How to Generate Contours in ArcGIS for Desktop

Training

This tutorial will show you how to generate contour lines from the LIDAR
Image Services located at: https://lidar.geodata.md.gov/imap/rest/services,
using ArcGIS for Desktop (requires Spatial Analyst extension). After the
contour lines are generated, you will learn how to build an index and
symbolize the lines appropriately.

What are contour lines?

Contour lines are vector features used to represent the landscape in a relatively familiar way.
A contour is a line through all contiguous points of equal value.

When are contour lines appropriate?

Contour lines are used as a familiar media for representing the elevations of a land surface
above sea level. These lines are typically used for basemaps and general topographic
representation; contour lines do this appropriately.

Contours should not, on the other hand, be used for analyzing the surface elevations above
and beyond for aesthetic purposes. Users who require the raw data, countywide DEMs are
available for download from the MD iIMAP LIiDAR Download page.

First we will need to connect to the MD iIMAP Maryland LIDAR Topography Server, for more
information please follow this link to learn How to Access Maryland LIDAR Image Services.

Comparing Raw vs Smooth Contour Lines

Generating Contour Lines in ArcGIS for Desktop

Building Contour Index Lines
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Comparing Raw vs Smooth Contour Lines

1. Typically when someone mentions
contours lines, the first thing they think of is
a topographic map with smooth, rounded
curves. See example >>>

2. The problem with the sample show above
resides with the fact that it inaccurately
represents the land surface.

If we were to generate contour lines from a
raw DEM, we would expect something like:
See example >>>

3. If smooth contour lines are the desired final product, we must generate contours that
are data-driven. This is critical to preserving the data’s accuracy and minimizing the
level of error. DO NOT generate contours and smooth the vector lines after they are
built; this method does not determine the direction and level of smoothing based on
the DEM. This incorrect method of smoothing is not data-driven and therefore nullifies
the accuracy of our data.
The appropriate method for generating smooth data-driven contour lines is by smoothing
the input DEM using the focal statistics tool in ArcGIS. This output will be data-driven and
will allow us to build contours at different levels of smoothness; leaving the control at the
user’s hand.
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Generating Contour Lines in ArcGIS for Desktop

1. Open ArcMap.

2. Check out Spatial Analyst Extension:

3. Add the desired Image Service to your map.
For more information on accessing Maryland LiDAR
image services, please read How to Access Maryland

LiDAR Image Services.

4. Extract the area of interest for local processing.
For more information on the image service extraction
process, please read How to Extract from Image
Services in ArcGIS for Desktop.

Customize | Windows Help

Toolbars » | e
| Extensions... | .
Add-In Manager...
: Extensions
Customize Mode... 3
Select the ArcGIS Desktop
Style Manager... extensions you want to use,
ArcMap Options... Extensions provide extended

capabilities and usually require
that you have a license to use
them. The dialog lists the
extensions that are currently
installed on your system and
which work with the application
you are currently using.

O Geostatistical Analyst
[ Network Analyst
“[ Publisher
[0 Schematics
. Spatial Analyst
O Tracking Analyst

5. This step assumes you are working with the DEM_m product and need to convert it to feet
elevation units first. If you already have your DEM in the appropriate elevation units, click

here to skip ahead.

Using the [Search] tool [], locate and open the Raster Calculator tool.

You can also locate the “Raster Calculator” tool in the “Spatial Analyst Tools” toolbox

Search o x
Sk R U g [ p——
ALL  Maps Data Tools Images 5
IRaster Calculator Q

Any Extent v

Search returned 38 items v SortBy v

‘.\\ Calculate Field (Data Management...
Calculates the values of a field for a f...
toolboxes\system toolboxes\data ma...

".% Raster Calculator (Spatial Analyst...
Builds and executes a single Map Alg...
toolboxes\system toolboxes\spatial a...

m

K} Batch Calculate Statistics (Data M...
Calculates statistics for multiple rast...
toolboxes\system toolboxes\data ma...

".\5 Calculate Statistics (Data Manage...
Calculates statistics for a raster data...
toolboxes\system toolboxes\data ma...

“.\\‘ Calculate Cell Size Ranges (Data ...
Computes the visibility levels of rast...
toolboxes\system toolboxes\data ma... —

= & Spatial Analyst Tools
& & Conditional

i & Density
i & Distance
|
|

[

F

|

]

] |

i+ [+

F

H ®

& & Local

= & Map Algebra
> "'--\ Raster Calculator

) & Extraction
&« Generalization
& Groundwater

& Hydrology
&) & Interpolation
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6. Using the “Layers and Variables” section of the tool, double click your variable (input

7.

raster dataset). Using the calculator in the tool, multiply the raster by 3.28084.

Make sure to follow proper syntax. Select your output workspace and output raster name.

Click [OK] to run calculation.

o~

’R Raster Calculator Ii”_”&]
Map Algebra expression :
Layers and variables Conditional | *‘
e BOBnEE -
B0 (0 0 | 2 [
— — —— | Math
)] Fl)la]| w
[ P | R i -
‘DEM_m" * 3.28084
Output raster e
C:\Users\mhall\Desktop\Testing\RasterCalculator \DEM_ft E"}'
OK ] [ Cancel ] [Environments...J | Show Help >> ||

.

Note: The LIDAR data in Maryland needs Quality Level 2 (QL2) specifications, with NVA
(NonVegetated Vertical Accuracy) at 95% Confidence Interval, of less than or equal to
19.6cm. Our conversion to the 5t decimal place is well within the accepted level of
accuracy for the QL2 data we are working with.

In order to create smooth contour lines, we first need to smooth our DEM to ensure the
vector output is data-driven. The most efficient way of doing this in ArcGIS is by using the
Focal Statistics tool in the Spatial Analyst toolbox.
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8. Using the [Search] tool [], locate and open the Focal Statistics tool.
You can also locate the “Focal Statistics” tool in the “Spatial Analyst Tools” toolbox.

= & Spatial Analyst Tools
= & Conditional

Search rx & Density
3] » Uensr
~ | o= =
* ‘ far 2 ‘ &2l v |Local Search W @ & Distance
ALL Maps Data Tools Images 4 @ & Extraction
Ifocal statistics Q @ &+ Generalization

@ & Groundwater
[ & Hydrology

Any Extent v

Search returned 1 items v SortBy v & & Interpolation
—_— #, Focal Statistics (Spatial Analyst) (... = & Local

Calculates for each input cell location ... @ & Map Algebra
toolboxes\system toolboxes\spatial a... @ % Math

@ & Multivariate

= &y Neighborhood
# Block Statistics
# Filter
#, Focal Flow

——> * Focal Statistics

#, Line Statistics

9. Set your “Input Raster’: DEM_ft S Row Sefirs
Set your “Output Raster”: DEM_ft FOCAL
Note: (Name this output appropriately — You will not want to use this output raster for
anything other than generating your smooth contours... Make sure this layer is not used
for any other processing that requires the original DEM for input)
Set your “Neighborhood Settings”: In this example we are using 7x7 for the smoothing.
Leave the rest default and click [OK]

.. Focal Statistics [=
Input raster
| DEM_ft |
Output raster
C:\Users\\mhall\Desktop\Testing\FocalStat\DEM_ft_FOCAL E;
Neighborhood (optional)
[Rectangle v]
Neighborhood Settings
Height: 7
Width: 7
Units: @ Cell () Map
Statistics type (optional)
MEAN v

[¥] lgnore NoData in calculations {optional)

[ oK ] [ Cancel J [Environments... J [ Show Help >>
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10. You may not notice any visible difference between your DEM _ft raster and the
DEM_ft_ FOCAL raster.
The output raster is created by calculating for each input cell, the average of the values
within the specified neighborhood. For a 7x7 neighborhood, each cell has been calculated
to equal the average of the 49 cells surrounding it.

11. With this new raster, “DEM_ft_ FOCAL” we can now generate smooth contour lines.

Using the [Search] tool [], locate and open the Contour tool.
You can also locate the “Contour” tool in the “Spatial Analyst Tools” toolbox.

= & Spatial Analyst Tools

Search ax
- = =) & Conditional
L] ‘ ~ ‘ _] D ILocaI Search '] # & Density
ALL  Maps Dats Tools Images £ 4 % [E)):ta"fe
3 s Extraction
Icomoursl Q @ & Generalization
Any Extent v # & Groundwater
7 & Hydrology
Search returned 10 items v SortBy v = & Interpolation
# Contour (3D Analyst) (Tool) = & Local
Creates a line feature class of contours (i... +_ % Map Algebra
toolboxes\system toolboxes\3d analyst to... o & Math
B— # Contour (Spatial Analyst) (Tool) =& M“_’t""a”ate
Creates a line feature class of contours (i... # & Neighborhood
toolboxes\system toolboxes\spatial analys... # & Overlay
, = = +) s Raster Creation
#, Surface Contour (3D Analyst) (Tool) S % Recl
Creates contour lines derived from a terra... . tecass o
toolboxes\system toolboxes\3d analyst to... @ & Segmentation and Classification
7 % Solar Radiation
= & Surface
#, Aspect
——> “_ Contour

12. Set your “Input Raster”: DEM_ft_ FOCAL
Set your “Output polyline features”: CT_7x7
Note: Contour lines can be very large depending on your AOI (area of interest). Therefore
it is recommended to work within a File GDB in ArcGIS. Countywide contour lines at 1ft
intervals can easily exceed the 2GB limitation set on shapefiles.
Set your “Contour Interval™: 1 leave
the rest as default and click [OK]

p

"\ Contour [ =0 _

Input raster
| DEM_ft_FOCAL

Output polyline features
C:\Users\imhall\Desktop\Testing\Contour\Contours.gdb\CT_7x7

Contour interval

1
Base contour (optional)

0
Z factor (optional)

1

[ OK J [ Cancel ] [Environments...} l Show Help >> ]
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13. Now run the same tool, but this time we will change the “Input Raster” to produce the raw
contours (use the DEM_ft without the applied focal statisitc)

Set your “Input Raster”: DEM_ft

Set your “Output polyline features”. CT_raw

Note: Contour lines can be very large depending on your AOI (area of interest). Therefore
it is recommended to work within a File GDB in ArcGIS. Countywide contour lines at 1ft
intervals can easily exceed the 2GB limitation set on shapefiles. Set your “Contour
Interval”: 1 leave the rest as default and click [OK].

Compare the results below:

CT_7x7

CT_raw
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Building Contour Index Lines

1. Indexing your contours after they have been generated is an efficient way to setup labels
and symbology across different intervals.

2. Open the attribute table for your contour line feature class; click “Options” [ = "1>“Add

Field...”

Name the new field, “Index”

click [OK]

 Add Field =)
Name: Index
Type: (Short integer )

Field Properties

Alias
Allow NULL Values Yes
Default Value
[ ok ][ cancel |

3. Right click the new field in the attribute table, scroll down and select “Field Calculator”

Table o x
ENLNLYS
CT_ 77 X
OBJECTID * Shape * Id | Contour | Shape_Length | Index { -
1 | Polyline 1 2296 1474579 [<Nulj{ = Sort Ascending 3
2 Polylfne 2 2313 25.3768 | <Nully T Sont Descending
3 | Polyline 3 2251 3.793089 | <Nulls s
4 | Polyline 4 2312 49633851 | <Nulf Advanced Sorting...
5 Polyl?ne 5 2250 6.473566 | <Null§ TR
6 [ Polyline 6 2295 11.13719 | <Nuli o
7 | Polyline 7 2311 64.95444 | <Nuli] X Statistics...
8 | Polyline 3 2249 8.921362 | <Nul{= Fielq Calculator...
9 | Polyline 9 2310 75.572642 | <Nulj—
10 | Polyiine 10 2309 84.984583 | <Nult Calculate Geometry...
11 | Polyline 1 2248 11.509502 | <Null§ Turn Field Off Field Calculator
12 | Polyline 12 2294 16.306264 | <Null Pobulotoripaatethevaldes of
13 | Polyiine 12 2308 92.58408 | <Null Freeze/Unfreeze Column it o
- this field by specifying a
i PolyI!ne i =t 14873217 | <Nult ¢ Delete Field calculation expression. If any of
15 | Polyline 18 2246 19.13239 | <Nul —— e et e s -
M4 0 » M B | (0 out of 1709 Selected) [ Properties... currently selected, only the values
of the selected records will be
calculated,
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4. If you are outside of an editing session, click [Yes] when prompted or begin an editing
session prior to calculating the new field.

Field Calculator

You are about to do a calculate outside of an edit session. This method is faster than calculating in an edit
session, but there is no way to undo your results once the calculation begins. Do you wish to continue?

["] Don't warn me again

Yes J l No

5. For this example, we will calculate the 10ft index: Double click “Contour” under the Fields
section to add it to the expression with proper syntax.
Type in a space, and type “mod” (without quotations).
After “mod”, type another space, then “(10)” (without quotations).

[Contour] mod (10)

Field Calculator @
Parser
@) VB Script Python
Fields: Type: Functions:
OBXECTID " @ Number At}
Shape ) Cos ()
d (") String Exp ()
Contour | Date Fix ()
Shape_Length {r;tg (( ))
Index sin()
Sar ()
Tan ()
[} show Codeblock |
10 @ Bl
B HEEEEE

[Contour] mod (10)

About calculating fields Clear I [ Load... I [ Save... |
E l Cancel |
Click [OK]

Deparement of
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6. In computing, the modulo operation returns the remainder of a number after dividing it by
another. In our expression we set a modulo of 10, returning a value of O for any number
that is divisible by 10. Querying the “Index” field for all values of O will give us the 10ft
index, or intervals, of our contour lines.

Select by Attributes (=234
Open the attribute table for your contour line feature | Friera WHERE dauseto seiect records nthe table window.
) ) F Method : [Cneateanew selection ']
class; click “Options” [ ] > “Select by OBJECTID 7
Attributes. . .” ?ontour
Shape_Length
Index
(=] (o] (] 0 .
. =
> >= And =
Type the expression: % [<:J : -
Index = 0 =4
L& Lol - :
. @ E Null Get Unique Values | Go To:
C“Ck [Apply] SELECT * FROM CT_77 WHERE:
Index = 0| -
With our 10ft index lines selected, we can create a .
new layer from the selected features, symbolize and | [ cesr | [ Very |[ bep | [ toad. | [ Save. |
label the index contours. (oo ][ Cose |

7. Open the layer properties for the contour feature class > Navigate to the Symbology tab.

Layer Properties @
éenerall Source l Selection ] E);;:Ia; }A é;’"’lbO'CJQY il-:lelds l Definition du;yl Labels I Joins gﬁelagsl Time IH:I'N]LI;opup‘
Show: 2 z 2 z

Feat Draw categories using unique values of one field. Import... ‘
Categories Value Field Color Ramp
: Index - -

Unique values, many
i.. Match to symbols in a

Quandities Symbol  Value Label Count
Charts <all other values> <all other values>
Muitiple Attributes <Heading> Index

0 0 ?

! | Add Al Values ] [ Add Values... ] Remove Remove Al ] [ Advanced ']
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8. Select “Unique Values” under “Categories” in the Symbology tab of the layer properties:

Categories
Unique values

9. Select “Index” from the “Value Field” dropdown menu:

Value Field

Index v

Click “Add Values” [] and select the Index (0) features.

10.Double click the symbol for your added value “Index(0)” Set line color and width for index

lines.
Symbol Value Label Count
<all other values:> <all other values:
<Heading> Index
0 0 ?

11.Navigate to the “Labels” tab of the properties window:

| General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates | Time | HTML Popup

12.Check the box for “Label features in this layer”
Select the method “Define classes of features and label each class differently”.

|| Label features in this layer

Method: [Deﬁne classes of features and label each class differently. v ]

13.Click “SQL Query” [] to write the expression for labelling our index
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14.Using our same expression “Index = 0”, set the labelling definition for the contour index:

' SQL Query n
OBJECTID %
Id
Contour
Click [OK] lil'l‘;::(e_Length
=)
L Lol

GoTo:
SELECT * FROM CT_77 WHERE:
Index =0 =

Cear | [ Veity |[ Hep | [ Load.. || Save.. |

ok J[ Concel |

15.Close layer properties > Inspect map for labels and symbology:
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ADDITIONAL RESOURCES
For more information about Maryland LIiDAR, please visit the Maryland LIDAR Overview page

For more information about additional training opportunities, please visit the MD iIMAP Training
Overview page, or contact Lisa Lowe, Senior GIS Analyst with the Maryland Department of
Information Technology, Geographic Information Office at lisa.lowe@maryland.gov.

For additional MD iMAP datasets, please visit the GIS Data Catalog

For all other inquiries related to Maryland LIiDAR, please contact the GIO Office at
service.desk@maryland.gov.
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