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Tutorial Overview

Purpose : Understand how to easily incorporate 2D and 3D
visualization into understanding of WRF-ARW simulation

Utilizing VAPOR (A visualization and analysis package
developed at NCAR):

On completion: You will be able to construct visualizations
of WRF-ARW output, using geo-referenced images,
volume rendering, isosurfaces, data probing, and flow
integration.

You will be able to interactively navigate through images of
WREF output data with NCL imagery, and animate time-
varying data.
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S rting software and data
10 gl NCAR

e Installed on classroom PC’s:

— VAPOR 1.5.2
— Sample vapor datasets at C:/VaporTutorial/vapordata

— Sample WREF datasets at C:/VaporTutorial/wrfdata
— Sample images C:/VaporTutorial/images

e On the web:

Vapor website is http://www.vapor.ucar.edu where you can get:

— Installers

— Documentation
— Example data

— Image Gallery

Tutorial data, examples, documentation are at

http://vis.ucar.edu/~alan/wrf2010/tutorial/
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Tutorial Outline
NCAR

Data preparation process (command-line tools)

Set up a visualization session in VAPOR using a simulation of
Typhoon Jangmi (Sept. 2008)

Georeferenced images (NCL plots and satellite images)

Volume rendering: Visualize the typhoon progress with QCLOUD
— Build a Transfer Function (color/opacity map)

Visualize Isosurfaces of QRAIN

Flow integration (wind visualization)

— Streamlines: observe how the air flows through the typhoon

— Image-based flow visualization (IBFV). View and animate cross-sections
of the flow

Data probing

— Accurate flow seed placement
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Preparing WRF data for VAPOR T

Two command-line utilities needed before you visualize WRF data; this
has already been done for this tutorial
e wrfvdfcreate wrf netcdf files vaporfile.vdf

— Examines the wrf netcdf files, determining the 3D variables, timesteps,
and spatial extents of the data

— Optionally specify other variables to be derived, e.g. wind speed (UVW_)

— Creates a metadata file “vaporfile.vdf” describing the entire Vapor Data
Collection to be created from the wrf data

e wrf2vdf vaporfile.vdf wrf netcdf files
— Converts all of the WRF NetCDF files to files in the vapor data collection
— By default, converts all timesteps, variables at full resolution

* Optionally specify levels, timesteps, variables of data to be saved

To save time, the data used in this tutorial has already been converted (at
lowered resolution), available in C:/VaporTutorial/vapordata or at
http://vis.ucar.edu/~alan/wrf2010/tutorial/vapordata
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Data preparation exercise
NCAR

Open a command shell
Double-click on Cygwin desktop icon for bash shell, or
Start —> run —> cmd to get a DOS shell

Change directory to C:/VaporTutorial/wrfdata/

Create a vapor vdf file with following command:
wrfvdfcreate wrfout* wvapordata.vdf
(note the lon/lat extents)

Convert the wrfout files 1n that directory with the command:
wrf2vdf wvapordata.vdf wrfout*
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Obtaining 1mages to use with VAPOR o

* Geo-referenced satellite images can be retrieved from the Web, and
VAPOR will place them at the correct world coordinates.

— VAPOR provides a shell script “getWMSImage.sh” that can be used to
retrieve Web Mapping Service images for a specified lon/lat rectangle
e NCL plots of WRF data can be inserted in the 3D scene.

— Start with NCL scripts such as those provided by Cindy Bruyere at
http://www.mmm.ucar.edu/wrf/OnLineTutorial/Graphics/NCL/ )

— These scripts can be converted to produce geotiffs (with one image per
time-step) that VAPOR will insert in the correct time and place in the
scene.

— Instructions and examples for doing this conversion are available at:
http://www ncl.ucar.edu/Applications/wrfvapor.shtml

e Several geo-tiff images for the typhoon data have been provided in the
C:/VaporTutorial/images directory.
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getWMSImage.sh exercise
NCAR

getWMSImage . sh will create a geo-referenced tiff file for any
specified lon/lat rectangle

Can obtain satellite images, political boundaries, rivers, etc.
Default obtains an image from the NASA “blue marble” earth

For Jangmi,
min: lon=117,lat =18
max: lon =127, lat = 28

From a Cygwin (tcsh) or dos shell, issue the command:
getWMSImage.sh -o terrain.tiff 117 18 128 28

vapor@ucar.edu | /APOR
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Set-up to visualize a WRF dataset (1) N
NCAR

 Launch ‘vaporgui’ (Desktop Icon: | AP()R )

e From Data menu: Load a dataset into current session:
select C:\VaporTutorial\vapordata\jangmi_lowres.vdf

¥ VAPOR User Interface - [Visualizer No. 0]

File Edit Data View Capture Help
g0 »2 & <« DN T o>

nnnnnnnn IReglon [2D Ilmage IProbe I\so IFIow | ovR |«

Renderer Control | =]
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Set-up to visualize a WRF dataset (2)

e From Edit menu, click
“Edit Visualizer
Features™ then:

— Stretch Z by factor of 20

— Specity time annotation,
“Date/Time stamp”

— Click “OK”

C I Sl vapor@ucar.ed

¥ Visualizer Feature Selection

Global settings (apply to all visualizers)

™
Scene Stretch Factors X Y. Z: I 1 I 1

Variable values outside grid (for layered data)
Variable Below Above Extend Extend
U LI | I Vv Down ¥ Up

Following apply to specific Visualizer: IVisuaIizer No. 0 'I
Specify visualizer name Visualizer No. 0

I ShowX.Y.Z (R.G.B) Arrows
XY.Z arrow location relative to current region:

[ o [ 0 0

[T Enable axis annotation

Time Annotationf [{3EIGINERI=11IY R ~
0. U.1

Lower-left coords: |

Text size: 10 Text color: |

™ Display Terrain Surface Color: -
Refinement lG VI Displacement 0
™ Use surface image Image jpeg: imageFile jpg

Image Orientation: I rotate 0 j |top up LI

N\

NCAR

Hep | Appy | ok | cancel |;
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Set-up to visualize a WRF dataset (3) 3N

NCAR

* To include a terrain image: Click on the “Image” tab

Click “Select Image File” and choose
“C:\VaporTutorial\images\jangmiTerrain.tiff”

Check “Apply image to terrain”

Check the “Instance: 1” checkbox at the top of the Image tab to
view the terrain image.

¥ VAPOR User Interface - [Visualizer No. 0] =13

File Edit Data View Capture Help =18 x§

% g » & 47¢ 1 « D 3 » Visualizer No. 0 ~| B E‘ 4 —_‘} L = IAMgnV!ew _'_JllmeractlveReﬂnement'C ﬂ
nimation I Region [ 20 | lmage ]Probe ] Iso I Flow I DVR I 4 ;

Renderer Control Yz
New | |
Duplicate In v
Refinemen t |0 Orientation: [X-Y ~

page Display Settings

a
Flle name: |ngmi/jangmiTerrain.ti

vV Georeferenc :

Plane/lImage Center

x— |— 400000
Y — [ 400000 |ongm
z |——| 30357

[~ Crop to bounds

Plane/Image Size

- | [ so0000
| [ s00000

Width

Min n

CI Fitbox to current region l Fitboxto Image |
Local user extents (X.Y.2) Grid extents (XY

JAPOR
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Ways to Control the 3D Scene N\
NCAR

* To Navigate: rotate, zoom 1n, translate by
dragging in the scene with left, right and middle
mouse buttons.

* Click “Home” 1icon ( 7} ) to return to starting
viewpoint

* Click “Eye” icon (== ) to see full domain

* Use Edit—Undo if you make a mistake

» Use the VCR controls at the top left of the
window to animate through time (see where the
WRF D02 domain 1s positioned over time)
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7 VAPOR User Interface - [Visualizer N

,:%i P o[ <« oeonoo o>

Terrain 1mage with domain at timestep 30

File Edt Data View Capture Help

Animation | View | Region | 20 | Image | Probe | Iso | Flow | DVR |

Renderer Control

View New —l

Refinement: [0 ¥ Orientation: | XY

Image Display Settings

Select Image File|  File name: ges/jangmi_d01_terrain.gtt

[V Georeference

[Facetpign ]
Opocty ——— [T

I~ Ciop to bounds

¥ Apply image to terrain

Plane/Image Center Plane/Image Size
X—— [ 400000 ———— | [ s00000
vy — [ oo g ——— |[so0000
z p——[ ams7

Fit box to current vegmnl Fit box to \magel

Local user extents [X.Y.Z) Grid extents [X.Y.Z

Min: 0 o 303577 o 0 2
Max 800000 800000 303577 200 200 2
Upper-right Lon/Lat 127135 254119
Lower-left Lon/Lat 119197 18,0443
Image View

Visualzer No. 0 B B 4 4% A @ [BonView <|[Interactive Refinement 0 2]

Session file: figl.vss

vapor@ucar.edu
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View New | |

fustance ! _ Duplicate In v

Refinement [0 ~ Orientation: | X-Y ~

Image Display Settings

Selectlmage File | File name: |ngmifjangmiT errain.iff

v Georeference I~ Crop to bounds

¥ Apply image to terrain
Opacity: —_] 1

Plane/Image Center Plane/lmage Size

X __f— 400000 Width —J 800000

Y — |— [ 400000 K&ngmh
z ——1[ 303577

- | [ s00000

Fitbox to current region | Fitbox to Image |
Local user extents (X.Y.Z) Grid extents (X.Y.:
Min: 0 0 303577 0 0 2
Max 800000 800000 303577 200 200 2
Upper-right Lon/Lat 131.66 21.7011
Lower-left Lon/Lat 123.722 14.1548
Image View

_tf

Date/Time: 2008-09-26_14:00:00

- ||gnV|em

LH Interactive Refinement: 0 ﬂ
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Using NCL plots with VAPOR
NCAR

* Numerous examples of NCL scripts for plotting WRF data
are available at:
http://www.mmm.ucar.edu/wrf/OnLineTutorial/Graphics/NCL/

* With minor modification these plots can produce geotiffs
that can be inserted into the VAPOR scene

* Such an NCL script 1s at
C:/VaporTutorial/scripts/accumPrecip.ncl; It reads the
typhoon data and outputs a plot of accumulated
precipitation.

— These plots are provided in the C:/VaporTutorial/images directory as
jangmi_precip_cropped.tiff and jangmi_precip_uncropped.tiff

— Sample wrf data for running these scripts is at:
ftp://ftp.ucar.edu/vapor/data/jangmiWrfout.zip

>
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Inserting NCL plots into the scene(1) R‘

NCAR
e At the top of the the Image tab (in Renderer Control), click

“New” to create a new Image renderer, and click on
“Instance:2” to select renderer instance 2.

* C(lick “Select Image File” and select the file
“Jangmi_precip_uncropped.tiff”.

* Check the “Instance: 2” checkbox to see an image of
accumulated rainfall inserted into the scene.

¥ VAPOR User Interface - [Visualizer No. 0] E
File Edit Data View Capture Help =18 x}
j&. 0 » & & ¢U 2 <« T« T > B ® 4 4% Q @ |AignView x|interactive Refinement 0 ﬂ

nimanonrlr Hegion IVZD | Image Iprobe I Iso IrFlow I DVR I A

Renderer Control

-
Duplicate In: ¥

[~ Apply image to terrain

I1] 1
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=8| x|

File Edit Data View Capture Help

=18 X
$ g = & Visualizer No. 0 j B & 4 -_:_i 3 = IAIignView jllnteractiveP\eﬁnement:[} ﬂ

nimation IRegion IZD [ Image ]Probe Ilso lFlow IDVR |<

Inserting NCL plots into the scene (2) h

NCAR
Rotate the scene to view it from the south side.

Click on the colored “image mode” ( ¢) icon at the top of the window,
to enable a manipulator of the image location.

Drag the left mouse button downward on the top red handle, placing the
image near the bottom, but above the terrain.

Animate forward and backward in time, using the VCR controls at the
top of the window.

Instance: 1 ¥
Instance: 2 v

X— =] 200000 g [ o000 R
i ] socoxo ’;[ Date/Time: 2008-09-26_19:00:00 P
V om— e | AnNNNN L ——— i

-

Renderer Control =

View New | Delete |

Duplicate In: M

Refinement |0 ~ Orientation: [ X-Y 'I

Image Display Settings
Selectimage File | File name: W
¥ Georeference [~ Crop to bounds
[__l [~ Apply image to terrain
Opacity: J le

Plane/image Center Plane/lmage Size

s Platform



NCL accumulated precip plot at timestep 35 n

NCAR
- s

19°N
\4

119°E 120°E 121°E 122°E 123°E 124°c 125°e A=

ACCHIMAI N ATEN TOTAI 2R QMAAIC DRECIDITATION v

Session file: fig2.vss

>
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Volume Visualization of QCLOUD b

¥ VAPOR User Interface - [Visualizer No. 0]

Flle Edit Data View Capture Help

qp—]d?¢ﬂ<ll»ﬁ>

Renderer Control =1

W New | |
insiance: Dupllcah—: In:
Refinement |0 ~ Variabl QCLOUD
Renderer Type

Color Selector
Hue: | Bed.| w 7‘
Sat I Green: I ‘
Val: I Blue: I I4

Transfer Function Editor

Edit Zoom/Pan | Fitto View I Histo

nimation [Reglon |2D llmage I Probe ] Iso IFIow@L‘

—T'

Disable the 2" Image instance (uncheck the instance:2 box on Image tab) NCAR
Using VCR control, type in time step 35, press enter.

Click the “wheel” icon (-@ ) to return to navigation mode

Select DVR panel (direct volume rendering)

Select variable “QCLOUD” (cloud water mixing ratio)

Check “Instance:1” to enable volume rendering

X
|| Visualizer No. 0 B & 4 4 Q - [Allgn\’rew L”InleracuveReﬂnemem:c ﬂ

Sess
ion
file:
fig3.
VSS

Date/Time: 2008-09-27_23:00:00

Navigation Mode: Use left mouse to rotate or spin-animate, right to zoom, middle to translate

vapor@ucar.edu / POR
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Volume Visualization: Edit Transfer function (1)

¥ VAPOR User Interface - [Visualizer No. (

» Click “Histo” to see histogram of
data values of QCLOUD at
current timestep

e To make the clouds white, set 4
color control points to white

— Either select/edit with right
mouse button, or

— Select point and then choose
color in color selector.

C I Sl vapor@ucar.edu

File Edit Data View Capture Help

N\

NCAR

$_,""4747|_<a<||>53>7 [—\

Renderer Control

Color Selector

Val: [255 Blue: [255

Transfer Function Editor

View New | ]
-1
hustnce. | I Duplicate In: ']
Refinement |0 ~ Variable IQCLOUD ']
Renderer Type | I

mm 4
Hue: ]164 Red: |255 [
Sat: IO Green: I255 ;
|

oy

-3.79718e-14 TF Domain Bounds

<

Edit Zoom/Pan | Fitto View |
~———

0.00064579¢ |

Nawgatlon Mode: Use left mouse to rotate or spi spin- anlmate FIQ\)R

\dLLL
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Volume Visualization: Edit Transfer function (2) R‘

MCAR

File Edit Data View Capture Help
@ O »2 228335 <« o >E©

nimation IRegion |2D Ilmage IProbe Ilso IFIow [DVR |«

* To edit the transparency:

— Drag the 2™ control point down to Renderengn}rolI | [
make the lower values more [instance: 1 /N T
transparent e R

— Use slider on the right to control oo e 1
overall transparency. Cocretacns

. e Hue: [109  Red: 55 " E B ‘
* C(Click the play button “»” to N N
. Val: lZ—‘ Blue: [2_
animate the typhoon ol I

Transfer Function Editor

* In the Image panel, check = . x a
“Instance:2” to see the
accumulated rainfall with the
typhoon.

0.000143834

-3.79718e-14 TF Domain Bounds 0.00064579¢

-1.55194e-13 Data Bounds 0.00163
| Fit Data |
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Visualization of typhoon: ~
QCLOUD at time step 42, with plot of precip 1\

.—- g

118°E 118°E 120°E 1248E 122°E 123°E 124°E
ACCUMULATED TOTAL GRID SCALE PRECIPITATION ({(ram)

g’S! Session file: fig4.vss vapor@ucar.edu \‘/2 p OR
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Isosurfaces of QRAIN (1)

In the DVR tab: disable DVR

(un-check Instance: 1)

Disable second image instance.

Using VCR control:
— Set current time step to 44

Click on Iso tab

¥ VAPOR User Interface - [Visualizer No. 0]

N\
In the Iso tab: NCAR

e Set variable “QRAIN” (rainwater mixing
ratio)

e Check “Instance:1” to enable

* Click “histo” to see QRAIN histogram

e Set the isovalue near .0002 (use slider or
type it in)

File Edit Data View Capture Help
% O» & & "@ B« Il »CE » ‘IVisuaI:zerNo_C LI B H 4 -_f— Q = ]Aﬁganw L”ImeracllveReﬁnement.c 3

Animation I Region |2D I Image I Probe FIow I DVR |1 ‘

Renderer Control =

New | |
Inst:
nstance: Duplicate In:  ~

3851e-15 0.00me0e% 14 0.00065

Isosurface Selection |
"t — —
Refneme(lS))  Varisblg W
Edit ZoomPan | Fitto Viekeedmg®®PisTy

Isosurface Value 000819”14 |
< | _H

Navigation Mode: Use left mouse to rotate or spin-animate, right to zoom, middle to translate

Session
file:
fig5.vss

Date/Time: 2008-09-28_08:00:00

N
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e Optional Iso tab settings:
— Slide iso slider to vary isosurfaces

— Scroll down in the Iso tab to the
transfer function

— Set the mapped variable to “T”.

— Grab the handle above the transfer
function with the left mouse, and
slide it to the left, to make the large
values of T map to green.

vapor@ucar.edu

0.0006:

Isosurface Value | 0.000192846
Histo Domain Bounds 0.00065542¢

-7.61731e-14 Data Bounds 0.007231¢

Histo scaling factor 1

Isosurface through specific point

Point Coordinates [ 0 | 0 I 0

Value ofiso variable at point

| Copy Pointfrom Probe |

Isosurface Appe =
Mapped Varia@
Constant Color: Constant Opacity: 1

Bits per voxel |8 '] ¥ Lighting On

Transfer Function Editor

Edit Zoom/Pan Fitto View Histo

—
199142 102.235
A r<an<in — B . | Yy &PO
Py
4 / Visualization & Analysis Platform



Isosurface of QRAIN = .00025 at time step 37, N
colored by T, with volume render of QCLOUD  NcAR

o,
,79 E Date/Time: "’ﬂﬂ"‘ﬁ"i 28_01:00:00

=9 F L 123°E 124° 25 e
ACCLIMIII ATED TOTAI GRID SCAI F PRFECIPITATION [$33V1 1\

£I$£ Session file: figbh.vss vapor@ucar.edu A \‘/APOR
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Flow Visualization Overview i

Vapor can display streamlines (steady flow, constant time) and
pathlines (unsteady flow, showing particle paths over time)

Flow can be illustrated in cross-section using the flow image capability
in the Probe tab.

Streamlines and path lines are established by seed points (starting
points for flow integration)

Seed points can be:
— Random: Randomly placed within a range of X, y, and z values, or
— Nonrandom: Evenly spaced in X, y, and z dimensions, or

— Seed List. Explicitly placed in the scene

Vapor Rake tool is provided to specify a box for random or evenly
spaced (nonrandom) seeds (looks like: »-)

VAPOR Probe tool ( gn ) can be used to position flow seed points.

ation & Analysis Platform
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¥ VAPOR User Interface - [Visualizer No.

Random streamlines using Rake (1) [ o e o v cone ns

U@ﬁ R e I »3E » -‘”LVVisualizer

nimation |Region |2D |I.m.age biAI;’robe |I506:Iow )JVR l<
Renderer Control s — ~

e Disable isosurface, DVR, second image e T ZH le|_|_| |
lnStance y Basic Flow Parameters
e Click on Flow tab e 5=y 2 =
. Refinement |0 ~ Integration accuracy | 05
® Set tlme Step tO 45 Vectorfields periodicin: ™ X Y T~ Z
e Select flow tab, select U, V, W as steady stsacy i
ﬁeld Variables Steady Integration Direction | Bidirectional
e Check “Instance: 1” to enable steady flow S ——— = [T,

Typical Steady Flow Length

(streamlines). Ignore the warning message. T s

V' Auto Flow Refresh efres Save Flow
e Specify seed count 100 (random) for steady l l
OW Show Advanced Flow Parameters |
o ~ Flow Seeding Parameters
Adjust smoothness (~300) and diameter | |
(NO '3) Load Seeds I Save Seeds | Edit Seed Listl
Rake center Set Rake to Current Region I Rake sizes
e b | o5
Y— — [ 405 v | sev0s
z— |—[ mwz z [ Zsme0t

seed cou ens X I N E I Z [—

Shape Parameters
Shape ITube 'l Diameter
Arrowhead size I 2 Diamond size | 2

_C IS£ vapor@ucar.edu ‘ V A jl;’k;jil{

Visualization & Analysis Platform




Random streamlines using Rake (2)

LISt

|# { >y 2= <ona»

Animation IF‘\egion IZD Ilmage IProbe Ilso Flow IDVR |4

N\

NCAR

Click on rake button ( »- at top left, above the tabs)

Grab the top handle of the rake with the right mouse button, pull it down
about halfway to the terrain (so the flow seeds will be near the ground.

Using the right mouse button, shrink the rake to a small box enclosing

the eye of the typhoon

Color flow lines according to “position along flow”™
See how the wind is drawn in at ground level and climbs into the eye

¥ VAPOR User Interface - [Visualizer No. 0]

File Edit Data View Capture Help

=8| X

Shape [ Tube ~] Diameter 3

Arrowhead size | 2 Diamond size | 2

Color/Opacity mapping

Opacity: | Constant = (o] 18} Position along Flow §]
Edit Zoom/Pan
Constant color, opacity values: - 1

0 Opacity data limits

0 Opacity map endpoints 1

0 1

0
0 Color map endpoints
| ’ | B

-

Date/Time: 2008-09-28_09:00:00

ll\/lsualizerNo.G L' B & 4 -é_:} Q - IAIignVlew jllnteractlve Refinement: 0 ﬂ;l

POR
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Streamlines at time step 45 in the typhoon eye,
with QCLOUD and QRAIN NCAR

%7 VAPOR User Interface - [Visualizer No. 0]

File Edt Data View Capture Help -18] x|
B2 O\ »2 &[5 <« oonooo» Visualizer No. 0 IH B 4 4 Q@ [Anvew <][ineracive Refnement 1 2

Animation | View | Region | 20 | Image | Probe | Iso | Flow ]Dvn |

3

steady field [ U | [v = [w =]
Steady Integration Direction [ Bidvectional ~

Steady Line Smoothness —— |— 300
Typical Steady Flow Length —— |———— [ 283874

¥ Auto Flow Refresh Save Flow
Show Advanced Flow Parameters

Flow Seeding Parameters

Random Rake 5 Random Seed 1

LoadSeeds | Save Seeds | EditSeedList |

Riake center Set Rake to Curent Riegion Rake sizes
X - —— [38082e405 X — |———— [ 170705
Y —— f—— [ 3168105 ¥ —— |——— [ 2776e:05
z— p——[ @2 z——— |— [ 16604
seed count [ 100 < T T = [

Shape Parameters

Shape | Tube ¥ Diameter | 0.2
Amowhead size | 2 Diamond size | 2

Color/Opacity mapping

Opaciy: [Constant < Color: [Postion along Fiow
Edt Zoom/Pan | Fitto View
(Coretars eoloe lopeciy vakies) - 7

0 Opacity data limits
0 Opacity map endpoints 7

Conctant

118°E 119°E 120°E 121SE TR 123°E 124°E
ACCHIAII ATED TOTAI ARIN QA £ DREAIDITATION

freen

Color map endpoints

0 Color data limits

Hide Color/Opacity Mapping

Rake Mode: To modify rake in scene, grab handle with left mouse to translate, right mouse to stretch

|
N R /v’

{

)
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Image-based flow visualization(1):

Pictures of low motion

Set time step = 40

Disable the flow, Iso, and DVR
Click on the Probe mode button

(&)

Click “Fit to region” 1n the probe tab

Set “Probe Type” to be “Flow

Image”

Check the “Instance:1” checkbox to

enable the probe of flow image

vapor@ucar.edu

File Edit Data View Capture Help

% 0 €2y &[0 ) o no» |

jJIVisuaIizeTl\To.G EE a4 Qa

Animation I 2D l Image ‘ Probe ||SO I Flow I DVR Ii
1| 1|

Duplicate In: 'I e

Refinement Probe Type
Probe 0 ¥, 4| Fiow Imae p

Probe Position and Size

Probe/Contour Center Probe/Contour Size
X —J— 399972 Xp _| [ 7ss920
Y —_l— I 400000 Yp J | 800000

T [ —— |

User extents (X.Y.Z) Grid extents (X.Y.2
Min: 11.75 0 126953 0 0 70
Max 799932 800000 126953 200 200 70
Upper-right lon/lat 125,586 26.5893
Lower-left lon/lat 117648 19.2854
Orientation Angles Rotate about axes
Theta Phi Psi

[o0 [oo | o0
[Axis Align  ~| |90degrotate »|  Z LTI 1111111

Fitto Cropto
Region I Region

Fitto
Domain

Crop to
Domain

Flow Image Control

steady field |U v - |w -

Alpha =_fm———| 0.12 Scale s f— 1
Start Capture Sequence l Il | > |

Cross-Section View
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Image-based flow visualization (2):

Animation of flow

e Using the left mouse button in the scene,
drag the probe tool down near the ground

e Click the “»” (play) button above the probe
image to animate the flow images.

e Slide the probe up and down in the scene to
see how the wind varies with elevation.

e Optional: Check “merge color and
opacity...” to color the flow images with
another variable.

c I SL vapor@ucar.edu

Animation IRegion IZD Ilmage ’ Probe llso IFIow |DVR |4

steady field [U ~|[v = fw -] -l
Alpha —_———[0.12 Scale H| 1

Start Capture Sequence | || >

Cross-Section View

Cursor (cross-hair) Selection and Usage
Selected Point 399972 400000 2351.21

Longitude, latitude 121.617  22.9867

Length of vector(U.V.W) at selected point:  8.468397

I~ Attach Pointto Flow Seed Add Pointto Flow Seeds

Use selected pointto set:

Region Center | View Center Rake Center | Probe Center

Capture Current Probe Image |

Appearance Parameters
Mapped Variable(s

erge color and opacity

f mapped variable -

into flow texture =
«|

\/APOR
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Image-based flow in the typhoon,
colored by wind speed

¥7 VAPOR User Interface - [Visualizer No. 0]
File Edit Data View Captwe Help _18] x|

|#® O A B0 <« oonoo s [Visualeer Mo 0 IE® 4 4 Q@ [Heview |[Interactive Refnement 1 2]

View | Anmation | Region | 20 | Image | Probe Ilso | Flow | ovR |

Cursor [cross-hai) Selection and Usage
Selected Point 339972 400000 2501.45

Longitude, latitude  121.617 22.9867

Length of vector( VW) at selected point: ~ 7.23483

I~ Attach Point to Flow Seed Add Point to Flow Seeds

Copy selected point to

Region Center | ViewCerter |  RakeCenter | Probe Center |

Capture Curient Probe Image

Appeatance Parameters

Mapped Variable(s)

Merge color and opacity
¥ of mapped variable
into flow texture

Transfer Function Editor

Edit Zoom/Pan Fitto View Hito |

60.614

0.445338 TF Domain Bounds 60.6142

<l |

[Probe Mode: To modify probe in scene, grab handle with left mouse to translate, right mouse to stretch

>

Session file: fig8.vss S

_C IS! vapor@ucar.edu \‘/APOR

Visualization & Analysis Platform



8L

Use the probe to see a vertical slice of W (1)
We can use the Probe to

investigate the wind flow near
the eye of the typhoon, by
placing seed points where the
W field is strongest

Set the time step to 37

Set the Probe Type to “Data Value”
Enable probe (check Instance:1 box)
Set refinement level to 1

Scroll down to the bottom of the

probe panel and set the Mapped
Variable to “W”

vapor@ucar.ed| .

\

%af*léb-muvu» NCAR

vVEE/\J&_&-

AnlmatlonIRg IQDII age | Probe II IFIW'DVR I_J_

| -

Planar Refinemen t

Probe "

Probe Position and Size
Probe/Contour Center Probe/Contour Size

Vv

x— |— 399972 Xp | [ 799920
Yy — |— 400000 Yp 300000
z- f——[ 2312 zp |——
User extents (X.Y.Z)
Min: .78 0 Appearance Parame ters

Max 799932 800000 Mapped Variable(

Upper-right lon/lat 124 v of v 2
Lower-left lon/lat 11§ v

Orientation Angles Transfer Function Editor

Theta Phi Psi Edit Zoom/Pan I Fitto View | Histo
[o0 Joo [ oo
IAXIS Align L] ISG deg rotate |
Fitto Crop to
Reg Region
Cross- S

/APOR

Probe Mode: To modify probe in scene, grab handle with left m & Analysis Platform



Using the probe to see a vertical slice of W (2) N\

; . . NCAR
To view a vertical slice through
Theta Phi Psi X I

the typhoon: [-900 [900 [900 .' :: [—; EEEEA
e Click 90 degree rotate and select g | e | s

“+x” to get a vertical slice. e
e Click “Fit to Region” Cross-Secion View |

Above the histogram at the bottom of \ b b ’» '

the pI'ObC panel: Milﬁﬁ ||Jl i

e Click “Fit to view” and “Histo” to see e e
the values of W in the probe

e Set the TF domain bounds to -.5 and
0.5 Transfer Functiop Editg

e Click “Fit to view” and “Histo” again

Mapped Variable(s)

& A -
TF Domain Bounds

-6.63719 Data Bounds 123956

vapor@ucar.edu | E | _FiDaia |
CISL . » /{m}ruR

ization & Analysis Platform




Cross section of typhoon (Probe of W) NCAR

¥7 VAPOR User Interface - [Visualizer N
FEile Edit Data View Capture Help

-18(x|
g » & 47¢ ER T « O T« S [Visuaizer No. 0 YIEB B 4 4 Q@ [Hignview <[interactive Refinement T 3]
View | animation | Region | 2D | Image | Probe ]»m | Flow | OVR |

Renderer Control =1

View New
g |

Instance: 1 [ouioe =]
o Planar Refinement Probe Type
Probe 1 > DataValue v
Probe Posiion and Size
Probe/Contour Center Probe/Contour Size
B [—= 399399 Xp ————— | 739320
Y —— — [ wmn v ———— |[ 2301
z——l— 12%6%3  Zp _|———
User extents (XY.2) Giid extents [X.Y.2)
Min: 331244 400000 30.2308 0 100 0
Max 799959 400000 25360.4 200 100 139
Upperight lon/lat 126182 226635
Lowereft lon/lat 118.244 24313
Orientation Angles Rotate about axes

Theta Phi Psi ® I
500 0.0 300 % 1 T

[axision  ~] [90degrotate ~] 22 [ 1 | 1

Fitto Cropto
Region Fegion

Fitto Cropto
Domain Domain

Cross-Section View

[Probe Mode: To modify probe in scene, giab handie with left mouse to tianslate, fight mouse to stietch

CISl Session file: fig9.vss vapor@ucar.edu X/

APOR
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Using the probe to specity flow seed points (1)

Click on the Flow tab

Set the flow tab with the same settings as
before (smoothness = 300, diameter = 0.2,
color=position along flow)

Set Typical Steady Flow Length =3

On the flow tab, under “flow seeding
parameters”, select “List of Seeds” instead

of “Random Rake”.

Check “Instance:1” to enable the flow.
Ignore the warning messages (there are no
seeds in the list).

vapor@ucar.edu

| 0 » 2 &8|[7 <« ocna»|

lAnimation IRegion ]Eiﬂilmage IProbe Ilso ‘Flow IDVR ﬂ4

Renderer Control
iew New | cle |

Insta @ DuplicateIn: ~ ~

Basic Flow Parameters

Type ] Steady LI

Refinement |0 ~ Integration accuracy | 05
Vector fields periodicin: ™ X T Y [T Z

steady field |U =] [v <] [w <]
Steady Integration Direction | Bidirectional vi

Steady Line Smoothness ———————— |— @
Typical Steady Flow Length J'—- .w.

¥ Auto Flow Refresh B I Save Flow |

Show Advanced Flow Parameters |

Flow Seeding Parameters

‘ Random Seed

Load Seeds‘ Save Seeds ] EditSeed Listl

Rake center SetRake to Current Region | Rake sizes
X —— |——[ 368705 X —— |—— [ 3812e+05 _
2— |—1[ 72  z—— }—[ Tamemt
seed count r— sion X: I Y: I Zs ]

Shape Parameters

Shape | Tube 'l Diame
Arrowheadsizel 2 Diamond size | 2

Color/Opacity mapping

Opacity: | Constant 'I Colo

g
Positio
.

nalong Flow ~[§
'y
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Using the probe to specity flow seed points (2)

Click on the probe tab., scroll down to the
Cross-section view

Check “attach point to flow seed”. You
should see a streamline associated with a seed
point at the cursor position.

Try various cursor positions with large
(purple) W values to see the resulting
streamlines. Click “Add Point to Flow Seeds”
for streamlines that you want to keep.

With 10-15 flow seeds you can visualize the
wind flow pattern near the eye wall.

vapor@ucar.edu

Cross-Section View
l }. B G

Cursor (cross-hair) Selection and Usage
Selected Point 567607 400000  9825.88

Longitude, latitude 123.876  22.5475

Value of variable(W) at selected point  0.614306

[V Attach Pointto Flow Seed Add Pointto Flow Seeds
e

Use selected pointto set:

RegionCenterl View Center | RakeCemerI ProbeCenterl

Capture Current Probe Image I

Appearance Parameters
Mapped Variable(s)

APOR

Visualization & Analysis Platform



Streamlines placed with the probe

7 VAPOR User Interface
File Edit Data View Capture Help

g »»r s J N I O T = O 2 \ | [Visualizer No. 0 BB A 4 Q@ [Honview |[Interactive Refinement T 2]
View | Animation | Region | 2D | Image | Probe I\so | Flow | DR |

-90.0 0.0 90.0 AE [T

[fdistlign  v] [90degrotate ~| 2 ]I |

Fitto Cropto Fitto Cropto
Region Region Domain Domain

Cross-Section View

Cursor (eross-hai) Selection and Usage
Selected Point 568780 400000 104701

Longitude, latitude  123.888 22.5475

Value of variable(w) at selected point. 0623861

[V Attach Point to Flow Seed Add Point to Flow Seeds

Copy selected point to:

Region Center |  ViewCenter | RakeCenter | Probe Certer |

Capture Current Probe Image =

Appearance Parameters
Mapped Variable(s)

u
W

Transfer Function Editor

[Probe Mode: To modify probe in scene, grab handle with left mouse to translate, right mouse to stietch

/’ >

g l S ! Session file: figl0.vss O \’/APOR
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Other useful capabilities of VAPOR N\

NCAR
Some features we haven’t shown you

(see http://www.vapor.ucar.edu/ more info):

e Combining analysis and visualization:

— Calculate derived variables in NCL or in IDL. Insert these variables into
the VAPOR scene

e Visualization of 2D variables

— 2-dimensional WRF variables can be visualized in the scene alongside the
3D variables and images, and can be applied as terrain images

e Unsteady flow visualization
— Particle traces can be visualized and animated.

— Field line advection can be used to visualize fieldlines and streamlines
moving over time

e  Wind arrows

e Animation capture

— A sequence of images can be captured to jpeg files, and converted into a
movie file

-C ISL vapor@ucar.edu i /AP OR
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VAPOR plans N\
NCAR

We are preparing a new release for later this year

Some features under consideration:

64-bit on Mac

Fast streamline rendering

Interactive calculation of new variables (using Python)
Import VAPOR data into Vislt and Paraview

Insert Cartesian-gridded data into WRF scene (e.g. radar
data)

Direct reading of WRF output (not requiring a conversion

step)
Easy placement of wind arrows

Website improvements

‘ [
vapor@ucar.edu / AP : I L
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Where to go from here
NCAR

To visualize the output of WRF-ARW simulation:

Install VAPOR on your computer (or use vapor installed at
NCAR) (Instructions at http://www.vapor.ucar.edu/ )

Convert your data to VAPOR using command-line utilities
Use NCL to create 2D data plots to put in the scene

Additional tutorials and user guides are available at
http://www .vapor.ucar.edu/

E-mail vapor@ucar.edu with questions, suggestions, bugs.

Let us know if you have additional needs — That’s how we
select and prioritize new features!

- ‘ ’
vapor@ucar.edu / AP : I L
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Tutorial supplement:
An analysis of high-res hurricane data

http://vis.ucar.edu/~alan/wrf2010/tutorial/docs/ WRFVaporTutorialSupplement.ppt

Data provided by:

¥ VAPOR User Interface - [Visualizer No. 0]
File Edit Data View Script Animation Help

% 0 »&

Yongsheng Chen, MMM/NCAR | oo oo p o1

LSt

Theta  Phi Psi x T
00 900 [ 00 2 [ oo
Axis-Align |[90degrotate ~| 7 [T LI IIIIL
Probe Type [Data Value ~

R User Interface - [Visualizer No. 0]

pata View Script Animation Help

|[Visualizer No: ~|B B 4 4 Q@ [Aignview k|

PN

CEX

d

iewpoint IRegion | Probe llso | Flow I’VDVR |7

tCapture Saquencel

Selected Point 428234  58697.1 228599

Value of mapped variable(W) at selected point  1.24359

| »

Date/Time: 120050771 0_00:05:00

8@ 4 -‘:!- A M[Ahgn\/lew ~

|Probe Mode: To modify probe in scene, grab handle with left mouse to translate. right mouse to stretch

D X VR
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VAPOR Availability NCAR

Version 1.5.2 software 1s available
Runs on Linux, Windows, Mac

System requirements:
— amodern (nVidia or ATI) graphics card (available for about $200)
— ~1GB of memory

Supported in NCAR visualization/analysis systems
Software dependencies:

— IDL® http://www.ittvis.com/ (only for interactive analysis)

Contact: vapor@ucar.edu

Executables, documentation available (free!) at
http://www .vapor.ucar.edu/

>

,
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\‘/ Visua A\nuly\is Platform

dlization &



NCAR

Thanks!
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