Exercise 5- Watershed and Stream Network Delineation fromm DEMs
GIS in Water Resources Fall 2014

Prepared by Ayse Kilic and Bhavneet Soni*
University of Nebraska-Lincoln

This exercise illustrates watershed and stream network delineation using digital elevation models (DEM)
using the Hydrology tools in ArcGIS and online services for Hydrology and Hydrologic data. In this
exercise, you will develop a stream basin by selecting a stream gage location (the USGS discharge gauge
(USGS station ID 06793000) on the Loup River near Genoa, Nebraska) and using the ArcGIS online tools
to delineate the watershed draining to the gage. National Hydrography (NHD flowline) and Digital
Elevation Model (NED30m) data will be retrieved for the Loup River Basin from online services. You will
then perform drainage analysis on a terrain model for this area.

The ArcGIS Hydrology tools will be used to derive several terrain parameter data sets that describe the
drainage patterns of the basin. Geoprocessing analysis is performed to fill sinks (pits) and to generate
data on flow direction, flow accumulation, catchments, 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 connectivity between the landscape and streams 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.

Background on the Loup River

From Wikipedia: The Loup River is a tributary of the Platte River, approximately 68 miles (109 km) long,
in central Nebraska. The river drains a sparsely populated rural agricultural area on the eastern edge of
the Great Plains southeast of the Sandhills.

The name of the river means "wolf" in — N

French, named by early French trappers e sl
after the Skidi band of the Pawnee, whose
name means "Wolf People," and who lived
along its banks. The river and its
tributaries, including the North Loup,
Middle Loup, and South Loup, are known
colloquially as "the Loups", comprising
over 1800 mi (2900 km) of streams and
draining approximately one-fifth of 5
Nebraska. A diversion dam southwest of Genoa diverts water to the Loup Canal to hydroelectric
facilities in Monroe and then in Columbus. The canal then runs into the Platte a short distance below its
confluence with the Loup.

1 Some of the materials and structure for this exercise originated from Dr. David Tarboton, Utah State University.



Learning Objectives

The objectives of this exercise are to delineate the watershed and stream network for a selected basin
using DEM and spatial analyst tools in ArcGIS. We will also delineate the watershed using online
delineating tools. The processing will include:

Downloading and Importing Gauge station location (Point Data)
Downloading the DEM and NHD data from ESRI Online Sources
Extracting the DEM data

Delineating the Watershed from DEMs

Network Delineation

Network Analysis

ok wNE

Special requirements for the Exercise
We need to activate the Spatial Analyst extension before we proceed with the exercise. Once you have
activated it on your computer you do not need to repeat this step again

Select Customize = Extensions

Customize | Windows  Help

Toolbars »

I| Extensions...

Add-In Manager...

Select 3D Analyst and Spatial Analyst extension. We will be using these during the exercise.



Extensions @

Select the extengions you want o uze,

ArcScan
Geostatiztical Analyst
MHetwark Analpst
Fublisher
Schematics

Spatial Analyst
Tracking Analyst

Description:

3D Analyst 1001
Copyright ©1933-2012 Een Inc. All Rights Reserved

Provides tools for surface modeling and 3D visualization.

Close

You also need to be subscribed to the ArcGIS online services. This is done by obtaining an invitation
from the administrator of the UNL account. This invitation will be arranged by the instructor. You will
need to activate the invitation.

Part 1: Online Watershed Delineation and Data Retrieval from ESRI

A watershed is the total drainage area upstream of a point. For this exercise we will delineate the
watershed upstream of the USGS Stream Gauge site 06793000 on the Loup River near Genoa, Nebraska.

1.1 Adding the USGS Gauge station to the Map

We need to add the Gauge Station’s coordinates to ArcMap. Information about the gauge station can be
found at the USGS water data website, map viewer:

http://maps.waterdata.usgs.gov/mapper/index.html

Zoom in to the area and locate the gauge station. Otherwise, you can search for the station ID number
06793000.


http://maps.waterdata.usgs.gov/mapper/index.html
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Click on the Access Data to get location information.
-
USGS 06793000 Loup River near Genoa, Nebr.
AT ETENG BT E R 1T G TEERET SN SUMMARY OF ALL AVAILABLE DATA v

Stream Site

DESCRIPTION:

Latitude 41°25'07", Longitude 97°43'25" NADS83
Nance County, Nebraska, Hydrologic Unit 10210009
Drainage area: 14,320 square miles

Contributing drainage area: 5,620.00 square miles,
Datum of gage: 1,540.13 feet above NGVD29.

Transfer the geographical information into an excel spreadsheet and convert the latitude/ longitude
from degrees, minutes, seconds to decimal degrees. (Decimal Degrees = degree + minutes/60 +
seconds/3600).

A E C D E F G H I
SitelD LatDeg |LatMin Lat5ec LongDeg Long Min Long Sec Lat DD LongDD
6793000 41 25 7 97 43 25 41.41861 -97.7236

Following the steps from previous exercises, add the spread sheet to ArcMAP and display XY data based
on the LAT DD (for Y) and Long DD (for X) columns. You will want to make sure you select NAD83 as the
coordinate system (see below). Right click on this spreadsheet layer and select Display XY data.




E Open

Joins and Relates 3
X FRemove

Data 3

Edit Features 3

EE Geocode Addresses...
#=  Display Route Events...

% Display XY Data.. J |

Display XY Data

Adds a new map layer based o
XY events from a table,

Set the X and Y fields. Recall that the USGS NWIS website indicated a NAD83 coordinate system. Click
Edit to edit the coordinate system

A table containing X and ¥ coordinate data can be added to the
map as a layer

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

Sheet1S | [
Spedify the fields for the X, ¥ and Z coordinates:

X Field: |LongDD W |
Y Field: |Lat oD W |
Z Field: | <Mone = [¥] |

Coordinate System of Input Coordinates

Description:

Geographic Coordinate System:
Mame: GCS_Morth_American_1983

[ show Details

Warn me if the resulting layer will have restricted functionality

About adding XY data | oK | | Cancel |

Locate Geographic Coordinate Systems = North America = NAD1983 in the Spatial Reference
Properties window and click OK.
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¥ Coordinate System |

? - | Type here to search - @ @ | @ v 3

Bl Favorites -
= Geographic Coordinate System_?] [
C_| Africa
£ Antarctica
B3 Asia

|

¥Y Coordinate System |

? - | Type here to search - @;u @ | @ - 5%
EJ County Systems -
EJ Europe D
1 Indian Ocean

|5 [ North America |
i Alaskan Islands

@ American Samoa 1962
23 Ammassalik 1958
P T _ -

Now you have the Gauge station in NAD83 coordinate system in the map.

Let’s now add a topographic base map to serve as a background in the viewer, so that we have some
frame of reference where our gauge is.



Genoa 1

You can see our gauge station is on the Loup River near Genoa.

We should export the data as a feature dataset or a shape file. However, before we do that, let’s open
Arc Catalog and create a folder and a geodatabase to store your files. You are going to be creating a lot
of files from terrain preprocessing. It is important that you create a Geodatabase to store and organize
output files. In addition, some of the terrain processing tools will give you error or will not run without
the output location set into a Geodatabase.

e e @ £ eclipse
o rl+ @ ata
P ‘J File Geodatabase ‘ ) £ Lab 5 DEM Water Deliation
2 Dkt A Pers B Copy Ctil+C
elete
3 Dat New File Geodatabase
Rename  F2 o
o Refresh = @ Arc Create a new file geodatabase. R @
-~ < Refresh F5 [ FeatureCl
‘ New 2 | & Layer.. B = New Feature Dataset
B3 sd Administration » Table.
3 & Group Layer Create a new festure dataset.
3 Syt (5 Properties... Distributed Geodatabase  +
= Fed EJ  Python Toolbox ] New v & Relstionship Class.
=G . - &) Toolboxes i B Raster Catalog
£3 FALABS.revision_091514 [ shapefile... O Dot ene] PO »
& Toolboxes ® (g Database Conny  Export y B Raster Dataset
({3l Database Servers © Toob g 3‘5:“2'; s @ Share as Geodata Service.. @ Mosaic Dataset...
. osted Ser
% Database Connections e d;:\g:: . = R:;dy__ru_u;e & Properties. =
GIS Servers E3 able Toolbox
[Z5 My Hosted Services [ LAS Dataset falsiCEorlatalcelselscled & Address Locator...
[ Ready-To-Use Services @ Add Locat v & Composite Address Locator...
ress Locator...
Folder selected @ Composite Address Locator...

Now let's set up a folder and geodatabase for your work. First create a folder (for instance, for the
instructor: C:\Ayse\Ex5\Sol1). Then, save the map document in this folder (Ex5.mxd). This serves to



establish a place on disk where temporary files can be written and a Home location in Catalog. Now,
create a new Geodatabase and name it Loup.gdb. Inside the Loup.gdb, create a feature data set and
name it Basedata and set its Projection coordinates as Albers Equal Area Conic. The Albers Equal Area
Conic is usually the best projection system for preserving area.

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

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-dmensional inear system

T v | | Typehere tosearch

Ve R G-t

Favorites
E3 Geographic Coordinate Systems.
[#] Projected Coordinate Syster...

\» 5 Europe

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

Geographic coordinate systems use latitudz and longitude coordinates on a spherical model
of the earth's surface. Projected coordinate systems use a mathematical conversion to
transform atitude and longitude coordinates t a two-dimensional Inear system.

i -| Type here to search v @ ,;L‘ [ R
& [ Projected Coordinate Systems ~
[ ARC (equal arc-second)
& £ Continental
B3 Africa

@ £ Asia

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  two~dimensional inear system.

Ve v | | Typehere tosearch RICE IR 3

(&) NAD 1923 Canada Atlss Lambert -
@ NAD 1983 Contiguous USA Albers

(3 MAD 1983 CSRS Canada Atlas Lambert

2 MAD 1983 Great Lakes and St. Lawrence Albers

(2 NAD 1983 Great Lakes Basin Albers

(£ NAD 1983 HARN Contiguous USA Albers

(2 MAD 1983 NSRS2007 Contiguous USA Albers

a
Alaska Albers Equal Area Conic

() Canada Albers Equal Area Conic
P S Y

Current coordinate sstem:

Click Next, Next and Finish.

Current coordinate system:

Now let’s export the data, Right click on the Events layer

> Zoom To Layer

Copy
Remove

Open Attribute Table

Joins and Relates 3

Visible Scale Range »
Use Symbol Levels

Selection »
Label Features

Edit Features 3

Convert Features to Graphics..

Convert Symbology to Representation...

Data »
<> Save As Layer File.. ‘&‘»‘ Export Data...
1,;) Create Layer Package... Export To CAD
[ Properties... Baportbaty

H [£] View ltem

Save this layer's data as a shapefile
or geodatabase feature class

T

' g ] North America Albers Equal Area Canic|
North America Equidistant Conic

B Mlntle Ammaizo | e boms b venmad i

Current coordinate system:

Save the file as Gauge in the BaseData Feature dataset under your Loup GDB. Placing the Gauge feature
inside the BaseData feature will automatically adopt the Albers projection of the BaseData feature. This
serves to project the geographic coordinates of this site feature class to the North America Albers

coordinate system of the BaseData feature dataset and make it a permanent feature class. Remove
Sheet1$ Events.




Export Data -

Export: | All 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 class:

ChAyse\Exebl\soll\Loup.gdb\BaseData\Gauge Ef}

oK Cancel

= £ Exe5
& E3 dummy
= £ solt
= 3 Loup.gdb
o o (2
(2] Gauge
Q| Soll.mxd

—_—— .

Online watershed Delineation and Data Retrieval

1.2. Elevation Data

To do any kind of watershed or water flow analysis you need to have Elevation information. The next
step is to add Elevation data to the map.
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= [E3 Folder Connections

= & C:\Ayse
£ Exe3
# [ Exed
® [ Exe5
i (3 spatial analysis
@ 3 Nebraska.gdb
@ §#8 Reference_ET_animation_from_Earth_Engine.gif

spatial analysis demos.mxd

@ £ C\temp

B Toolboxes

{{J Database Servers

{3 Database Connections

GIS Servers
aa Add ArcGIS Server
& Add ArcIMS Server
& Add WCS Server
g Add WMS Server
,: Add WMTS Server

nEE®

Open ArcCatalog. Double Click on Add ArcGIS Server. Select Use GIS Services, the first option.

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?
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Enter the Server URL http://elevation.arcgis.com/arcgis/services

and your ArcGIS.com user name and password. Note that username and password are case-sensitive.

General

Server URL: http: //elevation.arcgis.com/arcgisfservices

ArcGIS Server: http: //gisserver.domain.com:6080 farcais

Authentication (Optional)
User Name: akilic_UN1
Password: [TTTTITITIIYL

Save Username Password

About ArcGIS Server connections

< Back Finish

Cancel

You should see ARCGIS on elevation.arcgis.com displayed in your Catalog under GIS Servers.


http://elevation.arcgis.com/arcgis/services
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= GIS Servers

&5 Add ArcGIS Server

& Add ArcIMS Server

&5 Add WCS Server

&5 Add WMS Server

&5 Add WMTS Server

ERSE] arcgis on elevation.arcgis.com (user)
# Tools
# (] WorldElevation
~ #iB NED30m

Expand the tool to see the services available

= HJ GIS Servers
#:| Add ArcGIS Server
#:| Add ArcIMS Server
&:| Add WCS Server
&:| Add WMS Server
&5 Add WMTS Server
(= &7 arcgis on elevation.arcgis.com (user)
= & Tools
= ! Elevation
“ Profile
* SummarizeElevation
* Viewshed
= ! ElevationSync
“\\, Profile
= E5] WorldElevation
@ Datakxtents
@ Terrain
B TopoBathy

L NED30m

| PUORSCERAR SRS S B o SR SUNCICE

NED30m is the USGS National Elevation Dataset digital elevation model. Drag and drop NED30m from
ArcCatalog onto your ArcMap to add this data to the ArcMap data frame. Close the coordinate systems
warning. You may have to try this a few times before the NED30m shows up in ArcMap. Make sure you
have both windows for Arc Catalog and ArcMap is open.
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Q Sol1.mxd - ArcMap -8B
File Edit View Bookmerks Inset Selection Geoprocessing Customize Windows Help
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2@

5 @ Gauge
Ll

= @ Ba T
@ Basemap ® X | Contents [Preview | Descrption

& & World_Topo_Map \ 3

Toolboxes

Neme:  NED3Om
Type.  Image Service

& 3 Database Servers
| : @ G Database Connections
i § & i Gl Servers
N & Add ArcGIS Server
N & Add ArciMS Server
A i L &4 Add WCS Server .
& Add WMS Server
& Add WMTS Server
& @ arcgis on elevation.arcgis.com (user) NED30m.ImageS
& [ Tools -
& [ WorldElevation
Databxtents
) : Tersn
To

| RN

@ arcgis on hydro.arcgis.com (user)
@) arcgis on hydro.arcgis.com (user) (2)
4 aregis on hydro.arcgis.com (user) (3)
] arcgis on landscapel.arcgis.com (user)
& £ My Hosted Services
¥ B Readv-To-llse Services
Image Service selected

The first view in ArcMap look like the following. You can then zoom in to the gage for the Loup River.

Q Solt.mxd - ArcMap - 5IEd
Fle [t Yiew Bookmeks lmem Selection Geoproceming Customize Windows Help
Dsd& TR %[0 11182489 v EEren ET'
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008 P 0 6 B @By
o=l > M| o Gl ech 2 QI E AR Y
Table Of Contents »x i ~
fHees B W =L & ¥ &%
2 ©7 New Data Frame 47 5 =
= B Gauge
.
ISl NED 300
Value
High: 8700

vioviergA-a-2. 0.,

Low : -450

f
73
(',O'E

= @ Basemap
5 @ World_Topo_Map

4F"lc4

CENERTRY >
644004.141 -56303.752 Meters

1.3. Watershed tool in the Hydrology toolbox
Now we are going to add the Watershed tool in the Hydrology toolbox. The server url is at

http://hydro.arcgis.com/arcgis/services



http://hydro.arcgis.com/arcgis/services
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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.
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General

Server URL: http://hydro.arcgis.com/arcgis/services

ArcGIS Server: http: //gisserver.domain.com:6080 farcgis

Authentication (Optional)
User Name: akilic_UN1
P“u-d: il..ll‘..ll
Save Username Password

About ArcGIS Server connections

< Back Finish Cancel

Now locate the watershed tool in the Hydrology toolbox in Arc Catalog. We are going to create a
watershed representing all contributing areas above Loop River gage at Genoa.

ey ey e ey e g e
S| Q} arcgis on hydro.arcgis.com (user) (4)
=2 E Tools
=@ Hydrology
TraceDownstream
‘\\, Watershed
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Click on watershed and set Input Points to Gauge (the Loop River stream site). Set Data Source
Resolution to 30 meter. Leave other inputs at their defaults and click OK to run the tool.

N Watershed - B
Tnput Points Data Source Resolution (optional)
|Gauge hdll =] 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 approximation in
meters for easier understanding

Point Identification Field (optional)

Blank - The hydrologic source was built from 3 arc second, approximately 90 meter resolution
elevation data. This is the default
Snap Distance (optional)

FINEST- Finest resolution available at each location from all possible data sources
Snap Distance Units (optional)

Meters hd « 30m - The hydrologic source was built from 1 arc second, approximately 30 meter resolution
Data Source Resolution (optional) elevation data
30m v

[ | Generalize Watershed Palygans (optional) 90m - The hydrologic source was built from 3 arc second, approximately 90 meter resolution
elevation data

Retum Snapped Points (optional)

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

When the tool completes, you should have an Output Watershed that has been delineated using the
ESRI online watershed delineation service. It appears in the GPInMemoryWorkspace part of the map
document table of contents. You need to have “List by Source” option selected for Table of Contents
(TOC). Notice that there are two layers listed: Output Watershed which shows the outline of our
watershed boundary of the Loup River above Genoa. The second feature is called Output Snapped
Points and contains the outlet point "snapped" or moved to be on the stream. We will use this later on
the exercise.



File Edt View
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%=0|s8 =
= o T

£ B Output Watershed [161514_10012014)
(S
= (3 ChAyse\ExeS\sal 1\Loup.gab
= P BaseData
E B Gauge
20 NED3Om
Value
l High: 8700
Low: -450

& B World_Topo_Map

= (3 GPInMemoryWorkspace:(51490803-1DF8-4FF
= @ Output Snapped Points [161614_10012014|

Lilhh < 7 | HEIHf

 Drawing~ K () 55| - A - < | @) Avial vlﬂv'll]ﬂAv&vg-;.l

Location; | arcgis on hydra.arcgis.com (user) (4) v

ox
LR X %1 1E=—20 14 =]

= @ Home - Bxe5\Sol1
# (3 Loup.gdb
Sol1.mxd
& £ Folder Connectians
# E3 ChAyse
& £ Chtemp
= I8 Toolboxes
&l @ My Toolboxes
il B System Toolboxes
#* [J Database Servers
@ B3 Database Connections

4 Add ArcIMS Server
23 Add WCS Server
23 Add WMS Server
23 Add WMITS Server
& arcgis on elevationarcgis.com (user)
& & aregis on hydro.arcgis.com (user) (4)
5 & Tools
= ® Hydrology
“\ TraceDownstream
“, Watershed
& arcgis on landscape1 arcgis.com (user)
& 5 My Hosted Services
¥ 5 Ready-To-Use Services

-361332.595 6077226 Meters:

Right click on Output Watershed and select Data and Export Data to export this delineated watershed
and name the output feature class as Basin in Loup.gdb\BaseData. This saves the Basin feature class on
your computer. We will be using this Basin basemap to extract data. This is our study domain.
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| =/ New Data Frame
[ L3 GPInMemoryWorkspace:{51490803-1DF8-4FF
= & Output Snapped Points [161614_10012014

®
BNzl Output Watershed [161614_10012014] Export Data
=1
53 C\Ayse\ExeS\sol \Loup.gdb Bxport: | All features
&= 27 BaseData Use the same coordinate system as:
= D.GEUQE (_Ithis layer's source data
= O NED30m |_the data frame
Value (@) the feature dataset you export the data into
I High : 8700 (only applies if you export to a feature dataset in a geodatabase)
Output feature class:
Low : -450 |C:\Ayse\ExeS\s0I1RLoup.gdb\BaseData\Basin
World_Topo_Map
0K ‘ | Cancel

Likewise, save the Output Snapped Points in Loup.gdb\BaseData\GageSnap feature class. Saving these
results “locally” retains them in case you have to restart. If that happens, the GPInMemoryWorkspace
would be lost and you would have to repeat this procedure.
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Export Data

Export: | All 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 class:

ChAyse\Exeb\soll\Loup.gdb\BaseData\GageSnap

OK

Cancel

Let’s zoom in near the outlet of the Loup River basin (Genoa guage). Note whether or not the location of
the gauge has been shifted relative to the original location that you used. This is to move the outlet onto
the stream flow path in the preprocessed NED30m DEM that underlies the watershed delineation.
Estimate the amount of shift and why it occurred. Which location do you conclude is the most accurate

and why.
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lable Of Contents rx
eI
B New Data Frame

= ¥ GageSnap

= O Output Snapped Points [183408_10012014]
®
= M Watershed:InputPoints
-
= ¥ Gauge
= 4 Basin
O
= O Output Watershed [183408_10012014]
1
= O NED30m .

Value
P High: 8700 @
-

Low : -450

= Basemap
World_Topo_Map

Notice that our watershed boundary has a stair step shape (the green color above) because it is based
on DEM grid cells.

Check to make sure that the underlying NED30m DEM coordinate system is the same as the display data
frame. If not, you would need to change data frame to the coordinate system of the DEM. Check this by
Right clicking on the data frame Layers [ Properties and evaluating the projection system. Compare that
information with the same thing for the DEM.

Extracting the DEM for the Basin from NED30m

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

N Buffer - 0 “

Input Features ~

|4
M

|Baﬂn
Output Feature Class

C:\Ayse\Exed\soll'\Loup.gdb'\BaseData\Basin_1km_Buffer

s

e [value or field]
near unit

Dist

1000 Meters b
() Field

Side Type (optional)

FULL W
End Type (optional)

ROUND

Dissolve Type (optional)
NONE W

Dissolve Field(s) (optional)

[ ] oBIECTID

|:| FourPtID

[ ] pescription

[ ] pataresolution

|:| AreaSgkm v

Cancel Environments... Show Help ==

This process may take several minutes to complete (watch the lower righthand part of your screen for
progress). When finished, the basin will now be outlined by the buffered basin feature that is 1 km
larger (see following figure where the basin and buffered basin are viewed with no fill):



Next, we will search for the Extract by Mask (Spatial Analyst) tool and set the inputs as follows

22

- CEN

S Extract by Mask
Input raster
| NED30m LaRl=]
Input raster or feature mask data
x|

I Basin_Tkm_Buffer

Output raster
C:\Ayse|Exe5\soll\Loup.gdb\DEM

The result is a DEM over the buffered area of the basin. This DEM is 1 km larger than the Loup River
basin so that we have no problems during calculations of terrain parameters including slope and flow

direction.
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This completes the downloading and extraction of the DEM from the online services. The DEM is now
ready for terrain analysis.

To turn in: The number of columns and rows, and grid cell size in the Loup River basin DEM.

The minimum and maximum elevation values in the Loup River basin DEM.

The next step is to bring in the NHD flow line data.

1.4. National Hydrography Data Service (NHDPlusV2).

Next we are going to bring in flowlines that have been preprocessed by ESRI and are made available via
ArcGIS server. This product is only available via the online subscription. When possible, it is best to use
the online data to save processing, downloading, unzipping time.

In Catalog, under GIS Servers add the http://landscapel.arcgis.com/arcgis/services ArcGlS service as you
did before for elevation and hydrology services.
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General “

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

ArcGIS Server: http: /fgisserver.domain.com:6080arcgis

Authentication (Optional)

User Name: akilic_UN1
Password: sesssssnee
Save Username /Password

About ArcGIS Server connections

T

Under “Tools” in the Landscape 1 service, double click on “Extract Landscape Source Data” (see image
below) and choose NHDPIlus V2 Flowlines as the Landscape Layer and Basin as the study area.

" Extract Landscape Source Data — B -
Choose Landscape Layer
MHDFlus v.2 Flowlines W
Study Area

| 4
O

|Eaﬂn

Wait until this message box appears

-1

o Extract Landscape Source Data

131 29.648 Decimal Dregrees

Open the Geoprocessing Results Window in ArcMAP (in the top menu):
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Q Sol1.mxd - ArcMap
File Edit View Bookmarks Insert Selection | Geoprocessing | Customize Windows Help
L%
D@ - BB x|0 &[N b BRI 3,
= Clip E = R
@.@.«Sf"lo HEAE @' K |‘,> f _ Drawing~ K
Yy Intersect =
& = 8 e | ) : - |: “\ Union
"\% Merge }e Ef =
Results g x|*, Dissolve 7 x
® Current Session [§ Search For Toals Ialalog
@ Previous Session B ArcToolbox av L L3| == v| E‘| 'Eg-\ o
T Shared f& Environments. : = ==
. 4
Location: | “, Extract Landscape Source Data
@ Results
= Gg Home - Exe5\Sal1
I
#° N Results 408 10012014] Loup.gdb
[ Open the Results window so you Sol1.mxd .
q cantrack and review the [= 3 Folder Connections
geoprocessing steps you have £ ChAyse

performed. In this window you
can also share your geoprocessing
[H results with others as packages or
services.

£ C\temp

£ ChUsers\Ayse
[= B Toolboxes

ﬁ My Toolboxes

Systern Toolb
[=| @ PressF1 for more help. & 8 System Toolboxes

Eﬁl Database Servers
) £ Database Connections
= O Output Watershed [183408_10012014] 1= {3 GIS Servers
*7 Add ArcGIS Server
a1 *7 Add ArcIMS Server
= 4 DEM *E Add WIS Server
Value *F Add WMS Server

*7 Add WMTS Server
lﬁ arcgis on elevation.arcgis.com (user)
= Cﬁ arcgis on hydro.arcgis.com (user) (4)

M High: 130636

Low : 467.098 1= £ Tools
= Q Hydrology
‘\ TraceDownstream
= O NED30m #, Watershed
Value = C']BE ggi; on landscapel.arcgis.com (user)
- Tools
I High : 1000 (= 88 ExtractData

B & Extract Landscape Source Data

==

Expand the “current session” and you will see a “NHDPlusv.zip” file appear.

File Edit View Bookmarks |nsert Selection Geoprocessing  Custor
DEE& L EHR x |9 | db-|[1:129043 v
QAMQ e N-0 k@ B2
# = AW ey ey | (28 [ . E
Editor~ || » | »

lesults i

= ® Current Session
= %, Extract Landscape Source Data [203321_10012014]
[ Output File: NHDPlusv.zip
& Inputs
' Environments

Double Click to open the output zip file and copy the geodatabase folder Landscape.gdb that is inside
the zip file into the folder where you are working (for example: C:\Ayse\Ex5\Sol1). (Click on the
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Landscape.gdb to select it, right click and select ‘copy’ and then go to your working folder (for example
C:\Ayse\Ex5\Sol1). Do the copy and paste in the same Explorer window):

ol L L

© -1

-

4 Downloads

& Google Drive
ad Homegroup
& This PC

m Desktop

- Documents
4 Downloads
¥ Music

& Pictures

B Videos

B 05(C)

i Matwnark
4 items

CMAyse\Exe5

Share View

b ThisPC » OS(C) » Ayse » Exe5 »

-~
~

1 Mame

<» Recent places

I dummy

MY

Date modified

10/1/2014 1:54 PM

‘ | . Landscape.gdb

10/1/2014 851 PM

L. soll
5] Ex52014_v2.docx

::' airmak2 (airmak2-hp)

1 item selected

10/1/2014 233 PM
10/1/2014 8:28 PM

ol
v @

y

Search Exe5

Landscape.gdb
File folder

L

Date modified:
Availability:

10/1/2014 851 PM
Available offline

Add the feature class NHDPlusv from Landscape.gdb (that is in your working folder) to the ArcMap
display and symbolize using Gage Adjusted Flow E to give a flow map. Under Symbology, select

“Quantities” and “Graduated colors.” Ignore warnings. Format the labels.

Layer Properties

Joins & Relates Time HTML Popup
General Source Selection Display Symbology Fields Definition Query Labels Routes Hatches
Show: -
Foatures Draw using color to show values. Import.
Categories Fields Classification
Quantities Value: Gage Adjusted Flow E W Natural Breaks (Jenks)
- Graduated colors
Graduated symbols Normalization: |nene v Clagses: |5 h Clagly
*Proportional symbols
Chalris N ColorRamp: _ W
Multiple Attributes =
Sym.. Range Label
0.000000 - 109.430000 0-109
109.430001 - 350.699000 110-351
350.699001 - 626.692000 352-627
626.692001 - 940.245000 628-940
—940.245001 - 1452.169000 941-1492
[ |Show class ranges using feature values Advanced -
Cancel Apply
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Q Sol1.mxd - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customi
DB@& L 0B x| 0o & mm V]
QAMQ e [E-Un[@F  BlLMDR DR Drawing= K () 58| O~ A - /< |[[@) Arial voviprglA-0 B
RAMBD B EEE ERaby

edtor= |[K] % | /2 4 - 315 s o A BB

Table Of Contents 2 x

Eee8
= New Data Frame D

= @ GageSnap
= O Output Snapped Points [183408_10012014
= & Gauge
£ & NHDPlusv
Gage Adjusted Flow E
—0-109
B 110 - 351
—352- 627
—628-940
—941- 1492
(= @ Basin_1km_Buffer
o
= @ Basin
o
= O Output Watersned [183408_10012014]
(=]
= & DEM
Value
W High: 130636
Low : 467.098
= O NED30m
Value
I} High: 1000
-
Low : 300
= O Basemap
TR A T A e

This is now a local set of NHDPlus vector streamlines for the Loup River Basin.

1.5. Main Stream Properties

Let's now identify the main stem of the Loup River, including the Middle Loup River, and determine
some of its properties. Open the attribute table for NHDPlusv. Select By Attributes and click on “Get
Unique Values” to see the names of the stream. Note: The hydrographic GNIS names contained in and
displayed by the NHD are from the GNIS (Geographic Name Information System) database which holds
the Federally recognized name of each feature and defines the location of the feature by state, county,
USGS topographic map, and geographic coordinates.

You need to write a Query to select where

gnis_name = 'Loup River' OR gnis_name = 'Middle Loup River'
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Select by Attributes n

Enter a WHERE clause to select records in the table window.

Method : Create a new selection v |
OBJECTID al”
comid
gnis_name
lengthkm
reachcode "

-l e

] =] [

<[] o]

=%l Lo ] [Nt |

EI | GetUnique Values |§0T0:

SELECT * FROM NHDPlusv WHERE:

gnis_name ='Loup River' OR gnis_name =|'Middle Loup River

Clear || Verify || Help || Load... || Save.. |

| Apply | | Close |

The query will select both main stem and middle loop rivers and they should display as a highlighted
color.



29

o -

Now we will export the selected Loup and Middle Loup entries. Right click on the NHDPIlusv layer and
select Data = Export Data and save the selected features as LoupMain in the Loup.gdb\Basedata
feature dataset. This is a feature that contains only information on the Loup and Middle Loup rivers (but
none of their tributaries).

Export Data -

Export: | Selected features v |

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 class:

|C:‘.Ayse\ExeS\s0I1\L0up.gdb\BaseData\LoupMain | El

OK | | Cancel

Let's examine the length of the mainstem Loup (and Middle Loup) River from its source to this outlet
(Genoa gauge).

In the attribute table of LoupMain locate the column "Length (km)" and Right click on the header and
select Statistics
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Statistics of LoupMain
Field
b Frequency Distribution
Statistics: 400
Count: 413
Minimum: 0.004 300
Maximum: 31.073 200
Sum: 408.843
Mean: 0989935 100
Standard Deviation: 226926 0 : : . : :
Nulls: 0

00 44 8913.317.7222266311

Note the “Sum” value and the units (the length of the Loup and Middle Loup River from its source to this
outlet at Genoa gauge).

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

Part 2. Hydrologic Terrain Analysis

This activity will guide you through the initial hydrologic terrain analysis steps of Filling Pits, calculating
Flow Direction, and calculating Flow Accumulation (steps 1 to 3). The resulting flow accumulation raster
will allow you to identify the contributing area at each grid cell in the domain, a very useful quantity
fundamental to 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 the
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).
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Next the streams will be converted into a vector representation (step 8) and more Hydrology toolbox
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 a comprehensive set of information about the hydrology of this watershed, all derived from
the DEM.

Step 1: DEM Conditioning (Fill Pits)

Search and Run the Fill tool — to fill in the Sinks in the DEM. Sinks are the cells that are surrounded by
cells all having an elevation higher than it, i.e the water will not flow anywhere from the “pit” cell.
Running this tool is very memory and CPU intensive and will take a long time. Save the file into the
Geodatabase.

Select Spatial Analyst Tools = Hydrology --> Fill. Set the input surface raster as DEM and output
surface raster as fill in Loup.gdb.

-

ArcToolbox ax .

@ Analysis Tools
@ Cartography Tools

”~
-Input surface raster

DEM v |
& Conversion Tools | hdl

& Data Interoperability Taols Output surface raster

® Data Management Tools C:\Ayse\Exe5\soll\Loup.gdb\Fill
& Editing Tools Z limit (optional)

@ Geocoding Tools
@ Geostatistical Analyst Tools
@ Linear Referencing Tools
& Multidimension Tools
& Network Analyst Tools
&) Parcel Fabric Tools
& Schematics Tools
& Server Tools
= & Spatial Analyst Tools
& Conditional
& Density
& Distance
& Extraction
& Generalization
& Groundwater
= & Hydrology
#, Basin
*\ Fill
#., Flow Accumulation
“, Flow Direction
“ Flow Length

Let's examine the impact of Fill on the DEM. Select Spatial Analyst Tools = Map Algebra = Raster
Calculator and evaluate the differences between FILL and the original DEM by calculating the difference
FILL — DEM in Raster Calculator. Save the result as “FillMinusDEM”.
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Raster Calculz

Map Algebra expression

Layers and variables Conditional a
<l Con
< DEM ZhE LR | i
<»NED30m 2= s . > [»=1[ Sethull
Math
12 3 - < ||<=| ™ | abs
Exp
0 = ( ) -~ Expl0 v

VEll" - "DEM"

Output raster
C:\Ayse\Exe5\sol1\Loup.gdb\FillMinusDem

T

View this difference map. Comment on the differences, where they occur, and why they occur. You
should on an area to make this assessment. If you see lots of pits, especially in the “Sandhills” area,
suggest what these pits are, in reality.

To help with your assessment, also create a Contour map from the DEM. Select Spatial Analyst Tools
- Surface 2 Contour. You can set the Contour interval to 10 m.

An overlay of the Contour lines on top of the FillMinusDEM map, where the map is colorized to show
low values as green and large values as blue is shown below:
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= FillMinusDem

Value
I High : 26.4645

Low: 0

The above figure on the left is a closeup of the boxed area in the west central part of the Loup River
Basin. That figure, with contours and colorized differences (showing filled pits), may give you a better

idea of what these features are. (The circled area is commented on later). Question: what are these,
and should they be filled?
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Step 2. Flow Direction

To delineate the Watershed, we should know which way the water is flowing from a cell. To determine
this, search for tool Flow Direction. This tool compares each cell with its neighboring cells to determine
the direction of steepest descent, and therefore, where each cell is draining to.

Flow Direction Tool applied to the “Fill” DEM. Flow direction is saved as “FDR” and the Drop raster is
saved as “DRP”.

2 Flow Direction

Input surface raster

[ Fil - @

Output flow direction raster
|C:\,‘\yse\ExeS\soIl\Loup.gdb\FDR | |§|

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

Output drop raster (optional)
|C:\Ayse\ExeS\soIl\Loup.gdb\drp | |§|

£ ™ FDR
[
-2
o4
.3 32
=16
@32
I 54 8
=28

If we zoom in to the same area as above (for the FillMinusDEM), we can see the actual detail for specific
slopes:
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Note that some of these shapes have straight edges. This occurs because the flowline (direction) has
been determined for the pit-filled areas, and these areas are perfectly flat after the filling. Therefore,
the direction tool gets ‘confused’ and assigns a variety of directions.

The following snapshot is along the Middle Loup River and shows the drainage of south-facing slopes
and north-facing slopes into the river:

[ b FDR
=1
|
m4
[
. 16
=32
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Step 3.Flow Accumulation
Once we know the Flow direction we can ascertain how the flow is getting accumulated and where small
groups of cells turn into streams and where streams turn into rivers.

Search for the Flow Accumulation tool or Spatial Analyst Tools = Hydrology = Flow Accumulation. Use
the Flow direction as the input raster and save the output in to the Geodatabase as “FAC".

8
8
1 1 8
1 L] -
1
l 1 1 1 1 e
Flow_Dir Flow_Acc

e Flow Accumulation — O

Input flow direction raster
| FOR -

Dutput accumulation raster

=]
| C:\Ayse\ExeS\soll\Loup.gdb\FAC ‘ E
=]

Input weight raster (optional)

Output data type (optional)
| FLOAT v|

|4

The Flow Accumulation tool is a very CPU and Memory intensive process. You will need to be patient.
Have some coffee. Watch an old episode of “Friends” and relax. This tool will take substantially more
time than it took to make the Flow Direction raster (it may take about 1 hour).

The initial result in the viewer will look like the following:
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Editor-

lable Of Contents B £
8|S 8|E
=) New Data Frame fal
= 3 C\Ayse\Exe5\sol T\Loup.gdb
=l Ty BaseData
= O GageSnap
[ )

A
5 @ Gauge

= O Contour10m

= O LoupMain
-

= O Basin_1km_Buffer
]

= Basin
o

= FAC

Value

Low:0
=0 drp
Value

High: 142.293

Low : 0.00280967

The result initially looks like just a black screen because all values close to zero are colored black, but
there are some cells in the main river having high values for accumulated cells. Therefore, the “color
stretch” shows most cells as black.

If you zoom in you will see some of the stream structure. Adjust the symbology of the Flow
Accumulation layer to a classified scale with multiplicatively increasing breaks that you type in, to
illustrate the increase of flow accumulation as one descends through the grid flow network. In
symbology, use 8 classes and select the “Classify” Button and choose the “Manual” method to type in
your class breaks in the window in the lower right hand corner of the menu window.
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Classification n
Classification Classification Statistics
Method: ‘Maﬂua' V‘ Count: 39112009
Classes: 8 Minimum: 0
Maximum: 37,477 444
Data Exclusion Sum: 286,142,783,436
Standard Deviation: 331,439
Columns: | 100 |3 [ |show std. Dev. [ | show Mean
c 2 § Break Values
400000 ¢ = g
cS - 3,000
Co =
- = r 5,000
30000000 10,000
30,000
50,000
20000000 100,000
1,000,000
37,477,444
10000000

[ |snap breaks to data values

9 369 36118,738,72:28,108 08:37 477,




| General | Source | Extent | Display | Symbology

Show:

Unique Values

Stretched
Discrete Color
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‘Draw raster grouping values into classes

Fields
Value <VALUE>

Classification
Manual

MNormalization

=None >

Classes| 8 W | |

Color Ramp

- 19

Symbol  Range

0 - 3,000
3,000 - 5,000
5,000 - 10,000

[ 10,000 - 30,000

30,000 - 50,000

Label

0 -3,000
3,000,000001 - 5,000
5,000.000001 - 10,000
10,000,00001 - 30,000
30,000,00001 - 50,000

50,000.00001 - 100,000

Display MoData as

I 50,000 - 100,000
I

W

["]show dass breaks using cell values

Use hillshade effect 21
About symbology O o

OK || Cancel || Apply

e 5 J i = ™ FAC
iﬂ H \5& \\\ <VALUE>
10 - 3,000
J‘ j&“ N\g 13,001 - 5,000

= 5,001 - 10,000

[ 10,001 - 30,000

I 30,001 - 50,000

I 50,001 - 100,000

= 100,001 - 1,000,000
I 1,000,001 - 37,477,444

P
o
g

1l
|
L

¥

S
&/"'W\
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Turn off the unnecessary layers and pan and zoom to the outlet of the outlet of the basin, which is at the
Genoa Gaging Station. This location is indicated in the following figure. Use the identify tool to
determine the value of "FAC" at the outlet.

The value obtained represents the drainage area in number of 30 x 30 m grid cells. Calculate the
drainage area in km?2.

Turn in the drainage area into the gauge station in both number of 30 m grid cells and as km? as
estimated by the flow accumulation tool. Compare this to the area of the basin, as a ‘check’ where the
area of the basin is obtained from two different sources: a) from the attribute table for the basin, and b)
from the USGS properties menu for the Genoa gage as shown below. Also, determine why the
“Drainage area” in the USGS Description has a dfferent value than the “contibuting drainage area” for
this particular basin(think about what we have dicussed under the flow direction analysis).

USGS 06793000 Loup River near Genoa, Nebr.

AT NG ST Tl o TTERET) (-l SUMMARY OF ALL AVAILABLE DATA -l co

Stream Site

DESCRIPTION:

Latitude 41°25'07", Longitude 97°43'25" NADS83
Nance County, Nebraska, Hydrologic Unit 10210009
Drainage area: 14,320 square miles

Contributing drainage area: 5,620.00 square miles,
Datum of gage: 1,540.13 feet above NGVD29.
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Step 4: Watershed

We will run the Watershed tool twice. The first time we run it, we will ask for delineation of all of the
watershed above the Genoa gauge. This will give us a single ‘watershed’ unit. The second time through,
we will run the Watershed tool using stream segments (links) to delineate small catchments throughout
the basin. Note that we already have the entire ‘watershed’ via the watershed tool from the ESRI
online watershed delineation service that was run earlier. But it is a good check to do it again, plus to
see the outcome.

Before we can use a ‘single point’ as the “pour point” in the Watershed tool, we need to ‘snap’ the
gauge location to the 30 m cell that has the highest FAC, and we turn that location into a 30 m
equivalent size. We do this using the Snap Pour Point tool:

A Snap Pour Point - OIS

Input raster or feature pour point data

Gauge hdll =]
Pour point field (optional)

SitelD W
Input accumulation raster

|FAC > &
Output raster

C:\Ayse'Exedsoll\Loup.gdb\Snap_to_FAC E—';-

Snap distance

OK Cancel Environments... Show Help ==

The result of the Snap Pour Point will be a single raster layer that has the value of the maximum FAC and
it will be the size of one 30 m cell (the red cell in the following screenshot, where the “blue” symbol is
the original location of the gauge and the “green” cell is the location when previously snapped to the
ESRI online watershed tool) :
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For the first time through: Search and run the Watershed Tool using the Snap_to_FAC as the feature
pour point data and FDR as input:

2 Watershed — O -

Input flow direction raster
|FDR > &
Input raster or feature pour point data
| Snap_to_FAC hdll =]
Four point field {optional)

Value W
Output raster

C:\Ayse\Exe5\soll\Loup.gdb\Watershed_FAC__ B

oK Cancel Environments... Show Help ==

Use the Flow direction raster (FDR) for Input flow direction and the Snap_to_FAC for feature point data.
It is important to use the “30 m” Snap_to_FAC raster point to make sure that the Watershed tool ‘sees’
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that the outlet cell is located on the maximum accumulation cell. The result should be a Watershed
raster that has the value 1 over the area upstream from the outlet point. The following is a result (in
green) when using the filled DEM-based flow direction and flow accumulation tools. The purple line is
the basin boundary derived from the online Watershed tool. Notice that there is some disagreement at
a few locations along the edge.

Step 5. Delineating the Stream Network

Stream networks can be delineated from a Digital Elevation Model (DEM) using the output from the
FLOWDIRECTION and FLOW ACCUMULATION tools. Flow accumulation, in its simplest form, is the
number of upslope cells that flow into a particular cell. By applying a threshold value to the values of
FLOWACCUMULATION, a stream network can be defined that is comprised of catchments that are of the
size of the threshold value. For this exercise we will explore the effect of using a thresholds of 5,000 (a
standard value) and 30,000 cells.

Search and open the Raster Calculator and apply the query of FAC > 5000 and Watershed FAC > 0. The
“Watershed_FAC > 0” will cause the accumulation to apply only to our watershed. Save the result as
STR5000. Run the Calculator a second time and apply the query of FAC > 30000. Save the result as
STR30000.

("FAC" >5000) & ("Watershed_FAC" >0)
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N

Raster Calculator

_cEN

Map Algebra expression

Layers and variables = Conditional =
OWatershed_FAC — 1 1 1 11| Con

== =
Snap_to_FAC Picl
<& snap G | I | B | el | I 1
S I I8 0 I
Sarp — —— | Math
{>FDR I I - || < ~ | Abs
<> FillMinusDem S —— — Exp
<A>Fi|| v 0 ] ~ || Explo v
("FAC" = 5000) & ("Watershed_FAC" = 0)
Output raster
C:\Ayse\Exe5\sol1\Loup.gdb\STR5000
oK | ‘ Cancel | ‘ Environments... ‘ | Show Help ==

The result is a raster representing the streams delineated over our watershed that have flow
accumulation > 5000 and that are inside the watershed boundary.
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The raster image shows the Streams (Blue color) where the flow accumulation is more than 5,000 grid
cells within the watershed. Now let’s change the color of 0 Values (Cells with Flow Accumulation <
5,000) to no color, you can zoom and see the layout of various streams.

For the 30,000 threshold (results below), the streams are much shorter and less dense. This makes
sense, since 30,000 cells must accumulate before we call something a stream.
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alen

Step 6. Stream Links

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

Search and run Stream Link Tool
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o Stream Link — B

Input stream raster
| STRS000 > &
Input flow direction raster

|FDR &
Output raster

C:\Ayse\Exe5\soll\Loup.gdb\StrLnk5000 [,‘-_'—",

oK Cancel Envirenments... Show Help >>

The result is a grid with unique values for each stream segment or link. Symbolize StrLnk5000 with
unique values so you can see how each link has a separate value. The streams look like the results from
the raster calculator above. Run the same Stream Link tool for the 30,000 cell threshold and call the
results StrLnk30000.

Catchments

The Watershed function provides the capability to delineate unique catchments upstream of discrete
links in the stream network. Run the Watershed tool again but this time use the input raster as the
strink. Run this tool twice, once using StrLnk5000 and once using StrLnk30000.
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o Watershed — O

Input flow direction raster
|FDR ~ |
Input raster or feature pour point data
| StrLnk5000 > B

Pour point field (optional)}

Value W

Output raster

C:\Ayse\Exe5'soll'\Loup.gdb\Catchment3000 B

Cancel Environments... Show Help ==

The result is a Catchment grid where the subcatchment area draining directly to each link is assigned a
unique value that is the same as the link it drains to. This allows a relational association between lines in
the StrLnk grid and Area's in the Catchments grid. Symbolize the Catchments grid with unique values so
you can see how each catchment has a separate value.

Table Of Contents
alo8 o
@ LoupMain
-
= O Basin_1km_Buffer
a
= ® Basin
o
oa] Catchiment0000
# @ Catchment5000
= @ Strink30000
Value
High: 653

Low:1
= O Strink5000
Value
'ngn 3995
Low:1

® STR30000
oo
-
& O STR5000
0o
-
0 Watershed_FAC
Value
= 6,793,000
= O Snap_to_FAC
6,793,000
0 FAC
<VALUE>
=n.2000

Catchments when threshold is set to 5000.
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Table Of Contents #x
+:[0]0 8 |3
= @ GageSnap ~
Gauge

= O Contour1Om
= @ LoupMain
-
O Basin_1km_Buffer
a
 Basin
o
i@
5 O Catchment5000
2 StLak30000
Value
High: 653

Low:1
= O StrLnk5000
Value
l High : 3995

Llow:1

= B STR30000

CLIERY
M Wiatarchad FAC X <

Catchments when threshold is set to 30000.

Closeup view of catchments and streams when threshold is set to 5000.
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Closeup view of catchments and streams when threshold is set to 30000.

Questions: Compare the two catchment grids (based on 5000 and 30,000 thresholds). Which one
appears to present the best representation of catchments for purposes of hydrologic modeling? Justify
your answer. Based on the close ups, what are the primary differences between the two catchment
maps?

Step 7. Conversion to Vector

Let's convert the raster representation of streams derived from the DEM to a vector representation.
This is useful to reduce disk storage requirements and to create a continuous vector or each stream
segment that can identified in a hydrologic model and that is independent of the raster grid. Search and
Run Stream to Feature tool for the 30000 threshold data. Remember that the vector result is a feature
and should be saved under the feature class Basedata that we created earlier. Also make sure to
uncheck the Simplify Polylines checkbox.
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4

N Stream to Feature — O

Input stream raster
| StrLnk30000 -

Input flow direction raster

]
| FDR ~ &
]

Output polyline features
C:\Ayse\Exe5\soll\Loup.gdb\BaseData\Drainagelines_30000

[ | simplify polylines (optional)

0K Cancel Environments... Show Help ==

The “simplify polygons” option can cause streams to "cut corners" that will result in errors when they
are later matched with values on an underlying stream order grid during the process of determining
stream order.

The result is a linear feature class "Drainagelines_30000" that has a unique identifier associated with
each link.

Similarly convert the Watershed and Catchments into polygons by using Raster to Polygon tool
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Input raster

| Catchment30000
Field (optional)

Value

Output polygon features

C:\Ayse\Exe5\soll\Loup.gdb\BaseData\Catchment_30000_poly

[_[isimplify polygons (optionaly

Environments...

Input raster

| Watershed_FAC
Field (optional)

Value

Output polygon features

C:\Ayse\Exe5\soll\Loup.gdb\BaseData\Watershed_FAC_Poly

[_[isimplify polygons (optionaly

Environments...
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screenshot shows the polygons for the 30000 threshold catchments, with the red boundary the polygon

be used later for some Network Analyses, that requires having these data in vector form. The following
created from the Watershed_FAC feature.

The results are a Polygon Feature Class of the catchments draining to each link. The feature classes
Drainageline and CatchPoly represent the connectivity of flow in this watershed in vector form and will
If we turn on the drainagelines_30000 polygons that represent the stream network, we get the

following:
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Screenshots of the last two figures showing the polygons of catchments and then also with overlays of

the stream segment lines.
Describe (with simple illustrations) the relationship between StrLnk, Drainageline, Catchments and

CatchPoly attribute and grid values. What is the unique identifier in each that allows them to be

relationally associated?
Stream order is used to define stream size based on a hierarchy of tributaries,

Step 8: Strahler Stream Order

Turnin




———

Search and run tool Stream Order

N

Stream Order

Input stream raster

| STR30000
Input flow direction raster

| 4

| FDR
Output raster

C:\Ayse\Exed'\soll\Loup.gdb\StreamOrder30000

4
G| B B

Method of stream ordering (optional)

STRAHLER

L

oK

Cancel

Environments...

Show Help ==

The result is a Raster StrahlerOrder that holds Strahler Order values for each grid cell. Let's now

associate these with the streams represented by DrainageLine.

Locate the Zonal Statistics as Table (Spatial Analyst) tool and run it with inputs as follows
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o Zonal Statistics as Table - B

Input raster or feature zone data

StrLnk30000 bl =]
Zone field

Value W
Input value raster
| StreamOrder30000 > &
Output table

C:\Ayse\Exes\soll\Loup.gdb\OrderTable B
Ignore MoData in calculations (optional)

Statistics type (optional)

ALL L

oK Cancel Environments... Show Help ==

The result is a Table "OrderTable" that has zonal statistics from the StrahlerOrder grid corresponding to
each link in the StrLnk grid. Open the DrainagelLine attribute table. Select Table Options = Add Field.
Specify the name StrahlerOrder and leave other properties at their default. (Strahler Orders are small
integer numbers that should fit in a Short Integer data type)
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Find & Replace...
Select By Attributes...

Switch Selection
Select All
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Alias

Add Field...

Allow NULL Values

Turn All Fields On

Default Value

Domain

Table
FEE LT
M Find & Replace...
—
B  Select By Attributes.., jd_code | from node | to1
1 1
N 2 2
B Switeh Selection 3 3
Select All 4 4
a 5 5
Add Field... [ [
Turn All Fields On r r
B B
[« Show Field Aliases 5 5
Arrange Tables b 10 11
M 13
Restore Default Column Widths 12 14
Restore Default Field Order 13 22
Al AL
Joins and Relates Y o |
Related Tables Remove Join(s) k

ﬁ‘

Join bets you append additional data to this layer’s attribube table so you can,
For example, symbalkze the layer's Features using this dats,

What do you want bo join to ths lever?
[ 30in attribates from a table -

1. Choose the Figld in this layer that the join wil be based on:

grid_code -

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

- &

B OrderTable
[/ shows the sktribute tables of layers in bhis st

3. Choose the field in the Eable to base the join on:
-
Jain Cpticrs
@ Keep all records
All records in khe target table are shown in the resulting table,

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

" Keep only matching records

IF & rescord in the targek table dossn't hawve a match in the join
table, that record Is removed from the resulting target table,
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The Drainageline table now displays many more columns because it has included all the columns from
OrderTable. Since the Strahler Order is the same for each link, the fields MIN, MAX, MEAN, MAJORITY,
MINORITY, MEDIAN all hold the same value, the stream order and any one of these can be copied into
the StrahlerOrder field we just created.

Right Click on the StrahlerOrder field header and select Field Calculator. Click Yes to the warning about
working outside an edit session, then double click on the OrderTable. MIN field so that the Field
Calculator displays as follows and click OK.

StrahlerOrder | OBJECTID® | GRID CODE | ¢

i [ <Null= =  Sort Ascending =

¥ <Null= i i I~ @ VB Script _) Python

- =  Sort Descending -

3 | <Null> ] | Fields: - Functions:

3 | <Null> Advanced Sorting... [ OrderTable.GRID_CODE 1= 255 0)

3 | <Nub> Summarize... | OrderTable, COUNT _ é:;(())

3 | <Null> o | OrderTable. AREA Sk Exp ()

? | <Null= L Statistics... OrderTable.MIN @ Fix ( )
- = Int()

2 | <Nul> B Field Calculator OrcerTable. MAX Log ()

3| =Null= ‘ B OrderTable.RANGE sn()

¥ [<Nule Calculate Geometry... - OrderTable.MEAN Eqr())
- OrderTable.STD an (

3 | <Null= Turn Field Off | o o

3 P TP

DrainageLine.StrahlerOrder =
[OrderTable.MIN]

=] how Codeblock (=) ) (&) (&) (2] [=)

Notice that the StrahlerOrder field is now populated with the minimum OrderTable. MIN values.
Remove all Joins from the Drainageline table.
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ARG SO, WL R AT ST A Y
mbe

B Find and Replace...
B Select By Attributes... StrahlerOrder OBJECTID * Value * COUNT
[ Clear Selection 517949 1 1 1 282
B B 258818 1 2 2 211
% Switch Selection 11718 3 1 1 409
[[ SelectAll 908957 3 5 6 463
) 1.58965 3 8 35
addibielc 590149 2 12 2 32
Turn All Fields On 043426 1 5 5 279
) " 122464 2 3 3 161
Show Field Aliases = 09665 1 6 1% 125
Arrange Tables v 277737 1 14 14 113
N 631681 2 1 " 95
Restore Default Column Widths 447467 1 18 18 49
Restore Default Field Order 810626 1 19 19 43
cocrod 2 10 10 405
Joins and Relates 4 Join... 21 21 60
Related Tables 4 | Remove Join(s) 4 OrderTable 2§ :;f
il Create Graph... Relate... Remove All Joins i26 356
Add Table to Layout Remove Relate(s) » 2 4 i
20 20 300
< Reload Cache 723586 2 15 15 192
) 134534 1 7 7 671
S Print. 630332 1 13 13 3N
Reports y [rrannn 5 - ED —or
Export...
3 Selected)
Appearance...

Symbolize the Drainageline feature class using Strahler Stream Order for color and line width.
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| General I Source I Selection I Display| Symbology | Fields I Definttion Guery I Labels I Joins & H&Iat&sl Time I HTML Popup

|Dra'|r quantities using symbol size to show exact values. Impart ...
Figlds Data
Vaue: | StrahelrOrder v

. Gradugted symbols Momalization: |nune V|

Proportional symbols

Charts
Multiple Attributes

Uit : |Unl~;r1nwn Units ] | Rotation...

Symbol Max Value

Min Value

Mumber of Symbols to display in the Legend:

Turn In: A layout showing the stream network and catchments attractively symbolized with scale, title
and legend. The symbology should depict the stream order for each stream.
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Part 3. Network Analysis

3.1. Creating a Geometric Network

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.

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 (see previous screenshots). These are due to
differences between the raster DEM and vector mapping of NHD.
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The redish line is the primary Loup River from NHD and the thick blue is the Drainageline developed
from DEM above.

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.

Open the Catalog window and right click on Loup.gdb\BaseData - New Geometric Network. You may
have to first close ArcMap to free up the BaseData.
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dummy \*rJ) Contour10m
= soll (> GageSnap
(3 Landscape.gdb (> Gauge
=3 g’uwdb =] LoupMain
= BaseDat~ g
& Bas @ Copy Ctrl+C lE]LoupMaliddIe
& Bas| [ Past ey =] LoupMainMiddle2
& Bas o = LoupMainMiddle3
Tk =) LoupMainMiddle4
= Gag Rename  F2 (=) LoupMiddle
) Gay = Refresh F5 [(~JLpMiddleDissolve
% tou — > [;]LpMiddleoissolvd
oL lagll b lidadleNiceakeal
= Lou[ New » | (] Feature Class...
g Lou Import » | E8 Relationship Class...
= L
= Lz: Export * | =& Terrain
=J LpN *f Properties... g Network Datase
MiddreDEsover |
S , : &1 Topology..
() LpMiddleDissolve2 s .
% DEM Parcel Fabric...
Fill [Q Geometric Network... ]
loupmain_stackprofile -
(2] Ipmiddieprofile_output New Geometric Network
(E] profile Create a new geometric network
@] Solt.mxd in this feature dataset.
@ |3 Landscape.gdb
3 spatial analysis Requires a Standard or an

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

Enter a name for your geometric network:
| Louph=t

Snap features within specdified tolerance:
@ Mo
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 defaulk value is based on the ¥ tolerance
of the Feature dakaset,




64

New Geometric Network H
Select the feature dasses you want to build your network from:
[J(=] Contour10m | Select All
= Drainagelines_30000
= GageSnap | Clear All
L& Gauge | Unavaiable...
<Back || Next> | | cancel

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

New Geometric Network n

Select roles for the the network feature dasses:

Feature Class Name Role Sources & Sinks
[*) DrainageLines_30000 Simple Edge <None>
2 GageSnap Simple Junction Yes

N

| <Back | Next> | Cancel

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 LoupNet that can be used to perform network operations.
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Open ArcMAP and the project, and bring in the Utility Network Analyst by right clicking on the ‘grey
area’ of the ArcMAP toolbar (some empty space near the top).

Customize | Windows Hel

| Toolbars 3

['F]

Extensions...

I =

Add-In Manager...

Customize Mode...

Style Manager...

ArcMap Options...

3D Analyst
Advanced Editing
Animation

ArcScan

COGO

Data Driven Pages
Data Frame Tools
Distributed Geodatabase
Draw

Edit Vertices

Editor

Effects

Feature Cache
Feature Construction
Geoceding
Geodatabasze History
Geometric Network Editing
Georeferencing
Genstatistical Analyst
GPS

Graphics

Image Classification
Labeling

LAS Dataset

Layout

Network Analyst
Parcel Editor
Publisher

Raster Painting
Representation
Route Editing
Schematic
Schematic Editor
Schematic Network Analyst
Snapping

Spatial Adjustment
Spatial Analyst
Standard

Tablet

TIM Editing

Tools

Topology

Tracking Analyst

Transform Parcels

F TV F I = & =7

T

Utility Network Analyst |

Versioning
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Utility Network Analyst

LoupMet w | Flow~| Analysis ~ _E ~|Find Common Ancestors w
Display Arrows For — »
|j/ Display Arrows |

S Display Arrows
Turn flow direction arrows an or
off

The result is a set of black dots on each network link. These indicate that flow directions for the network
are not assigned.

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 (Click Continue if there is a warning). You may need to
right click on the same ‘grey area’ near the top in ArcMAP to make the Editor tool bar visible:
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Sol1_v2.mxd - ArcMap

Geoprocessing  Customize  Windows  Help

1.220.263 v = G E & 3
o & bedll W &l Drawing = K O~ A~ <@ Al
& B
Editor ~ =
o ox

LouoMet w | Flow~ Analysi== P - - f~

~ Start Editing

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

|4 @ Basin A~

|4 > Basin_1km_Buffer

A “©* Catchment_30000_poly

|4 % Contour10m

|4 ¥ DrainagelLines_30000

|4 <> GageSnap

|4 “»Gauge

A ¥ LoupMain

|3 E&| loupmain_stackprofile

|3 [ Ipmiddleprofile_output

(3 € NED30m

3 ¥ NED30m

|3 #**NHDPlusv

A EElOrderTable

|4 € VAT_Catchment30000
- .

v a4

g{@“ﬁ. \

<
= v a¥F a8

Source Type

|3 c:\ayse\exe5\soll ArcInfo Workspace
|3 C:\Ayse\ExeS\soll\Landscape.gdb File Geodatabase
LA C:\Ayse\ExeS\soll\Loup.gdb File Geodatabase

~

About editing and workspaces Cancel

N\

Use the Editor Edit Tool to select the GaugeSnap symbol and move it to the intersection of the
watershed and the Drainageline. You may have to ‘work a little’ to get the gauge symbol highlighted.
There may be a little ‘dropdown box’ next to the symbol that shows up to help you select only the
gauge. Once selected, you can move the gauge up to the outlet and on the drainage line.
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Before After

After moving the gauge, click on the Attributes button on the Editor Toolbar to open the attributes

Attributes

display panel.

The panel should show that the AncillaryRole for this point is "None". Change it to Sink.
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Avues - x
BRI =R
EIQ’ GageSnap

...... = ‘I
[zl
OBJECTID 1
PourPtlD 1
Enabled True

AncillaryRole D |

AncillaryRole
Short Integer

L]
L

Ly | D e e P G | [N [P [P g [

l_ C;eate Features lﬁ.

Next, click on the Set Flow Direction Tool on the Utility Network Analysts toolbar

Utility Network Analyst

LoupMet Vl Flow i"'—-'_-l Analysis = [ ~ | Find Cemmon Ancestors W
N !

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 by Stopping the Editor (using the Editor menu), saving edits and preventing anything else
from getting changed.
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Table Of Contents & x
L e
New Data Frame ~
3 ChAyse\ExeS\sol1\Loup.gdb
20 BaseData
@ GageSnap

= @ Gauge

S¥=] DrainageLines 30000
StrahlerOrder
-3
O Contour10m

O LoupMain

@ Watershed_FAC_Poly
o
© O Catchment_30000_poly
[ Basin_1km_Buffer
a
= O Basin
o
= O StreamOrder30000
-
-
-3
m4
ms
O STRS000
oo
-,
O STR30000
oo
-

vijEeien ¢

3.2. Analysis Using a Geometric Network

Geometric Network analysis can be used to identify the number of stream links upstream of a point, the
total length of the upstream stream links, the total upstream area, drainage density (total length/total
area), number of downstream links along path to outlet, and distance to the outlet along the streams.

Let’s identify one location of interest as a point on the Middle Loup River about % way up the basin (see
image below), just above the entry of Victoria Creek, a large side tributary. A close-up snapshot of
location is below.

Zoom to the vicinity of that location (see location below) and place an edge flag using the Utility
Network Analyst Add Edge Flag Tool. You may want to add US Topo map to identify the location of
interest.

41

I fTraceTask: Find CoMgmon Ances

r l'r-}.q 'H. r
| Add Edge Flag Tool

Flow~ Analysis,

LS

If you place the edge flag on a wrong stream, or put more than one edge flag, you can clear the flags
located under the Analysis tab of Utility Network Analyst.
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LounMet v | Flow = %5 || Analysis =|o - | g mmon Ancestc v =

Disable Layers  »

Clear Flags

1 Clears the flags from the current
Optil  network
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“able Of Contents #x
=EET U=
Y- DrsinageLines_30000 ~
= O Contour10m
5 O LoupMain
3 O NHDPlusv
@ Watershed_FAC_Poly
o
# O Catchment_30000_poly
O Basin_tkm_Buffer
a
= O Basin
o
= CF Output Watershed (183408_10012014]
o
# O StreamOrder30000
O STRS000
3 O STR30000
i O Catchment30000

# O StrlnkS000
4 O Catchment5000
il O Strlnk30000
41 O Watershed FAC
= O Snap_to_FAC
1 6,793,000
@ 0 FAC
%0 dp
& O FOR
& O FillMinusDem
0 Fil
# O DEM
# O NED30m
2@ Basemap
il @ World_Topo_Map

The above is “zoomed in” of the Victoria creek confluence with the Middle Loup River. Overlying the
topo map. The edge flag is shown as green symbol and it is placed on the Middle Loup above the
confluence with Victoria Creek. Notice, that drainage lines do not agree perfectly with the topo map.

The topo map is older, but it shows more meandering of the streams which is real and is missed by
the steepest descent rule!! This could have serious impact in models that estimate velocities and
erosion of streams, transit times, and environment characteristics such as fish habitat (pools and
riffles). Please always remember this!

You can bookmark this zoomed in view so that you can come back to it later. You can do this by creating
the bookmark and giving it a name:

File Edit View | Bookmarks | Insert Selection Geoprocessing  Customize  Windows  Help
DpE& ||:|!| Create Bookrmark... |; GEBEE
PR M Bookrmarks... B

@. @.0 : ﬁ anage Pooxmarts Create Bookmark

Edge Flag for Middle Loup near Victor

ey B i _ Create a spatial bookmark. Your
- m
new bookmark captures the S
Table Of Contents current extent of your map and
o . = rnakes it easy to get back to that
E‘ g & “E = extent after navigating away.

Drainagelines_30000 Bookmarks are listed in the
= - Bookmarks menu and are stored

= O Contour10m in your map decument.
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Now that we placed the edge flag on our location, we can Set the Trace Task to Trace Upstream and
press Solve.

Editor= = R HHgEIZl/"J ‘—.
LouoNet v Flow= %3 Analysis~ «F, - |£ing Common Ancestc v -]

Find Common Ancestors
Find Connected

Find Loops

Find Disconnected

Find Path Upstream

Find Path

Trace Downstream

Find Upstream Accumulation
Trace Upstream

Next click on the Solve button (see below).

X
Flow~ “-  Analysis~| I |+ Trace Taskjl | Trace Upstream

The result is a “red” highlighting of the link that has the edge flag and all links upstream.
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CANYON

Now we can create a table of segment lengths, etc. in the reaches upstream of our point. Go to Select
Analysis and then Options

Analysis v. v Trace Tas

Disable Layers »

Clear Flags

Clear Results

[ Options... ‘

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



Analysis Options
—

Results format
Return results as:

(©) Drawings

Results content

Results include:
@ All features
(") Features stopping the trace

Edges
Junctions

Of these results indude:

| General | Weights | Weight Fiter | Resuts |

Trace task result color
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[ [

Flow~ ..

[ ] Draw individual elements of complex edges

OK

J [ Concel [ soot |

Disable Layers
Clear Flags

Analysis '| -F ~ Trace Ta:

»

Clear Results

Options...

Now Open the Attributes table for the Drainageline (the one with 30,000 threshold) feature and see

the selected records

Table ox
(-5 N O x| x
DrainageLines_30000 Selection Statistics of DrainageLines_30000
OBJECTID * Shape * arcid grid_code from_node to_node Shape Length
13 | Polyline 13 iE) 19 21 1498 810626 Field
15 | Polyline 15 21 23 2 207740189 mmrs —
29 | Palyline 29 34 33 39 3069.809504 = Frequency Distribution
30 | Palyline 30 39 34 39 12126338192 Statistics: 40
36 | Polyline 36 27 21 14 20676.546786) | oo o
37 | Polyline a7 41 40 “ 1361.21524 i 258631138 30
38 [ Polyline 38 49 50 ] 930.503594 62030.706992 20
39 | Polyline 39 40 39 51 3587338494 Sum: 2073844 445818 "
43| Palyline 43 50 44 54 4012211184 Mean 1227126891
50 | Polyline 50 51 51 60 4449515533 Standard Deviation: 10762323294 0 —
51| Polyline 51 54 60 54 3862.840597,  Nullss 0 2566 208019 413452 618885
52 | Palyline 52 62 61 60 11822.799909 105302 210736 51616.9
66 | Palyline 66 55 54 76 9594 478996
72 | Polyline 72 79 il 76 6764009951
80 | Polyline 50 85 35 94 4046.319594
85 | Polyline 85 69 76 9 52030.706992
86 | Palyline 86 72 69 98 24907 832814 T True
83 | Polyline 88 76 77 101 22854 544526 1 True
89 | Polyline 89 101 99 101 5011.951589 2 True
90 | Polyline 90 95 103 94 6691.821726 2 True
91 | Palyline Ell 96 101 103 8414.134649 2 True
92 | Polyline 92 97 9%6 99 25967 064068 1 True
94 | Polyline 94 102 108 99 6048 218513 1 True
95 | Polyline 9% 100 9% 109 3696.39804 3 True
96 | Palyline 96 94 94 109 46163.377204 2 True
97 | Polyli 97 105 12 103 9EAT 373957 1 Tiue v
na T e Tie Sonn cevEs > Tom
o4 P E .7 (169 out of 653 Selected)

I Drainagelines_30000 I

Right click on column header Shape_Length and see the Statistics
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These records will differ based on where you put your Edge Flag and in how the various catchments
were created (5000 vs. 30000 etc).

Question: Record the total length and number of stream links upstream of your flag.

Switch the Trace Task to Trace Downstream and press Solve again. Notice how the selected stream links
switch to those downstream from the flag.

able Of Contents
ae8 =
0 Contourl0m
O LoupMain
# O NHDPlusv
= @ Watershed FAC Poly
o
& O Catchment_30000_poly
0O Basin_1km_Butfer
=]
O Basin
=]
= [ Qutput Watershed [183408_10012014
1
® O StreamOrder30000
& O STR5000
# 00 STR30000
# O Catchment30000
# O Stlnk5000
# 0 Catchment5000
# O Strink30000
# O Watershed_FAC
O Snap_to_FAC
6,793,000
w0 FAC
# O dip
# 0 FDR
# O FillMinusDem
# O Fill
#® 0O DEM
£ O NED3Om
0 Basemap
@ World_Topo_Map

T e

The following is the view of the entire basin showing downstream of our edge flag highlighted until the

outlet.

“able Of Contents
5o ¢8|

= O Contour10m

= O LoupMain
-

O NHDPlusv

= B Watershed_FAC_Poly
o

O Catchment_30000_poly

= O Basin_Tkm_Buffer
|

= 0O Basin
o

= [ Qutput Watershed [183408_10012014]

1

O StreamOrder30000

OO STR5000

0 STR30000

O Catchment30000

0O StrLnk5000

O Catchment5000

# O StrLnk30000
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Question: Determine the total length of these links as an estimate of the distance along the rivers from your Flag
edae to the downstream outlet.

Join the Catchment30000 attribute table into the DrainageLine30000 table (operate on the Drainageline
feature and click join) using the Grid_Code for a field that join will be based on (see below). This
provides access to the area draining directly to each stream link.

Join Data

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

What do you want to join to this layer?

Join attributes from a table W

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

grid_code W

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

|"3V Catchment_30000_poly M=)

—

[#] Show the attribute tables of layers in this list

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

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.

() Keep only matching records

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

Validate Join

About joining data Cancel




Evaluate the total area upstream of the Flag edge using Shape_Area Statistics.
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Table 0 x
H-E- RO x
Drainagelines_30000 S
from_node to_node Shape_Length StrahlerOrder Enabled OBJECTID * Id gridcode * Shape_Length Shap¢ Sort Ascending
362 370 6992 629205 5 True 475 | 475 356 123 6884
370 3 2526 287193 5 True 448 448 369 13048 1178 BIE: T 3ot Descending
I 372 1748.83989 5 True 453 | 453 374 36364.367 1604 Advanced Sorting..
372 382 6343 266852 5 True 472 472 373 56226 8368 15819 summarize..
382 386 2790.867183 5 True 492 | 492 389 36993.3008 1560 ren
386 387 2499.760201 5 True 496 | 496 388 29499.6654 961
387 392 11762 509252 5 True 499 499 391 70564 1882 867"
392 39 2017.815242 5 True 479 479 399 16151.8196 438§ Statistics
395 408 3195.051978 5 True 487 | 487 4z 16079 482 568 Tumd Generates a report of statistics for
408 4 5357 777107 5 True 498 | 498 416 39580 2634 15693 the selected values in this numeric
414 426 5701.027941 5 True 509 | 509 420 58566.42 3556 Freeze e e Dl
426 [ 4514897663 5 True 523 | 523 440 29561 508 1519 L T e ST
411 462 6516 899389 5 True 522 | 522 444 123 6884 , T v ]
462 469 3846.613344 5 True 554 | 554 470 24057.3784 10411 E_P"P oy be generated for the selected
[ 484 4863 933668 5 True 595 | 695 471 57082 162 40639353 177609 records.
484 491 3146.015832 5 True 575 | 675 482 19666.4434 7630834.91751
491 503 5022.029039 5 True 607 | 607 497 59741.4596 35029474.113651
503 508 2074 35416 5 True 601 601 503 18676 9366 5260875 260938
522 523 1929.067209 5 True 617 | 617 523 14286.0012 3735775996982
523 510 11819503263 5 True 627 627 513 52629 3806 47930188 160964
508 528 7549 226352 5 True 625 | 625 516 51825 4064 41138476 617663
529 522 7325.268987 5 True 631] 631 526 123.6884 956.176268
528 541 6487 265106 5 True 643 | 643 530 46197 5888 39848596 396232
558 529 20329 811454 5 True 621 621 529 185 5326 1912 352537
559 558 1192.242502 5 True 662 | 662 558 4514.624 394900.336022 ©
< >
o 0+ n B[S  62outof 653 Selected)

Statistics:

Count: 50

Nulls: 0

Minimum: 956.173176

Maximum: 153431677.917019

Sum: 1396143743 495303

Mean: 27922874.869906

Standard Deviation: 31624932 523902

Frequency Distribution

956.2

32888974.3

B65776992.5

1315530288

98665010.7

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.

Now, 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) (see screenshot below).
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Prepare a layout that illustrates the longest flow path in the Loup River Basin

Turn In:

A table and screen shots of an Edge Flag Point for the longest flow line, showing 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 Loup River watershed and giving the length in km.

Summary of Items to turn in:
PART 1

. 1.3. The number of columns and rows, and grid cell size in the Loup River basin DEM. The
minimum and maximum elevation values in the Loup River basin DEM.

. 1.5. Note the “Sum” value and the units of the length of the Loup and Middle Loup River from its
source to this outlet at Genoa gauge.

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

PART 2
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e Step 1: The above figure on the left is a closeup of the boxed area in the west central part of the Loup
River Basin. That figure, with contours and colorized differences (showing filled pits), may give you a
better idea of what these features are. (The circled area is commented on later).

o Question: what are these, and should they be filled?

e Step 3: Turn in the drainage area into the gauge station in both number of 30 m grid cells and as
km2 as estimated by the flow accumulation tool. Compare this to the area of the basin, as a ‘check’
where the area of the basin is obtained from two different sources: a) from the attribute table for the
basin, and b) from the USGS properties menu for the Genoa gage as shown below. Also, determine
why the “Drainage area” in the USGS Description has a different value than the “contributing
drainage area” for this particular basin(think about what we have discussed under the flow direction
analysis).

e Step 6: Questions: Compare the two catchment grids (based on 5000 and 30,000 thresholds). Which
one appears to present the best representation of catchments for purposes of hydrologic modeling?
Justify your answer. Based on the closeups, what are the primary differences between the two
catchment maps?

o Step7:

o Turn in screenshots of the last two figures showing the polygons of catchments and then also
with overlays of the stream segment lines.

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

o A layout showing the stream network and catchments attractively symbolized with scale, title
and legend. The symbology should depict the stream order for each stream.

PART 3

3.2.

e Question: Record the total length and number of stream links upstream of your flag.

e Question: Determine the total length of these links as an estimate of the distance along the
rivers from your Flag edge to the downstream outlet.

e Atable and screen shots of an Edge Flag Point for the longest flow line, showing 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.

e A layout illustrating the longest flow path in the Loup River watershed and giving the length in
km.



