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ArcGIS Spatial Analyst Extension (Contour, Slope, Hillshade)

Quick Guide

NOTE: You must have contours derived from imagery in order to carry out the tasks in
this tutorial.

Chapter 1 — Prepare raster surfaces

1.

2.

Organize your data using ArcCatalog

Check out a Spatial Analyst License

Add 2 contour layers of interest

Clip an area of interest from each contour file
Create a raster surface from each clipped contour
Extract the clip area of interest from each raster

Now you have 2 raster surfaces which can be used for analysis

Chapter 2 — Perform Analysis on raster surfaces

8.

9.

Contour

Slope

10. Hillshade



ArcGIS Spatial Analyst Extension (Contour, Slope, Hillshade)

Chapter 1 - Step by Step Guide - Prepare raster surfaces

1. Organize your data using ArcCatalog
e Open ArcCatalog
o Create a new folder on your C: drive to hold files as you process
a. Right-click on C:\ | New...| Folder
b. Rename your new folder to something meaningful

e Close ArcCatalog

This Step 1 is not required but is strongly suggested in order to keep files organized.
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2. Check out a Spatial Analyst License in ArcMap and open its Toolbar
e Open ArcMap
e Click Tools | Extensions...| click box next to Spatial Analyst | Close
e Click View | Toolbars | click Spatial Analyst
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3. Add 2 contour layers of interest to ArcMap
For the purpose of this tutorial the contour data is located at:
R:\AFO Inspection Reports\AFOGISdata\AA_ExampleAreaJ16

e Add to ArcMap the DesignContour shapefile
e Add to ArcMap the ExistingContour shapefile
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4. Clip an area of interest from each contour file
There are several steps to this process...

4a. Create a new shapefile of polygon geometry
e Open ArcCatalog
e Right-click on the Folder you created on your C:drive (from Step 1)
e Click New | Shapefile
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4b. Name the shapefile
e Name it myClip
e For Feature Type choose Polygon
e Click on Edit then Import

T Spatial Reference Properties
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4c. Import the proper coordinate system
e Inthe WGIS browse to the Mine from which your contours are derived
Browse to the Database then to the Permit Boundary dataset
The permit boundary layer contains the proper coordinate system
Click Add
Click OK on the Spatial Reference Properties box
Click OK on the Create New Shapefile box
Close ArcCatalog
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4d. Add the shapefile to ArcMap and start the Editor
This shapefile is empty now — but we will fill it up using the Editor Toolbar

e Add to ArcMap the shapefile named myClip (it will be located in the
Folder you created on the C: drive)
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e Add the Editor Toolbar to ArcMap
a. Click View | Toolbars | click Editor
o (refer to Step 2 if you want to see a picture of adding toolbars to ArcMap)
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4e. Create a New Feature inside the myClip shapefile

On the Editor toolbar click on Editor | Start Editing

If you receive a message asking for which folder to edit from choose C:\
Note: We created the empty shapefile on the C:\ drive at Step 4a and we
added the contour files from the R:\ drive at Step 3. So, ArcMap has no
way of knowing which files we want to edit. That is why this dialog box
comes up.

Make sure the Task is set to Create New Feature

Make sure the Target is myClip

Click on the Editor Pencil icon

Draw a polygon around the area of interest on the contours
Click Editor | Save Edits

Click Editor | Stop Editing

Think of the myClip file as a cookie-cutter and the contour files as the
cookie dough. We will make two cookies since we have two contour files.
We perform this clipping function to decrease the time it takes to process
large raster files.

| SFF Skart Editing

Editor ~ ~ Task: NCreate Mew Feature j Target: fmyvclip j
: 2]
Which folder or database do you want to edit data from?
Source Type
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[ C ' FOtest Shapefilez
< >

Mare Editing Tools

Opkions...

These layers and tables will be available for editing:

rryClip

14

(]9 Cancel
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4f. At this point your ArcMap screen should look similar to this

o Of course your myClip file will be a different shape and color than shown
here and your contours may be a different color than shown here
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4g. Clip both contour files using the myClip file

e Start ArcToolbox

e Navigate to Analysis Tools | Extract | double-click Clip
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4g. (con’t) Clip both contour files using the myClip file

e For Input Features click the down arrow and choose DesignContour (it
may appear to stall for a moment...be patient)
For Clip Features click the down arrow and choose myClip
For Output Feature Class browse to the Folder on C: created in Step 1
Name the file DesignClip
A process box will open, when the process box finishes click Close

L= (=] E3
Input Features
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Clip Features
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Feet ;I

Cancel | Erwironments._.l Show Help »» |
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4h. Repeat Step 4g for the ExistingContour file

Input Feakures

IExistingCnntnur ;I Ii'
Clip Features

ImyCIip LI =
Cukpuk Feature Class

| CrinFOtestiExistingClip. shp =

# Tolerance (optional)
I Fest

L]

Ok

Cancel | Envirunments...l Show Help »> |

Output Feature Class |E| _

~| o splsm|c| [ =

Marne; IE wiztingClip I

Save aspel | Feature classes | Cancel
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4i. Remove unnecessary files

Close ArcToolbox

In ArcMap Table of Contents click on DesignContour
Hold down the Ctrl-key on the keyboard

Click on ExistingContour

Right-click and then click Remove
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4j. At this point your ArcMap screen should look similar to this

e Of course your contours may be a different color than shown here
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5. Set the Options for creating a GRID surface (raster) using Spatial Analyst

Spatial Analwst -

Distance
Density... Working directony: I|E:'~AFEItest I =
Interpolate to Rasker [

. u
Surface Analysis » Analysis mazk: Il myClip a I =

Cell Skatiskics. ..

Meighborhood Skatistics. .

Zonal Statistics, ..

Reclassify., .

Raster Caloulator,

Corrvert

Options. ..

. aystem az the active data frame.

On the Spatial Analyst toolbar click on Options...

Click on the General Tab

For Working directory browse to the Folder on C: created in Step 1
For Analysis mask click on the down arrow and choose myClip
Leave other options at their default

Click OK

= optir (2 [x]]
b E:-ttent ] Cell Size ]

Analyziz Coordinate Syztem

% Analysis output will be saved in the zame coordinate
zystem ag the input [or firzt ragter input if there are
multiple inputs).

" Analyziz output will be saved in the zame coordinate

¥ Display warming meszage if raster inputs have to be
projected during analyzis operation.

I Ok Cancel
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5a. Create a GRID surface (raster) from the clipped layers from Step 4
e Start ArcToolbox
¢ Navigate to Spatial Analyst Tools | Interpolation | double-click Topo to
Raster
e For Input feature data click on the down arrow and choose ExistingClip
e For Output surface raster browse to the Folder created on C: in Stepl and
name the file ExistRaster
(Don’t put a space in the name and note that if you name it something
different you are only allowed 13 characters)
Click Save
For Output cell size enter 2.5
Click OK
When the process box finishes click Close (this process could take a long
time!)
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% Coverage Tools
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=1 & Spatial Analyst Tooks e
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3
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A3

[-: & Inkerpolation
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L
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Output surface raster
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Output cell size {optional)
|25
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=
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5b. At this point your ArcMap screen should look similar to this

e Of course your raster may be a different color than shown here

This function has created a rectangular grid around the clipped area and
the extraneous data on the outside of the clipped area is bad data and
must be removed.
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A Trend
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+ & Map Algebra
+ By math
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+ % Raster Creation
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+ & Solar Radiation
£ % surface
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+ a Spatial Statistics Taols
¥ & Tracking Analyst Tools
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bad data from the raster using the clip area as a mask

Start ArcToolbox if it is not already started

Navigate to Spatial Analyst Tools | Extraction | double-click Extract by
Mask

For Input raster click on the down arrow and choose ExistRaster

For Input raster or feature mask data click on the down arrow and choose
myClip

For Output raster browse to the Folder created on C: in Stepl and name
the file ExistRasClip

(Don’t put a space in the name and note that if you name it something
different you are only allowed 13 characters)

Click Save, then Click OK

When the process box finishes click Close

(8% ArcToobox
+- &P 3D Analyst Tools
+-$E9 Analysis Tools

+-$9 Coverage Tools

+ &P Geocoding Toals

+i&§ Cartography Tools
+- &P Conversion Tadls

+ & [raka Inkeroperability Tools
+ & Data Management Tooks

+ % Gaeostatistical Analyst Tools
+ & Image Analysis Import-Expor
+ % Leica Geosystems Image Ans
+ a Linear Referencing Tools
+ & fultidimension Toals
+ % Metwork Analyst Tools
+- &P Famples
+ & Server Tools
- & Spatial Analyst Tools
-85 Condtional
+ & Density
+ % Distance
= & Extraction
7 Extract by Attributes
;" Extract by Circle
Wl tract by Mask
7 Extract by Points
;" Extract by Pohygon
;" Extract by Rectangle
# Extract ¥alues to Poi
& sample
+ & Generalization
+ % Groundwater
+ % Hydralogy
+ & Interpolation
+ % Local
+ § [\‘]a!nl algebra

Input rasker

I ExistR.aster I

Input raster or Feature mask data

I mvClip I

Cutpuk raster
IC:'I,AFOtest'I,ExistRasCIip I

I Ok, I Cancel

Etviratiments. ..

Show Help >




ArcGIS Spatial Analyst Extension (Contour, Slope, Hillshade) 21

6a. Adjust the symbology of the ExistRasClip raster
e In ArcMap table of contents right-click on ExistRasClip then click
Properties

e Click on the Symbology tab

e Under Show click Classified | then click the Import button
e For Layer click on the down arrow and choose ExistRaster
e Click OK

e Click OK

- £F Layers
- ExistingClip

= DesigniClip

£ Layer Properties

o

H General] Source] Extent] Display Cymbology l
Show:

W Draw raster stretching values along a color ramp Import...
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- oy Clip
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|2
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Low : & Laver: ExistRaster j Eq
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e, 750.¢ <&, Zoom To Layer

[

66,7940
[Ca,s07.c

63210 4% 7oom To Raster Resolution

E :J :i;f] visible Scale Range [ Use hilshade effect Display NoData as B
gl ' - "

[Ce,a61.¢ Data
[Ca,s7s.:

Stretch

Type: |Standard Deviations j Histograms...
L Z [ Inwert

QK. II Cancel ‘ ‘

Save As Layer File, ..
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7. Repeat all of Steps 5 and 6 for the DesignClip contour
e Be certain to name the resulting files appropriately!

e For example: In Step 5a input DesignClip and name the output
DesignRaster

e For example: In Step 6 input DesignRaster and name the output
DesignRasClip

e For example: In Step 6a right-click on DesignRasClip and for Layer
choose DesignRaster

7a. Remove unnecessary layers from ArcMap
e In ArcMap Table of Contents click on myClip
Hold down the Ctrl-key on the keyboard
Click on DesignRaster, ExistRaster
Right-click and then click Remove
Close ArcToolbox
Your ArcMap screen should look similar to this

= Hinal0 ) mud - AreMap - Arsints
e B e [ret Gelection Lock Mindow el

D& DA | o & 58S w0 @ E K2 | sowsiandra = | Laver [designascio Y
= & =
=
it
= B ExistingCio s
= B designrascin W
CWALLIE > .
6, 765 81445 - 6,784, 171266
6, 784.171267 - 6,758, 018622 | A=
[16,798.018623 - 6,809.478502 |
16,809, 478503 - 6,820, 460558
6,800, 460290 - 6,852, 398253 | BV
[ &, B2, 398364 - 6,844,335830 | [
6,544, 33544 - 5,855, 318024 &
(06,855, 318025 - 6,855, 30041
6,865, 300401 - 6,850, 742675 | 4
B eristrascip 'y
CVALLE»
6, 766901145 - 6,780 171206 | o
s, 7m0 01267 - o, rmmess | o
s romaimees - baom.amsor | 72
-
[ 6, 650, 46089 + b, 8057, ORI

[ 6,544, TIS64 < 6,855, 518004
[0 5, 5SS, F1HTES - 6, B, BO04T
] e, M1 - i, D, P4

Now you have two raster surfaces of the extent of interest.
Part 2 of this tutorial will illustrate creating Contour, Slope, and Hillshade.
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Chapter 2 - Step by Step Guide - Perform Analysis on raster surfaces

8. Contours
Currently the existing contours reflect a 4-foot interval and the design
contours reflect a 10-foot interval. Suppose we wanted to compare more
closely the existing and the design contours. We could ask Spatial Analyst to
create 4-foot intervals from our design raster.

e Click on the Spatial Analyst toolbar | Surface Analysis | Contour
e For Input surface click on the down arrow and choose DesignRasClip
e For Contour interval type 4
e For Output features browse to the Folder on C: created in Step 1
e Name the output Design4, to stand for 4-ft contour intervals.
e Leave other options at their default
e Click OK
Spatial analyst « Layer: | DesignR asClip ' E@
DI g Input surface: I|DesignRasCIip I j g
pansty. Cantaur definit
Interpolate ko Raster 3 e fenten
_— - Input height range: Z min: 6758, 72559 Zmax: 6331,
Surface Analysis Contaur,..
Cell Statistics. .. Slope... Centow interval:
Meighborhood Statistics, .. Aspect,,. Base contour: 1]
Zonal Statistics, .. Hillshade. .. 7 Factor: ,71
Reclassify. .. Yiewshed. .
CutfFll.. Output infarmation based on input contour definition
Raster Calculator, .,
Minirnurm conkour: G760
Corvert 3
Maxirnurn cankaur: 6330
Options. ..
Total number of conkour values: 31
Qutput features: I| Y AFOtest| Designd I E
ITI Cancel |
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8a. Contours Example
The blue lines represent 4-foot elevation contours of the existing surface. The
pink lines represent 4-foot elevation contours of the design surface.

@ﬁl

EE=
= M Designd

= O DesignClip

=] ExistingClip
= O ExistSlope
<WALLE>

[ 0.003956465 - 2,320576611
[ 2. 320876612 - 366549004
[ 3. 865490041 - 5,506641803
[15.506641809 - 7.437408593
[17.437408594 - 9.657790397
[19.657790395 - 12, 07124658
1207124859 - 14 67778404
[ 1467773405 - 17 86354924
[ 17 56354925 - 2462123299

= O Designslope
W0 -2 447936742
[ 2. 447936743 - 4,215691056
[14.215891057 - 6.119541856
[Cl&. 119541857 - 8.567778509
[18.5677786 - 11,55970125
11155970129 - 1482361694
[ 14.82361695 - 18,49552205
[ 1349552206 - 23, 25539905
[ 2325539906 - 3467910365

O desigrrasclip

O existrasclip

B Eer B TO B




9. Slope
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Suppose we were interested in comparing the existing slopes to the design
slopes. We could ask Spatial Analyst to create slopes for us to compare.

Click OK

e Repeat Step 9 to create a slope for the ExistRasClip

+ | Layer |designrazclip

Click on the Spatial Analyst toolbar | Surface Analysis | Slope

For Input surface click on the down arrow and choose DesignRasClip
For Output measurement you could choose either, let’s choose degree
For Output raster browse to the Folder on C: created in Step 1

Name the output DesignSlope

Leave other options at their default

Distance 2

Density. ..

Interpolate to Raster b

Surface Analysis 2 Contour, .

Cell Stakiskics, .. Slope. .,

Meighborhood Statistics, . Aspect. ..

Zonal Statistics. .. Hilshade. ..

Reclassify. .. Wiewshed. ..
CutfFill,..

Raster Calculakor, ..

Convert

Options. ..

Input surface:

Outpuk measurernent:

Z Factor:
Cukput cell size:

Oukpuk rasker:

|designrascli|:u ﬂ g

{* Degree " Percent
1
2.5
I CAFOkest DesignSlope IE."
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9a. Slope Example
This is a view of the existing slope. The red areas reflect greater slope, the
green areas reflect lesser slope.

I}

LY CEA RS XS yoyc

ER=1 Layers

5 0 B

= O DesignClip

= O ExistingClip
= M ExistSlope
<WALLE =

I 0.003956465 - 2,320676611
[ 2,320576612 - 3,86549004
[ 3.865490041 - 5.508641808
[]5.50664 1809 - 7.437408593
[17.437408594 - 5,657790397
[19.657790395 - 12.07124586
[0 12,071 24859 - 14.67775404
I 1467773405 - 17.86354924
I 1736354925 - 2462123299

= DesignSlope
W0 - 2447936742
[ 2447936743 - 4.215891056
[ 4.215391057 - 6.11984 1856
[16.119541357 - B.567778599
[1&.5677786 - 11.55970125
[111.55970129 - 14,8236 1694
[ 1452361695 - 18.49552205
I 1549552206 - 23.25539905
[ 23.25539906 - 3467910385

O designrasclip

O existrasclip




10. Hillshade
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The Spatial Analyst Hillshade tool creates a shaded relief raster from a raster
by considering the illumination angle and shadows.

Click on the Spatial Analyst toolbar | Surface Analysis | Hillshade

For Input surface click on the down arrow and choose DesignRasClip
For Z factor type 3 (increasing the Z factor increases the exaggeration of
the Hillshade)

For Output raster browse to the Folder on C: created in Step 1

Name the output DesignHill

Leave other options at their default

Click OK

Repeat Step 10 to create a Hillshade for the ExistRasClip

Spatial analyst - Layer: | designrasclp j hade
Distance 2
B Input surface: designrasclip j Eﬂ'|
Density. ..
Interpaolate to Raster 3 Azimuth: 315
Surface Analysis Conkour. .. Albitude: |—45
Cell Skatistics, ., Slope. ..
[ Model shadows

Meighborhood Skatistics. ., Aspect. ..
Zonal Skatistics. .. Hillshade... Z Factor: -
Reclassify. .. Viewshed. . oukput cell size: 2.5

CutfFill. ..
Raster Calculatar.., Cwtput raster: CHAFOtest DesignHill E-"'|
Converk [ 3

oK I Cancel |

Opkions, ..




ArcGIS Spatial Analyst Extension (Contour, Slope, Hillshade) 28

10a. Hillshade Example
This is a Hillshade of the existing raster clip.

x |a
= £ Layers Q
— W
Ers
= O Designdip G
— [y
= O ExistingClip am
= M ExistHil ®
Yalue «
High : 254 ’
ILDW 10 1
= M DesignHil is]
Walue
IHigh 1254 k
Low: 0
O ExistSlope #
O DesianSlope s
[ designrasclip T
O existrasdlip ?

Conclusion. Save your ArcMap session with any name you choose, if you choose.

Don’t forget to turn off the Spatial Analyst extension when you are finished using it.
Tools | Extensions | uncheck Spatial Analyst | Close
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This concludes the tutorial covering what we talked about in Albuguerque. | would
support experimenting with the other functions within Spatial Analyst. Just remember to
always make backup copies of your original data. Then you can experiment all you desire
without worry.

Keep in mind that the test data used in this tutorial was a very small sub-set of a much
larger contour file. In practice the time it takes ArcMap to carry out the processes
described within may be much longer.

Don’t forget to turn off the Spatial Analyst extension when you are finished using it!
Tools | Extensions | uncheck Spatial Analyst | Close

I hope this tutorial is helpful ---
Janine Ferarese ©

Technical Innovation and Professional Services

U5, Dept of the Interior
Office of Surface Mining




