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USING ARCGIS TO CONSTRUCT &
MANIPULATE DEMS

Tutorial® Produced by Joe Wheaton

Updated: August 6, 2010

PURPOSE

This exercise is intended to teach you how to a) build a digital elevation model (DEM) from raw
topogarphic point (x,y,z) data, and b) construct a DEM for a design. A small reach of the Provo River
outside of Heber City, UT is used as an example.

BACKGROUND

There are many programs you can use to construct and manipulate digital elevation models (DEMs) in.
Most of these fall under GIS (e.g. ArcGIS, Mapinfo, MapWindow), CAD (e.g. AutoCAD) or scientific
visualization software (e.g. Surfer, Matlab). In this exercise, we use one of the most common GIS
programs, ArcGlIS, to illustrate the workflow. In general, CAD programs tend to be much more powerful
for drawing and design work, but limited for analyses. By contrast, drawing (referred to as editing in GIS)
is rather cumbersome in GIS software, but analysis and display options are much richer.

There are many uses of DEMs in restoration design including:

e Planning Maps

e Grading Plans (calculation of earthwork volumes)

e Monitoring (repeat surveys for change detection and morphological sediment budgeting)
e  Boundary conditions to hydraulic and morphodynamic models

e Visualization tool

e Derive habitat maps, and geomorphic maps from

e  Morphometric Analyses

For more information, see lecture slides. This tutorial is intended as a reference to remind you how to
undertake these basic tasks, with step-by-step instructions and screen shots.

! For color version of this handout, with active hyperlinks, see:

http://www.gis.usu.edu/~jwheaton/ICRRR/2010/Part_II/ICRRR D2 Topo Excercise.pdf
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PREREQUISITES

e  You will need the data from D2_DEM.zip2 unzipped to a known location (using foldernames).

e You will need ArcGIS 9.3.1 with the Spatial Analyst & 3D Analyst Extensions installed and
enabled (Tools -> Extension) and the toolbars turned on (Student Version of Software available
for free from instructors, but may not be used for business purposes).

PART | — BUILD DEM

The first part of this exercise focuses on how to build a digital elevation model (DEM) from raw survey
data.

LOOK AT AND PREPARE RAW X-Y-Z SURVEY DATA

1. Navigate to the folder with your raw survey data in it and open the file in any text editor (e.g.
wordpad or notepad). For our example, look at sSt_reach_topo_nez._txt (You can use the
right-click -> Open With... -> Wordpad to do this).

| Id “» 7 = |st_reach_topo_enz.txt - WordPad “:' = 2 |

Home View (7]
{ Ccut Al o — [P o) Find
D & U Courier New 11 ~||A A = [— .Jz:!:" @ 8 Fin

y E‘,l;‘Replace
Paste B 7 U zhe X. x* y-é- =% || Picture Paint Dateand Insert |

~  drawing time object | iLJiSelectall
Clipboard Font Paragraph Insert Editing

1‘-‘|‘-‘g‘-‘|---1---|---2---|---3---|---4---|---5---|-‘-$-‘-\-‘-7-

B

3182

4482926.1859000 461676.963000 1665.359985
4482926.725000 461676.386000 1665.469971
44825927 .326000 461675.649000 1665.6855941
4482920.672000 461674.512000 1665.4655971
4482920.340000 461674.857000 1665.3000459
4482877.005002 4616684.360000 1665.215571
4482876.527958 461684.065000 1665.115555
4482872.98195%% 461686.695000 1665.430054
4482872.9532000 461686.578000 1665.209%61
4482863.647000 461689.292000 1665.180054
4482863.656999 4616688.464000 1665.2155971
4482863.550000 461687.792000 1665.250000
4482863.6019%8 461687.075000 1665.1855941
44828459.25%40023 461693.574000 1665.770020
4482849.2749599 4616593.200000 1665.695551
| 4482845.075959 461677.637000 1664.475580
4482840.7619%8 461688.752000 1665.205961
4482840.770001 461688.310000 1665.160034 -

2. Notice that in this example, there appears to be a one line header (indicating here the number of
points in the data file). Each point in the data file gives the coordinates of the point as a triplet.
Ideally, you have some sort of metadata associated with the file to tell you what the format is,

> Tutorial data (including raw topography and aerial imagery) can be downloaded from:
http://www.gis.usu.edu/~jwheaton/ICRRR/2010/Part_II/ProvoTopoData.zip
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where it came from, when it was collected, by what technique and by whom, as well as

information on the coordinate system/projection. For this example, we know the file is in a nez

format (easting, northing, elevation). Other common formats include pnezd, penzd, enz, xyz, etc.

(where p refers to point, d refers to description, etc.). In order to import the data into ArcGIS the

headerline is essential. Close the wordpad document and reopen the file in

Excel.

In excel, all the data will be in one column. Highlight column A, by clicking on it, and then go to

the Data menu:

Home Insert Page Layout Formulas Data Review View Acrobat

Team

) L ¥ L) Ly L] Connections ¢ Clear =
2ol @ |22 2 i d =
ot

% Properties f_, Reapply
From From From |From Other Existing Refresh o %l Sort Filter 1; e
Access Web  Text | Sources~ || Conmections | All- = Edit Links A Advanced || co)y
Get External Data Connections Sort & Filter
| a1 - fe | 5182
A B C D E F G H 1 1

4482877.005002 461684.360000 1665.219971
4452876.99 7955 461684.069000 1665.119935
4482872.981999 461686.695000 1665.430054
10 |4482872.962000 461686.973000 1665.209961
11 [4482863.647000 461685.292000 1665.180054
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Use the Text to Columns command:

Convert Text to Columns Wizard - Step 1 of 3

The Text Wizard has determined that your data is Fixed Width,
If this is correct, choose Mext, or choose the data type that best describes your data.
Original data type

Choose the file type that best describes your data:
3 - Characters such as commas or tabs separate each field.

(") Fixed width - Fields are aligned in columns with spaces between each field.

Preview of selected data:

(=B )

481676.963000 1665.359385
45le76.386000 lec5.4€39371
451675.e493000 les5.6885341
481674_51Z000 1ee5.463371

o] |

Finish

Select, delimited in the first step,
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Convert Text to Columns Wizard - Step 2 of 3 . [ > |
- —

This screen lets you set the delimiters your data contains. You can see how your text is affected in
the preview below.

6.

Delimiters
[F1ab
[ semicalon Treat consecutive delimiters as one
|
] Comm N
| Text gualifier: IZI
[7] space
|
[ other:
|
| Data preview
|
| kisz -
| 4532592¢_.185000 MeE1676.963000 [L665_359385 |_|
482926.729000 @E16TE. 386000 [L665.469971
482927.326000 [{E1ETS 643000 [LEE5. 685941
482920.672000 Mels74.512000 A&65.4659971 -
4 3
[ Cancel ][ < Back l[ Mext = ][ Einish l

Select, space in the next step, then Finish. This sorts the data into separate columns.
Next replace the first row with easting for column A, northing for column B, and elevation for
column C. A header is necessary to facilitate the import of the data into ArcGIS. It is critical that
there are no spaces or special characters in the individual columns:

——
[-RE--RENE- R T RN TR N

Home

Data -

L0
=3 (<]
L) Rt

Get Bxternal| Refresh
All =

Insert
| ] connections
4 Properties
=2 Edit Links

Connections

Page Layout

%l Y ;’\Clear

Reapply

Formulas

o

%) sert Filter

Sort & Filter

Review

Y/ Advanced

Microsoft Excel

Data

Text to o
Columns Duplicates = What-If Analysis ~

View

Acrobat Team

E B |4 Data Validation -

Remove

[F& Consolidate

Data Tools

@ -
@ Group * 4=

<A Ungroup *

£ subtotal

Outline

wl

Cc1

-

(& fr| Elevation ¥

A

| 1 |gasting

B ==
BNa LR RBREEE

19

H 4 FrH

4482926
4482927
4482927
4482921
4482920
4482877
4482877
4482873
4482873
4482864
4452864
4482864
4482804
4482849
4452849
4482849
4452841
4482841
781

B G
Northing Elevation.

461677
461676.4
461675.6
461674.5
461674.9
461684.4
461684.1
461686.7

461687
461689.3
461688.5
461687.8
461687.1

461694
461693.2
461677.6
461688.8
461688.3
461656.9

st_reach_topo_enz

1665.36
1665.47
1665.69
1665.47
1665.3
1665.22
1665.12
1665.43
1665.21
1665.18
1665.22
1665.25
1665.19
1665.77
1665.7
1664.48
1665.21
1665.16
1664.8.

D E F G H 1 J K L K ‘

] m| m

Ready |

BOu

Finally, using the Save As command, save the file as CSV (Comma delimited) (*.csv) file in
the same folder (i.e. St_reach_topo_nez.csv). Click Yes when asked about the format
warning. Quit Excel (click No to save the file as you’ve already done this).
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IMPORT X-Y-Z DATA

1. Open a blank new Map Document in ArcGIS>.
Use the Tools-> Add X-Y Data command to add the st_reach_topo_nez._csvV file. In the
Add XY Data dialog, use the open folder button to bring up the st_reach_topo_nez.csv.
Then choose the Easting field for the X-Field and Northing for the Y-Field.
Add XY Data | — L X

Atable containing X and Y coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table:

u
| st_reach_topo_enz.csv ﬂ =

Specify the fields for the X and Y coordinates:

X Field: |Eagting ﬂ
Y Fed -
Coordinate System of Input Coordinates

Description:

Unknown Coordinate System -

E) 3

I Show Details Edit...

[+ Wam me if the resulting layer will have restricted functionality

ok | Cancel |

For the Coordinate System, we know this is in UTM Zone 12, NAD 1983. Click on Edit... and then
in the Spatial Reference Properties Dialog, click on Select to Browse for the Coordinate
System. Browse to Coordinate Systems -> Projected Coordinate Systems ->
UTM -> NAD 1983 and then select NAD 1983 UTM Zone 12N.prj.

® This tutorial was written based on ArcGIS 9.3.1. Instructions will be similar for ArcGIS 9.1 and 9.2, with
some minor differences. Instructions for ArcGIS 10 follow a conceptually similar workflow, but some of
the menus, command windows, and where things are accessed has changed.
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2 Untitied - Archlap - &

Ede Edt Yoww fookmarks [oued jelection Jock Window Help

DEE& » @ X [0 o Bl 0= @M @E" R0 koM sdd 2| o B
Ednogr| * | 1= [Create bew Featuze | | =] |70 M| 3| georetesencing * [ | Cr= A8
30 A A XY Data ¥ = E, & D@ | 25 Geometry v RS Mapping ¥ 3¢ 8¢ 1Ll & > < €3 ApUliites ¥ Holp v — o] w9 |2
o . iom - - -. 1
o0 | Atablecotarng Xand Y e dta canbe e o e |_.. LT § & ) Beridull/ Centerbine > Cross Section = Export = Optioms Help
heom XY Coentnate Sytem | |
[ st resch topo_enzese :]E Pa (== [
ey Hom il Loy e X ared ¥ cocrdriaims | Dot Browss for Cocedinate Systam =
XFmd [Enmrg N Lok [TWDEE | lse|m| 8|
YR s o] Hame [Type I ‘
NAD 1383 UTM Zone 10Mp Coordinete System
Coordraty System of ot Coordriny ONAD 193 UTM Zone LiNg  Coordinate System &
Descrition. B MAD 19832 UTM Zome 12N py) Ceordmane System
ey BN MAD 1983 UTM Zone Libpq Coondinate System
T @ HAD1SEIUTM Zeme 1Nps  Coordmete System
SNAD 1983 UTM Zoce 15Mpd  Coardinste System
5 BAD 1083 LTI Zorw 16K pe; Coardmate Syutem
ENADISIUTM Zone ITHp  Coordinete System
Seect | Seioct a prodefned 2 NAD 1683 UTM Zone LohLes Coondinate System
ol rd Y. Zard M A MAD 1983 UTM Zeme 19MEn Coardinate Yvatem i
- o | enimroespmiases. || ww  @omwEES
* B =] Coatnn now conedeute etem Shew el e [Conrdote Syriems = | Cancel
™ Shw Detals [ _I _‘
J Edt the propaiea of the cumently sekected A
= coondrate sysem
Sets the coomdnate sysem by Uinknown,
oK Concal
—l —i | Save The coondnate systes 10 8 fle.
oS Pk E
a0 (aw 4] B
Drawing = R 0 41| Of7 A 7 1 |[a e =] msp|Ar o dr =~
Adds s new map lyes based oo XY events from s table 357,54 975.728 Unknown Liits

Click on OK, then OK, then OK. Your Add XY Data dialog should look like this before clicking OK:

Moo — ot

Atable cortaining X and Y coordinate data can be added to the
map as a layer

Choose a table from the map or browse for ancther table:

I st_reach_topo_nez.csv j El

— Specify the fields for the X and Y coordinates:
X Field: I Easting j

f Field: I Morthing LI

—Coordinate System of Input Coordinates
Description:

Projected Coordinate System: o
MName: NAD_1583_UTM_Zone_12M

Geographic Coordinate System:
MName: GCS_Morth_American_1983

4 k
[ Show Details

[~ Wam me if the resutting layer will have restricted functionality

ok | Cancel |

3. This will add the raw point survey data to the map’s data frame:
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(X Provs DM Excescise mad - Archia
Eoe Edt Yew fookmarks [t Gelection Jock Wi

DFE& B |0 o2 A aoe0nw @@ O@ES B0 kOM S DS Bt B B
B! b | eatr Hew Featuse | I =1 |- T | 7 | Georeferencing v Layer: [a15 rw_nis " DNCE S|
30 Analyst ¥ =1 ¥ L W | RaS Geomety » RAS Mapping ¥ 3¢ 3¢ L] F - o £ Aptnities ¥ Help v | Layee [ 50 e st =] D 3| - 2
Dol Analysis = T Project [ Simudtion | Spatial Analyst * | =] ' W || Bwmbdull/ Centerine = Cross Section = Export = Optioms Help =
- TR =]
0 Layens Lo ArcTocka o
= O | @ 30 Anatyst Tools :
. |51 G Analysis Teals
2 B strsch topo_neseow Brents artogeaphy Tools
. | 1
7 [ gl e NAIR200O .1 | w1 @ Data Interoperabiley Tock
RGB { =1 @l Dta Manpgement Tools
MFed RedBand |51 @ Geozoding Teoks
I Geoere Geeenland | - @ Geostatishcal Anstest Took
Ml Elusliand | @ @ Lines Refacencing Tool - =i
3 0 Survey_Ondy | = @ Makite Tools =3
= | 1 @0 Multidimension Tools =
| 51 @ Metwork Anabyst Tecls x
| 1 @ Sempies =
i) Gy Schermatics Took L
o @ Server Tools
=i @ Spatial Analyst Tools (]
5 @ Spatial Sratistics Toels
-y Tracking Ansbyst Tosk
~
G|

461432919 4452065 GET Meters

Next, convert the *.csv file to a shapefile by right clicking on the st_reach_topo_nez.csv
Events layer and going to Data -> Export Data. Navigate using the open folder button to your
working folder and save the shape file as st_reach_topo_nez.shp. Click Yes, when asked if
you want to add the exported data to the map as a layer.

Export Data &‘%

Export: Al features ﬂ

Use the same coordinate system as:
* this layer's source data

(" the data frame

~

Output shapefile or feature dass:

C:\Docs'Professional'\USUN\Teaching ICRRR"ShotCourse"2010'Par - L=

oK | Cancel |

Remove the st_reach_topo_nez.csv Events layer from the data frame by right-clicking
on it and selecting Remove.

For context, it is sometimes helpful to see where these points reside with an aerial photo (if
available). One was provided for you in the zip file (1523 _nw_NAIP2009.tiT) as well as its
associated files that define its projection, its position, resolution, etc. Add

+
q1523 nw_NAIP2009. tif to the data frame using the Add Data hd button. Make sure it

is below the st_reach_topo_nez layer so you can see the points over the aerial photo:
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Ede [t Yew fookmurks |ouet Selection Jock Window Help

DEEs B |0 | & 247 L0 @A O@ES R kOM ST DB | ol | B
Edtagw b | [Cresee iew Festue | I =1 |7 50 |0 T | Georeferencing v | Lo [orsz e narmosy 0 v (dr AT
30 Anabyst ¥ - e X @ W | Ras Gromety ¥ RASMipping ® 3¢ 3¢ Ll & o &7 Apltitie v Help v | Layer [ Q50 e B mma =] D i 2
DoD Analysis = 3 Project | Simudation | Spatial Analyst = I - B || Banbull / Centerine = Cross Section = Export = Optiom Help =
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. 5 G Analysis Took ;
5B 153w AR tugeaphy Tonls
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MRt Rediland Data Interaperabiity Tock
B Gever: GenenlDand Dista Managemers Tools
M Buelnd Geozoding Took
ritafrstucal Anabyrit Teok
mas Referericiong Tonk -
bide Teals e
Multidimension Tocls .
Metwark Anabyst Tocks
Sampiles =
Schemabics Took -
Serves Teals
Spatial Analyst Tools [+
Spatial Sastitics Tocks
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Dy [Sourn | Selaction | Fivotes [inces | Sowech | omite | T = . |
Drawing = & 2|0 AT e Sl e msou A e e s

461325504 4487586977 Meters

You can turn the layer off if you don’t want to view it.

7. Next save the Map Document by using the File -> Save As command. | would suggest saving the
map document in the same folder you are working in as something logical (e.g. Provo DEM
Exercise).

CREATE TIN FROM DATA

NOTE: Before creating a TIN, you need to make sure your 3D Analyst Extension is installed, enabled and
the toolbar on. Check that the extension is enabled by using the Tools -> Extensions and verifying it is
checked. Check that the toolbar is loaded by right-clicking in a blank space on the toolbar and checking
that 3D Analyst is checked.

1. Go the the 3D Analyst Menu in the 3D Analyst Toolbar and Create/Modify TIN -> Create TIN
from Features.

%

3D Analyst
|§D.ﬁ.nalyst" || Layer | =] @$«¢+5§,g|lﬂ_«»|

CreateModify TIM »

—

Interpolate to Raster W

Surface Analysis »
Reclassify...

Caonverk b
Opkions, ..

This brings up a Crate TIN From Features dialog:
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Crate TN From Feswres | et
—Inputs

Check the layer(s) that will be used to create the TIN. Click a layer's name to
spedify its settings.

Layers:

| Settings for selected layer
st_reach_topo_nez E’l

Feature type: 2D points

Height source: |Elevaﬁcr1 LI

Triangulate as: Imass points ;I

Tag value field: I{Nnne> ;I

Output TIM: | ‘R\shortCourse\2010\Partil\D 2\ProvoTopoExcerdse \prova_tin @

(04 | Cancel |

Check the st_reach_topo_nez layer and make sure the Height Source is specified as
Elevation and Trinagulate as: is specified as Mass Points. Save the Output TIN to your working

directory as Provo_TIN. Click OK.

2. This produces a TIN:

Eoe Edt Yew fookmarks [risrt gelection Jock Window Help

DEEs B |0 | & 247 L0 @A O@ES R kOM ST DB | ol | B
Edeogw| b | v [Creste New Festime =] I =1 ) || 7 | Georeferancing = | Laver: [a1523 mw_HAm 20084 G @
30 Amatyst v | Laver [ prowe_tin | e L2 G W | RaS Geomety » RAS Mapping * 3¢ 3¢ L] ¥ - o 27 Aptnitie v Help v | Layee [ g0 e ummmnt =] B 3| - 2
DoD Anabysis = 3§ Project [ Simudation | Spatisl Analyst = I - B | Bamidull / Centerfine = Cross Section = Export * Optiors Help =
- " =]
L] Larens] @ fecTocma "
= B prove tin '
Bevetion
1685858 - 1666.5%
VEE516E - 1665 550 J
165447 - 1665066 = @ Data Intesoperabiley Took
W 1561.TEL - 1564 4T3 + i Dts Management Tools
W 1663085 - 1663781 <1 @ Geocoding Tools
W 1662.397 - 1663.089 oitatistacal Anabrit Took
1661704 - 162,367 e Referercing Took -
1661002 - 1661704 Mabide Tools -
1660.32 - 1661 012 Multidimension Tools =
= B stresch tope mes Metwork &nalyst Teols 1
- Sarmgles =
B0 GV e NAIFO000 ] G Schematics Took O]
RGD Serves Tools
MFRed  Redland Spatial Analyst Tools [+
I Geeers: GeeenBand Spatial Suatistics Tooks
Bl Bluefand -y Tracking Ansbyst Tosk
Dy [Sourn | Selaction | Fivotes [inces | Sowech | omite | a0 2w :J_]
Drawing = & 20" A~ |[ai Sl e msou A e e s

451326 753 4482804 417 Meters

CHECK TIN FOR ERRORS

Although building a TIN is easy, it is also easy to build a TIN that misrepresents your data and or has busts
in the data. In this example the flow direction is southwest (from the upper right to lower left).
Accordingly, the highest bed elevations are at the top of the reach and lowest are at the bottom of the

reach.
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1. Toinspect the TIN to see if represents your data appropriately, drag your points on top of the TIN
in the Display dock to change the display order.

(e Prova DEM s

Eoe Edt Yew Fookmarks [r

gelection Jock Window Help

DEE& ® 7o [z S Ae0= QAnHO@EPE I R OM S B e B

Edtagw| b | rate Hiw P | | =1 |7 50 |0 T | Georeferencing v | Lo [orsz e narmosy 0 v (dr AT
30 Amatyst v | Laver [ prowe_tin I T W | RaS Geomety » RAS Mapping ¥ 3¢ 3¢ L] F - o £ Aptnities ¥ Help v | Layee [ 50 e st =] D 3| - 2
DeD Analysis = T Froject | Simudation | Tpatish Analyst * | =] B || Bl Centerime = Cross Section ~ Export = Optiors Help =
. “ =]
0 Layers [ ArcToclax ™
= 1 +1 G 30 Anatyst Tooks :
. 5 @ Analysis Teaks
artogeaphy Tooks
: b J
- 166655 % @ Data Interaperabilty Tock
- 1865 8% + @ Data Mansgement Tocls
I 1684473 - 1665 166 - @ Geozoding Tooks
W 155371 - 16 4T3 -y Geostatistucal Anshrit Took
I 1663.00 - 166374 = @ Liness Relerencing Took -
1662347 - 1660080 w1 @ Mokide Tools P
I 1661 704 - 1662.057 s @i Multidimersion Tools =
1661003 - 1661704 =i @ Metwork Analyst Teols .
160,37 - 1E100 2 =
B0 GV e NAIPO000 [
RGD o G Serv
MFRed  Redland st gy Spatial Analyst Tools (]
[ Geeere GeeenBand -y Spatial Sastistics Tooks
Bl Eluelland -y Tracking Ansbyst Tosk
: — e 7 =1
Oisplay [ Seuren Favoes | I x| an|&wa | i |
Drawing = & 20~ A~ | et i =] sy Ar &v d+ =+
46135044 4430573026 Metess
——— o

Notice the areas circled in red above (not shown in your display). The TIN algorithm has
interpolated across these areas of the floodplain where no survey data was collected, by simply
connecting the dots between the closest points. Although this may be a crude approximation of
the floodplain surface in flat areas, it is NOT an accurate or honest representation of the survey
data. This typically occurs with TINing in areas that represent planform concavities.

2. Zoom into the bottom of the reach (lower left).

10 of 43



8
(] ,];n’ UtahStateUniversity
ICRRR Short Course Part Il - DEM Exercise - ECOGEOMORPHOLOGY 3 TOPOGRAPHIC

ANALYSIS LABORATORY

Notice the five trenches in the data. Although it is plausible that the river really does look like this
(i.e. if a backhoe dug trenches parallel to each other and perpendicular to the river), the fact that
these transects line up perfectly with the second, fourth, seventh, and ninth cross section
transects in this tightly spaced cross sectional topographic survey is highly suspect.

3. Zoom into the top of the reach (upper right).
Notice that there is a wall or dam of topography preventing entry into the top of the reach. This
is due to the two outermost points being linearly interpolated across. This is not only incorrect,
this could seriously impact a hydraulic model’s results.

4. We should modify the TIN to not interpolate across areas of the floodplain without data, and to
remove these apparent busts.

MODIFY TIN
1. First, edit the st_reach_topo_nez shapefile to remove the points comprising the trench

busts in the second, fourth, seventh and ninth cross sections from the left. To do this, load the
Editor toolbar by right clicking on an empty toolbar space and checking Editor. Go to the Editor
menu and select Start Editing. Make sure that the Target in the editor toolbar is the
st_reach_topo_nez shapefile:

J Editor = ||T|ﬁj Task: I Create Mew Feature LI | Target: I st_reach_topo_nez LI
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2. Using the edit tool > (selected in screen shot above), zoom in @ and select > ONLY
the points in the suspect transects (you can use the shift key to select multiple points at once as
well as dragging a window box over the points you wish to select). As you select points you, you
can right click on the selection at any time and use the delete command to delete them. When
you are done deleting all the suspect points, navigate back to the editor menu and click on Stop
Editing, and select YES when asked Do you want to save your edits. Your modified shape file
should look something like this in the area of the downstream reach after editing:

3. Next, we will draw a polygon around the survey data to use in the TIN construction to prevent
interpolation outside the survey area. To do this, we first need to create a new shapefile of type

polygon first. From the Window Menu Select the ArcToolBox i if it is not already loaded.
Navigate in the toolbox to Data Management Tools -> Feature Class -> Create Feature
Class:
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A Create Feature Class

Feature Class Location

Feature Class Name

/

A
X

ity

ECOGEOMORPHOLOGY & TOPOGRAPHIC

/\éﬂ' g;n’ UtahStateUnivers
ANALYSIS LABORATORY

oo 0 e |

| Survey_Bndy
Geometry Type (optional)

| PoLYGON

Template Feature Class {optional)

e x*le Wl |e r

Has M (optional)

| DISABLED ~|
Has Z (optional)

| DISABLED ~|
Coordinate System (optional)

| NAD_1983_UTM_zone_12N

¥ Geodatabase Settings (optional)
oK | Cancel | Environments. .. | << Hide Help |

Coordinate System
(optional)

The spatial reference of the
output feature class. The
dialog allows you to pick a
coordinate system. If you
wish to control other
aspects of the spatial
reference (ie the xy, z, m
domains, resolutions,
tolerances) use the relevant
environments (click the
emvironments button). If you
choose the "Import..."
option on the dialog and
select an existing dataset,
all spatial refarence
properties from that dataset
(coordinate system,
domains and tolerances)
will be used.

Tool Help |

For Feature Class Location, select the same working folder you’ve been using all along. For
Feature Class Name, use Survey_ Bndy. For the Geometry Type, slect Polygon. Scroll
down and specify NAD_19883 UTM_Zone_12N as the Coordinate System (you can use the
import feature and import the coordinate system from your other shapefile if you wish). Click OK

and this will create a blank shapefile.
4. Remove the Provo_TIN from the data frame by right-clicking on it and using the Remove
command. This will make it easier to see the survey points and enable us to overwrite the TIN
later. Right click on the st_reach_topo_enz file and use the Zoom to Layer command.
5. Begin an edit session for the Survey_Bndy shapefile by using the Editor -> Start Edit command

and selecting Survey Bndy as the

target in the toolbar. Make sure the

task is set to Create New Feature®.

Using the pencil 4 (Sketch Tool) in
the Editor toobar draw a polygon
around the survey points such that all

Click to access all

tools on the palette.

the

Editor

Editor

h | 2T Task |Create Mew Feature

the points are inside the polygon.

Make sure that you draw the polygon

for the upstream boundary to prevent

it from interpolated between the two

outermost points and building a dam:

& A
AT
& 2 4

* Note, if the tools are grayed out it typically means that you either not in an active edit session (i.e. you
need to Start Editing) or that the Task is not on Create New Feature (e.g. switched to Modify Existing

Features).
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My polygon had between 25-30 vertices, use F2 to Finish the Sketch:

6. To finish editing your polygon, Use the Editor -> Stop Editing command and save your changes.
We are now ready to build a new TIN using our modified point file (St_reach_topo_enz) and
our new boundary polygon (Survey_Bndy).
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7. Go the the 3D Analyst Menu in the 3D Analyst Toolbar and Create/Modify TIN -> Create TIN
from Features. This brings up a Create TIN From Features dialog:

—Inputs

Ched: the layer(s) that will be used to create the TIN, Click a layer's name to
spedify its settings.

Layers:
~| r5ettings for selected layer ——————
st_reach_topo_nez E’l Festy _
Survey_Bndy 22l L polygans
Height source: I <Mone= ;I
Triangulate as: Ihard dip ;I
Tag value field: IannE; ;I

Output TIM: I 'R\ShortCourse|\ 2010\ PartII\D 2 \ProveTopoExcerdise \provo_tin

QK | Cancel |

Again check the st_reach_topo_nez layer and make sure the Height Source is specified
as Elevation and Trinagulate as: is specified as Mass Points. Then click on the
Survey_ Bndy and click it too. For this one, make sure the the Height Source is specified as
<None> and Trinagulate as: is specified as hard clip. Save the Output TIN to your working
directory as Provo_TIN to overwrite the original TIN. Click OK. Then click Yes to overwrite
the original output.

8. This TIN looks like a much better representation of the data and does not have the obvious busts
(trenches).
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EXPORT UPDATED TOPOGRAPHIC POINT DATA (OPTIONAL)

You may wish to export the modified point data’ we ended up with in the st_reach_topo_nez
shapefile. There are various ways to do this. One option is:

1. Rightclick onthe st_reach_topo_nez and select Open Attribute Table.
2. Click on Options -> Select All

.
Attributes of st_reach_topo_enz 2 | = |5 &2 |
FID Shape * Easting Northing Elevation
3 0 | Point 4487976 189 | 461676.963 | 1665359985 |:|
1 | Point 44820906729 | 461676.386 | 1665.469971
2 | Point 4482977 326 | 4616756459 | 186565859941
3 | Point 4487970672 | 461674512 | 1865489971
4 | Point 448292034 | 451674.857 | 1665.300049
% | Point 4482877.005 | 461684.35 | 1665.219971
& | Point 4482876.928 | 461684.069 | 1665119995
7 | Point 4482872 982 | 4616866895 | 1665430054
& | Point 448872 952 | 461686973 | 1865209961
5 | Point 4487853 647 | 461689292 | 1865.130054
10 | Point 4482863.657 | 451608.464 | 1665.219971
11 | Point 4482863.55 | 461687.792 1665.25
12 | Point 4482883 602 | 461687.075 | 1865.189941
13 | Point 4437845 204 | 4616893.974 186577002
14 | Ppint 4487849 275 461693.2 | 1865.699951 i
Record: ﬂﬂl 1 jﬂ Show: W Selected | Records (5103 out of 5103 Selected) Options v|
—

3. Click on Options -> Export...

> Note, that although this method of exporting data to a table will work for any shapefile, not all
shapefiles have coordinate fields in them (which is what we want). Look at how to create fields
(http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=Adding and deleting fields ) and

calculate geometry
(http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?id=7508&pid=745&topicname=Making_field calcul
ations ) in ArcGIS Help.
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ot oo i

Export: -

|Use the zame coordinate system as:

{

i

" |

I
Output table:

C\Docs'\Professional \US U Teaching " ICRRRShortCourse® 20104 Pai =

| oK | Cancel ‘

This will allow you to export the data to a table (saved as a database file *.dbT). The *_.db¥f
can be opened in excel and saved to any file format you wish (for example for use in a hydraulic
model).

DERIVING CROSS SECTIONS OR PROFILES FROM TIN - OPTIONAL

One very useful feature of having a digital elevation model or TIN is to be able to derive cross sections or
longitudinal profiles from it.

1. Inthe 3D Analyst toolbar, select the TIN as the Layer and then click on the Interpolate Line ==

button. Draw a line across the channel as a cross section or along the thalweg (double click to
end the line).

2. Once you’re happy with your line, click on the Create Profile Graph = button. This brings up
a profile dialog showing the transect.

ponemon e

Profile Graph Title

1,865
1 664.5

Aot
- (Uﬁ\wr W
- o

15;32.5 PI'\\ 'r :

PN e

T T T T T
0 100 200 300 400 500
Profile Graph Subtitle

| ——
You can modify its appearance, or export the data, or save an image of this by right-clicking on
the graph. Refer
to: http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?id=3583&pid=3577&topicname=Creati
ng_profile_graphs for more information. You can overlay two profiles by using the shift key
before making the profile.
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There are other useful profile and cross section tools available as plug-ins to ArcGIS. For example River
Bathymetry Toolkit (http://www.fs.fed.us/rm/boise/AWAE/projects/river bathymetry toolkit.shtml) and
HEC-Geo-RAS (http://www.hec.usace.army.mil/software/hec-ras/hec-georas.html) both have a wide

array of more powerful profiling tools.

CONVERT TIN TO DEM

A TIN is a triangular irregular network, and is one way to digitally represent 2.5D surfaces. Many programs
require terrain to be represented in a raster format, which is a uniformly gridded representation of the
data at some particular resolution. Since it easier to write algorithms and codes for doing analyses of
raster data, you will find many more tools available for analyzing DEMs then TINs.

To convert your TIN to a DEM, simply go the 3D Analyst menu -> Conversion -> TIN to Raster...

Converts a TIM to a raster of elevation, slope, or aspect.

Input TIN: ||:|r|:|-..-n:|_tin j g

Attribute: |Elevaﬁnn j

7 factor: 1.0000
Cell size; 1 Rows: 3 Columns: 309

Output raster: |'|,2|:|1|:|'|,Part[I'|,DE'FrDVDTDpDExcercise'pru:wu:u_dem

K | Cancel |

Make sure the Input Tin is provo_tin, the attribute is Elevation, the Z Factor is 1.000 and the Cell
Size is 1 meter. Save this as provo_dem in your working directory. This produces a one meter resolution
raster:
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DERIVE OTHER SURFACES FROM DEM

As mentioned above, there are many commands and tools available to analyze and visualize DEMs. Here
are some of the more common tools available to you in 3D Analyst.

HILLSHADE

A hillshade is the illumination of a surface based on the topography and a hypothetical light source.
Hillshades are commonly used to visualize topography and terrain. Hillshades are often used as a

contextual backdrop.

1. To create a Hillshade of the DEM, access the Hillshade tool from 3D Analyst -> Surface
Analysis -> Hillshade
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Input surface: IPruuu_DEM LI EI
Azimuth: 313

Altitude: I 45

¥ Model shadows

Z factor: I 1

Output cell size: I—l

CQutput raster: I rovoTopoExcerdse \Provo_Hp E,"'l

Ok I Cancel |

Make the Input Surface the Provo_DEM, use the default Azimuth and Altitude, click on the
Model Shadows box, and leave the Z Factor as 1 and the Output Cell Size the same as the
input raster (1 meter in our example). Click on the open folder button to specify the output
hillshade raster name (call it Provo_HS and put it in your working directory). Click OK and wait

patiently while the hillshade is computed. It will look something like this:

Ede Edt Yoww fookmarks [oued jelection Jock Window Help

DE@S  “@7 (o« 3 [EEH A0 [QRAEDOOEPEIROM LS B | el B
Editogw| b | i [ Crrsee tiew Festue =1 | 1|7 0 || T | Georetestncing v | Laver: [a1523 e _naezmoa s B CR A |
Pa | e peein B e 22 S0 (@ @) | ety v itsstprios v of 3L F > 22 dpihstes v vep v | Ly (B s e S mon -] B3k @] v AF
DeD Anahysis » 3 Project [ Simuation | Spatisl Analyst = Liyer: [ _domn =| 48 Bx | Bambull/ Centerfime = Cross Section = Export = Optiors Help =
- Y _ = S -
B Layers = | [ ArcToclax ] _ alne LR
= 2 R #1-h 30 Anatyzs Tosls : . {
Value 51 G Analysis Tools
High: 257 - Catography Took
I Cerrertion Took

Lewil Data Interoperabilty Tock

= B provo_dem =1 G Data Mansgement Tools
Value @ Geozeding Teols
High : 1656.57 -y Geostatistucal Anshrit Took
1 ) Linese Refereercing Teonls -
Lowi 166115 = @ Mobide Teols -
= B prove_fin s1 8@ Multidimension Tocks =
Edge type 1 G Metwork Analyst Teols i
Hard Edge -y Semples =
Hevation 5 G Schemabics Took Cl
1665024 - 1666.520 E| | |m @ Server Tk
156502 - 1665924 11 @y Spatial Analyst Tools [
1684716 - 1645.32 1 @ Spatial Dimtistics Tocls
112 - 16 TG -y Tracking Ansbyst Tosk

1663507 - 1664017
1662903 - 1661.507
I 1662 296 - 1662:500
1681654 - 1642.200
165105 - 16816
B0 ot esch tope_ne:
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= [ Survey_Bndy
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2. To visualize the DEM and the hillshade together, move the Provo_HS layer beneath the
Provo_DEM layer in the Display Dock for the data frame. Right Click on the properties of the
DEM (Provo_DEM) and go to the symbology tab:
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Layer Properties

General I Source | Extent | Display Symbology I Fields I Joins & Relates I
Show:

Unique Values |Draw raster stretching values along a color ramp Import...
Classified

o
Color Value  Label
1686.516568 igh ;: 1666.52]
I 3
1661152222 [Low : 1661.15
Color Ramp: _ =
I Display Background Value: I_U as_|'|
™ Use hillshade effect 2 ll— Display MoData as_|v|

Stretch

Type: IStandard Deviations ;I Histograms. ..

o I z ™ Invert

0K | Cancal | ppy
Change the symbology color ramp to something that appeals to you.
3. Switch to the Display tab and change the transparency settings to 40%:

General I Source I Exent Display |Symbo\ogy| Fields I Joins & Relates |

I~ Show Map Tips (uses primary display field)
I~ Display raster resolution in table of contents
I~ Allow interactive display for Effects toolbar

Resample during display using:
INearEst Neighbor (for discrete data) ;I
Orthorectification using elevation
Contrast:
onires I 0 % % Constant elevation: o
Brightness:
LT [ 0% | com  Bpoam L
TSI I 0 % Elevation adjustment ——————————
2 Factor: 1

Display Quality —————————— 2 cffset: —
Coarse  Medium Normal '

..H‘........J Gl Il

0K Cancel Apply

Click OK. You can now see the hillshade beneath the DEM:
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CONTOURS

Contours are a useful way of visualizing topography. Contours can be derived from TINs or DEMs.
See http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?id=3579&pid=3577&topicname=Creating cont
ours for more information on creating contours.

1. To derive contours for the Provo_DEM, go to 3D Analyst -> Surface Analysis -> Contour..:
Input surface: ID(cvu_dem vl EI

— Contour definition

Input height range: Zmin: 1661.15222 Zmax: 1666.!

Contour interval: 0.25

Base contour: 0
Z factor: 1

—QOutput information based on input contour definition

Minimum contour: 1661.25
Maximum contour: 1666.5
Total number of contour values: 22

Output features: I we\provo_25cm_Contouts.shp g”'l
oK I Cancel |

Specify Provo_DEM as the Input Surface, choose a Contour Interval (0.25 for 25 cm), leave
the Base Contour at 0 and the Z Factor at 1, then specify where to save the output shapefile in
your working directory and what to call it (e.g. Provo_25cm_Contours.shp).

2. This will produce a vector shapefile of type polyline, where the polylines represent the individual

contours:
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3. If you wish to check the elevation of a particular contour use the Identify tool i to see its
elevation. If you want to label the contours, right click on the contour layer and in the Properties
Dialog go to the Labels tab and adjust the settings.

SLOPE ANALYSIS (OPTIONAL)
A slope analysis is a useful tool for showing local® slopes.

1. To perform a slope analysis of the DEM, go to 3D Analyst -> Surface Analysis -> Slope
Analysis:

® Since local slopes are calculated on a cell-by-cell basis relative to neighboring cells, they are not a good
approximation of reach slopes.
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Input surface: Ipm'uu_dem d E-q'l
Output measurement: " Degree ¥ Percent

£ factor: I 1

Output cell size: I 1

Output raster: I rovoTopoExcerdse\Provol_SA E,"‘l

| QK I Cancel |

As with the other commands, specify the Input Surface as the Provo_DEM, choose whether you
prefer to see slope values in degrees or percent, keep the Z Factor at 1, keep the Output
Cell Size the same as your input surface (1 meter in our example), and specify where to save the

output raster. Upon clicking OK you will see something like the below:

Notice that the banks pop out very clearly in red.
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DERIVE WATER DEPTHS (OPTIONAL)

A map of water depth (at time of survey) can be very helpful for context, visualization, instream habitat
mapping, as well as depth validation of hydraulic model results. If you have a DEM of bathymetry, and a
water surface edge survey, you can derive water depths.

1. Firstimport the water surface edge survey St_reach_wse_nez.csvV (refer to instructions
above if you need help).

The points should appear as an outline of the waters edge.
Next create a shapefile7 and edit it to draw a polygon around the waters edge survey.

3. Next derive a water surface TIN using the waters edge polygon as a hard clip boundary and the
st_reach_wse nez.csv dataset.

4. Next, convert your water surface TIN to a water surface DEM (using the Tin to Raster tool).

’ Refer back to instructions on creating a shapefile if you need help (i.e. Create Feature Class tool).
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Your water surface raster should look something like the above.
5. To derive a water depth, we simply need to subtract the DEM bathymetry elevations from the
water surface elevations. To do this, we can use the Raster Calculator found in the Spatial

Analyst Toolbar:

Layers:
provo_hs
Provo_SA
provo_wse

01523_nw_NAIP2009 4

[prove_wse] - [provo_dem]

About Building Expressions |

In our example, this produces a raster with both negative and positive values in the

Calculation layer.
6. The negative values need to be filtered out from the Calculation. We can use the Raster

Calculator to do this with a logical operator:
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Layers:

provo_dem
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provo_hs
Provo_SA
provo_wse

g1523_rw_NAIP2003 tif

a4 (L

[Caleulation) » 0]

About Building Expressions |

Evaluate I

By checking for all cells in which the [Calculation] > 0, the raster calculator will return a
Calculation2 layer with Os where the argument is false (i.e. the cells we want to remove)

and 1s where the argument is true.

into NoData (thereby eliminating them):

Wecan then use a Reclassify command in the Spatial Analyst toolbar menu to turn the zeros

MoData

iNoData

Input raster: |Calmlatior12 j El
Redass field: IVALUE LI
—Set values to reclassify

Cld values | Mew values | Classify... |

0 iNoData :

Load... |

Save... |

Unigue

Add Entry

Delete Entries

Predsion...

COutput raster:

[ Change missing values to MoData

I <Temparary =

QK

ik E

Cancel |

For 0 change the New Values to NoData, and for 1 leave the New Values as 1 (or delete

entry). Click OK to evaluate.

We can then use the Raster Calculator one last time to get our water depth layer
(Calculation3) by multiplying our Reclassified Layer by the original Calculation layer.
We can now make this layer permanent by right clicking on it and saving it in our working

directory as Provo_WD, for example. If we change the display properties of the layer to a blue
color ramp, we now have a nice water depth map.
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RIVER BATHYMETRY TOOLKIT (OPTIONAL)

The River Bathymetry Toolkit is a free plug-in that can be installed for doing a number of common tasks to
DEMs of rivers, which include bathymetry (under water elevations). These tasks include, detrending the
DEM, deriving a bankfull stage, deriving channel thawlegs, channel centerlines, extracting longitudinal
profiles, extracting cross sections and hydraulic geometry. Here we highlight the first two of the tools
(see RBT Documentation for details, example data, tutorials and instructions).

Detrending of DEMs is the process of removing the valley slope trend in the DEM such that elevations
relative to the channel itself our displayed. This helps bring out the topography of the river and highlight
pools and riffles and relative bank elevations. Once the RBT toolbar is installed

Bankfull / Centerline * Cross Section = Export = Options Help = | you can access the Detrend

command from the Bankfull/Centerline menu:
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2 etrend rRrTaa® W w oW
—Inputs
Original DEM: [provo_dem |
: Channel type: IF‘ooI riffle ;I

Channel width: IQ«D 3:
Floodplain: |_1 3:
Flow accumulation threshald: I?ﬂm 3:

—Outputs
WWorkspace: IC:\Docs\Professional\USU\Teaching\lCF{F{F{\SI =} |
| | Detrended DEM: | Detrended = |
Bankfull palygon: Ibanks.shp & |

; Centerline: Icerﬂedine.shp |
|| Thalweg: Ilhalweg shp |
[
|

Help 0K Cancel
_ teb | | |

)

V]

There are a number of parameters (see RBT Documentation), but if you specify your DEM (Provo_DEM
for our example), you can click OK, wait patiently and you will ultimately derive a detrended DEM:

As compared with the regular DEM, this detrended DEM does a nice job of highlighting the pools, bars
and floodplain.

In RBT, if you have a detrended DEM, you can use it to derive approximations of flood inundation paterns
with their Bankfull Tool. The Bankfull Tool shows you a distribution of detrended elevations and has an
interactive slider bar you can adjust and see how inundation patterns adjust accordingly (in RBT, they use
this to establish an approximate bank full elevation).
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on Jock Window Help

DEFE& QX |a 2= A0 @O @eS B0k OM S ST B dvmaton | 1 B
Eatogv| » | 1| Toih: [Cremm Fiew Fearime = | e [ 2|0 0|3 | georetersneng v L e iEmmy ] G 43
Daipr v e et S P 22 E| (@ W | Gy v maSMupping ¥ o 3 L S o 83 Apthities v e v | Layer BB i mmn =] 3k @] 4
DeD Anahysis » 3 Project [ Simuation | Spatial fnalyst v | Layer: oo o =| #% B | Bamkdull/ Centerfine = Cross Section = Export = Opticrs Help =
L T - - = 3 G <]
o & Layers 2 3
= O centerine 5
& 0 thabweg
=y % Histogram ™ Volume:ices
= [ banks |
= | - Barkiut chevation
o 2 [
[ Eielere 1009
Above 1005 -
= [0 Water Depth -
Value =
High: 209216 -
L : (LOOKT 23007 Cl
= O prove_wse
Value e
High:1685.25
Lo : 16631
m O prove_wee_tin
& 01 st seach wse_mezcov Events

=0 prove_25em Contours

= [ WatesSuracebdge
=

# 0 Prove 54
8 0 prove_dem
Value
High : 1666.52 4
¥ 1RRS 16 - e v
Ouly [Sorca] s | TR
Drawing =| & 20« Alrl i |[@md 0 s sl Bsp|lAr by Fr =~

AG1451 118 4482074 250 Meters

See below for more information on RBT.

MORE INFORMATION

For more information on some of the tools described above as well as other tools for working with DEMs
in rivers, you may find some of the following resources useful:

e For ArcGIS 3D
Analyst: http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=An_overview of th

e 3D Analyst toolbox

e For River Bathymetry Toolkit, go
to: http://www.fs.fed.us/rm/boise/AWAE/projects/river _bathymetry toolkit.shtml and refer to
McKean et al. (2009).

e  For HEC-Geo-RAS: (http://www.hec.usace.army.mil/software/hec-ras/hec-georas.html)

e For morphological sediment budgeting using repeat topographic surveys, see the DoD
Uncertainty Analysis Software at: http://www.joewheaton.org/Home/research/software/dod-

uncertainty-analysis-software and refer to Wheaton et al. (2010).
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PART Il - CREATE DESIGN DEM

A design DEM is one that shows the topography of the design merged with the existing topography. A
design DEM is ultimately a digital version of a grading plan that might be handed to a contractor. Design
DEMs are useful for doing earthwork calculations to estimate volumes of cut and fill and assess whether
or not there is a balance or whether or not material will need to be imported or exported. Depending on
the nature of the grading, some contractors can use a design DEM for machine control construction (with
survey grade GPS or total stations) to control graders, scrapers and dozers. Design DEMs can also be used
to compare against as-built surveys to assess how well the constructed project matches the design
project. Finally, design DEMs are also useful to act as topographic boundary conditions in hydraulic and/or
morphodynamic models to test design conditions and/or test specific design hypotheses.

In this exercise, we will very briefly go through one workflow using GIS to create a simple grading plan and
covert it to a design DEM for potential use in the

CREATE GRADING PLAN LAYERS

The first step to create a grading plan is to draw some contours in a feature class or shapefile of type
polyline.

1. Navigate to the ArcToolBox L and down to Data Management Tools -> Feature Class ->
Create Feature Class:

r}" Create Feature Class EEX |
Feature Class Location il Has Z (optional) i
| C:\Docs\Professional \USUTeaching\ICRRR \ShortCourse\20 10\Partll\D 2\ProvoTopoExcercise ﬂ
Feature Class Name Determines if the feature
IProvo_DesignD1_25crn_Conhours class contains elevation
Geometry Type (optional) values (z-values).
I POLYLINE

Template Feature Class (optional)

| El

+ DISABLED—The
output feature class
will not have z-
values.

ENABLED—The
output feature class
will have z-values.

m

le [ X |+ |& L

» SAME_AS_TEMPLAT
The output feature
class will have z-

Has M (optional) values if the
I_('L Template has z-
DISAELED -

J values. If the

Has Z (optional)

Template does not
ENABLED] -
. : J have z-values, the
Coordinate System (optional) output feature class
[ 14D _1983_UTM_Zone_12n will not have z-
| o
¥ Geodatabase Settings (optional) - |4 = I:';e 3

oK I Cancel | Environmems...l < < Hide Help | Tool Help |

Fill out the dialog as with before (see Modify TIN), but this time make sure that the Geometry
Type is POLYLINE and that Has Z is ENABLED. This will allow you to assign contour
elevations to the polylines and make them three dimensional.
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2. To easily assign elevations to each vertice in the polylines, we will use the Current Z tool®. To do
this, right-click on a blank part of the toolbar in ArcGIS and switch to the Commands tab and
navigate to the Editor commands under Categories and locate the Current Z command. Drag the
command up on to the Editor toolbar as shown below:

Editor v | W 2~ Task ||\-‘10dif’y Feature j Target: |PrDVD_DesignUl_EScm_Contcﬂ Xz |D.DDD )

DaoD Analysis v 3§

Toolbars Commands ]Options]

x
2 £ Layers @ ArcToolbox Show commands containing: |

= Provo_Design0l_25cm_Contours []--a 3D Analys Categories: Commands:

— []--& Analysis T gata Eonverters /v'}Conned

O RET -3y Cart B ata Frames A

_ - Ca ogra = 3 Copy Porolel..
. @ Comersd| (S22 3 [Fem

— [ D!me_,nsioning Dieflection...
Water B Distributed Geodatabase Delete Sketch
B O WaterSuraceEdge - i Delete Vertex

] Delta X, Y.
O Prove_SA i ) lDiredion*_
DEMs istri Lo
O st_reach_topo_nez
2 O Survey_Bndy -

= el — _
2 B gl523_nw_NAIP2009.tif |l sver Nomaime  «| _ Keypoad.. | Addfromfe... |

RGE :
_ z: [0.000 . .
This puts the command in the toolbar and allows you to specify an

elevation in an edit session for any feature class that has Z values enabled.

MAKE GRADING PLAN WITH CONTOURS & FINISH GRADE POINTS

CONTOURS

In this example we will grade in (with cutting) a side channel. Decide the area you wish to regrade, locate

the contours and if necessary use the Identify tool i to check the contour elevations of existing
contours. Your grading plan contours should almost always start at an existing contour and finish further
along the same elevation contour. The only exception to this is for peaks or troughs, where you can use a
closed circle contour inside the boundaries of neighboring grading contours. It is easy to accidently
connect a grading contour to two different elevation contours. Such an error will create an abrupt step in
your topography as opposed to smooth transitions.

To draw contours, you simply need to Start Editing for the target layer with your contours

(Provo_Design01_25cm_Contours in our case). Then use the sketch tool to draw your
contours, baring in mind the rules outlined above. When you start your contour, make sure you have

® See http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?id=4764&pid=4762&topicname=Defining_z-
values for features for more information on defining z-values for features.
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oz ID.DDD
specified the elevations to use in the Current Z box

grading plan depicting a side channel to be cut into the inside bend (using red contours). The closed red
circles represent two pools in the side channel. The side channel bifurcates at the downstream end, such

. The example below shows a

that the side channel rejoins the main channel at two places.

Edila[v‘ [ 3 ‘ﬁj Taxk:andufyFeature LI ‘ Target:l LI ‘X z |16€4.500 (=) | | J gearelerencing'| Layer. |q1523_nw_NAIP2008 fif
30 Analyst | Laver: [ provo.tin ClpretzEl- @@ ‘ | RAS Geometry ¥ RAS Mapping * ¢ 3¢ Ll & = o &2 ApUtitties » Help'u Layer: [¢
DoD Analysis * 3% Prwedl Simulation: Spatial Analyst v| Layer |Detrended - Bl J Bankfull / Centerline ¥ Cross Section ¥ Export *

x

8|

O rer
=] prova_25cm_Contours

Water
[0 WaterSuraceEdge
O
O Provo_SA
DEMs
st_reach_topo_nez
Survey_Bndy
O
=] ql523_nw_NAIP2003 tif
RGB
M Red: RedBand
[ Green: GreenBand
M Blue: BlueBand

DEEAEEEDEE SR

To make sure the contour you drew has the correct elevation values, you can check or modify its

elevations by clicking the Edit Tool s
check or edit. Once selected (it will be a different color and vertices will show), use the Sketch

and then double-click the contour with the z-values you want to

Properties button on the editor toolbar to make sure the Z values are what you expect them to be:

461651457 4482815312
461649405 4482815.518
461648071 4482814502
461645711 4482812.850
461645609  4482811.208
461649.508  4482812.645
461651149 4482814389
461651.457 4482815107

O e L R O

Finish Sketch
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When you’re happy with the contours, Stop Editing and save your changes.

FINISH GRADE POINTS

Creating finish grade points is especially useful for Design DEMs that will be used in hydraulic modeling to
define critical low points and crest elevations that have a large influence on controlling hydraulic patterns
and topographically steering the flow. Because the contours can only specify the topography to within a
plus or minus range of the contour interval, spot elevations (or finish grade points) can be used to fill in
between.

1. Again, create a feature class for the new points:

-
#* Create Feature Class

Feature Class Location Coordinate System
: P (optional)
Feature Class Name
| Provo_Design01_Points The spatial reference of the
G try Type (optional) output feature class. The

dialog allows you to pick a
coordinate system. If you
wish to control other
aspects of the spatial
reference (ie the xy, z, m

=
=
ﬂ domains, resolutions,
]
i
3

| POINT
Template Feature Class (optional)

| =l

tolerances) use the relevant
environments (click the
environments button). If you
choose the "Import..."
option on the dialog and
select an existing dataset,
all spatial reference
properties from that dataset

Has M (optional) (coordinate system,

| DISABLED | domains and tolerances)
Has Z (optional) will be used.

| ENABLED ~|

Coordinate System {optional)

| MAD_1983_UTM_Zone_12M

¥ Geodatabase Settings (optional) A A

oK | Cancel | Environmems...| << Hide Help | Tool Help |

Fill out the dialog as with before (see Modify TIN), but this time make sure that the Geometry
Type is POINT and that Has Z is ENABLED. This will allow you to assign point elevations to
and make them three dimensional.’

2. To create finish grade points, use the sketch tool and click where you want points. There are
various ways to specify your finish elevations. | suggest using the current Z tool

° NOTE: If you want to export these points out to a *.dbf table and use the points elsewhere, you may
wish to also create an Elevation field and manually populate it with elevation values as you create your
points. This is not necessary for modeling within ArcGIS as the 3D z value is stored in the Geometry of the
point, but that information is not as easy to extract and export.
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4 AR o

EECE .

" Geometry ¥ RAS M-

in the editor toolbar and change the values as you go. Alternatively,

%

you can use the Edit Tool and double-click on the point you wish to modify, and use the

Sketch Properties button
generally be in between the contour intervals (otherwise, just draw another contour). Points

on the editor toolbar to then edit the Z value. The points should

should be placed to define critical crest elevations and low points:

3. Once you’re done with creating points, stop the edit session and save the changes. Remember,
saving the Map Document does not actually save edits. Only saving edits from the Editor menu
saves edits to a feature class or shape file.

DELINEATE GRADING BOUNDARIES

After you’ve created your grading plan with contours and spot elevations, we want to create a new DEM
of the study site that includes the original elevations everywhere no grading will take place, and the new
elevations where you have specified them. One way to do this is by using a polygon grading boundary.

1. First we need to create a polygon shape file:
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5;‘ Create Feature Class

Feature Class Location

Feature Class Name

I Grading_Bndy
Geometry Type {optional)

I POLYGOM
Template Feature Class (optional)

Coordinate System
(optional)

The spatial reference of the
output feature class. The
dialog allows you to pick a
coordinate system. If you

| wish to control other
aspects of the spatial
reference (ie the xy, z, m
domains, resolutions,
tolerances) use the relevant
environments (click the
enviranments button). If you
choose the "Import..."
option on the dialog and
select an existing dataset,
all spatial reference
properties from that dataset

Has M {optional (coordinate system,
IDISABLED domains and tolerances)
Has Z (optional) will be used.

DISABLED

Coordinate System (optional)
| NAD_1983_UTM_Zone_12M

¥ Geodatabase Settings (optional) i

Ok I Cancel | En\rironments...l << Hide Help | Tool Help |

Fill out the dialog as with before (see Modify TIN), but this time make sure that the Geometry
Type is POLYGON.
2. Draw the boundary around the edge of your contours:

The polygon should not extend too far into the non-graded area as you want to be able to use as
many of those original points as possible.
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GET TOPOGRAPHIC DATA FOR DESIGN DEM ALL TOGETHER

Now we want to use all of the original survey points outside the grading polygon, and use only the

contours and the design points inside the polygon. To build this file requires multiple steps.

1.

3.

First, use the Erase command in the ArcToolbox -> Analysis Tools -> Overlay -> Erase:

= . S T SE

Input Features Erase

|st,reach,top0,nez j g

Erase Features Creates a feature class by

[ Grading_Bndy =] ﬂ £ overlaying t_he Input

Output Feature Class Features with the polygons
- of the Erase Features.

| C:\Docs\Professional\UsU\Teaching ICRRR \ShortCourse |20 10\Par il \D2\ProveTopoExcercise \Provo_Design01_TINPints.shp E Only those portions of the

XY Tolerance (optional) Input Features falling

| |Meters j outside the Erase Features
- outside boundaries are

QK | Cancel | En\ﬂronmenm..‘| << Hide Help | Tool Help ‘

Select the original topography point data (St_reach_topo_nez) for the Input Features,
select the Grading_Bndy for the Erase Features, and specify the Output Feature Class as a name
you will recognize in your working directory (e.g. Provo_DesignOl1_TIN_Points._shp).
The resulting shapefile will have all the original points outside the graded area:

sosdordt® slifhe

PYETY TR L LA

o ® b optie i

*
Y

* * H

P !

L J
*
* L)
) * a . - A 3
Next we will use some basic editing commands to copy the points from the
Provo_Design0l1l_Points layer to the Provo_DesignO1_TIN_Points layer. Start an
edit session for the Provo_Design01_Points layer.

Open the Attribute Table for Provo_Design01_Points layer and select all the points:

*
& *
* *
L
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Editor = || & - Task:|M0difyFeature j Target:|Provo_De5ignGl_Points j Z |1EE54.5DD (=) F
3D Analyst ¥ | Layer: [& prove_tin B e L E L B | | RAS Geometry ¥ RAS Mapping ¥ 3¢ 3¢
DoD Analysis ¥ 3§ Project: Simulation: Spatial Analyst = | Layer: | Detrended ~| =
@]
| 2 | e
B8 & Laye - - T
= Attributes of vao_DEﬂgnﬂl_PE...
FID | Shape* | Id
= o | Point ZW ]
1 | Point ZM 0
= 2 | Point ZM 0
3 | Paint ZM 0
= 4 | Point ZM 0
5 | Paint ZM 0
5 | Point ZM 0
g 7 [Point 2z 0
8 | Point ZM 0 .
* > L
9 [Pontzw | 0 F I A ..0\\ o,
=0 10 | Point Z1 0 ¢ o
g0 11 | Paint ZM 0 NN , ’ ‘ \ %
" L & L ] %
Paint ZM 0 . 0 . % ‘
e s § 0+ 3 3
d A % ~,
0 Sofior by e
=m0 * ! i i * - \ -
* *, *
=20 i * »
+* * & L ] *
L . . . -
= O g1523_nw_NAIP2009.tif - ., ¢ ® .
RGB * . o . * .
M Fed: RedBand
I Green: GreenBand .
I Rli~ RlueRand

After you’'ve selected all the points, copy them (e.g. Edit -> Copy). Now turn off the
Provo_Design0Ol_Points layer in the Display dock and close the attribute table.

4. Next, open the attribute table for Provo_Design0l1_TIN_Points layer and change Target
in the editor toolbar to this. Also make sure that the Task: is set to Create New Feature. Now you
can paste (using Edit -> Paste or control V) the points from the Provo_Design01_Points
layer into the Provo_DesignO1_TIN_Points layer:
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Editor v| 3 | y v Task ICreate Mew Feature ;I | Target: IProvo_DaswgnUl_T[N_Points LI ‘ X zZ I16ME¢DD (= ‘ | J Georeferencing v| Layer: IE
3D Analyst " LE‘IWI@PFD\-‘O_EH LI J(/(?ﬁ o b = g| [ | ‘ Q J RAS Geometry = RAS Mapping = g% ¢ L1 5*;; = 7 &7 ApUtilities
DoD Analysis ~ 3§ Project Simulation: U Spatial Analyst '| Layer: IDetrended j @j@ iy J Bankfull / Centerline = C
B £F layers
=] Provo_Design01_TIN_Points i FID | Shape* Northing Easting Elevation &
* 43880 | Point 44875979 38 | 461681.115 | 1664 650024
= Bl Provo Design01_Points 4891 | Point 4452929539 | 451673.103 | 1666.469971
. - - 4852 | Point 4482520.747 | 461680.783 | 1564.855595
. 4893 | Point 4482930.01 451680.54 | 1564920044
= b Provo Designl_25cm Contours 4394 | Paint 4437930196 | 461680444 | 1665069946
- . 4885 | Point 4482530.37 | 461660.285 | 1665.160034
= M Grading_Bndy 4896 | Point 4482930368 | 461680.297 | 186526001

5| EEEE Y E0EE 6

Point 4482930.425 | 451680.156 | 1665.910034
O RET Point 4482530634 | 461671.885 | 1666.280029
= O provo_25cm_Contours Paint 4487930 724 | 461679.803 | 1666099976
_ Point 44225931.306 | 451679.312 1666.27002
O Water Pn?nt 4432932 | 451672624 | 1655.430054
Point 4482532.567 | 461669.734 | 1666.079856
8 O Watersuracebdge Point 4482934895 | 4B1675.761 | 1666550040
O 4904 | Point 4422938.119 | 451672.728 1666.51001
[ Provo_S4 Point 0 0 0
[0 DEMs 4906 | Point
[ st_reach_topo_nez 4907 | Point
= O Survey,Bndy 4908 | Point
O 4509 | Point
= O q1523_nw_NAIP2009.tf £e o
RGE 4912 | Point
M Red: RedBand 4913 | Point
[ Green: GreenBand 4914 | Point
M Blue: BlueBand 4915 | Point

4916 | Point
4817 | Point

Record: ﬂj i jﬂ Show: W Selected Records (13 out of 4518 Selected) Options =

Notice that the copied points all have 0 listed for the northing, easting and elevation. The point

coordinates are correctly preserved in the Shape geometry for the feature class. However, the
attribute fields are not populated.

5. OPTIONAL -> (skip to 6 if not exporting points). If you plan on exporting your points for use
elsewhere, you will want to populate the northing, easting and elevation values. The Northing
and Easting columns can be recalculated by simply highlighting the top of the column, right-
clicking and selecting the Calculate Geometry command (choose X for Easting, Y for Northing).
However, the elevation field has to manually edited.

6. Stop the Edit session and save your changes.
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1. To build the design DEM, we will create a TIN (refer to previous Create TIN from Data section for
more detailed instructions). Bring up the Create TIN... dialog:

—Inputs

spedify its settings.

Layers:

Chedk the layer(s) that will be used to create the TIN. Click a layer's name to

[ Grading_Endy

']
F'muu_Dem'gnUl_EEan = E"l

[ prove_25cm_Contours

—Settings for selected layer
Feature type: 30 lines

Height source: | <Feature Z Values v |

[[] watersuraceEdge E
[ st _reach_topo_nez Triangulate as: Ihard line ;I
Survey_Bndy i Tag value field: I‘:N':""E:‘ LI
‘ T
Output TIN: I tCourse\2010'PartlI\D2\ProvoTopoExcerdse\prova_tin_design ﬁl

| Ok I Cancel |

This time we will use three inputs:

e Survey Bndy with <None> as the height source, and triangulate as hard clip
e Provo DesignOl1 TIN_Points with <Elevation> as the height source and triangulate as

Mass Points

e Provo_Design01_25cm_Conturs with <Feature Z Values> as the height source and

triangulate as <hard line>

Save this as Provo_TIN_Design in your working directory and click OK.
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Notice the side channel now shows up in the TIN.

2.

As with before, it may be useful to visualize this with 25 cm contours, and convert it to a DEM
and Hillshade.

Above, the Design DEM contours are shown in black and the original design polygon contours are
shown in red. You can iterate on the specification of individual points to improve the match or
accept the result as is. Once you are satisfied, you are done. Congratulations.

It should be noted that this process is straightforward to implement to compare multiple design
scenarios.
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EXPORTING POINT DATA (OPTIONAL)

If you wish to export the point data for use externally, you can easily export the original point data and
design points to a *.dbf file wusing the Export tool from the attribute table of
Provo_DesignOl_TIN_Points layer. However, you need to export the design contours as
well. Some programs will accept a shape file. You can also use the File Management Conversion tools
to convert this to various CAD formats (e.g. * . DXF file). However, if you need to get the points off here
is a simple workflow that extracts the point values from the DEM at the contour vertices:

1. In ArcToolbox, go to Data Management Tools -> Features -> Feature Vertices To Points:

' B

Input Features Output Feature
I Design\Provo_Design01_25cm_Contours ;I ﬁl Class
Output Feature Class

Ew B =E gank o \ProvoTopoExcerdse\Provo Design01 25cm Contour Points, shy) bﬁ'l The feature class that will
Paint Type {optional) be created and will contain

ﬁ"‘ LI the results.

- -

Ok I Cancel | Environments...l < < Hide Help | Tool Help |

Specify the Provo_Design01_25cm_Contours layer as your Input Features, specify
a Output Feature Class to save the points to, and then select ALL for Point Type.

2. Next, navigate in ArcToolbox to Spatial Analyst Tools -> Extraction -> Extract Values to
Points:
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#* Extract Values to Points ! . - |ﬂr
Input poink feabines “ | Interpolate values at
IP‘rot.ro_D'esignﬂl_l‘icm_Contour_Points LI ﬂ the point locations
Input raster [O'ptl o-nal]-
| Design\Provo_dl_DEM =l ﬂ
Output point features Specifies whether or not
IC:‘I.Docs\ProFessionaWJSU\Teaming‘\lCRRR‘l,ShorﬁIoursqum\DarﬂI\DZ\ProvoTopo ﬂ interpolation will be used.

| [V Intempolate values at the poirt locations (optional) « Unchecked — Mo
interpolation will be | _
[~ Append all the input raster attributes to the output point features (optional) applied: the value of |~

the cell center will
be used.

s Checked — The
value of the cell will
be calculated from
the adjacent cells
with valid values
using bilinear
interpolation.
MNoData values will

— be ignored in the <

OK. | Cancel | En\tironments...l << Hide Help | Tool Help |

This will create a point file with an elevation field from the DEM.

3.  You will need to create two new fields in the shapefile for the Norhting and Easting and populate
them with the Calculate Geometry tool to get those coordinates. Then, you can export the points
to a *.dbf file and use them as described previously.

SUMMARY

This tutorial walked you through two simple tasks: building a DEM from raw topographic data, and
building a desigin DEM using your own imagination. With the screen shots, step-by-step instructions, and
optional sections, this 44 page document could give the impression that this is a lengthy and tedious task.
In reality, the first task typically takes 5-30 minutes, and the second task is a simple workflow, in which
the amount of time required depends on the complexity and scope of your design.

References were provided throughout and a few papers on RBT and DoD work are listed below. If you get
really stuck, feel free to contact me at Joe.Wheaton@usu.edu and I'll attempt to help you.

REFERENCES

McKean ], Nagel D, Tonina D, Bailey P, Wright CW, Bohn C and Nayegandhi A. 2009.
Remote Sensing of Channels and Riparian Zones with a Narrow-Beam
Aquatic-Terrestrial LIDAR. Remote Sensing. 1(4): 1065-1096. DOI:
10.3390/rs1041065.

Wheaton M, Brasington ], Darby SE and Sear D. 2010. Accounting for uncertainty in
DEMs from repeat topographic surveys: Improved sediment budgets Earth
Surface Processes and Landforms. 35(2): 136-156. DOI: 10.1002 /esp.1886.
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