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What is WindWizard?

WindWizard is an interface to a computational fluid dynamics model (CFD) (FLUENT®) to simulate the
mechanical influence terrain has on air flow (Butler and others 2004). CFD technology was initially developed by
the aerospace and automotive industries to simulate fluid flow around or through aircraft, automobiles, pipes, etc.
WindWizard output is wind velocity and direction (20-foot) in raster and vector format (commonly 30-300 m
resolution). Multiple runs of wind speed and direction can be simulated to create a “wind library” for use in
prescribed fire planning, wildland fire use, wildfires, and reviews.

Surface winds for an instant in time are calculated using terrain information obtained from a digital elevation model
(DEM) (USGS 1990) and a user-defined upper-level wind speed and direction. This input speed differs from the
20-ft wind speed; usually, two to three times that of the observed 20-ft ridgetop wind to produce the desired results.
Simulations assume a neutrally stable atmosphere and do not include buoyancy effects (diurnal and fire induced
winds). WindWizard output is not a forecast, but a snapshot in time of what the local surface winds may be given
the synoptic wind scenario (Butler and others 2006a).

The DEM must be in meters, should be 20-30% larger than the area of interest, and the subject area located in the
center of the DEM. The buffer is needed to accurately simulate the influence the surrounding terrain may have on
wind flow in the subject area. If DEMs are inaccessible for your area of interest, the United States Geological
Survey (USGS) Rapid Data Delivery System (RDDS) (http://firedata.cr.usgs.gov/) provides a quick and efficient
way to obtain a DEM and other ancillary layers.

Gridded wind has two principle functions: visualization and model input. Shapefiles can be plotted in a GIS to help
managers visualize the channeling and checking effect topography has on wind flow for operational, planning, and
educational purposes (Stratton 2006). Output can be imported into FARSITE or FlamMap and frequently improves
fire growth and behavior simulations, particularly at a local scale (Butler and others 2006b).

How Does It Work?

(1) A DEM is imported into WindWizard. Modeling domains should be less than 1,000 km?; the smaller the
modeling domain, the finer the simulation or calculated resolution. For example, a one 7.5" quadrangle area in
central Utah (~ 49 mi2/127 km?) will yield a mesh resolution of ~ 50 m (the ASCII Raster file is 3-4 MB), when the
fine resolution is selected. However, with the same settings, a 4-quad area (2 by 2) will typically yield a mesh
resolution of 100 m and a 9-quad area (3 by 3 or ~ 1,100 km?) will yield a 150 m resolution.



(2) Using the DEM, WindWizard builds a 3-dimensional mesh of the DEM and atmosphere above the terrain. This
mesh consists of thousands of 3-dimensional tetrahedral and wedge shaped cells.

(3) A user-defined wind speed and direction is used to force flow through the mesh and then mass, momentum, and
turbulence equations are solved simultaneously for each cell to compute the wind flow.

(4) Output files are written in shapefile and ASCII Raster format.

Recommended System Requirements

The WindWizard program is computationally demanding. For this reason, use of WindWizard is not recommended
unless the following system requirements are met.

e PC with 233-300 megahertz or higher processor clock speed (single or dual processor system) (e.g., Intel
Pentium/Celeron or AMD K6/Athlon/Duron)

e 1-2 gigabytes of RAM
e 5 gigabytes of available hard disk space
e Windows 2000 or XP
WindWizard Installation
1. Obtain a copy of the WindWizard program by emailing Jason Forthofer (jforthofer@fs.fed.us) or Bret Butler

(bwbutler@fs.fed.us). You will be directed to an FTP site containing a zip file containing the WindWizard
program, this user’s guide, the f2f program, and supporting documentation.

2. Carefully follow the installation instructions provided in the text file (Installation_instructions.pdf).

Running the WindWizard Program

1. Open the WindWizard by double-clicking on the FloWizard icon on your desktop and click Next (Figure 1.)
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Figure 1. WindWizard opening screen.



2. Select Create New Geometry and Mesh or if you are using an existing mesh (i.e., if you previously ran
WindWizard) select Open Existing Case, click Next (Figure 2), click Browse to select the existing mesh, and then
Read Case. Additional information can be obtained by selecting the Guide Me... button.
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Figure 2. WindWizard mesh selection window.

3. Click Browse to select the DEM. Make sure the DEM contains no values of “NODATA” (typically attributed as
-9999). A quick way to check is to open the DEM (ASCII Raster file) in WordPad© and search for -9999 values. If
NODATA values exist, use a GIS to modify the modeling domain.

4. Select the desired mesh resolution from the dropdown arrow (coarse, medium, or fine). The mesh—an
interconnected lattice of 3-dimensional cells—determines the calculated resolution of the simulation. This
calculated resolution is different than the spatial resolution of the output files. By choosing a coarser mesh
resolution, the simulation will take less time, but the calculated resolution will be coarser. In most cases, the
additional computational time required for the fine resolution is well worth the more “accurate” product.

5. Check that the flow domain height is set to 5,000 m (the default). The flow domain height defines the top of the
mesh domain. Under most circumstances the default domain height will be adequate. However, if a user
experiences the following error: “Mesh Creation Failed. Please change the meshing options and try again,” increase
the domain height incrementally (e.g., 2,000 m at a time).

6. Click Create to start the meshing process (Figure 3). NOTE: The progress bar is inaccurate and should be
disregarded. Depending on your CPU and mesh resolution, the meshing process will take 5 to 30 minutes.
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7. Click OK when the meshing operation is complete to reveal the mesh.
8. Click Next.

9. Select the Surface Property (Forest, Shrubs, or Grass) from the dropdown arrow. This selection defines the drag
effect of the ground surface. It is applied uniformly over the domain. Choose the most dominate cover-type in those
areas where there is mixed vegetation.

10. Select the Output File Resolution and units. This selection determines the resolution of the output files. The
output resolution is different than the mesh resolution (coarse, medium, or fine). The mesh resolution is the
resolution used to compute the wind flow. The output file resolution is the spatial resolution of the ASCII Raster
and shape files. Wind speed and direction values from the mesh—the calculated resolution—are interpolated to the
output files.

11. Check that the Number of Iterations is set to 200 (the default). The mathematical solver used in WindWizard
steps iteratively toward the “true” wind flow. The higher the number of iterations, the closer the simulated wind
field gets to the mathematically “true” solution. The default value is adequate for most simulations.

12. Click Next (Figure 4).
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13. Select the Number of Runs (maximum of 10).

14. Input the wind speed (mph) and wind direction (0-360°) for each run. The input speed and direction describes
upper level flow. The input wind speed differs from the actual wind speed observed on the ground and is influenced
by the terrain. To determine the input wind speed, decide on a 20-foot ridgetop wind speed for the area of interest
and then double that value. This general rule works under most conditions except when the DEM contains a
prominent mountain range (e.g., Wasatch Range, UT; Colorado Front Range) running through the entire domain,
sloping downward to a large valley floor. If this is the case, a lower input wind speed is usually required (Table 1).
This is due to the amount of air at the inlet (the valley bottom) and the proximity of the top of the mountain range to
the top of the mesh domain (see step 5).

Input Prominent Range Most Other
(mph) & Valley (mph) | Landscapes (mph)

15 10-15

25 10-15

30 20-25

40 20-25

45 30-35

60 40-45 30-35

80+ 40-45

Table 1. WindWizard input wind speed as it relates to the desired 20-ft ridgetop winds.



15. Click Next (Figure 5).

16. Click Save As to save the mesh and settings.
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Figure 5. WindWizard wind velocity and direction input window.

17. Click on Review Summary to verify input and output variables. It is a good idea to save the WindWizard
Session Summary with a screen capture (e.g., use the “Print Screen” key on your keyboard). This information is
needed if you use the f2fvis.exe program to resample gridded wind output at a different spatial resolution then was
specified in the output file resolution (See Appendix A).

18. Click Solve to compute the wind flow. As mentioned earlier, the progress bar is not accurate. A better way to
check the completion status is to look in the text box in the lower right and view what iteration number the
simulation is on in relation to the number of iterations that were specified in step 11 (Figure 6). Depending on your
CPU, the solving process will take 45 to 90 minutes per wind speed and direction.
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Figure 6. WindWizard progress pop-up and simulation information window (lower right). Because the progress bar
is imprecise, a quick way to check on the status of a simulation is to view what iteration number the simulation is
on in relation to the number of iterations that were specified in step 11 (in this case the iteration number is 69).

19. When the simulation finishes, click OK, then save the run(s) by clicking on the Save icon or File > Save.
e At this point WindWizard can be closed. Clicking on Next to review the results is not recommended

because the displayed velocities are not accurate. Viewing of the products is better done in ArcMap,
ArcView, FlamMap, or Google Earth.



Viewing WindWizard Output

WindWizard output can be viewed in ArcMap, ArcView, FlamMap, or Google Earth. WindWizard produces shape
(ArcMap/ArcView) and ASCII Raster (FlamMap/FARSITE) files. Google Earth files are derived using a stand-
alone program.

ArcView & ArcMap

Appendix B (ArcView) and Appendix C (ArcMap) contain instructional briefs on how to view WindWizard output
in ArcView and ArcMap. Viewing gridded wind in a GIS offers the most flexibility in displaying the WindWizard
output and is shown in Figure 7.
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Figure 7. Gridded wind derived from WindWizard based on 25-30 mph ridgetop winds from the southwest in the
Goat Mountain area of the Boise National Forest. Wind vectors point in the direction of flow and are colored by
speed with 0-4 mph in blue, 5-7 (green), 8-11 (yellow), 12-15 (orange), and 16+ (red).



FlamMap

WindWizard output can be imported into FlamMap 3.0. This option requires no GIS skills and products can be
displayed quickly in a 3-dimensional format. Gridded wind products must be in the same projection and datum as
the LCP to display the vectors. To view WindWizard output, load an LCP, create a new run, under “Winds” select
“Wind Vectors.” Input the angle ASCII Raster file (*ang.asc) for direction and the velocity ASCII Raster file
(*vel.asc) for speed. Select “Create and Display” to view the wind vectors (Figure 8 and 9).
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Figure 8. Use WindWizard ASCII Raster files in FlamMap by selecting the “Wind Vectors” radio button and
importing the ASCII Raster direction and speed files.
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Figure 9. Gridded wind derived from WW and displayed in FlamMap for the Rampage Fire area in Glacier
National Park, MT (2003).

Google Earth

WindWizard output can be viewed in Google Earth. WindWizard does not generate files for viewing in Google
Earth (KMZ files) automatically. However, these can be created using the f2fvis.exe utility (hereafter referred to as
the f2f program; Appendix D). The f2f program comes with WindWizard and is located in the “bin” folder
(C://Program Files/FloWizard/FloWizard2.*/user/WindWizard2/bin/f2fvis.exe). Google Earth projects on the fly
making overlaying of GIS data convenient, however, the arrow size, type, and color ramp are predefined (Figure
10). Currently, the f2f program only works on WindWizard output that is in a UTM projection.
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Figure 10. Gridded wind derived from WindWizard and displayed in Google Earth for the South Canyon area, CO.
Using WindWizard Output to Model Fire Behavior

Gridded wind can be imported into FARSITE or FlamMap. In FlamMap, import the angle and velocity ASCII
Raster files as previously discussed and displayed (Figure 8). For FARSITE, select Input > Project Inputs > Select
Wind Files ((ATM). The atmosphere file (ATM)—a text file specifying month, day, hour, wind speed file, direction
file, and cloud cover file—must be precisely formatted to function in FARSITE and in the same folder as the ASCI|I
Raster velocity, angle, and cloud cover files (refer to FARSITE Help) (Figure 11). For modeling convenience,
WindWizard creates a cloud cover file (*cld.asc), but does not simulate cloud cover; rather it outputs a 0% cloud
cover at every pixel on the landscape.
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Figure 11. Use WindWizard ASCII Raster files in FARSITE by creating an ATM file and importing it by checking
the Wind Files (WND) box and selecting “Wind ATM GRID (*.ATM)” from the drop down list.

Resampling WindWizard Output

The default WindWizard output spatial resolution is 100 m. As discussed earlier, although this cell size is 100m, the
computational mesh resolution is governed by the size of the DEM and selection of the mesh resolution (coarse,
medium, or fine). However, sometimes a different spatial resolution is desired. For example, when displaying the
results in a GIS the arrows are too close together or obscuring the view of the base layer (e.g., shaded relief), or
additional arrows are needed in a smaller project area. Use the f2f program to resample WindW!Izard output,
following the instructions provided in Appendix A. The resampling process requires the height of the near cell
wall, the .XYZ file, the surface property, and the DEM. This information can be obtain from (1) the review
summary screen by opening the .flowizard file in WindWizard (File > Open), (2) viewing the review summary
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screen capture—if one exists (see step 17), or (3) opening the *.dbs file in WordPad © and search for “vertical
cellsize near the ground” (near cell wall) (Figure 12) and opening the *_journal.script file and searching for
“surfRough” (surface property) (Figure 13).
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Figure 12. Viewing the *.dbs file in WordPad © to find the near cell wall height (19.043174).
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## FLUENT CCONTROLLER JOURNAL - <FloWizards <2.1.58>

I [=T]

#H

## Session Info:

## Controller Host - localhost

## Controller Port - 2849

## Run Date - Thu Auy 24 15:46:27 2006
#H

## Session guest password: AR4720%

#H

## Session owner: PCDEIRN60S1

#H

## Control token assigned to PCDE1ENS091
tools.modelRoot.invoke (' WindVarisbles', 'setState', {'isSaved': False}, True

tools.modelRoot.invoke (' VindVariables', 'setState', {'fileChoice': 'new'}

tools.modelRoot.invoke (' WindVarisbles', 'setState', {'isSaved': False}, True

tools.modelRoot.invoke (' VindVarisbles', 'setState', {'dewFileName': 'C:\iDocuments and Settingsh'\cmchugh'yNy Documentsh\WindWizardi\rival ecrk
“Arival_crk.asc', 'mshOption': 'Fine', 'height': [5000.0, 'm']}

tools.modelRoot.invoke (' WindVarisbles', 'setState', {'isSaved': False}, True

geom.reset |)

files.runGambitJournal [disebleGraphics=True, name='C:\\Program Files\\FloVizard\\FloWizard 2.1.8\}user\}vindvizard2}\bin\\geometryCreation. jou'
parameters={'DEM file': 'C:\\Documents and Settings\‘cmchughy\NMy Documentsh\UindWizard\irival_crk\\rival_crk.asc', 'mesh_resolution'
'top': '5000.0'}, hideErrors=True

geow. finalizeGanbitGeometry |
tools.modelRoot. invoke [ VindVarisbles', 'setState', {'weshUptoDate'

'Fine',

True}, True)

tools.wodelRoot. invoke (' TindVariables'

'seritate’, {'dewFileName':

'CiyhDocuwents and Settingshhcrchughh My Documents) )\ WindWizardi\rival erk

“irival erk.ase', 'mshOption': 'Fine', 'heighe': [5000.0, 'm']}

tools.modelRoot. invoke [' VindVariables', 'secStace’

tools.modelRoot. invoke [ TindVarisbles', ‘SEESEBEE‘,I{‘numIErS': z00, 'surfRough': 'Forest', 'fileRes': [100.0, 'm']I
tools.modelRoot. invoke [ VindVariables', 'secStace’

tools.wodelRoot.invoke ['UindVarisbles', 'setState', {'nueRuns': 5, 'runInputs': {'directiond': [315.0, 'deg'], 'speedd': [100.0, 'mph']
‘direction3': [270.0, 'deg'], 'direction2': [225.0, 'deg'], 'directionl': [180.0, 'deg'], 'direction0': [135.0, 'deg'], 'speedl': [100.0, 'mph'l,
'speed0': [100.0, 'mph'], 'speed3': [100.0, 'wph'], 'speedz': [100.0, 'mph']}}
tools.modelRoot.invoke ['TindVariables', 'setState', {'isSaved': True}, True
files.savelds (nawe='UindUizard/rival_crk/rival crk.flowizard', overwvrite=True

For Help, press F1 [ om

Figure 13. Viewing the *_journal.script file in WordPad®© to find the surface property (forest).
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Resampling of WindWizard Outputs Using the f2f Program

Kyle Shannon, RMRS, Fire Sciences Lab, Missoula, MT, 406-329-4963, kshannon@fs.fed.us.
Chuck McHugh, RMRS, Fire Sciences Lab, Missoula, MT, 406-829-6953, cmchugh@fs.fed.us.
Rick Stratton, Systems for Environmental Management, Missoula, MT, 406-329-4864, rstratton@fs.fed.us.

The typical spatial resolution of gridded wind outputs using the WindWizard program is 100m. While this level of
detail is necessary for spatial fire modeling in FARSITE and FlamMap, it can be too fine a resolution for maps
displays of WindWizard output. Display maps using this level of detail are often “too busy” making their
interpretation difficult due to the density of vectors on the background coverage. The f2f program allows for
resampling of gridded wind outputs to a coarser or finer spatial resolution without the user rerunning WindWizard.
This assumes that the user has not deleted the necessary input files (DEM ASCII Raster and .xyz) and has
documented information on the surface roughness and near cell wall height. The f2f program generates a new
shapefile, a set of resampled ASCII Raster output files, and an optional kmz file (Google Earth). Google Earth files
require UTM and datum information of the DEM. For display purposes a spatial resolution of 300m is typical and
has been found to provide an adequate level of detail.

Prior to Running the f2f Program

To run f2f first create a shortcut on the desktop to the executable f2fvis.exe. The default location for this file is in

the C:\Program Files\FloWizard\FloWizard 2.1.8\user\WindWizard2\bin folder. Figure 1 shows the location of the
required executables within the bin folder. Do not move f2f.exe, as the program only looks in a specific folder for
this file.

BN C:\Program Files',FloWizard' FloWizard 2.1.8user\ WindWizard2', bin o |EI|1|

File Edit Yiew Favorites Tools Help ﬁ

= Back ~ = - [&] | Qi search |E|:_L,;Folders o4 | 3 02 x = | B

Address ICI :\Program Files\FloWizard\FlowWizard 2,1, 8\useriWindwizard2\bin j o Go
Falders x| | MName £ | Size | Type | Madified |

B Common Files -] B demzcoursemsh_1_3.exe S0KE  Application FIF2006 2:40 AM

-] ComPlus Applicatians BFrar. exe 158KE  Application 11/20/2006 12:53 PM

G COMEXANT W A9 KR Application 11)28/2006 3:09 PM

-7 crise [#] geometry(  Open 10U File 6/28{2006 11:05 AM

..4:| Cromsoft solverDrivn T SCM File 2/14{2006 1:00 PM

C] Cryskal Decisions

8- Cyberlink CoCampress ka ZIP + Options...
; {1 el CHlCompress to "F2fyis.zip"
s

1 Dell Computer Corporation 9 winZip "
"1_| ESRI
B0 Farsitet {8 Desktop (create shortcut)
20 F'DWizard i Cut £ DirectCD Drive (D)
=] Flowizard 2.1.8
: Copy : P
B apps 4] Mail Recipient
=1 bin Create Shorkout EY My Dacuments
{:I compaonents Delete
1’:] lang Renams
"{_I lib Properties

*r:l license

{:I modules

-1 pyib

&1 python

B user
E-C1 windwizardz
- Hbin

] customelient ¥
KA P

Figure 1. Location of the bin folder where the f2f.exe and f2ffvis.exe programs are located and creating a shortcut
of the f2fvis.exe.

v
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Running the f2f program

After the user has completed the previous steps the f2f program can be run. The user will need to supply additional
inputs as prompted by the f2f program, these are:

1.

2.
3.

The xyz file from the initial WindWizard run. This file is stored within the individual WindWizard run
output folder and has a .xyz extension. The name of this file is included in the new resampled output file.
The DEM file associated with the xyz file.

The desired resampled spatial resolution in meters. This value must be in meters as this is the native
resolution of this data. The windspeed value in the new resampled value will be in the same units as the
initial WindWizard run.

The surface property of the initial run (grass, shrub, forest). The same surface property used in the initial
run must be used during the resampling process. This value should be documented during the run process
by the user or can be accessed from the WindWizard session summary (see Figure 11).

The near cell wall height of the initial run. This value should be documented during the run process by the
user or can be obtained from the WindWizard session summary.

The desired wind height for the output files—20ft is recommended. For a custom height (other than 20ft or
10m) select “Custom” from the dropdown menu and enter the desired number in the field and choose the
appropriate units.

If Google Earth kml/kmz files are needed, check the “Create Google Earth Files” box and the group of
options below will become active.

a. The UTM zone must be known. Look for the projection file (*.prj) for this information. The f2f
executable will not check the accuracy of the UTM zone, only their presence. Inaccurate data will
result in the vectors being plotted in the wrong place. If the projection file does not exist, open the
UTM zone map included with the installation file. From this the UTM zone should be clearly
apparent or do not run f2f. In such a case, rerun WindWizard with a new DEM and known UTM
zone.

b. The datum which the original DEM is in must also be known. Currently there are three choices,
WGS-84, NAD-83, and NAD-27. If the datum is not known, rerun WindWizard with a new DEM
and known datum.

c. The default vector display is recommended. Vectors are scaled by color and size depending on the
value. If uniform colors are needed, there are five choices. Constant length is available as well.
Check the appropriate radio buttons in the two boxes for different vector displays.
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Start the f2f program by double-clicking on the desktop shortcut; the f2f program will open.

£¥ Fluent to Farsite Conversion ¥2.0 o [m] S
File Help

zyz filename

I Create Files

DEM

Dutput Beszolution [m]

W

Rough
oughiness Custo

Foughness

e

Mear W all Cell Height

)

W

Output Height Custarm '

Iﬁ Height L it
i~ Fest

I— i~ Meters

[T Create Google Earth Files

—Google E arth Parameter

ITH Zone —ector Display

m il Color————— Sige————
{* Scaled {* Scaled

Hemisphere " Unifarm " Unifarm

I j' Iniform Colar

Dratum Iﬁ
I j‘

Figure 2. f2fvis.exe window.

Click on the xyz filename field to open a dialog box to choose the incoming xyz file. After the xyz file is chosen,
click the DEM field to open the associated DEM file. If the files are not associated, or the one of the files do not
exist, f2f will return an error.

Enter the desired output resolution (in meters) and choose a roughness from the dropdown list. Then enter the Near
Wall Cell Height. Instructions for obtaining this value are below if it has not been recorded previously.
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f2f Results

After running the f2f program six or seven additional files will be located in the results folder depending on the
Google Earth option. Three new ASCII Raster files and the three files associated with the shapefile (.shx, .shp, .dbf)
and possibly a .kml file. After running the f2f program, a run folder should be similar to Figure 6. In this example
the data were resampled to a new spatial resolution of 300 meters; the program automatically includes this in the
new file name during execution of the program.

BN FilesRun1_Direction_270_vel_60 =10l
File Edit ‘“iew Favorites Tools  Help ﬁ
‘EBack » = - | @Saarch |%Folder5 ®| s oz x ’f‘D| [E~
Addrass [ Fieshunt_Direction_270_vl_60 | @
Falders X 'ma 4 | Sizel Type | Madified |

:_ﬂ Deskbap = Bt ene 107 KB Application 112312006 12:19 PM
E@ My Documents south_canyon,asc 6,621 KB ASC File 5/11/2004 7:02 PM

=1 Adobe south_canyon_270_60.cas 12,662 KB CAS File 4114/2006 2:44 AM
{27 Corel User Files south_canyon_270_60.dat 13,124 KB DAT File 4114/2006 2:44 AM
) o ] ] south_ganumewmamemss 1,539KB  YZFile 4/14/2006 9:44 AM
i | ijuf - ) _canyon_270_60_100m,dbl 3,300KB  DEF File 4/14/2006 9:44 AM
D ijuif _final o ] south_caryon_270_50_100m.shp 2,600 KB SHP File 4114/2006 2:44 AM
-0 journal_articles south_canyon_270_60_100m,shx 801 KE SHX File +14/2006 3144 AM
| My eBiooks south_canyon_270_60_100m_ang, asc 05 KE  ASC File 4114/2006 9:44 AM
@ My Pictures south_canyon_270_60_100m_cld. asc 1KE ASCFile 4114/2006 9:44 AM
- My Webs ] south_canyon_270_60_100m_vel, asc F7KE ASC File 4114/2006 9:44 AM
= Thesis south_canyon_270_60_300m.dbf '3KE  DEF File 4f25/2006 1:55 PM
=1 windwizard south_canyon_270_60_300m.shp 7KE SHP File 4{25/2006 1:55 PM
{21 bin E south_canyon_270_60_300m.shx 91KE SHXFile 4{25/2006 1:55 PM
[ bmerp_south_dem south_canyon_270_60_300m_ang, asc 45 KB ASC File 4{25/2006 1:55 PM
F-1 boulder south_canyon_270_60_300m_cld, asc 1KE ASC File 4{25/2006 1:55 PM
B3 corai N E guth_canyon_270_60_300m_vel, a 3ZKB ASCFile 4(25/2006 1:55 PM
B craigei (=] ol i [ it ® T 15l 1KE File 414/2006 9:44 AM
1 crazy_horse
B dryachi
-1 example
] freezeout _dem
B mksom
1 5k_elew
1 sk_elev_errrar_1
(1 sk_elev_errrar_2
E-Z1 south_canvon
EI{:I untitled Flowizard_files
iy FilesRun1_Direction_270_Yel_60
B windwizard2
EI{-D_J, My Computer PCDEIKNE091
= Local Disk (i)
@ Compack Disc (D)
[+ GI5 Data iF:)
[+ GIS DataZ (G2
=152 dfepnnt on ‘52 (111 =
|18 object(s) (Disk free space: 20.6 GE) ‘41 B MB |@. My Computer A

Figure 3. Results folder after running the f2f program. In this case the data were resampled to a spatial resolution of
300 meters. The folder has both the resampled shapefile as well as the ASCII Raster data. The new file retains the
name of the input DEM ASCII file (south_canyon), the initial wind direction (270), and windspeed (60), and adds
the new spatial resolution value (300m) into the file name. The shapefile (.dbf, .shp., and .shx) are all included as
well as the ASCII files (.asc) for use in FARSITE or FlamMap. A Google Earth file (.kmz) may also be present.

Accessing the WindWizard Session Summary

The easiest way for the user to retain the information required to run the f2f program is to document the data in a
notebook or print out the run summary prior to executing the original WindWizard run. However, if the user did not
do this but has saved the original run the user can recall the WindWizard Session Summary and obtain this
information. This section outlines the process to access this information.

The first step is to start a WindWizard session and select “Next” which will open the window displayed in Figure

7. At this point the user selects the radio button next to “Open Existing Case” followed by the “Next” button. This
action will take the user to the next window (Figure 8).
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i Case Setup Parameters

Wind Velocity and Direction Inputs
- Case Summary and Solution

- Review the Results
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Guide Me..
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Connected to session at t5094:1343

Figure 7. Initial WindWizard window. Select the radio button for "Open Existing Case."”

The next step is to select the “Browse” button which will open a dialog box (Figure 8). Once the dialog box is
open, navigate to the location of the WindWizard run the user wants to resample. In this example the WindWizard
file is corai_nw_ver_1.flowizard (Figure 8). After selecting the desired file the user then selects the “Read Case”
button.
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Figure 8. WindWizard window with dialog box allowing the user to navigate to a previous WindWizard run.

After selecting a previous WindWizard file and selecting the “Read Case” button the window should look like
Figure 9. This view will differ based on the number of runs the user defined in the original simulation. In this
example a total of 10 different wind directions and velocities were defined. In this example, the information
contained in the WindWizard Session Summary and needed as inputs for the f2f program are the same for each of
the individual runs. REMEMBER f2f must be run separately for each of the WindWizard simulation results the
user wishes to resample.

At this point the user can then select the “Case Summary and Solution” in the top left-hand directory tree (Figure
9). Doing this will change the WindWizard view allowing the user to select the “Review Summary” (Figure 10).
Selecting the “Review Summary” button will open up the WindWizard Session Summary for the current active
session (Figure 11). At this point the user can transcribe the information, print the session summary or use a screen
capture program for documentation purposes.
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Figure 9. Window after opening a previous WindWizard session file.
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Figure 10. WindWizard window showing the Review Summary button allowing the user to view the session
settings used for this particular simulation.
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The WindWizard Session Summary contains the information needed to run the f2f program. The Set up
Parameters area contains the Surface Property used in the initial run. While the Mesh Information contains the
Height of Near Cell Wall.

5" windwizard S essio

WindWizard Session Summary

Creating New Mesh and Geometry

+ DEM File: C:5Documents and SettingshemchughiMy Documentsywindwizardheraigeioraigei. asc
+ Meshing Option: Fine
+ Height of Diomain: 5000.0 m

Set up Parameters

+ Surface Property: Shrubs
+ Output File R ezolution: 100.0 m

\0 Mumber of lterations: 200

v
Run Inputs
Mo of Runs: 10
| Run Number | Speed | Direction
| 1 | 32.0kméh | 315.0 degrees
| ) | £4.0kmsh | 315.0 degrees
| 3 | 80.0 km/h | 315.0 degrees
| 4 | 95.0 km/h | F15.0 degrees
| 5 | 1120 kmth | 315.0 degrees
| [3 | 128.0 km/h | 315.0 degrees
| 7 | 144.0 kméh | 315.0 degrees
| & | 1600 kmth | 315.0 degrees
| 3 | 192.0 kméh | F15.0 degrees
| 10 | 208.0 krath | 315.0 degrees

mrmaﬂon

+ Total Cell Count: 845238
* Maximum Cell Skewness: 0.98

+ Height of Mear wall Cel: 26.070525 m

+ Horizontal Mesh Size in the Core: 173.8035 m

Frint... |

Cloze | Help |

Figure 11. WindWizard Session Summary information.
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Appendix B: Displaying Wind Vectors in ArcView
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Displaying and Rotating Wind Wizard Derived Vectors
In ArcView 3.2x

Chuck McHugh, RMRS, Fire Sciences Lab, Missoula, MT, 406-829-6953, cmchugh@fs.fed.us.

A. Displaying Wind Wizard generated gridded Wind Direction — Speed vectors in ArcView.

1. Data requirements are an ArcView shapefile format. The shapefile generated during the Wind Wizard
process will contain five data fields in the associated .DBF file (Figure 1).

7l attributes of Ucfdem_&0_225 300m.zhp
Shane| Speer | O Ay g | e o
‘Fant 32 224 36 34 [«]
Paint 4 224 16 314 |
Paint 33 224 16 314
Paint )| 224 16 314
Paint 29 224 16 314
Paint 27 224 16 314
Paint 26 224 16 314
Paint 25 225 35 315
Paint 24 224 16 314
Paint 24 223 N7 33
Paint 23 222 18 32
Paint 22 220 320 310
Paint 22 218 322 308
Paint 22 218 322 308
Faint 22 215 325 305 -
dl IT'

Figure 1. Attribute table for Wind Wizard generated shapefile as displayed in ArcView.

a. Shape: Point indicates that the feature type for the shapefile is a point.

b. Speed: Is the Wind Wizard generated windspeed at the 20-foot level in miles per hour (mph).

c. Dir: Is the Wind Wizard generated azimuth direction the wind is coming from in degrees.

d. Av_dir: Is the Wind Wizard manipulated value required for use in ArcView for display purposes.

e. Am_dir: Is the Wind Wizard manipulated value required for use in ArcMap for display purposes.

2. After loading the file into the ArcView project open up the Legend Editor (Figure 2) by double clicking

on the shapefile in the view. The first step is to select the Legend Type by selecting the drop down arrow

and selecting Graduated Symbol.
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@]
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4

Figure 2. Legend Editor dialog box showing Legend Type selection for display in ArcView.

In the Classification Field select Speed. This will scale all the arrows for the shapefile by the respective
windspeed value in mph (Figure 3).



72 Legend Editor =10] %]

Theme: | Ucfdem 80225 300m. shp =l Load...
Legend Twpe: | Graduated 5ymboal =

abel |

]

Symbal |:| Size Range: | 4 zlwliz =

Advanced... | Statizhics... | | |

4

Figure 3. Legend Editor dialog box showing Classification Field selection for display in ArcView.

4. Select Advanced Tab and in Rotation Field select Av_dir from the available options and OK (Figure4).
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=10 x|
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=l Load...
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Bl Save...
Drefault
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=l

Syrnbal Walue Label |
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. 11-17 117
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] 24 -3 24-3
L 32-53 32-53

| =| 8] B v
Size Range: | 4 =] o [12 |

| Apply |

Figure 4. Legend Editor dialog box showing Classification Field selection for display in ArcView.

5. To get an arrow you may need to load the ESRI arrow palate. Double-click on the shapefile in the view to

open the Legend Editor (Figure 5), then double-click on the Symbol type button which will open the

Palette Maker (Figure 5). Select the palette button (blue circle) then the Load button. This will open up the
Load Palette dialog box in Figure 6.
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Figure 5.

In Figure 6 you need to navigate to the location that the ESRI arrow palette is stored. On Forest Service imaged
machines the path will likely be:

C:\fsapps\esri\av_gis30\arcview\symbols

Double-click on the arrows.avp filename which will make these symbols available in your symbol set.

I
File Manne: Directories: ok
| c:hfzappshesntay_gis30harcyiewtayn

= = o = Cancel

[ —— [= e
B c2596.avp [= av_gis30

B carto.avp [= arcview
B colomark. avp

B colomam.avp

A crirme.avo d hd
Lizt Filez of Type: Dirives:
| &rciew Palette [*. avp) | | o |

Figure 6.



After loading the arrow palette then click on the Pushpin icon which will make the symbols available for use visible
(Figure 7). Using the scroll bar, scroll down to the bottom where the various arrow styles can be selected.

R =lo/x| =Tk
Theme: | cfdern 80225 300m. shp = Load... | s el =y L5
Legend Type: | Graduated 5 ymbol B Save... | \(

Diefault ¢ u A =
Clazzification Field: | 5peed | Classify... & & [ ] :'
Mormalize by: | <MNone: | . O ]
Symbal W alue Label | A o 'S
i 0-10 0-10 — @ B0 @ .
11-17 1117
1 18-23 15-23 Size: 110 z
24 -3 24 -3 ~ Angle: [360

+| x| 2| E] 8] @]

Symbal: I:I Size Fange: |10 BN ETE

Advanced... | Statiztics... | IJndo | Apply |
Figure 7.

Also at this stage you can scale the symbol by changing the Size Range (Figure 7). It is recommended changing
the size range to start from 10 and ending at 20 and that you do this prior to changing the colors of individual
arrows or they will revert back to a single color scheme. At this point you should also change the colors of your
arrow. Don’t forget to select the Apply button to ensure that all changes have taken effect.

B. Query the Gridded Wind Output in ArcView

To correctly rotate the arrows in ArcView as described above requires manipulation of the data generated by the
Wind Wizard software for display purposes. In Figure 8 the query information for the circled arrow shows the wind
speed as 32 mph, Dir is 222 degrees with an Av_dir of 318. The Av_dir value for wind direction in the shapefile IS
NOT the same value as generated by the Wind Wizard software. Values for Speed (32 mph) and Dir (222 deg.) are
the Wind Wizard derived values that should be used in any analysis using this shapefile.
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Figure 8. Query results of gridded wind shapefile in Arcview showing the difference in the wind direction in the

shapefile and the rotation angle of the arrow.
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Figure 9 focuses on the same point on the landscape. However, in this case the ArcView shapefile is overlayed on
the GRID of wind direction generated by the Wind Wizard software. A query of the individual raster cell shows a
Value of 222 degrees that corresponds to the rotation of the wind direction arrow. This is the same value displayed

for Dir in Figure 8.

" Identify Results

Figure 9. Query of the gridded wind generated ArcView shapefile overlayed on the GRID ASCII Raster output
from the from the wind wizard process.
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Appendix C: Displaying Wind Vectors in ArcMap
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Displaying and Rotating Wind Wizard Derived
Wind Direction and Windspeed Vectors in ArcMap 8.3

Chuck McHugh, RMRS, Fire Sciences Lab, Missoula, MT, 406-829-6953, cmchugh@fs.fed.us.

A. Displaying Wind Wizard generated Gridded Wind Direction — Speed vectors.

Data requirements are an ArcMap shapefile format. The shapefile generated during the Wind Wizard process will
contain five data fields in the associated .DBF file (Figure 1).

=10 x|
FID Shape speed dir AY dir AM_dir 3
» 0] Paint a2 224 B 34
1 |Paint 34 224 FE 34
2 |Point K] 224 HE 34
3 |Point Kl 224 B 34
4 |Paint 29 224 e 34
5| Point 27 224 HE 34
B [Point i 224 B 4
7 [Point 25 220 K1fa 345
2 [Point 24 224 3B 34
9 |Point 24 223 7 A3
10| Point 23 222 3a Nz
11 |Point 22 220 320 A0
12 |Point 22 218 322 303
13 |Point 22 218 322 303
14 |Point 22 215 325 305
15 |Point 23 215 325 305
16 |Point 23 214 326 304
17 [Point 23 27 323 307
18 |Paint 23 27 323 307
19| Point 20 211 329 am =]
Record: EI;II 1 _Plil Show: W Selected | Records [0 out of 17544 Selected. Options v|

Figure 3. Attribute table for Wind Wizard generated shapefile as displayed in ArcMap.

FID: Feature ID, a unique number assigned to that point by ArcMap.

S

Shape: Point indicates that the feature type for the shapefile is a point.

speed: Is the Wind Wizard generated windspeed at the 20-foot level in miles per hour (mph).

dir: Is the Wind Wizard generated azimuth direction the wind is coming from in degrees.

AV _dir: Is the Wind Wizard manipulated value required for use in ArcView for display purposes.

- ® a ©

AM _dir: Is the Wind Wizard manipulated value required for use in ArcMap for display purposes.
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1. Open ArcMap and load other data coverages and fire perimeter files of interest

6. Load the ArcMap Wind Wizard shapefile for the fire of interest. The wind vector grid will appear on the
coverage as individual points (Figure 2).

= Template.mud - ArcMap - ArcInfo

i i=lES
J Eile Edit View Insert Selection Tools MWindow Help

| spatistanatyst = | Loper [hisna30 2000 =R |

DE@s s e x|v - &[T |2 &8
||_@~ A LAY YRR [@ @ )5 ¢ 6 e )
: & g1

x|

1é = [ rampags_70_270_400 >

1o

= [ peraiStasnirs polygon
|
= hlshdz0_vz000
Yalue

High @ 254

Loww 0

Digplay
I Drawing ~ K 1) | [ 1= A= “A”5|

=0 =] B 2 g|é,'5"i";'|

[ [507855.75 511171.98 Lnknowr |

Figure 2. Example ArcMap project with Wind Wizard generated shapefile as displayed in ArcMap prior to scaling
and rotation of the Wind Wizard generated vectors.

7. After loading the file into the ArcMap project, double click on the layer name in the Table of Contents to open
the Layer Properties. This will open the dialog box in Figure 3.

8. Click on the Symbology tab. (Figure 3).
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Figure 3. Layer Properties dialog box as displayed in ArcMap.

9. Inthe Show pane on the left side, select Quantities then Graduated symbols (Figure 4).
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Figure 4. Selecting the Quantities and Graduated symbol.

10. In the Value window click on the dropdown arrow and select speed from the available options. The following
Warning Message (Figure 5) will appear depending on the number of records in the associated shapefile. Click
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on the OK button and the Warning Message will disappear. To change the number of records in ArcMap refer
to Appendix D.

2=
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(] | Cancel | Apply |
® =  Figure

5. Selecting speed as the value to graduate the symbol and removing the Warning Message box.

11. Selecting the display symbol and changing the Symbol Size (Figure 6). Enter a Symbol Size range (20 -30).
Arrows are not in the default symbol sets, so to select an arrow to display you need to choose one of the symbol
sets that have arrows in it. This is done by clicking on the Template button (Figure 6).
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Figure 6. Changing the Symbol Size Range and choosing a new symbol set with arrows.

12. Select a symbol to represent the wind vectors. Under More Symbols choose either the IGL or Forestry
symbol sets. The arrows toward the bottom work well in the IGL symbol set (Figure 7).
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Figure 7. Selecting an appropriate arrow for display from the IGL symbol set.

13. Click OK to return the Layer Properties.

14. Click on the Rotation button which will open the Rotation dialog box (Figure 8). Click on the dropdown
arrow and select AM_dir to rotate the points from the available options and select Geographic in the radio
button for Rotation Style.
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Figure 8. Selecting the data field and Rotation Style for arrow rotation.
15. Click OK to close the Rotation window and OK again to close the Layer Properties window.
16. The wind vectors will appear over the existing layers (Figure 9).

17. Symbol colors can be changed by clicking on the individual symbols in the Table of Contents for the
respective shapefile (Figure 9).
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Figure 9. ArcMap display of rotated and graduated wind direction and speed.

B. Query the Gridded Wind Output in ArcMap

To correctly rotate the arrows in ArcMap as described above requires manipulation of the data generated by the
Wind Wizard software for display purposes. In Figure 10 the query information for the circled arrow shows the
wind speed as 32 mph with an AM_dir of 312. The AM_dir value for wind direction in the shapefile IS NOT the
same value as generated by the Wind Wizard software; it is for rotation and display purposes only. For this point
the windspeed is 32 mph (speed) and wind is coming from 222 degress (Dir). The values for speed and dir are the
Wind Wizard derived values that should be used in any analysis using this shapefile.
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Figure 10. Query results of gridded wind shapefile in ArcMap showing the difference in the wind direction in the

shapefile and the rotation angle of the arrow.

Figure 11 focuses on the same point on the landscape. However, in this case the ArcMap shapefile is overlayed on
the GRID of wind direction generated by the Wind Wizard software. A query of the individual raster cell shows a
Pixel value of 222 which corresponds to the direction the wind is coming from.
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Figure 10. Query of the gridded wind generated ArcMap shapefile overlayed on the GRID ASCII Raster output

from the wind wizard process.
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Appendix D: How to Change the Number of Records Used In ArcMap
when Displaying Wizard Shapefile Output
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Appendix D: How to Change the Number of Records Used In ArcMap
when Displaying Wizard Shapefile Output

Chuck McHugh, RMRS, Fire Sciences Lab, Missoula, MT, 406-829-6953, cmchugh@fs.fed.us.

When displaying the Wind Wizard derived wind direction-speed shapefile information in ArcMap, the warning
displayed in Figure 1 will often occur. This is because the default number of records to be displayed in ArcMap is
the First 10,000 Records regardless of the distribution and spatial location of the data. Depending on the output
file resolution selected in the Wind Wizard software and the landscape extent this number can easily be exceeded.
As a consequence, not all records in the shapefile will be used during display of the windspeed values.
Additionally, within ArcMap your choice of Classification Method and the number of Classes will also affect the
displayed ranges of information.
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Figure 4. Error message when the number of records in the Wind Wizard ArcMap shapefile exceeds the default
settings.

Because only the first 10,000 records are used not all the information will be used in defining the ranges of
windspeed during the rotation process. This can lead to a misunderstanding of what the maximum and minimum
windspeed values really are. For example, in Figure 2a the maximum windspeed value displayed is 13 mph while in
Figure 2b the maximum windspeed value displayed is 20 mph.
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Figure 5. Displayed ranges of wind speed values based on Maximum Sample Size. (a) using default setting of
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10,000 records and (b) setting Maximum Sample size so all records are used.




To change the number of records used for the shapefile is an easy change. This is not a universal change to the
settings but only applies to the shapefile while active in the view. To change the settings first click on the OK
button in the warning message; this will remove the warning message box. Next, select Classify (Figure 3).
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Figure 3. Classify button to start the process of changing the default settings for number of records displayed in
ArcMap.

Selecting the Classify button will open the window displayed in Figure 4.
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Figure 4. Classification window showing the number of records used in the Classification Statistics displayed in
ArcMap.

In the Classification Statistics pane in the upper right you can see the number of records used (Count), minimum
and maximum, mean, and standard deviation. All these values will change based on the Data Sampling method
selected; in this case the number of values is the default value of First 10,000 Records.

The number of records or sampling method chosen here does not affect summary or statistical operations performed
on the data fields within the shapefile attribute table. Operations performed on the shapefile attribute table will use
all the records available for the selected data field unless a subset of the records has been selected.

To change the Maximum Sampling Size, select the Sampling button (Figure 4). This will open the Data
Sampling dialog box displayed in Figure 5.
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Figure 5. Dialog box to change the data sampling and sampling methods for the shapefile in ArcMap.

In the Data Sampling dialog box you will need to change the Maximum Sample Size used from 10,000 to a larger
value (Figure 5). After changing the Maximum Sample Size value click on OK until all dialog boxes have closed.
For most shapefiles changing this value to 100,000 should ensure that all records are being used. However, the
number of records included in any one shapefile is determined by the size of the landscape as well as the output
resolution selected in the Wind Wizard software. Because of this you may need to set this value higher in some
cases. To see how many records are in the shapefile, you can do the following.

1. Inthe Table of Contents pane right-click on the shapefile of interest.

2. Select Open Attribute Table.

3. On the bottom right-hand side will be the statement “Records (0 out of ## Selected). The ## will be the
total number of records in the shapefile (Figure 6). If a subset of the total number of records has been
selected this too can be determined. The number of selected records would show up where the 0 is for this
example.

49



8 attributes of ucfdom 80 225 Soom A=k

FID Shape speed dir AY dir AM_dir
3 0] Paint 32 224 3B 34
1| Paint 34 224 HE 4
2 |Paint 33 224 HE 34
3| Paint A 224 HE 4
4 | Paint 29 224 HE 4
5| Paint 27 224 HE 34
E | Paint 26 224 HE 4
7 | Paint 25 225 K115 A
8| Paint 24 224 HE 34
9| Paint 24 223 N7 M3
10| Paint 23 227 e Mz
11 |Paint 22 220 320 Ao
12 |Paint 22 218 322 a0g
13| Paint 22 218 322 ang
14 | Paint 22 215 325 a0s
15| Paint 23 215 325 305
16 | Paint 23 214 326 and
17 |Paint 23 27 323 anz
18| Paint 23 27 323 07
13| Paint 20 211 329 am
Record: ilill 1 _Flil Show: W Selected | Records [0 out of 17544 Selected. ]

Optionz - |

-

|

Figure 6. Attribute table for Wind Wizard generated shapefile in ArcMap.
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