UofA Biological Sciences — GIS 15 July 2002

Creating Watersheds from a DEM

These instructions enable you to create watersheds of specified area using a good
quality Digital Elevation Model (DEM) in ArcGIS 8.1. The modeling is performed in
ArcMap with the aid of the Spatial Analyst and Hydrology Modeling extensions.

You may need to download the Hydrology Modeling extension from
http://arcobjectsonline.esri.com/. Locate SAMPLES - SPATIAL ANALYST >
HYDROLOGY MODELING in the Table of Contents (left side of the web page). Scroll
down on the right side of the web page to access the DOWNLOAD NOW link. Read and
follow the installation instructions provided.
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Uilikies Description:
ArcObjecs Cortrals
I3 sarnplies The purpose of this hydrology modeling tool is to |

expose some of hydralagy modeling methads
awailable through Spatial Anakyst Objects and
demonstrate how to develop a comples
application using Spatial analyst obEcts. This d
provides interfaces for crealipg S

i) stershed frm
(g code)

The form caleddating
watershads,

2 Download Now

Key GoClasses: EasterHydrodogyop,
RastarMakarlp, RastarExtractionOp,
RasterDescriptor, RasterDistancelp

Key Interfaces: IHydralogyOp, 1EdtractionOp,
[FasterDescriptor, [Distancecp

Key Members: IHydralogyop: :SnapPourPoint,
[Hydrologyop; ; Watershad,

[Hydrologydp: FlowDirection,

[DistanceCp:: CostPathAsPolyline,
[FasterDescriptor: (Create, JERTractioncn:  Foints

= 5end feedback on this sampls

| 0 Intesnet 4

This procedure is useful if you wish to delineate topographic boundaries based on
drainage basins inyour study area. In the example provided, watersheds that have a
minimum area of 200 square kilometers (or 20,000 X100 m cells) are used.

The following lists the data layers used for this instruction set (simply substitute your file
names):
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ORIGINAL DATA THEME

DEM - araster grid coverage of elevation
information for the study area— 100 m cells
Boundary.shp - apolygon shapefile of administrative area

CREATED DATA THEMES

Fill - araster grid coverage of a “depressionless”
DEM that has had all the sinks filled
Direction - araster grid coverage indicating the direction

of flow for each cell based on the elevation of
neighboring cells

Accumulation - araster grid coverage indicating where water
is likely to accumulate into a drainage
network

Watersheds - araster grid coverage of drainage basins or
watersheds of specified minimum cell count
(area)

Watersheds.shp . a polygon shapefile resulting from the
conversion of the watershed grid

Start the ArcMap document

1. Open ARCMAP

2. ADD DATA: DEM and Boundary.shp

3. Modify the SYMBOLOGY as appropriate

4. Choose VIEW - DATA FRAME PROPERTIES... and set the Map and Display
units under the GENERAL tab as appropriate (e.g. meters)

5. Click OK

Enable the required extensions:

First, enable the Spatial Analyst extension.

6. Choose TOOLS - EXTENSIONS

7. Click a check beside Spatial Analyst

8. Click CLOSE

Next, make the toolbar visible.

9. Choose VIEW - TOOLBARS -
SPATIAL ANALYST

10.1f not already installed, follow the instructions provided at the download page for
the Hydrology Modeling extension at http://arcobjectsonline.esri.com/

Make the Hydrology Modeling toolbar visible.

11.Choose VIEW > TOOLBARS >
HYDROLOGY MODELING

12.Position the toolbars where you want within the
document

Spatial &nalyst x|

Spatial &nalyst = [ Layer:idem ;] i3
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Set up the Analysis Options:

13.Choose SPATIAL ANALYST = OPTIONS
14.Under the GENERAL tab set the Working directory to where you want to save
your files (e.g. C:\WorkSpace\hydro)

as used in this example.

In the event that you want to restrict the watershed modeling to
within the exact extent of the Boundary.shp layer, then set the
ANALYSIS MASK to Boundary.shp; otherwise leave this as “None”

15.Save the ArcMap document (e.g. C:\WorkSpace\hydro\Watersheds.mxd)

Perform the Hydrology Modeling tasks

The following four steps are performed in sequence to model watersheds from the
DEM using the Hydrology Modeling toolbar:

Fill the sinks in the DEM to create a depressionless surface

Calculate the direction of flow for each cell
Calculate the flow accumulation
Calculate the watersheds based on minimum cell count

i Fill Sinks =10l x|
Input suface |dem _:J =
Fill lirnit: <Fill At
Dutput raster: |C: ok S pacehypdrobFil

0K ] Cancel ‘

Calculate flow direction:
6.

Choose HYDROLOGY - FLOW

Fill the sinks:

1. Choose HYDROLOGY - FILL SINKS...

2.
3. Specify an output file (e.g.
C:\WorkSpace\hydro\Fill)
4.
5. Click OK

Select DEM as the input surface

Keep Fill Limit at the default to fill all

=10j x|

Input surface: ‘Fill

[~ Create diop
[~ Farce flow at edge

1 &

Output raster

IE: WaforkS paceihydratDirection

ok, Cancel

Calculate flow accumulation:

11.Choose HYDROLOGY - FLOW

ACCUMULATION...

12.Select Direction as the direction raster

13. Specify an output file (e.g.

C:\WorkSpace\hydro\Accumulation)

DIRECTION...
7. Select Fill as the input surface
8. Specify an output file (e.g.
C:\WorkSpace\hydro\Direction)
9. Optionally, set the other parameters
10.Click OK
~lolx]
Direction raster: JDilection L] ‘?':]
*Weight raster; J<NDW’eightF|aster> L] ‘?,:]
Outpuit raster JE:\WorkSpace\hydro\.-'-‘«ccumulati ‘?':]
Cancel ]

14.Optionally, specify a Weight Raster

15.Click OK
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Calculate watersheds:

WATERSHEDS... -
17.Select Direction and Accumulation Direction faster. —— [irection - 2
as the input layers Asumulation raster oo mlation EN=
18.Specify the Minimum Number of Cells y .
for a Basin (eg 20000) Minimurn number of cells for a bazir: ﬁfﬁg‘g‘—
19. SpeCIfy an OUtpUt flle (eg Output raster: C:wwork S pacehydrotie atersheds
C:\WorkSpace\hydro\Watersheds)
20.Click OK Ok | _Carcel |

This example yields 26 watershed basins

that have at least 20,000 cells (200 square kilometers). You may wish to experiment
with different cell minimums on your data by repeating the above steps 16 through
20 to create your watersheds.

Convert to polygon shapefile and “clip” to the boundary
1. Choose SPATIAL > CONVERT ->

RASTER TO FEATURES

Input aster [uatersheds d = 2. Select the Watersheds grid layer as the
Field: [alue - input raster
Output qeemety g [Fabaon I 3. Use Value as the Field and Polygon as
e the Output Geometry Type

4. Optionally, choose to Generalize Lines
Output features: JF:\workS pacethycoth atersh 5. Specify a new output shapefile (e.g.

re| | | C:I\WorkSpace\hydro\Watersheds.shp)
6. Click OK

“Clip” the shapefile by Boundary.shp:

The following suggests two methods for selecting watersheds within your study area
boundary; choose one that makes the most sense for your objective.

This step is only necessary if you did NOT set the Analysis Mask
when you set up the map document. This example assumes not.

FIRST METHOD: Geoprocessing Wizard — Clip

7. Choose TOOLS > GEOPROCESSING WIZARD...

8. Select CLIP as the overlay procedure to use

9. Select Watersheds as the input layer

10.Select Boundary as the overlay clip layer

11.Specify a new output file (e.g. C:\WorkSpace\hydro\WatershedClip.shp)
12.Click OK

SECOND METHOD: Select by Location and Export Data
13.Choose SELECTION - SELECT BY LOCATION
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14.Enter the following to complete the
selection expression:
select features from
Watersheds
that are contained by
Boundary
15.Click APPLY
16.Optionally, hold the
SHIFT key and use the
SELECT FEATURES tool to
interactively select additional
watersheds that may mostly inside
the boundary
17.In the table of contents, right-click
on Watersheds.shp
18.Select DATA - EXPORT...
19.Export Selected Features and
specify a new output file (e.qg.
WatershedSelect.shp)
20.Click OK

The result of the first clipping method,
gives you watersheds that are

Select By Location ) _"lil

Lets you select features from one or more layers based on where they are located
i relation to the features in another layer.

| want ta:

E|

|select features from
the following layers:
[ w'atershedClip

[1Boundary
(W] atersheds

that:

|are contained by

the features in this layer:

IBc-undary
[T Use selected features [0 featurez selectad)
[~ Apply a buffer ta the features in Boundary

af: |0.000000 [Meters

E

~ Previe

The red features reprezent the features in Boundary.
The highlighted cyan features are selected because they
are contained by the red features.

e 2 ¢
A

O
Paints

Palygons

| Close I

Apphy

physically intersected by the extent of the study area boundary. The second method
yields watersheds that are contained by the study area boundary. Why you may
wish to “clip” the watersheds to a study area boundary is apparent if you have limited
data within an arbitrary or administrative area (e.g. FMA or municipality). Otherwise,
you may opt to use the entire DEM (i.e. do NOT set the Analysis Mask) if data
limitations are not an issue. Your watersheds are now ready for your analyses...

Watersheds for the entire DEM plus the boundary

Watersheds O
clipped by : |
the 4 i _- Lk ..-"' .
boundary S '
using the

First Method

Watersheds
selected
within the
boundary
using the
Second
Method
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