Exercise 4. Watershed and Stream Network Delineation
GIS in Water Resources, Fall 2015
Prepared by David G Tarboton and David R. Maidment

Purpose

The purpose of this exercise is to illustrate watershed and stream network delineation based on digital
elevation models using the Hydrology tools in ArcGIS and online services for Hydrology and Hydrologic
data. In this exercise, you will select a stream gage location and use online tools to delineate the
watershed draining to the gage. National Hydrography and Digital Elevation Model data will be
retrieved for this area (Logan River Basin) from online services. You will then perform drainage analysis
on a terrain model for this area. The Hydrology tools are used to derive several data sets that
collectively describe the drainage patterns of the basin. Geoprocessing analysis is performed to fill sinks
and generate data on flow direction, flow accumulation, streams, stream segments, and watersheds.
These data are then used to develop a vector representation of catchments and drainage lines from
selected points that can then be used in network analysis. This exercise shows how detailed information
on the connectivity of the landscape and watersheds can be developed starting from raw digital
elevation data, and that this enriched information can be used to compute watershed attributes
commonly used in hydrologic and water resources analyses.

Learning objectives

e Do an online watershed delineation and then extract the data for that watershed to perform a
more detailed analysis.

e Identify and properly execute the sequence of Hydrology tools required to delineate streams,
catchments and watersheds from a DEM.

e Evaluate and interpret drainage area, stream length and stream order properties from Terrain
Analysis results.

e Develop a Geometric Network representation of the stream network from the products of
terrain analysis.

e Use Network Analysis to select connected catchments and determine their properties.

Computer and Data Requirements

To carry out this exercise, you need to have a computer which runs ArcGIS 10.2 or higher and includes
the Spatial Analyst extension. No data is required to start this exercise. All the necessary data will be
extracted from ArcGlS.com services. To use these services you need an ArcGIS.com account that has
been linked to an ArcGIS license.

The exercise is divided in to the following activities that each comprise a sequence of steps

1. Online Watershed Delineation and Data Retrieval.
2. Hydrologic Terrain Analysis
3. Network analysis



Before we start
In ArcMap select Customize = Extensions

Customize | Windows  Help

Toolbars »

u| Extensions...

| Add-In Manager...

Select the Spatial Analyst extension. We will be using this during the exercise.

F B

Select the extensions you want to use.

el 30 Analyst

ArcScan
Geostatistical Analyst
Metwork: Analyst
Publisher
Schematics

Spatial Analyst
Tracking Anahyst

Description:

3D Analyst 10.2
Copyright ©15553-2013 Esri Inc. All Rights Reserved

Provides tools for suface modeling and 30 visualization.

L

The USGS NWIS website for the Logan River:

http://waterdata.usgs.gov/nwis/inventory?agency code=USGS&site no=10109000 gives the following
information about the Logan River Stream Site.

USGS 10109000 LOGAN RIVER ABOVE STATE DAM,
NEAR LOGAN, UT

PACTIEL WG E GRG0 R TR 0 SUMMARY OF ALL AVAILABLE DATA - m

Stream Site

DESCRIPTION:

Latitude 41°44'36", Longitude 111°46'55" NAD27
Cache County, Utah, Hydrologic Unit 16010203
Drainage area: 214 square miles

Datum of gage: 4,680.00 feet above NGVD29.



http://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=10109000

Note the Latitude, Longitude and geographic coordinate system (NAD27). Note also the drainage Area.

Compute the latitude and longitude in decimal degrees in an Excel Spreadsheet.

A E C D E F G H I
1 |5itelD LatDeg  LatMin  LatSec LongDeg LongMin LongSec LatDD LongDD
2 10109000 41 44 36 111 46 535 41.74333 -111.78154

-

Online Watershed Delineation and Data Retrieval

1. Watershed draining to a stream gage

+ L
Open ArcMap. Click on the arrow part of the 7 icon to Add Basemap and select Topographic. You
should see a display of the World_Topo_map.

+ .
Clickonthe ™ 7 icon to Add Data and add the sheet from the spreadsheet with latitude and
longitude of the Logan River Stream Gage.

Right click on this spreadsheet layer and select Display XY data.
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[ Prope| Display XY Data

Adds a new map layer based on
£Y events from a table,

Set the X and Y fields. Recall that the USGS NWIS website indicated a NAD27 coordinate system. Click
Edit to edit the coordinate system
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A table containing X and ¥ coordinate data can be added to the
map as a layer

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

[ sheetis ~] &

Specify the fields for the X, ¥ and Z coordinates:

¥ Field: LongDD -
1 e .
Z Field: <None = -

Coordinate System of Input Coordinates

Description:

Projected Coordinate System: -
MName: WGS_1984_Web_Mercator_Auxiliary_Sphere

Geographic Coordinate System:
MName: GC5_WGS_1984

¥ 3
[7] show Details l Edit... ]

Warn me if the resulting layer will have restricted functionality

About adding XY data l 0K I [ Cancel ]

Locate Geographic Coordinate Systems = North America = NAD1927 in the Spatial Reference
Properties window and click OK.

, |
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¥ Coordinate System | I
7 - | Type here to search -~ @ @ | @ - 3F

Bl Favorites

= Geographic Coordinate System_?] [
C_| Africa

£ Antarctica

B3 Asia
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Spatial Refem X

¥Y Coordinate System |

ﬂ - | Type here to search - '@' @ | @ hl
EJ County Systems -
EJ Europe D
1 Indian Ocean

|5 [ North America |
i Alaskan Islands

@ American Samoa 1962
23 Ammassalik 1958

P T _ -

s Bl
Spatial m X

XY Coordinate System |

ﬂ' - | Type here to search * @ @ | @ v 5

) NAD 1983

£ NAD 1983 (2011)
2 NAD 1983 (CORS96)
) NAD 1983 (CSRS)

A8
£ mIAN 1082 IMICDCINRTY

Current coordinate system:

GCS_Morth_American_1927 “
WKID: 4267 Authority: EPSG

Angular Unit; Degree (0.0174532925159433)
Prime Meridian: Greenwich (0.0)
Datum; D_Morth_aAmerican_1927
Spheroid: Clarke_1366
Semimajor Axis: 6§373205.4
Semiminor Axis: 6356583, 7999958951
Inverse Flattening: 294.9736982

Click OK again to Display XY data and OK to acknowledge that the table will not have an Object-ID field.
A dot should appear on your map showing you where the Logan River stream site is.
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Zoom in on this to get a sense for the topography near Logan. | also changed the symbology of the point

to make it easier to see.
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Open ArcCatalog. Double Click on Add ArcGIS Server

This wizard guides you through the process of
making a connection to an ArcGIS Server. You can
create a connection to use, publish, or administer
GIS services,

What would you like to do?

(7 Publish GIS services

() Administer GIS server

< Back l MNext = I’ Cancel ]

Enter the Server URL http://elevation.arcgis.com/arcgis and your ArcGIS.com user name and password.
(with an older version of ArcGIS you may need to enter http://elevation.arcgis.com/arcgis/services)

Server RL: http:/felevation.arcgis. com farcgis

ArciGIS Server: http:f/gisserver.domain.com: 5080 arcgis

Authentication (Optional)

User Mame: dtarb

Password: senseses
Save UsernamePazsword

About ArcGIS Server connections

<gack || Finish



http://elevation.arcgis.com/arcgis/
http://elevation.arcgis.com/arcgis/services

Note that your user name and password needs to have been associated with an ESRI license as arranged
by one of the instructors. Click Finish. You should see arcgis on elevation.arcgis.com displayed in your
Catalog under GIS Servers.

= 3 GIS Servers

*3 Add ArcGIS Server

3 Add ArcIMS Server

g Add WCS Server

3 Add WMS Server

3 Add WMTS Server

7 arcgis on elevation.arcgis.com_443 (user) (3)

] My Hosted Services

Expand the tool to see the services available

= (F arcgis on elevation.arcgis.com_443 (user)
= EJ Tools
= E Elevation
“, Profile
F\% SummarizeElevation
#, Viewshed
= E ElevationSync
#., Profile
= EJ WorldElevation
@ Databxtents
@ Terrain
@ TopoBathy
B nED30M

In a similar manner add the service http://hydro.arcgis.com/arcgis. After expanding the tools you
should see the Watershed and TraceDownstream tools

= 7 arcgis on hydro.arcgis.com_443 (user)
= EJ Teols
= E Hydrology
.r\% TraceDownstream
.r\% Watershed

If you are unable to use these services load the raster ned30mEx4.tif from the zipfile
http://www.neng.usu.edu/cee/faculty/dtarb/giswr/2015/Ex4Data.zip and work with it where the
exercise refers to NED30m below.

In elevation.arcgis.com NED30m is the USGS National Elevation Dataset digital elevation model. Drag
and drop this onto your map to add this data. Close the coordinate systems warning.


http://hydro.arcgis.com/arcgis
http://www.neng.usu.edu/cee/faculty/dtarb/giswr/2015/Ex4Data.zip
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Location: Q:] arcgis on elevation.arcgis.com_443 (user)

= () Home - Scratch\Exd
3 Logan.gdb
~SLoganGagexlsx
Q] Ex4.mxd
LoganGage.xlsx
= (3 Folder Connections
e
£ C\Users\dtarb
) Toolboxes
= [{J Database Servers
’E| Add Database Server
=] @ Database Connections
Q Add Database Connection
= {3 GIS Servers
*| Add ArcGIS Server
&E| Add ArcIMS Server
*| Add WCS Server
& Add WMS Server
Add WMTS Server
Tools
WorldElevation
NED30m
My Hosted Services
Ready-To-Use Services

The initial appearance is rather dark. Open Properties and Symbology. Change the color ramp and using
the slider bar to expose the bottom of the Symbology Window set the Statistics to “From Current
Display Extent” so that you get more differentiation within the display.

— | Fields | Definition Query | o [ o
[ General | Source | ey Metadata I Extent I Display | Symbology | Server Functions | Mosaic
Show:
[Cassifed | IStretch values along a color ramp E] -
@]

55,0055 :
Discrete Color I Low : -85.6033

Display Background Value: EI as
Use hilshade effect z Display MoData as

Stretch
Type: [ Minimum-Maximum | [ istograms |
Invert
[ Apply Gamma Stretch:
Statistics

Statistics From Image Service
From Custom Settings (below)

Min :

Max

About symbaology

m

ok J[ camcat J[ sony

And here is the result, a fairly nice color shaded terrain map display.
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Now let's set up a folder and geodatabase for our work. First create a folder (e.g.

C:\Users\dtarb\Dave\Ex4). Save the map document in this folder (Ex4.mxd). This serves to establish a
place on disk where temporary files can be written and a Home location in Catalog. Without this some

of the geoprocessing tools fail.

Right click in Catalog Home and create a New File Geodatabase

Catolog
Gy @

nx

vl et |

Location: Home - Scratch\Ex4

Bl Copy
B Paste
x

Logan
= 5 Folder Co
S ey

B Ch\Ust =

Delete
Rename

Refresh

ﬁ Toolboxe New

= ﬁﬁ Database

+ Add

= EE] Databaze H Properties...

Itern Description...

Mew File Geodatabase

E Add E OOoosCCoTITECornoTT
= B GIS Servers

* Add ArcGIS Server

7 Add ArcIMS Server

7 add WCS Server
Az A A WNAS Canear

Set the name to Logan.gdb.

Create a new file geodatabase.

Layer...

=
E
3
<&
@

Group Layer
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Right click Logan.gdb to create a new Feature Dataset

Catalog 7 x |
e ot 3| E
Location: L@ Logan.gdb -

= B3] Home - ScratchiBxd

W] Logan.gdb

= . ~SLoganGc Copy
Bxxd.mxd Paste
LoganGage
= Ed Folder Connec % Delete
B o\ Rename
£ C\Usershdt ™ Refresh
Toolboxes
o E@ Database Serve L Make Default Geodatabase
| Add Databs Administration v
= @ Database Conr Distributed Geodatabase 3
5,_ Add Databs
= [l GIS Servers Mew » Feature Dataset...
-+ =
Add ArcGIS
:-ﬂ " Import E D Mew Feature Dataset
& Add Aram £
\'_"j:l Add WCS § port ' Create a new feature dataset.
& AddWMSY @ Share as Geodata Service... -

Set the name to Basemap. Click Next.

Basemap

< Back [ Mext = ] [ Cancel ]

For the coordinate system scroll to the bottom and expand the Layers folder. Select
North_America_Albers_Equal_Area_Conic. This is the coordinate system of NED30m, so we choose to
use this for our work here. If you are working using data from disk this is the coordinate system of
net30mEx4.tif. Click Next.

11
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| ]
Choose the coordinate system that will be used for XY coordinates in this data.

Geographic coordinate systems use latitude and longitude coordinates on a spherical model
of the earth's surface. Projected coordinate systems use a mathematical conversion to
transform latitude and longitude coordinates to a two-dimensional linear system.

ﬂ' - | Type here to search * Q) :ﬁ.l | E;f v 3%
£ State Systems i
EJ uTm
£ Werld

£ World (Sphere-based)
= Layers
m & Mladth A rnerican
!ﬁ N::-rth_Arnerica_AIhEls_EquaI_Area_Cunic.

Current coordinate system:

Morth_America_Albers_Equal_Area_Conic
WEID: 102008 Authaority: ESRI il

Projection: Albers
False_Fasting: 0.0
False_Marthing: 0.0
Central_Meridian: -96.0
Standard_Parallel_1: 20.0
Standard_Parallel_2: 60.0
Latitude_Of_Origin: 40.0
Linear Unit: Meter (1.0)

< Back ]l Mext = |[ Cancel

Click Next at the vertical coordinate system. We do not need to set a vertical coordinate system. Click

Finish at XY Tolerance leaving the defaults. Now you have a feature dataset Basemap in the Logan
geodatabase.

Right click on Sheet1S$Events (the XY events layer from the gage site spreadsheet) and select Data /
Export Data.

12
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Sl ] Sheett Evp
® Bl Copy

E5 Sheetl$ ¥ FRemove

= NED30m EE Open Attribute Table
Value
. High : 3033,

Joins and Relates

f_s:) Zoom To Layer
Low:1343.9| Zoorm To Make Vicihle

Visible Scale Range
World_Topo_M
* P Use Symbol Levels

Selection
Label Features

Edit Features

9 Convert Features to Graphics...

Convert S5ymbology to Representation...

Data

Save As Layer File...

Create Layer Package...
Properties... Viake
‘ or geodatabase feature class
&% Review - e

FRIRG

Save this layer's data as a shapefile

Export: ’All features

Use the same coordinate system as:
thiz layer's zource data
the data frame

(@) the feature dataset you export the data into
{only applies if you export to a feature dataset in a geodatabase)

Qutput feature dass:

ChUeersdtarh Dave \Exd'\ Logan.gdb"Bazemap*Gage

This serves to project the geographic coordinates of this site feature class to the North America Albers
coordinate system of the Basemap feature dataset and also to make it a permanent feature class. Add it
as a layer and remove the spreadsheet and XY Events layer (Sheet1$ Events).

Now locate the Watershed tool in the Hydrology toolbox as part of hydro.arcgis.com in Catalog.
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= L'f| arcgis on hydro.arcgis.com_443 (user)
= £ Tools
= E Hydrelogy

. TraceDgwnstream
w Watershed

Open the Watershed tool and set Input Points to Gage (the Logan River stream site) and Data Source

Resolution to FINEST. Leave other inputs at their defaults and click OK to run the tool.

#, Watershed

Input Points

IGage
&

Paoint Identification Field {optional)
Snap Distance (optional)

Snap Distance Units {optional)
Meters

ata Source Resolution {optional

[ Generalize Watershed Polygons {optional)

Retumn Snapped Points (optional)

Data Source Resolution (optional)

Keyword indicating the source data that will be
used in the analysis. The keyword is an
approximation of the spatial resolution of the
digital elevation model used to build the
foundation hydrologic database. Since many
elevation sources are distributed with units of
arc seconds, we provide an appraximation in
meters for easier understanding.

s Blank - The hydrologic source was built
fram 3 arc second, approximately 90
meter resolution elevation data. This is
the default.

s FINEST- Finest resolution available at
each location from all possible data
S0Urces.

[ o

] [ Cancel

] [Environmems... ] [ << Hide Help ]

Tool Help ]

When the tool completes you should have an Output Watershed that has been delineated using the
online watershed delineation service. Notice that it appears in the GPInMemoryWorkspace part of the

m

map document table of contents. Notice also that there is an Output Snapped Points feature class that
contains the outlet point "snapped" or moved to be on the streams. We will use this later on. Note also
that this tool does not use the DEM layer that we added. It operates on its own internally processed

DEM and can in fact be run without a DEM layer in the map.

If you do not have access to hydro.arcgis.com load the shapefiles OutputWatershed.shp and

OutputSnappedPoints.shp from http://www.neng.usu.edu/cee/faculty/dtarb/giswr/2015/Ex4Data.zip

and use them in place of Output Watershed and Output Snapped points below.
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http://www.neng.usu.edu/cee/faculty/dtarb/giswr/2015/Ex4Data.zip
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*
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. 1

= 3 C:\Users\dtarb\Scratch\Exd\Logan.gdb
= [ Basemap
= M Gage

= M NED30m
Value
M High:3021.72
-
Low:1342.15

World_Topo_Map

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
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35,114

vk ‘Find Common Ancestors
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Location: *% Watershed -
= [ Home - Scratch\Ex4
= |3 Logan.gdb

m Basemap
@] Exd.mxd
LoganGage.xlsx
= (5 Folder Connections
g
£ C:\Users\dtarb
ﬁ Toolboxes
= [ Database Servers
“a Add Database Server
=] @ Database Connections
gg Add Database Connection
=] GIS Servers
*7| Add ArcGIS Server
| Add ArcIMS Server
*| Add WCS Server
| Add WMS Server
*:| Add WMTS Server
& (7 arcgis on elevation.arcgis.com_443 (user)
=] Tools
! Elevation
=] ! Hydrology
# Watershed
E3 WorldElevation
i NED3Om
lﬁ arcgis on landscapel.arcgis.com_443 (user)
&) My Hosted Services
Ready-To-Use Services

-
| m Results I [®] ArcToolbox | m Catalog ‘ % Search ]

-12458117.268 5183944.806 Meters

Right click on Output Watershed and select Data = Export Data to export this delineated watershed

and set the output feature class as Basin in Logan.gdb\Basemap.

Export: [H features

Use the same coordinate system as:

this layer's source data

the data frame

i@ the feature dataset you export the data into

(only applies if you export to a feature dataset in a geodatabase)

Qutput feature dass:

C:hUsershdtarh  Dave \Exd' Logan.gdb" Basemap* Basin

This saves the Basin locally on your computer. | symbolized this with a red outline.
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Similarly save the Output Snapped Points in Logan.gdb\Basemap\GageSnap feature class. Saving these
results locally retains them in case you need to restart ArcMap in which case the
GPInMemoryWorkspace is lost. Save your map document for good measure.

Zoom right in near the outlet.

|| Ele Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
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i Drawing~ K () & | O~ A - /< [0] Aial vjo v
Table Of Contents 2 x i \ Catalog %
“=[0le 88 e o @ E-le el E
= £ layers Location: il NED30m.Imageserver -
= 3 Ci\Users\dtarb\Dave\Bxd\Logan.gdb Q] Exd.mxd i
o B Basemap s

# [E] LoganGageasx

= @ GageSnap £ E3 Folder Connections
.

______________ =fe
B & Gage C\Users\dtarb
£
= M Basin & @ Toolboxes

@ My Toolboxes
System Toolboxes

atabase Servers

@ (Gl Database Connections

= {3 GIS Servers

5 (3 GPInMemoryWorkspace/{EEB51A2F-46|
5 O Output Snapped Points [194448_10)

=] Output Watershed [194448_100120]

(=1 & Add ArcGIS Server
© O NED30m &2 Add ArcIMS Server
Value % 2:: m(;lsS S;rver E
S & rver
M Fah 10 7 Add WMTS Server
- Low:1425.73 &l & arcgis on elevation.arcgis.com_443 (user)

B B Tools
© Elevation
) ElevationSync
WorldElevation
B NED3Om
& & arcgis on hydro.arcgis.com_443 (user)
& E3 Tools
& @ Hydrology =
# TraceDownstream
“, Watershed
i arcais on landscapel arcais.com 443 (user ™
——l e *

@ & World_Topo_Map

| B Resuts | @ ArcToolbox | (3] Catalog | 5] Search |
-12442473.526 5122417.79 Meters

Note that the GageSnap point is shifted slightly from the Gage point. This is to move it onto the stream
flow path in the preprocessed NED30m DEM that underlies the watershed delineation. Note also that
the watershed boundary has a stair step shape as it is based on DEM grid cells but that these are skewed
relative to the map display. This is because the underlying NED30m DEM coordinate system is different
from the display data frame. Let's re-orient the data frame to the coordinate system of the DEM. Right
click on the data frame Layers = Properties
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< Add Data...
o [ &2 New Group Layer
@ Mew Basemap Layer

Copy
X Remove
Turn All Layers On
23
. Turn All Layers Off
Select All Layers
B[ ® ExpandAll Layers
= Collapse All Layers
= 0O

Reference Scale 3
] Advanced Drawing Opticns...

Labeling 3

V%5 Convert Features to Graphics...

Activate

[ propemie

Data Frame Properties

Change the properties of this data
frarmne, such as the coordinate
systern it uses.

Select the Coordinate System tab and scroll to the bottom. Under Layers select
North_America_Albers_Equal_Area and click OK.
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Feature Cache I Annotation Groups I Bxtent Indicators | Frame | Size and Position
General I Data Frame | Coordinate System | lumination | Grids
T | Type here to search - @@ | G~ 5t
@ Winkel Tripel (NG5 - world) -
EJ World (Sphere-based)
= Layers

@ Gage
‘& Bazin l:l

&> NEDI0m

T WANEE 10840 WAfal K darmaboe Avecilines Cimlbiaes

Current coordinate system:

Morth_America_albers_Equal_aArea_Conic -
WEID: 102008 Authority: ESRI

Projection: Albers

False_Fasting: 0.0

False_Marthing: 0.0

Central_Meridian: -36.0

Standard_Parallel_1: 20.0

Standard_Parallel_2: 60.0

Latitude_Of_Crigin: 40.0

Linear Unit: Meter (1.0) -

Transformations...

[ Ok | [ Concel |[ ey |

Click Yes to the warning. The DEM edges should now be aligned vertically. Remove the
GPMInMemoryWorkspace layers as we have them saved locally and save the map document.

2. National Hydrography Data Service (NHDPlusV2)
In Catalog = GIS Servers add the http://landscapel.arcgis.com/arcgis ArcGIS service as you did before

for elevation services.
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http://landscape1.arcgis.com/arcgis

Server URL: http:/flandscape 1.arcgis. com/arcgis/services

ArcGIS Server: hitp: jjmyserver:6080/arcgis/services
Spatial Data Server: http:/jmyserver:8080/arcgisfrest/services

Authentication (Optional)

User Name: dtarb

Password: sessenn

Save Username Password

About ArcGIS Server connections

About Spatial Data Server connections

Add USA_NHDPIusV2 service layer to see the NHDPlus streams. You may need to expand the display to
maximum extent and zoom in for the streams to appear.

Eﬂ EAT - ArcMap

@ Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DBES BB X9 |- 14511 ] EEEROE manED BRE EsE - EREaedy
g@‘g*qg‘;::; 5 -0 8@ 7 2 08 2 27 & . Drawing~ K () 5| O~ A ~ 7| [0) Aial ~10 vB 1 U A-»-2-
{ vr! Flow~ %5 | Analysis~ " ~|Find Common Ancestors 4
Table Of Contents 2 x R 1 x
%[Blc 8= e oty @ £ %] &
B =7 layers Location: *% Extract Landscape Source Data -
= 3 GPInMemoryWorkspace:{75C290A8-COE0-4 * Add WMS Server =
= O Output Snapped Points [105949_093020; (.1% Add WMTS Server
- & & arcgis on elevation.arcgis.com_443 (user)
= O Output Watershed [105949_09302013] = & Tools
1 ! Elevation
= 3 C:\Users\dtarb\Scratch\Ex4\Logan.gdb a ! Hydrology
= 7§ Basemap # Watershed
2 Gage ® £ WorldElevation
B NED30m
2 Basin =] ﬁ arcgis on landscapel.arcgis.com_443 (user)
(] = £ Tools
USA_NHDPlusV2 =9 B
= & NED30m Extract Landscape Source Data
Value USA3 = 5
W High:3021.72 USA_All_Fed_Lands
4 2 USA_BLM_Lands
Low:134215 2 USA_Coal_Bed_Methane_Basin
’ USA_Critical Habitat
USA_Earthquake_Risk
World_Topo_Map USA_Flood_Risk
USA_Geology_Units
USA_Historic_Sites =
USA_NHDPIlusV2
2} USA_NPS_Lands
USA_Ntv_Lands
USA_Qil_Shale_Basins
2l USA_Railroads
USA_Roads
2 USA_Soils
USA_USFS_Lands
& USA_USFWS_Lands
(Sl UsA_Wetlands -
@ USA_Wilderness_Areas
- | @ 3 My Hosted Services 2%
« i v | ) Results | @) ArcToolbox {01 ¢ &) Search |
-12394568.786 5170014.794 Meters

Under “Tools” in the Landscape 1 service, use “Extract Landscape Source Data” (see image above) and
choose NHDPlus V2 Flowlines as the Landscape Layer and Basin as the study area.
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I #., Extract Landscape Source Data

Choose Landscape Layer Extract Landscape Source Data

MHOPlus v. 2 Flowlines
Study Area This geoprocessing service extracts data
from one of the Landscape Analysis Layer's
[Basin source datasets based on a study areato a

ﬁlefeodatahase that is delivered in a ZIP

file

| [ cancel | [Environments... | [ <<tidetelp | [ ToolHelp

Wait until this message box appears.

ra

i+ Extract Landscape Source Data

-57.751 29.648 Decimal Degrees

Open the Geoprocessing Results Window

Geoprocessing | Customnize  Windows  Help
|, Buffer =l

Clip P

Intersect ——‘W—

A
N
N
_ ‘:\5 Unicn [ r E
‘t\ Merge I 5, .
7 ‘t\ Dissolve :
@ Search For Tools |y,
E ArcToolbox :
f& Environments... i . p
-|@ Results N
| P ModeB{
& Python

Open the Results window so you
Geoproq  can track and review the

“| geoprocessing steps you have
performed. In this window you
can also share your geoprocessing
results with others as packages or
SErVICES.

@) Press F1 for more help.

.
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Identify the Output File NHDPlusv.zip. This file is in
http://www.neng.usu.edu/cee/faculty/dtarb/giswr/2015/Ex4Data.zip if you do not have access to

arcgis.com services.

Results
= [ Current Session
F - = [

S
[] Qutput File: NHDPlusv.zip

EIm v

" Environments

E] Messages
#, Watershed [225205_09292013]

[ Shared

Double Click to open the output zip file and copy the geodatabase folder Landscape.gdb to the folder
where you are working (e.g. C:\Users\dtarb\Dave\Ex4). In Catalog right click on your working folder and

Refresh so that the Landscape.gdb is visible.
Catalog 7 x
o @ E-leE

Location: 7] Home - Dave\Ex4
S [F#]Home - Dave\Exd )

= [ Landscap| (3] Copy
(=] NHDF

¥ Logan.gd
Q] Bxdmxd|
LoganGa
= E5 Folder Conn

[

£ C:\Users\ Refresh (F5)
£ D = w Refresh the selected itern(s)

=l [ Teolboxes .
@ My Toolk [ Properties... I'I_HII'

Right click on the NHDPlusv in Landscape.gdb and select Export 2 To Geodatabase (single)

Py

o

»

m
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(= Home - Dave\Exd

Q| Ex4 % Delete

3 Add ArcIMS Server
3 Add WCS Server
3 Add WMS Server

A= o v aTe

Set the Output Location to Logan.gdb\Basemap and Output Feature Class to NHDPlusv. Leave other

inputs at their defaults.

||
Input Features

e 0 =)

Output Location

| C:\Users\dtarb\Dave\Bxd\Landscape.gdb\NHDPlusy | @

C:\Users\dtarb\Dave\Ex4\Logan.gdb'Basemap
Cutput Feature Class

Log Renarmne
= 3 Folder ¢ i

£3 ¢ | S Create Layer...

g Al Manage 3

o
= Tuulbm a To CAD...

Wy Load 3 To Coverage..,

1@ Reiew/Remat
E@ Databa Feview,Fema i To Geodatabase {smglfe}... -
5l Databa Itern Description...

Export To Geodatabase (single)

= @EI-‘-;Z: “F Propertics.. To Sha| Expo ng

To Sha] Conwvert this feature class or
shapefile into a feature class.

Ly XML Recordset Document...

Qutput Feature Class

The name of the output
feature class.

MHDFusy
Expression (optional)

Field Map (optional)

[+ comid {Long])

¥ gnis_name (Text)
engthkm (Double)

v reachcode (Text)

- flowdir (Text)

- wbareacomi (Long)

il- ftvoe (Text)

-

oK ] [ Cancel ] [Environments... ] [ << Hide Help ] [

Tool Help

This serves to move the NHDPIlusv features into our Basemap feature class converting the projection to

be North_America_Albers_Equal_Area_Conic consistent with the rest of our data.
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Symbolize NHDPlusv from Logan.gdb using Gage Adjusted Flow E to give a flow map.

e e
Layer Properties .

Hatches | Joins & Relates | Time | HTML Popup
Geneml | Source | Selecion | Display | Symbology | Fields | Definion Query | Labels | Routes

|Draw quantities using symbol size to show relative values. Import...
Fields Classffication

Value: I Gage Adjusted Flow E N | Matural Breaks {Jenls)

| Momalization: none - Clagses: 5 =

Charts Symbol Size from: 0.5 o: 4

Multiple Attributes emplate
Symbol  Range Label E]
0.000000 - 7.334000 0.000000 - 7.334000
7.334001 - 15542000 7.334001 - 19 542000
— 15 542001 - 45 620000 19.542001 - 45 630000
45 630001 - 143521000 45680001 - 143521000
1473 521001 - 248 272000 143521001 - 248 272000

Show class ranges using festure values Advanced -

ok | [ cancel |[ sepy |

Turn off the NHDPlusv2 service. This is now a local set of NHDPIlus vector streamlines for the Logan
River Basin.

'@ Exdmxd - ArcMap

|| Eile Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DRE@S L OB x|9 | b- 13038 C BORRO FE
QA «= -0 8@/ B & MBREIR: m

i Drawing~ K (<) #2| O ~ A ~ 7| [0) Aual

ﬂiﬂ;!;\D.'i‘JrﬁTgﬁli I

0 B UlA - ol

Table Of Contents 2 x ~ |Catalog
N ERY A= R R
© 7 Layers Location: NHDPlusv -
£ (3 C:\Users\dtarb\Dave\Bxd\Logan.gdb D B3 Home - Dave\bxd -
= 29 Basemap £ 3 Landscape.gdb
= M GageSnap NHDPlusv
. (3 Logan.gdb
= M Gage Q] Ex4.mxd
LoganGage.xlsx
=]

=
£ C:\Users\dtarb
210\
£ & Toolboxes
@ My Toolboxes
[ System Toolboxes
[{J Database Servers
3 Database Connections
= {3 GIS Servers
*7 Add ArcGIS Server
#E| Add ArcIMS Server
*Z Add WCS Server
#E Add WMS Server
&E| Add WMTS Server
B (& arcgis on elevation.arcgis.com 443 (user)
= & Tools
© Elevation
) ElevationSync
E3 WorldElevation
i NED30M
E ¢4 arcgis on hydro.arcgis.com_443 (user)
= 2 E3 Tools v
L%\ [ [ i ¥
v |EJResults | @) ArcToolbox | (3 Catalog | 5] Search |

Gage Adjusted Flow E
— 0000000 - 7.334000
— 7.334001 - 19.542000
— 19.542001 - 45.680000
= 45680001 - 143921000
= 143.921001 - 248.272000
= @ Basin

4 & (3] Folder Connections

]
@ [ USA_NHDPIusV2
= @ NED30m

Value
M High : 3036.05

|
Low:1343.57

World_Topo_Map
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3. Main Stream Properties
Let's now identify the main stem of the Logan River and determine some of its properties.

Open the attribute table for NHDPlusv. Select By Attributes

GH
iogan River

Select By Attributes

Select records by composing a
quEry.

Select All

B  Switch Selec
[

AAdAC-lA

Configure the Query to select where gnis_name = 'Logan River'

,
e e

Enter a WHERE clause to select records in the table window.
Methed : [Create a new selection T]
, OBJECTID - |7
-
lengthkem
reachcode -

9 Lice | | Chicken Cresk i
"Hodge Mibley Creelk”
> 2= |Aod| | waupo
(<] =) Cod] |
‘Right Forc Logan River'
E] () Mot | | "Right Tory Grove Creek’ Al
-

SELECT * FROM NHDFPlusv WHERE:

gnis_name = Logan River' -

m

-

Cear || Vedly || Hep || Load. || Save.. |

The Logan River main stream should be selected. Close the attribute table.
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w= 143921001 - 248.272000
=] Basin

I File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DB2E& BB x |0 o b 1303 W EEER O ke d
QQ[EQInlies W-O KO/ BIMNBLORN@INO0 BR sI - [Famdg I
| : Drawing~ K (<) %5 [~ A ~ < | [0) Aial +10 vB 1 U A~-D- 2. -g
Table Of Contents 2 x 1. 2
“[08]s 8 @
= = layers Location: [ NHDPlusv v
= 3 C\Users\dtarb\Dave\Ex4\Logan.gdb & f) Home - Dave\Bxd R
& T Basemap = |3 Landscape.gdb M
=] GageSnap NHDPlusv
. (3 Logan.gdb
= M Gage @] Ex4.mxd
LoganGage.xlsx
a8 = (3 Folder Connections =
Gage Adjusted Flow E 2\
— 0.000000 - 7.334000 £ C:\Users\dtarb
— 7.334001 - 19.542000 D\
— 19.542001 - 45.680000 & @ Toolboxes
= 45680001 - 143.921000 B My Toolboxes
@] System Toolboxes (B

({7 Database Servers

3 Database Connections
= {3 GIS Servers

[0 USA_NHDPlusV2 *7 Add ArcGIS Server
=] Netzlsolm E]] Add ArcIMS Server
/alue *:| Add WCS Server
T High:3036.05 &3 Add WMS Server
3 Add WMTS Server
Low:1343.57 & & arcgis on elevation.arcgis.com_443 (user)
2 Tools

® Elevation
! ElevationSync
E5 WorldElevation
{# NED30M
=] d] arcgis on hydro.arcgis.com_443 (user)
= 3 Tools
<[ m ¥

‘ @ Results | [@®] ArcToolbox | (3 Catalog ‘ % Search \

-1223473.881 334472643 Meters

World_Topo_Map

Number of features selected: 47

Right click NHDPlusv layer and select Data = Export Data and save the selected features as LoganMain
in the Logan.gdb\Basemap feature dataset.

Export: |Selected features

Use the same coordinate system as;
this layer's source data
the data frame

the feature dataset you export the data into
(only applies if you export to a feature dataset in a geodatabase)

Output feature dass:

C:hUsershdtarh  Dave \EBxd'Logan.gdb*Basemap*.Logan Main




This is a feature representing just the Logan River. Let's examine its length. Open the attribute table of
LoganMain. Note that there are multiple columns that give length. Length (km) is length in km from
the NHD. Shape_Length is the far right column and is the length evaluated by ArcGIS when the data was
loaded into the geodatabase. All geodatabase features have geometry measures (e.g. length or area).
The units of Shape_Length are the units of the feature dataset coordinate system, which are meters in
this case. You should note consistency between Length (km) and Shape_Length once units are
converted. There is also a column Shape_Leng with very small numbers. This is presumably length
computed in geographic degree equivalents, which is imprecise and can be ignored. There is also a
Shape_Length that is incomplete that came from NHDPlus and can be ignored. Right click on the
column header Shape_Length of the far right column and select Statistics.

Table O x
LoganMain X
TRASH| TURBINTY Impairments_Number Impairments_String Shape_L i =tk d -
<Null= <Nulk= <Nulk= MUk 2032 = Sort Ascending
=Null= | =Null= =MNull= =MNull= 87| F  Sort Descending
<Null= <Mull> <Mull= <Mull= 2703. .
Ad d Sorting...
<Nul= | <Null- <Null- <Null- 100, vanced sorng
=Null= =Mull= =Mull= =Mull= 370
<Null= | <Null= <Null= <Null= 25, ¥ Statistics..
=Null= <Mulk= <Mulk= <Mulk= 255
<Null= <Mull> <Mull= <Mull= 559 .
<Null= | <Hull> <Hull= <Hull= 2231, Statistics
=Null=_ | <Null= =Nulk= =Nulk= 1400. Generates a report of statistics for
<hulk= | <Null= <Mull= <Mull= 507. Turn  the selected values in this numeric
<Null= | =Null= =Mull= =Null= 3143 Free field. This cornmand is disabled if
<Nulk> | <Mull> <Null= <Null= 1032. this field is not numeric. If any of
<Null= | <Mull= =Null= =Null= 4173, the records in the table are
<Null> | =Null= =Null> =Null> a0z currently selected, statistics will
T ETE ETE ETE e rj‘ PFDF Qr||}r be generated for the selected
J records.

NHDPIlusv

o4 0 r w E {0 out of 47 Selected) ‘

The following Statistics report is generated.

i hl
Statistics of LoganMai

Field
Shape_Lenath -

Frequency Distribution
Statistics:

Count: 47
Minimum: 87.597863

Mazdmum, i
Sum: 109.68
Mean: RiEE

Standard Deviation: 1022 861757
Mulls: 0

R
e

876 9765 18654 27542 36431

Note the value of Sum. This is the length of LoganMain (the Logan River main stream) in meters.
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Now switch to the NHDPlusv tab in Table and click Clear Selection to clear the selection of Logan River
main stream segments.

ERAR-RAR-
MHDOPlusy x
Feature Code Shape_Leng Enabled Stream Ley »
Stream/River. Hydrographic Category = Perennial 0.035081 | True
Artificial Path 0.001106 | True
Stream/River. Hydrographic Category = Perennial 0.031874 | True
Stream/River. Hydrographic Category = Perennial 0.001285 | True
Artificial Path 0.00454 | True
Stream/River. Hydrographic Category = Perennial 0028341 | True
Stream/River. Hydrographic Category = Perennial 0029877 | True
Stream/River. Hydrographic Category = Perennial 0.00622 | True
Stream/River. Hydrographic Category = Perennial 0.02426 | True
Stream/River. Hydrographic Category = Perennial 0.013305 | True
Stream/River. Hydrographic Category = Perennial 0.004526 | True -
4 = P
T 0 M E (47 out of 203 Selected)

Locate the column Shape_Length (far right), right click and select Statistics noting the value of Sum.
This is the total length of streams in the Logan River Basin.

Open the attribute table for Basin and look for the far right column Shape_Area. This is the Basin area
in m2. Drainage density is (Total Channel Length)/(Basin Area).

You might have noticed that landscapel.arcgis.com also includes a dataset USA_NHD_HighRes. This is
the high resolution stream layer from 1:24000 US topographic maps. Use a similar procedure to what
was done above to add this to your map, use the Extract Landscape Source Data tool, to extract this
dataset just for the Logan Basin and add it to the Logan.gdb Basemap feature class (to get it into the
same coordinate system). Determine the total length of streams from NHD_HighRes and compute the
drainage density for the Logan River Basin using NHD_HighRes flowlines. If you do not have access to
arcgis.com services the file NHDHighResolution-Flowlines.zip in
http://www.neng.usu.edu/cee/faculty/dtarb/giswr/2015/Ex4Data.zip contains this data.

Note that NHDPIus is derived from what is referred to as the medium resolution national hydrography
dataset and is generally used for coarser scale work. NHD_HighRes is the most detailed data available
and is used for very detailed work.

To turn in. Report the main stream length, total stream length, basin area and drainage density for the
Logan River Basin as determined from NHDPIus flowlines. Report the total stream length and drainage
density for the Logan River Basin as determined from NHD_HighRes flowlines. Comment on the
differences. For each drainage density calculate the average overland flow distance water originating on
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a hillslope has to travel before reaching a stream. [Hint: Refer to slide 24 from
TauDemWatershedDelineation.pptx in lecture 10.] Comment on the differences.

4. Digital Elevation Model

So far we have delineated the watershed and extracted NHDPIlus streams for this watershed. Next we
want to extract the DEM for this area. Here we want the DEM over an area slightly bigger than the
watershed. Let's use a 1 km buffer.

Search for the Buffer (Analysis) tool and set the inputs as follows

% Buffer NE=N AR

- Buffer
li Basin

Output Feature Class Creates buffer polygons around input features to a

— specified distance.
C:‘J.Jsers\diarb‘ﬂave\ﬁxfw.ogan.gdb‘ﬂasemt\ﬂamnBuF’Fer l

[Meters

Distance [value or field]
@ Linear unit

() Field

Side Type (optional)

FULL OUTPUT
End Type (optional) DISSOLVE TYPE:

| ROUND NONE

Dissolve Type (optional)
MNOMNE

| ok || cancel ||[Envionments...|| <<Hiderep | |

Next search for the Extract by Mask (Spatial Analyst) tool and set the inputs as follows. Save the output
raster in Logan.gdb\dem.

s ) R ] o

Input raster Extract by Mask
| MED30m

Input raster or feature mask data
I BasinBuffer

pﬁﬁ:lut raster __"l

Extracts the cells of a raster that correspond to the
areas defined by a mask.

IC:‘,IJsers\diﬁrb\Dave‘,Ex*’f‘J_ogan.gdb\dem l

-

| ok || cancel |[Envionments... || <<Hderelp | |

The result is a DEM just over the buffered area.
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File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DeEa B X9 b 130338 Y BB P
QA i« -5 8 @/ B LNDL0 R ®DMHHE =Y
Drawing~ K (=) % [~ A ~ < |0] Aial - 10 I U A'O"ﬁ'_’_.'i‘

Table Of Contents X " ~ Search rx
%=Ble 8 €% @ 2= - [LocalSearch -
8 £ layers = ALL  Maps Data Tools Images &

= (@ C\Users\dtarb\Dave\Ex4\Logan.gd a

& B Basemap [extract Q)

E] GageSnap Any Extent v
*

5 @ Gage

=] LeganMain
=] NHDPlusv
Gage Adjusted Flow E
— 0.000000 - 7.334000
— 7.334001 - 19.542000
== 19.542001 - 45.680000
== 45,680001 - 143.921000

m

Search returned 33 items v SortBy v

“\ Extract by Polygon (Spatial Analyst) (To...
Extracts the cells of a raster based on a p...
toolboxes\system toolboxes\spatial analyst ...

'\ Extract by Circle (Spatial Analyst) (Tool)
Extracts the cells of a raster based on a ci...
toolboxes\system toolboxes\spatial analyst ...

'& Extract by Rectangle (Spatial Analyst) (...
Extracts the cells of a raster based on a re...

Quims pomy =% W TE MR N - o - St

toolboxes\system toolboxes\spatial analyst ...

== 143921001 - 248.272000
= [0 BasinBuffer

mn

L # Extract by Attributes (Spatial Analyst) (...
Extracts the cells of a raster based on a lo...

a Esin toolboxes\system toolboxes\spatial analyst ...
[ ] #, Extract by Points (Spatial Analyst) (Tool)
=] m Extracts the cells of a raster based on a s...
Value toolboxes\system toolboxes\spatial analyst ... | |
High : 3038.35 “, Extract by Mask (Spatial Analyst) (Tool)
Extracts the cells of a raster that correspo...
Low:141237 I toolboxes\system toolboxes\spatial analyst ...

‘\ Extract Values to Points (Spatial Analys...
Extracts the cell values of a raster based ...
toolboxes\system toolboxes\spatial analyst ...

@ O USA_NHDPIusV2
2 NED30m
Value
™ High:3036.05 -
<[ m »

‘—\_‘ K Cacbumot Mol Maliinn fo Nainks (Coatial A

~ 12
» !ResultséArcTooIboxEBCatalog‘%Search!
-1208947.12 347394.237 Meters

At this point you have extracted all the data you need locally and are ready to begin Hydrologic Terrain
Analysis.

To turn in. Prepare a layout showing the topography, Basin Outline, NHDPlusv streams and Logan River
Main stem stream for the Logan River Basin. Include a scale bar and North arrow and appropriate title,
labeling and legend so that the map is self-describing.

To turn in. The number of columns and rows, grid cell size, minimum and maximum elevation values in
the Logan DEM.

Remove the NED30m, USA_NHDPIusV2, USA_NHD_HighRes layers as these are no longer needed and
save your map document.

Hydrologic Terrain Analysis

This activity will guide you through the initial hydrologic terrain analysis steps of Fill Pits, calculate Flow
Direction, and calculate Flow Accumulation (steps 1 to 3). The resulting flow accumulation raster then
allows you to identify the contributing area at each grid cell in the domain, a very useful quantity
fundamental to much hydrologic analysis. Next an outlet point will be used to define a watershed as all
points upstream of the outlet (step 4). Focusing on this watershed streams will be defined using a flow
accumulation threshold within this watershed (step 5). Hydrology functions will be used to define
separate links (stream segments) and the catchments that drain to them (steps 6 and 7). Next the
streams will be converted into a vector representation (step 8) and more Hydrology toolbox
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functionality used to evaluate stream order (step 9) and the subwatersheds draining directly to each of
the eight stream gauges in the example dataset (step 10). The result is quite a comprehensive set of
information about the hydrology of this watershed, all derived from the DEM.

1. Fill
This function fills the sinks in a grid. If cells with higher elevation surround a cell, the water is trapped in
that cell and cannot flow. The Fill function modifies the elevation value to eliminate these problems.

Select Spatial Analyst Tools = Hydrology = Fill. Set the input surface raster as dem and output surface
raster as fel in Logan.gdb.

‘@ ~ : . =y ﬂ !1

Input surface raster Fill

Idem

Fills sinks in a surface raster to remove small

Output surfa te . S
— imperfections in the data.

C:\Users\dtarb\Dave \Ex4\Logan. gdb\fl
Z limit {optional)

-

] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help ]

Press OK. Upon successful completion of the process, the “fil” layer is added to the map.

Let's examine the impact of Fill on the DEM. Select Spatial Analyst Tools > Map Algebra - Raster
Calculator and evaluate fil - dem.

.
# Raster Calculato '

Map Algebra expression Map Algebra expression

Layers and v... Conditicnal

The Map Algebra expression you

3 ]le )] [ l==i=]le]) | o e
S 0 &) o
e () = e e
Math specifying the inputs, values,
B operators, and tools to use. You
Abs . . .
can type in the expression directly
0 D B Exp or use the buttons and controls to

help you create it.

“fil" - "dem” )
The Layers and variables
list identifies the datasets
available to use in the Map
Algebra expression.

+ The buttons are used to

Output raster
C:\Users\dtarb\Dave\Ex4\Logan.gdbfilminusdem @

ok || cancel | |Envionments...|| <<riderelp | |  ToolHelp
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Select Spatial Analyst Tools = Surface = Contour. Set the inputs as follows to determine 20 m
contours of the original DEM, dem.

Input raster Contour

Idem

Creates a line feature class of

Output polyline features S
tput polyi contours (isolines) from a raster
Ci\Wsers\dtarb\Dave\Ex4\Logan. gdb\Basemap\Cont20m surface

Contour interval

Base contour (optional)

£ factor (optional)

-

| ok || cancel ||Envionments... || <<HdeHep | |  ToolHep

Symbolize the fil - dem and contour layers similar to

-Contlﬂm
LaganMain
MHOPlusy
[0 BasinBuffer
Basin
O

= filminusdem

<VALUE=
[0 - 266690602
[ 2666906021 - 9.455394072
I 5.455394073 - 19.39568015
B 19.39568016 - 32.73021025
2273021026 - 61.82373047

m

O0EEHH

and zoom in on the deepest Sink. The image below shows the deepest sink, with topographic map
background.
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DSES L 5B x|9 & TBm

84
= £ layers

= M GageSnap
*

= M Gage

= @ Cont20m
LoganMain
M NHDPlusv
@ [ BasinBuffer
= [ Basin

o
& o

<VALUE>
[10 - 266690602
[ 2.666906021 - 9.455394072
[ 9455394073 - 19.39568015
I 19.39568016 - 32.73021025
I 3273021026 - 61.82373047

a0 fi
Value
High : 3038.35

Low:1412.37

= O dem
Value
™ High:3038.35

Low:1412.37
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E sl =] 1a[EF
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i Drawing~ K () | [~ A ~ 7| (0] Aial

# Flow Direction
# Flow Length
# Sink
#, Snap Pour Point
#, Stream Link
#, Stream Order
#, Stream to Feature
#, Watershed
& Interpolation
& Local
= & Map Algebra
#, Raster Calculator
& Math
& Multivariate
& Neighborhood
& Overlay
&« Raster Creation
& Reclass
& Solar Radiation
= & Surface
#, Aspect
# Contour
#, Contour List
#, Contour with Barriers
#, Curvature
# CutFill
#, Hillshade
#, Observer Points
# Slope
# Viewshed
# Visibility <
[&J Results | @ ArcToolbox [ [ Catalog [ 5] Search | J

-1203199.084 327356.544 Meters

n

This is Peter Sink. It is a real topographic feature, not an artifact, so it is a bit erroneous to fill it.
Nevertheless for the sake of a complete watershed we fill it. The website
http://twdef.usu.edu/Peter_Sinks/Sinks.html gives details on the record low temperatures that have

been recorded here.

Peter Sinks Air Temperatures - Year's Record Low

Air Temperature (F)

Record low -46° F

19FEB1I0  20FEB10  21FEB10

78°F
change

in 4.5 hrs!

23FEBI0  24FEB10  25FEB10

——sinks wind ~ ---rim wind

— sinks temperature  — rim temperature

To turn in. A layout showing the deepest sink in the Logan River basin

sink as determined by fil-dem.
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Wind Speed (mph)

. Report the depth of the deepest


http://twdef.usu.edu/Peter_Sinks/Sinks.html

2. Flow Direction
This function computes the flow direction for a given grid. The values in the cells of the flow direction
grid indicate the direction of the steepest descent from that cell.

Select Spatial Analyst Tools = Hydrology = Flow Direction.

Set the inputs as follows, with output "fdr" and "drp".
SR R )
Input surface raster I Flow Direction [

| fil
Creates a raster of flow direction

O t flow direct te .
utput flow direction raster from each cell to its steepest
C:\Users\dtarb\Dave \Ex4\Logan. gdb\fdr downslope neighbar.

[~] Force all edge cells to flow outward (optional)

Cutput drop raster (optional)
C:\Users\dtarb\Dave \Ex4\Logan. gdb\drp

-

[ 0K ] [ Cancel ] [Environments... ] [ <« Hide Help ] [ Tool Help ]

Press OK. Upon successful completion of the process, the flow direction grid "fdr" and percentage drop
grid "drp" are added to the map.

s Oy

Value
High : 205.355

Low: 00190231

m

o o fdr
!
m:
| [
m:
16
| EX
T _
128 —

o ™ il

Yalue
High : 303041

Low:1413.15

To turn in: Make a screen capture of the attribute table of fdr and give an interpretation for the values in
the Value field using a sketch.
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3. Flow Accumulation
This function computes the flow accumulation grid that contains the accumulated number of cells
upstream of a cell, for each cell in the input grid.

Select Spatial Analyst Tools = Hydrology = Flow Accumulation.

Set the inputs as follows

Input flow direction raster Flow Accumulation
| felr

Output accumulation raster
C:\Users\dtarb\Dave \Ex4\Logan. gdb\fac

Creates a raster of accumulated
flow into each cell. A weight factor
can optionally be applied.

Input weight raster (optional)

Output data type (optional)
FLOAT

-

] [ Cancel ] [Environments... ] [ <« Hide Help ] [ Tool Help

Press OK. Upon successful completion of the process, the flow accumulation grid “fac” is added to the
map. This process may take several minutes for a large grid, so take a break while it runs! Adjust the
symbology of the Flow Accumulation layer "fac" to a classified scale with multiplicatively increasing
breaks that you type in, to illustrate the increase of flow accumulation as one descends into the grid
flow network. Use 8 classes and hit the “Classify” Button to enable you to select “Manual” method and
to type in your class breaks into the window in the lower right hand corner.

Classification M
-

Classification Classification Statistics
Method: [Manual

Count: 723104
Classes: 8 Minimum: a
Maximum: 585,705
Sum: 579,282,916.9
| Exdusion... | [ ssmping... | Mean: 801.1059501
Standard Deviation: 17,593.63986

Data Exdusion

Columns: = [] show Std. Dev. [ show Mean

Break Values
8000C |

28
H=2=1 - 30
=1=1
=& 100

300
600000

400000~

200000~

0

T T T
0 146,426.25 292,8525 43927875 585,705

[ snap breaks to data values 1325 Elements in Class
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SR )

[ General | Source | Bxtent | Display | Symbology |

Show: . -
= Draw raster grouping values into classes
Uniaue Values ‘ @
Stretched Fields
Discrete Color __
Value | <VALUE > - | Mormalization | <Mone= - |
Classification
Manual Qlassesla v] [ Classify... l
ColrRore O — -
Symbol  Range Label it
0-30 0-30
30 - 100 30,00000001 - 100
[ w0 -300 100.0000001 - 300
00 - 1,000 300.0000001 - 1,000
I 1. 000 - 3,000 1,000.000001 - 3,000
B 000 - 10,000 3,000,000001 - 10,000
[ D T, i
[7] sShow dass breaks using cell values Display NoData as
[] use hillshade effect 7 -1
About symbology -

[ ok J[ Camest || ook |

After applying this layer symbology you may right click on the "fac" layer and Save As Layer File

=e [ | & Yoo
Bl Copy

LI % Remove
[ - - .
i Open Attribute Table
(] Joins and Relates 3
. "j:g Zoom To Layer
| - S
= ®  Zoom To Raster Resolution

=] fdr Visible Scale Range 3
. Data 2
]
= Edit Features 3
B Save As Layer File.. |
O Q) Create Layer Package...
|
m I Properties...

The saved Layer File may be imported to retrieve the symbology definition and apply it to other data.

Pan and zoom to the outlet where the river leaves the watershed. Turn off unnecessary layers and
arrange layer order so that you can see the Basin feature class on top of the fac layer. Use the identify
tool to determine the value of "fac" at the point where the main stream exits the area defined by the
Basin polygon. This location is indicated in the following figure.
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'@ Extmod - ArcMap

o |

= GageSnap
+

= O Output Snapped Points [203510_0930201
°

5 @ Gage

m

= O Cont20m

= O LeganSingle

= O LeganMain

= O NHDPlusw

Gage Adjusted Flow E

— 0.000000 - 7.334000
— 7.334001 - 19.542000
= 19.542001 - 45680000
== 45.680001 - 143.921000
= 143921001 - 248.272000

=] Basin

= O BasinlkmBuffer
]
= O OQutput Watershed [203510_09302013]
1
E
<VALUE>
[10-20
[130.00000001 - 100
[71100.0000001 - 300
[ 300.0000001 - 1,000
[ 1,000.000001 - 3,000
I 2.000.000001 - 10.000 %
T ] » [@e| &0« [

Eile Edit View Bookmarks [Insert Selection Geoprocessing Customize Windows Help
DBE& B %0 |- 1158 B REE # Pe, z T B
QAEQ@ kil e M- TR @ 7 P& MBS TR Draving- k &[0~ A - Bl v -B 7 UlA-H-Z
Flow -~ Analysis = Find Common Ancestors =
Table Of Contents ®x = ArcToolbox 1 x |
3SE 89 Geocoding Tools -
o 5 Layers = &) Geostatistical Analyst Tools

3

&) Linear Referencing Tools
& Multidimension Tools
& Network Analyst Tools |
EJ Parcel Fabric Tools w
@ Schematics Tools
&) Server Tools
=] & Spatial Analyst Tools
& Conditional
& Density
& Distance
& Bxtraction
& Generalization
& Groundwater
=) & Hydrology
#., Basin
£, Fill
#., Flow Accumulation
%, Flow Direction
#., Flow Length
#, Sink
#, Snap Pour Point
#,, Stream Link
%, Stream Order
#,, Stream to Feature
#, Watershed
& Interpolation
& Local
= & Map Algebra
#., Raster Calculator
& Math
& Multivariate
& Neighborhood
& Overlay

i I@ Results lArcToo\boxlm Cata\cgl% Saarchl

1227716461 309444877 Meters

m

The value obtained represents the drainage area in number of 30.92 x 30.92 m grid cells. Calculate the

drainage area in km?2. Compare this drainage area to the drainage area reported by the USGS at the

Logan River stream site (214 mi?) and to the area of the Basin feature class obtained from the online

service watershed delineation.

To turn in: Report the drainage area of the Logan River basin in both number of 30.92 m grid cells and
km? as estimated by flow accumulation. Report the area of the Logan River basin in km? as calculated by
the arcgis.com watershed function. Report the area of the Logan River basin in km? as reported by the

USGS for the Logan River stream site. Discuss reasons for any differences.

4. Stream Definition

Let's define streams based on a flow accumulation threshold within this watershed.

Select Spatial Analyst Tools > Map Algebra = Raster Calculator and enter the following expression,

using the name Str for the output raster.
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Map Algebra expression

Layers an...

<>fac

< dp

<>ﬁ:|r
Oﬁlminusdem
fl

<>dem

Map Algebra expression

Conditicnal
Con
Pick
Setiull

The Map Algebra expression you
want to run.

The expression is composed by
specifying the inputs, values,
operators, and tools to use. You
can type in the expression directly
or use the buttons and controls to

help you create it.

“fac” = 5000

Cutput raster

s The Layers and variables
list identifies the datasets
available to use in the Map

C:\Users\dtarb\Dave \Ex4\Logan. gdb\Str

Algebra expression.
The buttons are used to

enter numerical values and
nnaratare intn tha

B

oK

J{

Cancel

| |Envirorments... | [ <<HdeHelp |

ToolHelp |

®
[=] Basin

= O MNHDPlusw
Gage Adjusted Flow E
— 0.000000 - 7.334000
— 7.324001 - 19.542000
== 19.542001 - 45.680000
== 45680001 - 143.921000
wm 143.921001 - 248.272000
[J] BasinlkmBuffer

m

m

=
o

[J0-100
[]100.0000001 - 300
[ 300.0000001 - 1,000
[ 1,000.000001 - 2,000
[ 3,000.000001 - 10,000
[ 10,000.00001 - 30,000
1 20,000.00001 - 100,000
Il 100,000.0001 - 586,091
= 0O dp
Value
High: 205.355

Low : 0.0190231

= Output Snapped Points [225205_09292013]

mn

[me|en <

x

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DBE@& + OB X9 |- 1w S EEER O E ey e ) s ) [E]E a8
GOl e K0 K@ B RS, Dewingr k@ O A< @m0 -0 v B UlA-b.2-.
Table Of Contents Rx Arcioolbox 7
[ER R A= @ Conversion Tools
| =7 Layers N 0 Data Interoperability Tools
= ¥ Gage | @) Data Management Tools

&3 Editing Tools
° Geocoding Tools
&3 Geostatistical Analyst Tools
° Linear Referencing Tools
&3 Multidimension Tools
B3 Network Analyst Tools
&3 Parcel Fabric Tools
° Schematics Tools
&3 Server Tools
= B Spatial Analyst Tools
& Conditional
B Density
&y Distance
& Extraction
& Generalization
& Groundwater
= & Hydrology
#., Basin
A, Fill
#., Flow Accumulation
#%,, Flow Direction
‘& Flow Length
#, Sink
#., Snap Pour Point
#, Stream Link
#., Stream Ordler
#, Stream to Festure
#, Watershed
& Interpolation
By Local
= & Map Algebra
#., Raster Calculator
B Math

e

3 Gl Catalog | &) Results

ArcToolbex

m

-1220551.631 308171.212 Meters
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This extends across the buffer area at the downstream end. To ensure that our streams are within the
watershed we want lets clip this. Locate the Extract by Mask (Spatial Analyst) tool and set the inputs as
follows

ey 0 ok

- -

Input raster Extract by Mask

[str =1 &

Input raster or feature mask data

Extracts the cells of a raster that

- correspond to the areas defined
| Basin =l @ by a mask.
Output raster
C:\Users\dtarb\Dave\Ex4\Logan.gdb\Strc @

0K ] [ Cancel ] [Environments... ] [ <« Hide Help ] [ Tool Help

The result is a stream raster entirely within the Logan River Basin.

T . ST )

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

O s B o b - | 109,089 A EGEREO @ 3o i) B
EBla®@clies K- 0/ x|@ @2 KRS 0E L Draving- O- A -2l -0 -8Bz yulA-h-2-
Table Of Contents 7 x T RS 2 x
|| FREeP WE| &3 Conversion Tools
i [ 300.0000001 - 1,000 - @ Data Interoperability Tools
[1,000.000001 - 2;,000 &3 Data Management Tools
[ 3,000.000001 - 10,000 @ Editing Tools m
[ 10,000.00001 - 30,000 & Geocoding Tools
I 30,000.00001 - 100,000 B Geostatistical Analyst Tools
I 100,000.0001 - 586,091 &3 Linear Referencing Tools
= 0O dp & Multidimension Tools
Value B3 Network Analyst Toals
High : 205,355 @ Parcel Fabric Tools
&3 Schematics Tools
Low : 0.0190231 @ Server Tools
= B Spatial Analyst Tools
= 0O fdr 1 & Conditional
1 &y Density
. & Distance L
e &y Extraction
s & Generalization
[]16 &y Groundwater
a2 L = & Hydrology
12 N #, Basin
mmp ] #, Fill
= 0O fil #, Flow Accumulation
Value #., Flow Direction
High: 3030.41 “ Flow Length
#, Sink
| Low:1413.15 #, Snap Pour Point
M #, Stream Link
= O dem #, Stream Order N
Value #., Stream to Feature
High: 3030.41 A, Watershed
&y Interpolation
Low:141315 & Local
= & Map Algebra
= O demtemp #., Raster Calculator
el - | I .
< . ] » Blan < [ 3 (5l Catalog | &) Results | G5l Search | [@] ArcToolbox
-1225346.632 321948927 Meters
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5. Stream Links

This function creates a grid of stream links (or segments) that have a unique identification. Either a link
may be a head link, or it may be defined as a link between two junctions. All the cells in a particular link
have the same grid code that is specific to that link.

Select Spatial Analyst Tools = Hydrology = Stream Link. Set the inputs as follows and click OK.

B
=, Stream Lin - u—lgn LCL

-

Input stream raster Stream Link

| Strc LI @

Input flow direction raster

Assigns unique values to sections

of a raster linear network between
Ifd" =l @ intersections.
Output raster
C:\Users\dtarb\Dave\Ex4\Logan.gdbStrink @]
[ 0K ] [ Cancel ] [Environments... ] [ <« Hide Help ] [ Tool Help ]

The result is a grid with unique values for each stream segment or link. Symbolize StrLnk with unique

.

values so you can see how each link has a separate value.

6. Catchments
The Watershed function provides the capability to delineate catchments upstream of discrete links in
the stream network.

Select Spatial Analyst Tools > Hydrology - Watershed. Set the inputs as follows. Notice that the
Input raster or feature pour point data is the StrLnk grid. This results in the identification of catchments
draining to each stream link. Click OK.

39



Input flow direction raster Watershed

| felr

Input raster or feature pour point data

| Strink

Pour point field (optional)
Value

Qutput raster
Ci\Users\dtarb\Dave \Ex4\Logan. gdb\Catchment

Determines the contributing area
above a set of cells in a raster.

-

ok || cancel ||Environments...|| <<tideHep | |  ToolHelp

The result is a Catchment grid where the grid cells in the area draining directly to each link are assigned
a unique value the same as the link it drains to. This allows a relational association between lines in the
StrLnk grid and Area's in the Catchment grid. Symbolize the Catchment grid with unique values so you
can see how each catchment has a separate value.
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7. Conversion to Vector
Let's convert this raster representation of streams derived from the DEM to a vector representation.

Select Spatial Analyst Tools 2> Hydrology - Stream to Feature. Set the inputs as follows. Note that |
named the output DrainagelLine in the Logan.gdb\BaseMap feature class.

' Rl
TR RS 0 T

Input stream raster Stream to Feature
| Strink
Input flow direction raster

Converts a raster representing a

linear network to features

Ifdr representing the linear network.

Output polyline features
C:\Users\dtarb\Dave\Ex4\ogan.gdb\Bazemap\Drainageline

pI'rFy pahines (optional)

| ok || cancel |[Envionments...|| <<tiderelp | |  Todtep |

Note here that we uncheck the Simplify polylines option. The simplification can cause streams to "cut
corners" that can result in errors.

The result is a linear feature class "DrainagelLine" that has a unique identifier associated with each link.

Select Conversion Tools = From Raster = Raster to Polygon. Set the inputs as follows again avoiding
simplification of polygons

r ™

Input raster Simplify polygons
| Catchment (optional)

Field {optional)

Value Determines if the output polygons
will be smoothed into simpler

Output polygon features shapes or conform to the input
C:\Users\dtarb\Dave'\Ex4\Logan.gdb\Basemap\CatchPaoly raster's cell edges.

[T]i5Bnplify polygons (optional)

s Checked—The polygons
will be smoothed into

-

[ ok || cancel ||Envirorments... || <<ridereln | |  ToolHep

The result is a Polygon Feature Class of the catchments draining to each link.

Due to the geometry of grid cells in Catchment, you may get multiple polygons for a single Catchment
grid code value. Locate the Dissolve (Data Management) tool and set the following inputs.
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Input Features

I CatchPoly
Output Feature Class

Ci\Users\dtarb\Dave \Ex4\Logan. gdb\Basemap\CatchPolyDissolve
Dissolve_Field(s) (optional)

,@‘
_I@H

[7] oBIECTID
O

gridcode

[ shape_Length
[] shape_area

—

Dissolve

Aggregates features based on
specified attributes.

INPUT

| ok || cancl

l [Environments... ] l << Hide Help l

Tool Help

A

This merges all polygons with the same gridcode value and results in a one to one association between

Drainageline features and CatchPolyDissolve reatures.

The feature classes Drainageline and CatchPolyDissolve represent the connectivity of flow in this
watershed in vector form and will be used later for Network Analysis, that is enabled by having this data

in vector form.
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To turn in: Describe (with simple illustrations) the relationship between StrLnk, Drainageline, Catchment
and CatchPoly attribute and grid values. What is the unique identifier in each that allows them to be
relationally associated?

Network Analysis

Some of the real power of GIS comes through its use for Network Analysis. A Geometric Network is an
ArcGIS data structure that facilitates the identification of upstream and downstream connectivity. Here
we step through the process of creating a geometric network from the vector stream network
representation obtained above, and then use it to determine some simple aggregate information.

1. Creating a Geometric Network

Zoom in to near the Outlet. You will see that there is not perfect agreement between the NHDPlus
streams and the Drainageline stream we delineated. These are due to differences between the raster
DEM and vector mapping of NHD.

Quima-scer Ml T s o, |

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D2 ES B %[0 |- 1416 Ny EEERD - E,

QAN kil «= E-0 K@ B2 NADS TR =lEELE: 100% B
Drawing'k(a O~ A - pjﬂnal ~ 10 ijgﬁv&'viv'v,

Table Of Contents 1 x
5 < Layers -

= GageSnap
*

= Gage

= Drainageline

= O Cont20m

O LeganMain
NHDPlusy

= @ B
(m]

= CatchPoly
O
[0 BasinBuffer
Strink
Catchment
= O Strc
o
| b8
= O Sr

o
[y
[ fac
= O drp

Value
High : 331.478

m

Low : 0,0135311 e

O fdr
= O filminusdem
<VALUE=
[10 - 266690602
[ 2,566906021 - 9455394072

A ACCOAAATY AR INCEOAIT
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To perform Network Analysis we need an outlet at the downstream end of our stream. Here we use the
point in the GageSnap feature class determined from the initial Watershed delineation. This needs to
be edited to move right on to the downstream end of the stream network.

Select Start Editing on the Editor Tool. You may get a window that indicates that the map contains data
from more than one database of folder. This will occur if you have not removed the unnecessary layers
along the way. If this occurs select the layer "GageSnap" as indicated below and click OK.

@ ex4.mxd - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize  Windows  Help
D2@& L E@ X0 > b-[1720 HlErren&E s, aan
Q@ ke RE-TI N @ B MBS TR Dawing- K ¢ E|0- A-
Table Of Contents T X
EEELIE |
o Gage N Editor =il » * " v 3 [ O
@ ##  Start Editing
= Output Snapped Points [225205_09292013] L tOD CC
* _ —| Start Editing
= Basin - Start an edit session so you can
(] Move edit features or attributes.
= MHDPlusv Solit
Gage Adjusted Flow E _ |'@ PressF1 for more help.
—_ Annnann - 7 224000 - . T T

Select GageSnap as the Layer to edit

,

This map contains data from more than one database or folder.
Please choose the layer or workspace to edit,

LA 2 Basin kmBuffer -
LA € CatchPoly

J @Drainageune il
l_] @Gage

3
L] @LoganMain

LA @LoganSingle

3 ¥ nED30M

(3 € NED30m

|3 %% NHDPlusv

|3 ““»Output Snapped Points [225205_09292013]

13 € output Watershed [225205_09292013)] L 4
|4 VAT _Catchment

A S uaT _fdr

I EvaT sir ~

Source Type

|3 C:Wsers\dtarb\scratch\Ex4YLandscape.gdb
|4 C:\Users\dtarb\Scratch\Ex 4 ogan.adb
| GPInMemoryWorkspace: {AASDBOCS-7ADG-, .,

File Geodatabase
File Geodatabase
In Memary Workspace

About editing and wor ces
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You may encounter a warning that certain layers are not editable. This can be ignored since the layer
GageSnap is not on the list of not editable layers. Click Continue at the warning (if you get it). Click on
the GageSnap point and drag it until it lines up with the DrainagelLine Endpoint as shown below. It
should snap right on. You may need to turn some other layers off and zoom in to control the snapping.

Editor = : -2 NN A A BERE

Edit Tool

Select and edit features in an edit
session. This tool selects from any
selectable layers, including cnes
you are not editing. If there is
more than one selectable feature
where you click, you can refine
the selection by clicking the
selection icon that appears on the
map.

Select Stop Editing and Save on the Editor.

Now open the Catalog window and right click on Logan.gdb\BaseMap - New Geometric Network
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ERW Logan.gdb

i [

@ Catc B Copy

m dem| [ Paste

B dem % Delete

8 dp

B fac Rename E

B fdr | = Refresh

@ fil Manage »

i st

B stre | MNew J | [ Feature Class...

@2 Strin Import v | B Relationship Class...
~SLogar )

Bxd.mx Export b =& Terrain..
LoganG Itemn Description... BH  Metwork Dataset...
%Idé‘r\Conr @ Properties.. Hl Topolo':g]:..l
£ C\Users\dtarb m—
Toolboxes Geometric Metwork...

@ Database Servers

"'El Add Database Server
£5 Database Connections

@ Add Database Connection
B GIS Servers

*3 Add ArcGIS Server

42 Add ArcIMS Server

%5 Add WCS Server

A= waaumac oo

Mew Geometric Network

Create a new geometric network
in this feature dataset.

Requires a Standard or an
Advanced license and is disabled
with a Basic license,

Click Next on the New Geometric Network screen. Enter the name LoganNet, then click Next.

P r_'l B
New Geometric Network X

Enter @ name for your geometric network:

Loganiet]

Snap features within spedfied tolerance:
@) No

7 Yes

0.001 Meters

Line ends and junctions must match up precisely for Features to
connect, IF they do not match up they can be moved within the limits
aof the snap tolerance. The default value is based on the %Y tolerance
of the Feature dataset,

<Back || Next> | [ cancel
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Select the features DrainagelLine and GageSnap. These will be used to create a Geometric Network.
Click Next.

,
EEEmE s S

Select the feature dasses you want to build your network from:

[][=] Cont20m Select Al

DrainageLine

FE Gage
=

o

[¥][) GageSnap —

[<Ead{ ]l ﬂext:bl[t:aﬂcel]

At the prompt to Select roles for the network feature class switch the role under Sources and Sinks for
GageSnap to Yes. This will be used as a Sink for the network. This is a location that receives flow. Click
Next.

-
Mew Geometric Metwork

Select roles for the the network feature dasses:

Feature Class Mame Role Sources & Sinks

DrainageLine Simple Edge < Mone>

Simple Junction
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Do not add any weights. At the prompt about weights, just click Next. Click Finish at the summary
prompt. The result is a Geometric Network LoganNet that can be used to perform network operations

G- el @ E-el .
Location: ﬁﬁasemap

= B Home - Scratch\Exd
= 3 Landscape.gdb
[~ NHDPlusy
= L3 Logan.gdb
SR Basemap|
@ Bazin
@ Basinl kmBuffer
[E) CatchPoly
[~ Drainageline
[%7] Gage
[%*] GageSnap

'@l LoganMet
lE LoganMet_lunctions

Note that multiple instances of GageSnap and DrainageLine may have been added to your display.
Remove the extras to avoid confusion.

=

Select Customize = Toolbars = Utility Network Analyst from the main menu to activate the Utility
Network Analyst toolbar

[LuganNet vl Flow - = | Analysis~ ;E_ - [Find Commaon Ancestors -

Click on Flow => Display Arrows on the Utility Network Toolbar

LoganMet ~ | Flow ~| = | Analysis ~ ;:_ - [Find Commeon Ancestors vl
Clic s O rpes o k
| 5 Display Arrows ‘

Display Arrows

Turn flow direction arrows on or
aoff

The result is a set of black dots on each network link. These indicate that flow direction for the network
is not assigned.
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To assign network flow direction the Outlet needs to have a property called AncillaryRole set to be the
encoding for Sink.

Open the Editor toolbar and select Start Editing. Select layer GageSnap if prompted and click Continue if
there is a warning. Use the Editor Edit Tool to select the point at the outlet in the GageSnap Feature
Class (There is only one point) and select it in the dropdown that appears

Editn:n[ I‘_‘u |:l:| * o BN E
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The panel should show that the AncillaryRole for this point is "None". Change it to Sink.

EEIEER

=% GageSnap
b ® 1
B
QBIECTID 1
PourPtID 1
Enabled True
Mone -
< Mull=

Sink

(e
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Click on the Set Flow Direction Tool on the Utility Network Analysts toolbar.

Network: [SanMalcosNet .|| Jnalysis~ _E - Trace Task: lFind Common Ancestors
et Flow Direction

You should see the black dots switch to arrows indicating that Flow in the network is now set towards
the designated Sink at the outlet. This network is now ready for Analysis. Stop Editing, saving edits.

2. Analysis using a Geometric Network
Zoom to a tributary of interest, say right hand fork, just up Logan Canyon and place an edge flag near

the junction with the main stem using the Utility Network Analyst Add Edge Flag Tool.
15,978 YW BRSO e @D S 5 | BB ER
'."\m!nxﬁg\ﬁx@aéDrawingv =t A - '

[LoganNet v] Flow~ == | Al
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The result is a highlighting of the link that has the edge flag and all links upstream.
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Select Analysis = Options

Analysis '. * Trace Tas

Disable Layers  »

Clear Flags
Clear Barriers

Clear Results

| Options...

Switch the Results format to Selection. Select Analysis Clear Results and run the trace again.

Flow - EL.I__ | Analysis*i-.f_ * Trace Ta:

[ General | Weihts | Weight Fiter | Results | Disable Layers  »
Results format Clear Flags
Retum results as: Clear Barriers
() Drawings
[ oraw individual elements of complex edges Clear Results
m Trace task result color Dptlﬂns

Results indude:
@ All features
() Features stopping the trace

Of these results indude:
Edges
Junctions
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Now the upstream features are selected. Open the Drainage Line feature class attribute table and show
selected records

Table O x
- |- By [ g

Drainageline *
OBJECTID = Shape * arcid grid_code | from_node | to_node | Shape_Length Enabled -
r 62 | Polyline 62 64 65 63 2005917086 1 i
63 | Polyline 63 62 62 66 1580 568019 1 =

Polyline 67 66 65 759.333361 1
65 | Polyline 65 i) 68 1014.21305 1 -

Polyline 65 64 1236 616596 1

Polyline 71 69 1192 242461 1

71 | Polyline 71 73 74 3563.008909 1
72 | Polyline . Iri 72 74 306.563182 1 ¥

M4 1 v n |I (13 out of 81 Selected)

Right click on column header Shape_Length - Statistics

Shape_L|
G = Sort Ascendin
2034| = L Field
= Sort Descendin Gope Lergh o
429 g Hen Frequency Distribution
2808 Advanced Serting... Statistics: |
1082 ; 25
: - Court: &7
5101 Summarize... I inimum: 166066017 20
Maodmum: 17157 814521 15
1408 ¥ Statistics... Sum: 362707662096
a5ac | Mean:  4169.053587 10
= Standard Deviation: 3287.129136
5951, 5
EG 0
166.1 G6619.2 130724
71 - 33926 9845.8 16298.9

Record the total length (sum) and number of stream links in the Logan River Right Hand Fork. Switch the
Trace Task to Trace Downstream and press Solve again. Notice how the selected stream links switch to
those downstream from the flag. Select Clear Selection and Analysis Clear Flags to remove the trace
results. Three tributaries of interest in the Logan River Watershed are indicated:

e Right Hand Fork
e Franklin Basin
e Beaver Mountain
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Use Flags and the Trace tool to determine the total length of streams in each of these tributaries. Also
determine the distance from the junction of these tributaries with the main stem downstream to the
outlet.

Join the CatchPolyDissolve attribute table to the Drainageline table.

CoOmme )

Join lets you append additional data to this layer's attribute table so you can,
for example, symbaolize the layer's features using this data.

What do you want to join to this layer?

[Juin attributes from a table -

1. Choose the field in this layer that the join will be based on:

grid_code -

2. Choose the table to join to this layer, or load the table from disk:

I“@’” CatchPolyDissolve j @

Show the atiribute tables of layers in this list

3. Choose the field in the table to base the join on:

gideode |

Join Options
@ Keep all records
All records in the target table are shown in the resulting table.

Unmatched records will contain null values for all fields being
appended into the target table from the join table.

(7 Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

| Vaidate Join |

About joining data [ ok ] [ Cancel ]

This provides access to the area draining directly to each stream link. Use Trace Upstream to select all
the links in a tributary and evaluate the total area upstream of each using Shape_Area -> Statistics.

For example based on a Trace Upstream from the Flag at the Franklin Basin Tributary the area draining
Franklin Basin is determined to be 89.897 km? in the following figure.
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lable Of Contents =
Utility Network Anal

Utiitr Network Analht . - x|
o 3 £ & | [ [_
:| 28 = Loganhiet | Flow~ Analysis - -J: ~ | Trace Upstream ~ ./<

5 S Lyers 3

=] LeganNet_lunctions Table O x
3
= - - 0 of x
= GageSnap £ % % & @
. Drainageline *
-
= O Gage Enabled OBJECTID * gridcode * Shape_Length Shape_Area Q“
True 6 (] 205322614 | 10061830.383044 >
= True 5 5 25045.8858 | 11473144.808122 “-
— True 10 10 182440272 T715376.674478 s
= O Cont20m True 8 8 14718.91 4242548 83381
True Al 11 192953788 | 11623264.275083 )
i True 13 13 18615.0928 8269002.078339 £
O LoganMain True 14 14 9524.0008 | 2489441654863
0O NHDPlusv True 1z 1z 204704178 | 9250993 850559 & v
= CatchPolyDissohve True 2 21 14100.4686 | 5313454518597 -
(] True 23 23 989.5064 14342 619289 .
= o Basin True 16 16 15770.2612 | 6159679.836958 &
D True 22 22 21954 8774 8030914 45054 -
-
=) CatchPoly True 24 24 15461.0408 5242707 992238
1
O Fl [ i | » Y
[0 BasinBuffer L P — Y
Selection Statistics of Drainageline_CatchPolyDissolve
Field
- Frequency Distribution
Statistics:
Count: 13 |
Minimum: 14342 615285

Maximum: 11623264.275083

Sum: 89896712.415919

Mean:  6915131.724301

Standard Deviation: 3307488485718
Nulls: 0

Value
High :331.478

Low: 0.0135311

13426 ETIES TISWUS 10985285 4

= O fdr

You can also, by placing a flag at an upstream link determine the flow path (and its length) from any
distant link to the outlet. Evaluate the length of the longest flow path by choosing a link that appears to
have the longest flow path (a bit of trial and error may be necessary). Prepare a layout that illustrates
the longest flow path in the Logan River basin.
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To turn in: A table giving for each of the tributaries identified above the number of upstream stream
links, the total length of upstream stream links, the total upstream area, drainage density (total
length/total area), number of downstream links along path to outlet, distance to outlet along the

streams.

A layout illustrating the longest flow path in the Logan River Basin and giving the length in km.

OK. You are done!
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Summary of Items to turn in.

1.

Report the main stream length, total stream length, basin area and drainage density for the Logan
River Basin as determined from NHDPlus flowlines. Report the total stream length and drainage
density for the Logan River Basin as determined from NHD_HighRes flowlines. Comment on the
differences. For each drainage density calculate the average overland flow distance water
originating on a hillslope has to travel before reaching a stream. [Hint: Refer to slide 24 from
TauDemWatershedDelineation.pptx in lecture 10.] Comment on the differences.

Prepare a layout showing the topography, Basin Outline, NHDPlusv streams and Logan River Main
stem stream for the Logan River Basin. Include a scale bar and North arrow and appropriate title,
labeling and legend so that the map is self-describing.

The number of columns and rows, grid cell size, minimum and maximum elevation values in the
Logan DEM.

A layout showing the deepest sink in the Logan River basin. Report the depth of the deepest sink as
determined by fil-dem.

Make a screen capture of the attribute table of fdr and give an interpretation for the values in the
Value field using a sketch.

Report the drainage area of the Logan River basin in both number of 30.92 m grid cells and km? as
estimated by flow accumulation. Report the area of the Logan River basin in km? as calculated by
the arcgis.com watershed function. Report the area of the Logan River basin in km? as reported by
the USGS for the Logan River stream site. Discuss reasons for any differences.

Describe (with simple illustrations) the relationship between StrLnk, Drainageline, Catchment and
CatchPoly attribute and grid values. What is the unique identifier in each that allows them to be
relationally associated?

A table giving for each of the tributaries identified above the number of upstream stream links, the
total length of upstream stream links, the total upstream area, drainage density (total length/total
area), number of downstream links along path to outlet, distance to outlet along the streams.

A layout illustrating the longest flow path in the Logan River Basin and giving the length in km.
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