» debug

~ Colour map STD wind

enabled | True

» - configuration view 1 (Scene 1)

UH
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Ensemble statistics: probabilities

File View Help

Eisie ’ Al actors that display simulation
velar |1 2972 2079 tonp . data can also display these basic
Init:  Mon 2012-10-15 00:00 UTC v ensemble statistics.

paia ][ ][ o¢|[mous ~|[>|[ ooy [v| | swp

member: (0 || C]showmean L [~ Another example: Create a

_ scne > volume raycaster, add wind speed,
| E=— L disconnect ensemble

| mEr synchronization, set the ensemble
% T st T mode to “p > threshold” (=
T T probability that threshold is

ind spee

> - change/remove

exceeded), set the threshold to

% > - data statistics (entire grid) .
o — . 50m/s, set the isovalue to 0.5.
synchronize with Synchronization
g sync init time () True
g sync valid time (W) True
T T p— T 3D regions are shown in which
e —— the probability that the wind
e o speed exceeds 50m/s is larger
encemble o BRI 0
! ,enderg hreshold 50.000000] than 50 /0
> debug view 1 (Scene 1)
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Ensemble statistics: Caution with hybrid grids

2000 ,— 1 S
I 2/ AN
: st
300F / W)
—14 {
= i
£ 00} 1
T it
2
4 500p—=18 1 B
& 0
|——3 :
600F—=— -
—22
700f
24
800F——
900
1000

Vertical position of grid points is
slightly offset in each member.

Rautenhaus, Kern, Schafler, Westermann (Geosci. Model Dev. 2015)

/

i
o4

number of grid points ( x10* )

model level

20

15

10

(b)

Standard deviation of wind speed:

Absolute values

T

I

number of grid points

model level

Difference regridding

-15 -1.0 =05 0.0 0.5

r['gridAo,(lvD (ms—l)
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Saving images

File  View Help

ST ’ To save individual images: Click on the

id: ri -160- . v He'' . e n it N
Valid: | Fri 2012-10-19 06:00 UTC S h scene view and preSS s’ A Save-flle-

102 hrs from
dialog” will appear.

Init; Mon 2012-10-15 00:00 UTC v

valid ~|| < 67 |hours ] ‘£| stop

member: [0 v] | Dshowmesn | rimatentmesep: (1000 & e Entire time series can be saved from the
e | v 20z om0 RS animation control. Set animation

o L o [mmeimssouc o[ v parameters (from which time to which
W s |® sngeprs time) and enable “automatically save

BN 1 ot vt st oo 0 oo st ot screenshots”.

p 0 Ramesnadtmim

“ [H] Automatically save screenshots

econy. momarssento M mesr Select a directory for the images and a
: e file name template (init and valid time
: et e i e and ensemble member can be

Save image series of scene view: | view #1 ~ a Utomatical |y replaced) .

When running the animation, all images
will be saved.

view 1 (Scene 1)
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Direct volume rendering

Direct volume rendering implements a simple
“emission-absorption model™:

Rays are casted through the data volume; at
each sample location the encountered scalar
value is mapped to colour (emission) and opacity
(absorption).

The sample values are “merged” (“alpha
blending”) to obtain the pixel colour.

camera
\ rays
y §

and so on...

Sampled value

mapped to RGBA
Sampled value

mapped to RGBA

W-wr

.n
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Direct volume rendering

File

View  Help

Synchronization

Valid:

Init:

102 hrs from

valid e ||

member: | 0

Scene 4 Scene 3 Scene 2 Scene 1

System

Scene 1

Fri 2012-16-19 06:00 UTC

Mon 2012-10-15 00:00 UTC

6C |hours v || >

~ | | [[] showmean

play |v

stop

cfg |v

Property
> Graticule
> Base map
> - Volume bounding box
v Volume raycaster
enabled
> configuration
v actor properties
> labels
render mode
observed variable
shading variable

v

isosurface raycaster
bounding box
draw bounding box
> lighting
> normal curves
~-variables
add new variable

Value

o True

isosurface
Fraction_of_cloud_cover_hybrid
Fraction_of_cloud_cover_hybrid

North Atlantic and Europe
W True

(click to execute)

bR Fraction_of_cloud_cover_hybrid (Hybrid Sigma Pressure Model Levels)
> Transfer function scalar to colour (colour map)

1) Create a new “volume
raycaster’ actor, select a
bounding box and add a
variable. Here, we use
“fraction of cloud cover".

Add a new transfer
function, connect it to the
cloud cover variable (in
the variables properties in
“rendering’).

view 1 (Scene 1)

UH
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Direct volume rendering

File View Help

synchronization

Valid: Fri 2012-16-19 06:00 UTC
102 hrs from
Init: Mon 2012-16-15 00:00 UTC
valid v < 6 | hours v >
member: |0 ~ | [ show mean
~ |Scenel
o
]
& Property Value
> Graticule
o | >-Basemap
@ | | >-Volume bounding box
A
- Volume raycaster
enabled | True
o0
[ > - configuration
]
3 - actor properties
> labels
; observed variable Fraction_of_cloud_cover_hybrid
A shading variable Fraction_of_cloud_cover_hybrid
> - isosurface raycaster
g bounding box North Atlantic and Europe
; draw bounding box (M) True

> lighting
> normal curves
>-variables

> - Transfer function scalar to colour (colour map)

3) Set the raycaster’s render mode to “DVR".

4) For the transfer function, change its type

play v | stop

cfg |~

to “Editor” and open the editor.

—

—

—

—

File View Help

Synchronization

Valid: Fri 2012-18-19 06:00 UTC
102 hrs from

Init: Mon 2012-10-15 00:00 UTC
valid v« 6| hours ~|| >
member: |0 ~ | | [ show mean
_ | Scenet
H
& || Property Value

> - Graticule
™| > Basemap
@ > Volume bounding box
A

Volume raycaster
~ Transfer function scalar to colour (colour map)

enabled M| True

Scene 3

configuration

- actor properties

- > - labels

o

£ > -range

& > - position 0.0, 0.90), 0.05 x 0.501
display opacity | True

g reverse range False

::;‘ colourmap type  Editor

Editor

open execute )

play

stop

cfg

Transferfunct

< selected alpha node | >
position:
normalized position:

alpha: 100

colour space

HCL v

< selected colour node | >
position: [ [ [
L] 20 40
| | |

normalized position:

view 1 (Scene 1)

OT00 e
075 DS
050 0.50
025 D25
0.00 Do

|
|60 ‘80 100 ‘
|

Dﬁ
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Direct volume rendering

075 075
T T
alpha: | 1.00 > 050 0.50
olour sp
025 025
HCL v T
lected col ode | > 0.00 000
position: I | I I
o 20 40 60 80 100
| | | |
normal lized position:
channel:

5) Change theydefault colour map to a “white-to-

grey” scale: Double click on the left colour node, set

HCL values for “white” (0-0-100). Repeat for the
right colour node, set a grey value (0-0-80).

B

075 075

0.50 D050
lour spact
025 025
HCL D I |
< selected col d 000 DO

channels

/iew 1 (Scene 1)

_______

—~——

UH
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Direct volume rendering

File view Help

: 6) Change the colour map's

Valid: | Fri 2012-16-19 86:00 UTC v 1 . .
w n range to 0..1 (this is the range
Init: Mon 2012-10-15 00:00 UTC v 20 f I d |
- 05 | OT Cloud cover values).
valid v« 6 | |hours v || > play V| | stop 100 7
0.4-
member: | 0 ~ | | [] show mean dg |v |
0.2+
~ |Scene1
g
7) Drag the left opacity nod
rag the lert opacity noae
o || > Basemap
c
S || > volume bounding box t O
s o V.
‘olume raycaster
~ Transfer function scalar to colour (colour map)
i enabled ) True
g » - configuration
- actor properties
< > labels
% ~range < selected alpha node [>| @
& minimum value 0
- position:
maximum value 1
£ SIEps) 0 normalized position:
B > min/max options
2 > position [(0.90, 0.90), 0.05 x 0.50] alpha: 000 7
display opacity W True
reverse range [] False colour space
colourmap type Editor
—— HCL v
~ Editor
open (click to execute) <] selected colour node | > @
> - predefined position:
o
nermalized position:
(]
channels
coiur: (D

view 1 (Scene 1)
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Direct volume rendering

File View Help

Synchronization

Valid: | Fri 2012-10-19 06:00 UTC
102 hrs from

Init: Mon 2012-10-15 00:00 UTC

valid vl < | 6| |hours v || > play ||| stop

member: | 0 ~ | | [[] showmean

Scene 1

Property Value
> Graticule
> Base map
> - Volume bounding box
> - Volume raycaster
- Transfer function scalar to colour (colour map)
enabled (W) True
> configuration
v qctor properties

4 | Sene3 | Scene2 | Scenef

-
]

| <] selected alpha node [>| @
p position: | 0.585
normalized position: | 0.59 2

<>

alpha: | 0.15

HCL Vi ‘
<] selected colour node > @& l
0 0
position: |
0 0.2

normalized position:

colour: lil

ofg |v|

b 4 Transferfunction Editor

| |
0.4

I I 0.50
'I
colour space I I '
/ ‘ o

8) Adjust the opacity scale
to adjust the “absorption
model” and to change the
display.
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How to get data into Met.3D

Met.3D can read data in NetCDF that L netcdf somegriddeddata.pl {
. . imensions:
comply with the CF-conventions and that 3 lon = 101 ;
4 lat = 41 ;
5 isobaric = 12 ;
. 6 ti =1 ;
* are defined on a regular or rotated lon-lat 5 eneo - 51 ;
. : HP 8 variables:
grid, or a regular projected grid in the : S i) -
horizontal 10 lat:units = "degrees_north" ; h
11 float lon(lon) ;
12 lon:units = "degrees_east" ; h
. 13 float isobaric(isobaric) ;
» are defined on levels of constant pressure 14 isobaric:units = "hpa" ; 1—
h b d . d | | | 15 isobaric:long_name = "IsobariC surface" ;
Or y ri Slgma_pressure mo e eve S, Or 16 isobapic:positive = "down" 8 F
. . 17 int time(time) ;
that prOVIde 3D pressure ﬂelds 18 time:units = "Hour since 2012-10-15T00:00:00.000Z" ; h
19 time:standard_name = "time" ;
20 int ens@(ens0) ;
GR|B ﬁles from ECMWF can be read_ 21 ens@:standard_name = "ensemble_member_id" ; h
. . 22
TraJeCtory data needs to be In NetCDF 23 float Geopotential isobaric(time, ens@, isobaric, lat, lon) ;
24 Geopotential_isobaric:long_name = "Geopotential @ Isobaric surface" ;
25 Geopotential_isobaric:units = "m2.s-2" ;
. H . 26 float Temperature_isobaric(time, ens@, isobaric, lat, lon) ;
MOI’G Informatlon' 27 Temperature_isobaric:long_name = "Temperature @ Isobaric surface" ;
https://col|aboration.cen.uni— 28 Temperature_isobaric:units = "K" ;
29
hamburg.de/display/Met3D/Data+Handling =,

UH
| | | ... \
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https://collaboration.cen.uni-hamburg.de/display/Met3D/Data+Handling

Thanks for your interest in using Met.3D!

Met.3D is a project with limited resources, hence bugs and issues become known but often cannot be
fixed immediately. Look at the online issue tracker: https://gitlab.com/wxmetvis/met.3d/issues

We are working on improving the software! Please help us do so:

* Talk to us when you use Met.3D.

» Talk to us when you run into any kind of problems with the software.

» Talk to us when you have any special ideas/requests/...

* Let us know when you would like to use a Met.3D image for any presentation or publication. In
particular in the beginning we may be able to help improve it! Also, please acknowledge Met.3D as
the image source — acknowledgements will help us acquire further funding.

* Report bugs that you discover.

* If you want to contribute, that would be great, too!

If you are interested in using some of the “prototype-level-code” (jets, fronts, clustering, ..) talk to us
as well!

UH
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