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Goals of the Exercise

This exercise is intended for you to build a base data set of geographic information for a
watershed using the San Marcos Basin in South Texas as an example. The base dataset
comprises watershed boundaries and streams from the National Hydrography Dataset Plus
(NHDPIus). In addition, you will create a point Feature Class of stream gage sites by inputting
latitude and longitude values for the gages in an Excel table that is added to ArcMap and the
geodatabase. You will show how these locations can be connected to the NHDPIlus flowlines
using Linear Referencing and get some flow data for the Blanco River using the CUAHSI data
downloader.

Computer and Data Requirements

To complete this exercise, you'll need to run ArcGIS 10.3 from a PC. You will download map
packages of hydrologic information to do this exercise from HydroShare and other online data
sources.

Procedure for the Assignment

Getting Started
We’ll begin by getting the input data for Water Resource Region 12, and creating a new, empty
geodatabase into which you’ll put data for the San Marcos basin, which is a small drainage area
within this region.



Open the ArcGIS Online map at: http://arcg.is/1JJWODBm This map is publicly shared so you
don’t need to login to ArcGIS Online to use it. Click on the Texas Gulf region. If there is no
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Then click on More info

And scroll down to Content

This resource is shared under the Creative Commons Attribution CC BY. http://creativecommons.org/licenses/by/4.0/

Content

E data/contents/NFIEGeo_12.gdb.zip @
127.1MB

Download the file NFIEGeo_12.gdb.zip (127.1MB). If you have trouble locating this file, you
can get it directly at:
https://www.hydroshare.org/resource/1d78964652034876b1c190647b21a77d/

Unzip this geodatabase file.

Open ArcMap and use the Catalog tab in the top right hand corner to navigate to and open the
NFIEGeo 12 geodatabase. If you don’t see the Catalog tab in the top right corner of your
ArcMap screen, use Windows/Catalog to open it within ArcMap.



http://arcg.is/1JW0DBm
https://www.hydroshare.org/resource/1d78964652034876b1c190647b21a77d/
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You’ll see that there are five feature classes in this Geographic feature dataset. Choose the
Subwatershed feature class and add that to ArcMap. Using Properties/Symbology, recolor the

Subwatersheds using the HUC_8 attribute.
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Let’s create a new File Geodatabase in which we’ll store the results of this exercise. Right click
in a suitable folder area and create a new File Geodatabase:
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We’ll call this SanMarcos.gdb Within that, right click and create a new Feature Dataset that
we’ll call BaseData.
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And call this SanMarcos.gdb. Within this, create a new Feature Dataset

[ Feature Dataset... ||| Mew
[] Feature Class... Import
Table... Mew Feature Dataset
Create a new feature dataset. Bervice...
% Relationship Class... I—Ej Ttem Description...
B8 Raster Catalog... [“F Properties..
and call it BaseData
MNew Feature Dataset @

Marne: BaseData|

choose a coordinate system from the existing information indexed under Layers (this is the
Subwatershed feature class that is already open in the display window). This is a geographic
coordinate system defined on the NAD83 datum, or North American Datum of 1983.
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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.

” - | Type here to search * Q :E-,a | G&' > 3t

() TTRF 2008 -
€ NSWC 9Z-2
€ WGS1966
€ WG51972
) WG51972 TBE
€ WG51984
£3 Projected Coordinate Systems
= B Layers
4] GCS_Morth_American_1983

A [.m |

Current coordinate system:

GCS_Morth_American_1983 -
WEKID: 4269 Authority: EPSG

Angular Unit: Degree (0.0174532925199433) |
Prime Meridian: Greenwich (0.0)
Datum: O_Morth_American_1983
Spheroid: GRS_1980
Semimajor Axis: 6378137.0
Sermirinor Axis: 5356752.314140356
Inverse Flattening: 298.257222101

[ < Back ][ Mext = ][ Cancel ]

Hit Next, and Next again to bypass having a Vertical Coordinate system, and then Finish to
complete creating the Feature Dataset, leaving the tolerance information at the default values.
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This BaseData feature dataset within the SanMarcos geodatabase will hold the data that you
create for the San Marcos Basin.

Selecting the Watersheds in the San Marcos Basin

Let’s zoom into the San Marcos basin.

We want all the HUC12 subwatersheds that lie within the San Marcos subbasin, which has a
HUCS value of 12100203. These are the first 8 digits of the HUC12 identifier

In ArcMap, open the Attribute Table of the Subwatershed feature class

Table O x
R Rl
Subwatershed x
OBJECTID 1* | Shape* | OBJECTID | HUC_8 | HuC_10 HUC_12 ACRES | NCONTRB,
k B 1 | Polygon 212012 (12110208 | 1211020806 | 121102080600 | 105412 |:|
2 | Polygon 212813 [ 12110208 | 1211020807 | 121102080700 835538
3 | Polygon 212614 [ 12110208 | 1211020808 | 121102080800 | 178671
4 | Polygon 212015 (12110208 | 1211020803 | 121102080300 | 2305245
5 | Polygon 212017 (12110208 | 1211020810 | 121102081000 | 175787
& | Polygon 212018 [ 12110208 | 1211020804 | 121102080400 | 228107
7 | Polygon 212019 (12110208 | 1211020805 | 121102080500 | 227239
& | Polygon 226615 (12110208 | 1211020802 | 121102080200 | 177049
5 | Polygon 226660 [ 12110208 | 1211020805 | 1211020800900 | 232263
10 | Polygon 226661 [ 12110208 [ 1211020801 [ 121102080100 | 109630
11 | Polygon 122252 | 12070104 | 1207010403 | 120701040309 23541
12 | Polygon 122301 | 12040202 | 1204020204 | 120402020400 | 156240
13 | Polygon 122302 | 12040104 | 1204010401 | 120401040103 17350
14 | Polygon 122308 | 12040104 | 1204010403 | 120401040305 13043
15 | Polygon 122310 | 12040104 | 1204010407 | 120401040701 26118 e
1| 1l | F
4 1 % b E (0 out of 4159 Selected)

At the top left corner of the Table, click on the Select by Attributes tool
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Click on “HUCS8” and then “=" and then select “Get Unique Values” and from this select
12100203’ click on the symbols to construct the entry

rSeIect by Attributes e - ﬁ1

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

Method : Create a new selection v]
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SELECT * FROM Subwatershed WHERE:

HUC_8 ="12100203 -

Clear ][ Verify ][ Help ][ Load... ][ Save... ]
_feply || Cose |

You’ll see that this selects 32 of the HUC-12 Subwatersheds that lie within the San Marcos basin
(one HUC-8 Subbasin). If you hit the Selected button at the bottom of the Table, you’ll see the
selected records, and also their highlighted images in the map.



Table O x 2

ERAR- R R R ol X S
Subwatershed * "'I'rﬁ:‘_.-!:’-"ﬁ‘k
OBJECTID 1° | Shape* | OBJECTID | HUC_8 | HUC_10 HUC_12__| ACRES| NCONTRB, » [iASgiy
v 700 | Polygon 122319 | 12100203 | 1210020304 | 121002030406 | 31225 Eraiys
170 | Polygon 123522 | 12100203 | 1210020305 | 121002030504 | 38726 B A
134 | Polygon 123617 | 12100203 | 1210020305 | 121002030503 | 32568 - | Brpoidess
188 | Polygon 123635 | 12100203 | 1210020304 | 121002030410 | 22111 3
192 | Polygon 123663 | 12100203 | 1210020304 | 121002030408 | 11095
338 | Polygon 226560 | 12100203 | 1210020304 | 121002030405 | 23122
364 | Polygon 123640 | 12100203 | 1210020305 | 121002030501 | 36224
366 | Polygon 123716 | 12100203 | 1210020303 | 121002030307 | 17548
367 | Polygon 123717 | 12100203 | 1210020305 | 121002030502 | 31303
373 | Polygon 123741 | 12100203 | 1210020303 | 121002030306 | 34527
374 | Polygon 123796 | 12100203 | 1210020303 | 121002030305 | 17845
375 | Polygon 123798 | 12100203 | 1210020303 | 121002030308 | 21599
376 | Polygon 123803 | 12100203 | 1210020304 | 121002030408 | 31249
377 | Polygon 123810 | 12100203 | 1210020303 | 121002030303 | 21719
379 | Polygon 123864 | 12100203 | 1210020303 | 121002030304 | 30953 -
4 1 | 3
T 1+ »n | E[E| 62outof 4159 Selected)

Use Selection/Zoom to Selected Features:
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Close the Subwatershed attribute table to get it out of the way. Right Click on the
Subwatershed layer and select Data/Export Data to produce a new Feature Class.
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Convert Symbology to Representation...

Data , ||<:+‘-' Export Data... |
L Save As Layer File.., Export Data
» Create Layer Package...
W CreateLayer Package .| Save this layer's data as a shapefile
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Be sure to navigate to where you established the SanMarcos geodatabase earlier and don’t just
accept the default geodatabase presented to you, which is somewhere deep in the file system that
you may never find again! Browse inside the SanMarcos geodatabase you created to the
BaseData Feature dataset and name this new feature class as Subwatershed and click Save.
(Note that you may have to change the Save as Type to File and Personal Geodatabase feature
classes).

Saving Data ﬁ

Look in: [ﬁﬁase[ﬁam T] @ '-f.'}| = v| E| ElD &

Mame: Subwatershed Save

Save as type: [File and Personal Geodatabase feature dasses T] [ Cancel ]

L — e - -

At the next screen click OK

[ Export Data ﬁ1

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)

Qutput feature dass:

CAGISWR201 5B Soln SanMarcos .gdb '\ Base Data Subwatershed

OK ] [ Cancel
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You will be prompted to whether add this theme to the Map, click Yes. In ArcMap, Use
Selection/Clear Selected Features to clear the selection you just made.

. | Selection | Geoprocessing — Customize

B Select By Attributes. ..
%] Select By Location...

i}

ol
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@ Zoom To Selected Features
&'E Pan To Selected Features
¥ Statistics...

| [d  Clear Selected Features

Interactive Selection Method 3

P B O B e )

Selection Options. ..

And then Zoom to Layer to focus in on your selected Subwatersheds. Remove the original
Subwatershed feature class from ArcMap so you can focus just on your selected ones. Change
their symbology so that they are colored green if necessary. Watersheds are always green! Add
a Topographic base map.
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Use the Inquiry button to query the uppermost subwatershed in the map
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Identify

Identify from: I <Top-most layer>

[=)- Subwatershed
‘.- Upper Blanco River
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OBJECTID_1 24
m Shape Polygon
Camp OBJECTID 226575
Bullis HUC_8 12100203
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This is HUC_12 number 121002030101. The position of this in the USGS drainage hierarchy is:

Region 12, Subregion 10, Basin 02, Subbasin 03, Watershed 01, Subwatershed 01, thus
making the HUC_8 number 12100203 as we used earlier, and the additional subdivision to the
HUC_12 level yielding the 32 Subwatersheds in this Subbasin.

Right click on the Subwatershed feature class, and select Properties/Symbology. Select
Categories Unique values and use HUC 10 as the Value Field, hit Add All VValues to give each
HUC10 watershed a different color. Hit Apply and OK to get this color scheme applied to the
map.
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You should get this nicely colored map of the watersheds and subwatersheds of the San Marcos

basin.
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Notice that the 32 HUC-12 subwatersheds have been grouped into five watersheds within the
San Marcos subbasin (I am here using the Watershed Boundary Dataset nomenclature to refer to

the drainage area hierarchy in its formal sense).



Use File/Save As to save your map file as Ex2.mxd with the new information that you’ve
created. Its good to ensure that your map document is in the same place as your data and that
only local file references are made — this makes it easier to reconnect your map document with
your data if you move them to another folder location. To do this, Select Map Document
Properties

File | Edit View Bookmarks Insert Selection Geopr
[ MNew.. Ctrl+h h;, - |[1:1,000.0
Y Open.. Ctrl+ 0 x| @
& save co5 V— .
Save As...
Save A Copy... 4]
Share As 3 T i
Add Data 3
Eﬁ Sign In...
HE  ArcGIS Online...
0
Page and Print Setup...
@ Print Preview...
= Print...
Export Map... R
@ Analyze Map...
||':f' Map Document Properties...
1 Zhgiswr2015\E Map Document Properties
2 ZANFIE\NWS\B Display or edit the properties of
3 ¥\ ProjectsiMat this map document, such as
: description, author, credits, and
Euit specify whether disk-based data it
uses will be referenced by relative
pathnarnes,

And at the bottom of the form that appears, Check the box next to Store relative pathnames to
data sources.
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Last Saved: 992015 9:53:48 PM

Last Printed:

Last Exported:

Default =
Geodatabase: C:Wsersimaidment'\Documents\arcGIS\Default. gr =
Pathnames: Store relative pathnames to data sources
Thurmbnail: Make Thumbnail Delete Thumbna

Where is My Stuff?

Right click on Subwatershed and select Properties and select the Source tab. Notice that this
Feature Class you created is in the BaseData Feature Dataset in the SanMarcos.gdb
Geodatabase in the location where you created it. It comprises Simple Features (no topology),
that are Polygons (have X, Y values) but have no Z values or M values which deal with elevation
and measure, respectively, that we’ll encounter in a later exercises. It has a Geographic
Coordinate System using the North American 1983 datum. You’ll learn more about these
shortly also.

. . i«
ROk Layer Properties L - . ‘.
Table Of Contents
3 {} K J | General | Source |Se|ec:tiun I Display | Symbology I Fields I Definttion Gueny | Labels | Joins & Relates | Time
o e Ok | o=
= = Layers Extent i
Top: 30.167716
SR Subwatersh:
[] <all ather Left: -98.715415 dd Right: -37.435295 dd
HUC_10 Bottom: 29.483408 dd
[]1210020
I:l 1210020 Data Source
11210020 Data Type: File Geodatabase Feature Class -
Databasze: CGEISWR 2015 Ex2\SolnSanMarcos.gdb
[11210020348 Feature Dataset: BaseData
1210020348 Feature Class: Subwatershed =
=] Basernap Feature Type: Sinl'uple
Geometry Type: Palygon
World_TH Coordinates have Z values: Mo -
Coordinates have measures: Mo
Geographic Coordinate System: GCS5_Morth_American_1983 -
7 b

You should be aware of this to manage the space on your computer or move to another computer
and have access to the same data.
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Creating a San Marcos Basin Boundary

It is useful to have a single polygon that is the outline of the San Marcos Basin. Click on the

Search lﬁ button in ArcMap and within the Search box that opens up on the right hand side of
the ArcMap display, click on Tools and then type Dissolve. You will see the system gives you
several options. Select Dissolve (Data Management)

Search +

@ o | 2| v [Local Search

ALL Maps Ciata Tools Images

|di55|:ulwe| Q,

Any Extent -

Search returned 7 items Sort By -

#,, Dissolve (Coverage) (Tool)
Creates a new coverage by merging adja...
toolboxeshsystem toolboxes\coverage tool...

f% Dissolve (Data Management) (Tool)
Aggregates features based on specified at...
toolboxeshsystem toolboxes\data manage...

*".h Dissolve Network (Network Analyst) (...
Creates a network dataset that minimizes ...
toolboxeshsystem toolboxes\network anal...

You’ll see a Dissolve tool window appear. You can drag and drop the Subwatershed feature
class from the Table of Contents into the Input Features area of this window. Click on HUC_8
as your Dissolve_Field. This means that all Subwatersheds with the same HUC_8 number
(12100203) will be merged together. Set the output Feature class to be called Basin in your
SanMarcos geodatabase. If you don’t do this, the result will be called Subwatershed Dissolve
and will be stored in a default geodatabase location. That is ok, and you can subsequently export
it to your San Marcos geodatabase as the feature class Basin. Hit Ok to execute the function.

16



Input Features
I Subwatershed

Output Feature Class
| 2 \giswr 2015'Ex2\5oln\SanMarcos, gdb\BaseData\Basin

Dissolve_Field(s) (optional)
HUC_ &

[1HUC 10

[HuC 12

[] acres

[] NCONTRE_A

[] HU_10_GMIS
[JHU_12_GMIS
[JHU_ 10 DS

[THU 10 MAME
£

| SelectAl || Unselect Al
Statistics Field(s) (optional)
I

| | Cancel | |Emﬂ'ronments... | | Show Help == |

There’ll be no apparent activity for a while and then you’ll see some blue scrolling text at the
bottom right and a pop up indicating completion and the Basin will appear.

Lets alter the map display to make the Basin layer just an outline. Click on the Symbol for the

Basin layer and select Hollow for the shape, Green for the Outline Color and 2 for the Outline
Width.
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= World_Topo_Map
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And you’ll get a very nice looking map of the San Marcos Basin with its constituent subdrainage
areas. Let’s also remove the Watershed_Dissolve and Subwatershed feature classes since we
don’t need that any more in our map display. Right click on that feature class and select
Remove

o= layers 579 m oI
= Basin
ol
=] Subwatershed
[] <all other values>
HUC_10
[11210020301 .655m
[[71210020302
[]1210020303
[11210020304
[[711210020305
=] Basemap
) World_Topo_Map _626m

Travis

Austin

Gillespie Pedémales
2 15

Lbj National
Hist-24

K-
Ranch Unit Blanco

Guadalupe
Riyer
State Park

592 m

Camp
Bulis

Universal
Cifty, Schertz

Guadalupe
Converse

Right click on the Basin feature class and open its Attribute Table. Notice that the Basin feature
class has only one Polygon and it is identified with the HUC_8 = 12100203, which is the 8-digit
number all the HUC 12 subwatersheds had in common.

When this table first opens you might see fewer than 8 digits in the HUCS8 Field.
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Table
SRR

Baszin

| | oBsecTin: | Shape* | Huc#l | fshape Length | Shape_Area
C 1 | Polvgon 1210020 4. 405801 0.32871
I

This occurs if the column display is too narrow. You can click between the headers to make it
wider. This is an effect to be alert to because it is not obvious that the number you are
seeing is wrong.

Tahle
d- 1B B

Bazin

|| OBJECTID * Shape * HUCE Shape_Length | Shape_Area
C 1 | Polvgon 12100203 4 405801 0.32671
|

Save your ArcMap document to the file Ex2Basin.mxd. Note that this is a different name than
used earlier, so you can retrieve the former configuration or this one separately.

Click on the Catalog window in ArcMap and navigate to your BaseData feature dataset. Notice
how you’ve now got the Watershed and Basin feature classes that you’ve just created stored
inside it.

£ B2
£ Data
= £ Soln
= SanMarcos.gdb
= ﬁ BaseData
[E) Basin
[E subwatershed
Q] B2.mxd
g] Ex2Basin.mxd

To be turned in: Make a map of the San Marcos basin with its HUC10 and HUC12 watersheds
and subwatersheds. How many HUC10 and HUC12 units exist in the San Marcos Basin?

Land Cover Information for the San Marcos Basin

Now, we are going to use some of the new data services to find some land cover properties of the
San Marcos basin. In ArcMap, sign in to ArcGIS Online

19



@ s st [

File | Edit View Bookmarks Insert Sel

[9 MNew.. Ctrl+N
Y Open.. Ctrl+0

Save As...
I Save A Copy...

& save Ctrl+5

Share As

Add Data

| @ Sign In...

O STy

Sign in or out of ArcGIS Online.
[ 3_

ArcGIS Sign In | ' _-

ArcGlS Desktop wants to access your ArcGIlS
Online account information

Sign In

Username

Password

| SIGN IN

esri

In ArcCatalog, select Add GIS Server and accept Use GIS Services
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= G Home - Bx2\Soln
= L8 SanMarcos
= ﬁ BazeData
[E) Basin
[E) Watershed
@ e
ex
%l Ex2Basin
ex2basin - )
£ Folder Connections e
ﬁ Toolboxes
{7 Database Servers
£3 Database Connections
= I GIS Servers
3 Add ArcIMS Server
g Add WCS Server
3 Add WMS Server
&5 Add WMTS Server

What would you like to do?

() Publish GIS services

(7 Administer GIS server

For the server URL use http://landscape2.arcgis.com/arcgis/ Enter your ArcGIS Online User
Name and Password and hit Finish. (Note that on earlier versions of ArcGIS you may need to
include the word services in the URL http://landscape2.arcgis.com/arcgis/services.)

=

- General @

Server URL: htkp:fflandscapez ., arcais, comjarcgis

ArcGIS Server: hikps [ fgisserver, domain, com: 6080, arcgis

Authentication (Opkional)

User Mame: YourESRIUserMarne|

Password; [TITTTY T

Save Username/Password

abouk AroGlSs Server conneckions

If you click on the + sign on the service that appears, you’ll see an entry for USA_NLCD_2006.
This is the USGS Land Cover raster map of the United States.
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http://landscape2.arcgis.com/arcgis/

o
X

Catalog
avor 4y @] E | BN

¥

»
[ LalEaS J\—"ﬂ Goieie~ bl

Location: M Usa_nLCD_2006.ImageSer -

= Qﬂ arcgis on landscaped.arcgis.co
B Usa_an_Federal_Lands
4l Usa_BLM_Lands
{llB Usa_Coal_Bed_Methane_f
B Usa_Critical_Habitat
B Usa_Critical_Habitat_Final
B Usa_Critical_Habitat_Prop
@ USA_Evapotranspiration
i Usa_Flood_Risk
A Usa_Historic_Sites
@ Us4_Land_Surface_Forms
@ US4 _Mative_American_Lar
- Jusanico_2006
B usa_NLCD_Landscape
B usa_nPs_Lands
E USA_Qil_Shale_Basins

Drag the USA_NLCD_2006 layer into your map and you’ll see it shows up with predetermined
color scheme that highlights urban areas in red. In the Table of Contents click off the
Subwatershed layer, so that you only have the Basin displayed over the land cover data. San
Antonio is to the bottom of the map, Austin to the top and San Marcos lies within the basin.
Notice also the profusion of brown for Agriculture on the right hand side of the map, to the east
of the Balcones escarpment.

lable Of Contents
5888
= = Layers
= Basin
]
= O Subwatershed
[] =all other values=
HUC_10
11210020301
11210020302
11210020303
11210020304
11210020305
0
LC_CLASS
M OpenWater
[ SnowlceBarren

M Development
[ Forest
[ ShrubScrubGrass
I Agriculture
I Wetland
= Basemap
World_Tepo_Map

22



In order to do the next computation, you must have the Spatial Analyst extension of ArcGIS
active. Click on Customize/Extensions and make sure that Spatial Analyst is checked on

Customize | Windows Help
Toolbars v :pu -

| Extensions... |

b Ad Bxtensions

Cu  Select the ArcGIS Desktop
extensions you want to use.
Extensions provide extended
capabilities and usually require
that you have a license to use
them. The dialog lists the
extensions that are currently
installed on your systern and
which work with the application
you are currently using.

Extensions

Select the extensions you want to use.

----- 3D Analyst

----- O ArcScan

----- [0 Geostatistical Anabyst
----- [ MWetwork Anabyst

----- [ Publisher

----- [ Schematics

----- Spatial Analyst

----- [ Tracking Anabyst

Use the Search tool in the top right of the ArcMap screen, and search for Extract, selecting the
Extract by Mask tool. If you don’t see this tool in ArcMap use Windows/Search in ArcMap to

add it:

Windows | Help

Cherview

Magnifier

Viewer

Table Of Contents
Catalog L5
Search Ctrl+F | 3

&) oIl &] il

Search (Ctrl+F)

Open the Search window to
search for data, maps, tools, etc.

@J Press F1 for more help.
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Search R

= | & —|
- |‘EI\I‘ L= J - ’LG[:E”SEEIFBH
ALL Maps Ciata Tools Images
|extrat:t| Q

Any Extent -

Search returned 27 items « Sort By -

A T T T A T A T T F

’\% Extract by Attributes (Spatial Analyst) ...
Extracts the cellz of a raster bazed cn a l...
toolboxes'\system toolboxes\spatial analys...

#,, Extract by Points (Spatial Analyst) (Tool)
Extracts the cellz of a raster based on a ...
toolboxes\system toolboxes\spatial analys...

#,, Extract by Mask (Spatial Analyst] (Tool)
Extracts the cells of a raster that corresp...
toolboxes'\system toolboxes\spatial analys...

Click on the Extract by Mask tool, and use USA_NLCD_2006 as the Input Raster, Basin as the
mask data and put the result in the SanMarcos geodatabase with the name LandCover. This is
being stored as a raster in the geodatabase so it does not go inside the Feature Dataset (which
only holds vector feature classes).

’(% Extract by Mask [ = | =] | e S

Input raster

[UsA_NLCD_2006 =l

Input raster or feature mask data

|Basin j

Qutput raster
C\GISWR 2015'Ex 2S0ln\SanMarcos. gdb\Land Cover

You’ll see the blue text cycling along at the bottom of the screen as the data extraction continues
and then the result appears in ArcMap using the same symbology as the original service. Very
cool! Turn off the original NLCD service to highlight your new dataset.
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= [0 Subwatershed
[] <all other values>
HUC_10
[11210020301
[11210020302
[11210020303
[11210020304
[11210020305
=] LandCover
LC_CLASS
Il OpenWater
M Development
[ SnowlceBarren
[ Forest
[ ShrubScrubGrass
I Agriculture
I Wetland
= Basemap
World_Topo_Map

Kendall

Q Ex2Basin.mxd —AmMap_‘ ’ - E=ic
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DSES 4+ HB x |0 |- 17w F EEEEE
RAMQ i« -0 K@ B2 MHS TR
7 x Falls 1% /
= Lbj National St PPk Austin
7 S | = Hist-Pk—" | )
= =7 Layers “Ranch|{Unit Blanco} 7
= @ B
o

Guadalupe
Riyer
State Park Comal
l'.
2.m N\
Camp
Bullis
\\
\ : »*
-, \ Iniv / e
cnment \ Lnnc{f.\’l/ ) 3>
V.on'St \ Cify., Schertz
Fal Area B Sl 57 J Guadalupe
X Converse
] LA

l - ,Lmsiaﬁrw Bexar

CGon zales

The contrast between the forest to the west of the Balcones fault zone and agriculture to the east
is now particularly clear, as are the urban areas lying along the IH-35 corridor between Austin

and San Antonio.

If you right click on the LandCover raster and open its Properties, you’ll see it is a raster with
30m x 30m cells (these are derived from 30m Landsat imagery).

Layer P rti
yer Properties -

- T

General | Source | Key Metadata | Extent | Display | Symbology | Fields | Joins

Property Value
= Raster Information
Columns and Rows 4750, 2927
Mumber of Bands 1
Cell Size (X, ¥) 30, 30
IUncompressed Size 13.26 MB
Faormat FGDER.
Source Type Generic
Fixel Type signed integer
Fixel Depth 3 Bit
Data Source
Data Type: File Geodatabase Raster Dataset
Database: CYGISWR 2015\ Ex 2\S0inSanMarcos. adb
Raster: LandCover
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Because this is an integer grid, it has a VValue Attribute Table (grids with real numbers do not

have a VAT). Open the Attribute Table and you’ll see the land cover classes indicated by
Value. The Count indicates the number of cells having that Value

Table

ERAE- AL L R

LandCowver

OBJECTID 1 * OBJECTID | Value | Red | Green | Blue Opacity | Count LC_CLASS
r 1 2 11| 0.28 0.42 0.63 1| 22455 | OpenWater
3 4 21| 0.87 0.79 0.79 1| 4068845 | Development
4 5 22| 0.85 0.53 0.51 1| 427387 | Development
5 [ 23| 093 0 0 1| 20018 | Development
G T 24 | 087 0 0 1 9045 | Development
T a H 0.7 0.58 0.54 1 28590 | SnowlceBarren
8 9 41| 0.41 0.67 0.39 1| 579051 | Forest
9 10 42| 011 0.39 0.19 1| 728157 | Forest
10 11 43| 0.71 0.79 0.58 1| 43039 | Forest
1 12 52| 0.8 0.73 0.49 1| 164114 | ShrubScrubGrass
12 13 71| 0.89 0.29 0.76 1| 803738 | ShrubScrubGrass
13 14 81| 0.86 0.85 0.24 1| 698328 | Agriculture:
14 15 a2 | 087 0.44 0.18 1| 303988 | Agricutture:
15 16 80| 0.73 0.85 0.92 1| 106772 | Wetland
16 17 895 | 0.44 0.54 0.73 1 2579 | Wetland

M 4

Land Caover |

1 » E (0 out of 15 Selected)

Right click on LC_Class and select Summarize

[ w
| o
=
| —
I
t C CLASS
3| 0pen =  Sort Ascending
?|DevEl = 5ot Descending
7 | Deve
3 [ Deve Advanced Sorting...
5 | Deve| Summarize...
1 | Snow!
1 | Fores Summarize
7 | Fores [
3 Fores ™| Createa sumr.narj,.r.tal:.:lle grouped
i [ Shrut by the values in this field. The
ST Shrat dialog that appears lets you
e choose whether all the records will
gne be summarized or just the
3 | Agric selected records.
2 | Wetla e
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Expand the Count field and check Sum, save the result as a table called Summary

r ™
Summarize s ﬁ
a a

Summarize creates a new table containing one record for each unigue value
of the selected field, along with statistics summarizing any of the other fields.

1. Select a field to summarize:
LC CLASS -

| 2. Choose one or more summary statistics to be included in the
output table:
Green -
Blue
Opacity
= Court
(] Minimum
] Mazdmum
[ Average
Sum
[ Standard Deviation
[ ] Varance

m

1|

3. Specify output table:
C/\GISWR2015\Ex2\Soln'\SanMarcos.gdb\Summary | |£)

Summarize on the selected records only

About summarizing data [ OK J [ Cancel ]

The computation will proceed and add the Summary table to your ArcMap document. Open it
and you’ll see a Summary of the land cover distribution of the San Marcos basin, as given by the
count of the number of cells having each land cover type.

=] LandCowver
LC_CLASS

M OpenWater
M Development
[ SnowlceBarren
[] Forest
[ 5hrubScrubGrass
I Agriculture
[ Wetland

= B

I World_Topo_Map
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Table O =
Summary x
QBJECTID = LC_CLASS Count_LC_CLASS | Sum_Count
3 1 | Agriculture 2 1002316
2 | Development 4 431606
3 | Forest 3 1350247
4 | OpenWWater 1 22455
5 | ShrubScrubGrass 2 2244878
& | SnowlceBarren 1 2250
7 | Wetland 2 100451

4 4 1 » M E (0 out of 7 Selected)

LandCover | Summary

Save your map as Ex2LandCover.mxd.

To be turned in: Make a map of the land cover variation over the San Marcos Basin. Prepare a
table that shows the area (km?) of each of the seven main land cover classes and the % of the
total basin area that each represents.

Obtaining the San Marcos Flowlines and Catchments

Go back to the NFIEGeo_12.gdb and add the Flowlines and Catchments to your ArcMap
display. Turn off the LandCover distribution.

= B Ex2
= £ Data
= 3 NFIEGeo_12.gdb
= 27 Geographic
[E Catchment
B Flowline|
) StreamGage
|E] Subwatershed
[=) Waterbody

Color your Catchments as hollow with a green outline and your Flowlines as nice blue streams.
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Now, let’s select the features from our large dataset that lie within our Basin. In ArcMap, use
Selection/Selection by Location

Selection | Geoprocessing Customize W

£ % Select By Attributes... :' E
_ |E Select By Location... |

g _| Select By Location

Selects features using the location
"M M| of features in another layer.

op
Sl

Interactive Selection Method 3

Selection Options...

Select the features from the Flowline feature class that Have their Centroid in the Source
Layer Feature for Basin and you’ll see these flowlines selected as shown below.
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Selection method:
[select features from - ]

Target layer(s):
[ Basin
Flowline
[ Subwatershed
[ Catchment

‘71‘%, e
TS

! ! :i N .' AR, ' }b R
S PO
P S Sl

ey
vy

[ only show selectable layers in this list

» TR
SO G
Sy AT "m

Spatial selection method for target layer feature(s):

have their centroid in the source layer feature

4

Source layer: ¥ ’) '?.ﬂ' : -y }
: - )A‘#:—?A@ - S . _%,;T‘\._‘«,_- iy

Basin g el <ia ty - : y
IQQSE selected features (0 features selected) _I l %ﬁ%‘g@%‘? ) ; 1 ;(ki ‘i‘}[“ s g?\\?!1
e R

NS R
MRy o

N R e
A

ot F
By e e IRk S
0.100000 Decimal Degrees ’;}3“114}{% “,4‘? ,ﬁrﬁ!ﬁ&g“q : ”g ,:.:.;@ff

Export these selected Flowlines to a feature class called Flowline in the SanMarcos
geodatabase, and add it to your ArcMap display

iculty AN,
-Agrlcult| Data p| Renair Data Source - "5‘1
B Wetland — 3 N
B Summary |~ SavehslayerFile.. |<\,~.‘) Export Data... |F(1
I

= A CAGISWR2015 'L;) Create Layer Package...

= 2P Geographic I Properties...
=] Flowlin®

Export Data i

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

= Catchment
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EECRNRE N

Export: [Selected features - ]

Use the same coordinate system as;

this layer's source data

! the data frame .
| i@ the feature dataset you export the data into I
i (only applies if you export to a feature dataset in a geodatabase) l
| Output feature dass:
I C:\GISWR2015\Ex2\Soln"SanMarcos adb'\Base Data\Flowling &
i

| oo

Clear the Selected Features, then repeat this procedure for selecting the Catchment features that
lie within the San Marcos basin. Remove the large coverages of Flowline and Catchment that
you started with and display only the Flowlines and Catchments within the San Marcos Basin.

3 CAGISWR2015\Ex2\Solm\Sanh| | Lbj N atjonal Stat B ark Austin

=] BaseData Hikt k-
: @ Ranch Unit Blanco

=] Flowline
=] Catchment
[
= Basin
o
= [0 Subwatershed
[] <all other values>
HUC_10 hl,];].];du[.,;
[11210020301 River
11210020302 State Park
[11210020303 i LAl
00000 N LBV YR g 205 m
[11210020305 ! Camp 5 0 Pe=dn P
= [0 LandCover ) Bullis
LC_CLASS \
I OpenWater Fment “ Unn‘c.ts.ﬂ %
I Development oSt City., Schertz
[ SnowlceBarren al Area .

[ Forest
1 ShnithSerihfGrace X

m

Kendall

Com al

Guadalupe

=7 Converse ', —

This process isn’t quite so clever as for the land cover distribution — you have to recolor the
newly added Flowlines and Catchments to make them blue and green respectively. This map
looks a little bit like spaghetti, so let’s recolor the Flowlines according to the Mean Annual Flow
(Q0001C attribute). Right click on the Flowline feature class and select Properties/Symbology.
Use Graduated Symbols with Value Q0001C and click on Template to change the base color
to blue.
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F P b
Layer Properties - '.‘..' - B g
Hatches Joins & Relates | Time HTML Popup
General | Source I Selection I Dizplay | Symbalogy | Fields I Definition Queny | Labels I Routes

Show:
_F' ; |Dra'|l quantities using symbol size to show relative values. Import...
Categories Fields Classification
(,'I_I.EIlitiis Value: Qoooic - Matural Breaks [Jenks)
i Graduated colors ) 5
W - = duated symbals MNomnalization: none - Clagses: 5 Classify...
----- Proportional symbaols
Chart= Symbol Size from: 0.5 to: 4
Multiple Attributes Template
Symbol  Range Label E]
0000000 - 10.413000 0. 000000 - 10.413000
10.413001 - 34 358000 10.413001 - 34.353000
e 14 358001 - 67 545000 34 858001 - 67 545000
" 67545001 - 115960000  67.545001 - 115960000
= os| 15 560001 - 224.133000 115.960001 - 224.133000 I
I
[7] Show class ranges using feature values Advanced -
|
[ ok J[ Cancal J[ soy |

Turn on the display for the Subwatershed feature class. Now you’ve got a much more interesting
map with the main river, called upstream the Blanco River and then downstream the San Marcos
River. The tributary on the east side of the basin is Plum Creek. This is all laid out over a
subdivision of the San Marcos basin by the HUC10 Watersheds.
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= =7 Layers

- Falfs in /
= (3 CAGISWR2015\Ex2\Soln\Sanlv LbjN s'}_i'-‘“d[ - State P ark Austin "‘/
= [ BaseData O el A Blanco : P
= R A Wi ‘ /
Q0001C ;

— 0.000000 - 10.41300C

—10.413001 - 34.8980C

= 34,898001 - 67.5490C

= 57.549001 - 115.960C

115960001 - 224.13F
=] Catchment

m

Kendall

(] (1111.1{1‘_1111;'--?
=] Basin F{l_‘,‘"er
(] State Park Comal a9 m
=] Subwatershed \ N
[]<all other values> | 2 m 08
HUC_10 \ Camp
(11210020301 \ & Bullis ¢ |
[11210020302 \ 57
[11210020303 e \.\ Universal ~ :
[11210020304 oSt \ /Cifv Schertz
[[11210020305 al Area \\ e "’Con\ 3 Guadalupe
“ / rerse ).
= O LandCover . | | N

If you open up the Catchment Attribute Table and right click on the AreaSqKm attribute, you
can determine the statistics of the Catchment areas.

Ty masevata a2l ‘Blafire ; ; s

= Flowline Table O x
Q0001C —
— 0.000000 - 10.41300C SR ML R B
—10.413001 - 34.8980C « Catchment ® |'Sta
== 34.858001 - 67.5490C OBJECTID* | Shape* | GRIDCODE | FEATUREID | SOURCEFC f A L a Tt
= 57.543001 - 115.960C = 1 | Palygon 1643451 1628237 | NHDFlowline Sort Ascending 1
115960001 - 224133 r 3 2 | Polygon 1643610 1628261 | NHDFlowline A Sort Descending
SR Catchment] en 3 | Polygon 1643658 1830611 | NHDFlowline 28. :
] 4 Polygon 1643678 1630203 | NHDFlowiine D Advanced Sorting...
=] Bazin 5 | Polygon 1643697 1633013 | NHDFlowline 3. Summarize...
§ | Polygon 1643712 1633015 | NHDFlowline 0.0 L
[ | \ - ¥ Statistics...
II. T | Polygon 1643751 1628255 | NHDFlowline 9.4
= o Subwatershed N 3 | Polygon 1643752 1633027 | NHDFlowline 0 .
[ <all other values= ||| P m " ol icaonaT AE9nANE | MONEine et Statistics
HUC_10 < w Generates a report of statistics for
11210020301 14 4 a »r »l E (0 out of 555 Selected) the selected values in this numeric
11210020302 :Le.ld%.Tlféis.corr;mand i_s d;abled;f
- is field is not numeric. If any o
(11210020303 fnme \ Cify. Schert: e | x the records in the table are
11210020304 rOf'St \\\ b gL CTLE AT i currently selected, statistics will
11210020305 al Area kf" _---——7' Converse — - ity ¥ PF | only be generated for the selected
[ LandCaover ~ --\\I | ﬁ e 7| records.
i ] —

You can similarly summarize the attributes of Flowline feature class, such as the LengthKm
attribute.
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= L3 CAGISWR2015\Ex2\Soln\Sanl Lbj r;J atl una!_ e State Park Ausiin J.f
= 3 SaseDats R ) R, )
=] Flowiine| Table o x|
Q001C -
— 0.000000 - 10.41300C ERA ML L i Bast
—10.413001 - 34,8980 % Flowline X | State
e op

=34, 598001 - 67.5490C RESOLUTION | GNIS_ID GNIS_NAME LENGTHEM] _ pEAcHCADE | FLolAmug we » |["OF
= 57,549001 - 115.9600 = Medium 1344268 Plum Creek =  Sort Ascending D
115960001 - 224132 r X! Medium 1373135 | Clear Fork Plum Creek 1= Sort Descending

= Catchrment <n Medium 13521281 Big West Fork Plum Creek i
0 Wedium 1374036 | Hemphill Cresk 1 e o

= Basin Medium 1331430 Brushy Creek | 5 ize...

. Medium 1331658 | Bunton Branch [ |- ]

o IL Medium 1332102 Canoe Creek 1 Summarize -

= [ Subwatershed N Mediom 1333334 | Copperas Creek ]
[ <all other values> || P [T 1994560 | s Cemnls Create a summary table grouped |

HUC10 1 Lt by the values in this field. The r
11210020301 o 0r oM E (0 out of 557 Selected) dialog that appears lets you 3
11210020302 choose whether all the records will
& be summarized or just the

[11210020303 Fnim T T = s selected records.
11210020304 onSt \ Cify, Schertz x

Use the Basemap to find the town of Wimberley near the upper end of the basin

PSR _— T
a Ex2LandCover.mxd - ArcMa‘P‘. — - =_ - —

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D2E@& @8 x |9 (b [150 e EERRE
QA 3l e [T M@ BIZMHTR,
Table Of Contents o 1 - L 1 -
o :9 @ = Select Features E , :
Select features from selectable 7' % E& i @ X il & X

es lfyers “| layers by clicking on them or
= L3 CAGISWR2015\Ex2\Soln\Sanlv dragging a box over them. Hold
= @ BaseData down SHIFT while selecting ECTID * Shape * COMID FDATE RESOLUTION | GNIS_ID Gh
g features to add them to the 358 | Polyline ZM 1630223 | 7/2/1999 Medium 1372625 Blanco River

selected set or remove them from §F——
|
QO001C it, or choose Selection > L-J
— 0.000000 - 10.41300C Interactive Selection Method. 1» n B (1 out of 557 Selected)
—10.413001 - 34.8980C

= 34.898001 - 67.5490C | @ Press F1 for more help. 4
= 67.549001 - 115.960( - e
==115.960001 - 224,132
=] Catchment
=]
=] Basin
o
= [0 Subwatershed
[] <all other values>
HUC_10
[11210020301
[11210020302
[[11210020303
[11210020304
[[11210020305
= O LandCover
LC_CLASS 2
Il OpenWater i

. Do el +

You can use the Select tool to select a flowline, such as the one labelled with COMID =
1630223 (be sure to expand the field so you can see all the numbers in it) as shown in the
diagram. If you similarly select the Catchment in this area, you’ll see
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5 -0 8@ B2 M5 &
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( % -

able E)f ;on:lns n Table

|| & 5 oz

:[8]¢ 8 & ERL LT LR

5 = layers =
= — Catchment

= (3 CAGISWR2015\Ex2\Soln\Sanh, :
o 1 BaseData OBJECTID* | Shape® | GRIDCODE | FEATUREID | SOURCEFC | AreaSqKM | Shape_Length | Sha
5 & Flowline » 2 Polygon 1643611 1630223 | NHDFlowline 2.7576 0.126593
Q0001C ]

— 0.000000 - 10.41300C
—10.413001 - 34.8980C
== 34,898001 - 67.5490C

=== 57.549001 - 115.960C
@==115.960001 - 224132
3

=] Basin
(]

= [ Subwatershed
[] <all other values>

HUC_10

[11210020301
[11210020302
[[11210020303
[11210020304
[11210020305

That the Catchment has FeaturelD = 1630223. It is this COMID-FEATUREID association that

makes the NHDPIlus such a powerful dataset --- each stream feature has a unique area associated
with it, and that is true over the whole United States. This is the basic association that we’ve
used for the National Flood Interoperability Experiment.

Clear the Selected Features, and Zoom to Layer for the Basin feature class to get back the

original extent of our map.
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i Joins and Relates L
it Wiew — ustomize  Win
1y Zoom To Layer |_ ) _
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M Selection . BLAY Co
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C:\GISWR20: Label Features
[ BaseDatz Edit Features b
= Flow
o DQE ‘4 Convert Features to Graphics...
—10 Convert Symbelogy to Representation..,
—34 Diata »
-] . :
-1l . Save As Layer File...
= Catcl &y~ Create Layer Package.. ]
(| P Properties... ;
- = R
% I
= M Subwatershed :

Now let’s create a map and do some summarization of watershed attributes. Right click in the
grey area at the top of ArcMap to the right of the menu bars. Open the Draw Toolbar

Customize | Windows  Helg Advanced Editing

| Toolbars J Animation
Extensicns... Apltilities
Add-In Manager... Arc Hydro Groundwater Toolbar
Customize Mode.., ArcScan
Style Manager... ELED
ArcMap Options... Data Driven Pages
g, — Data Frame Tools
. x; ;"-:_:-_ Distributed Geodatabaze

r

I o

And select a Callout tool
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Drawing~ K (=) %5 [ ~| A v| 0] Adal
{ il 1A Text
f S LT %% splined Text
AN & Label
— ".ﬂ_\__ M-
oy T 0 [B3 callowt g
. S ) ,

ot 1 ¢ {f A | catiout
i ?:__| m .

i Add text with a callout box or
7 Y, leader line,

Click somewhere on the Blanco River and drag the callout away to create a connection with that
point. Type in Blanco River as the text. Do the same for the other two main rivers in the map,
the San Marcos River and Plum Creek.

Save your map document as Ex2Flow.mxd

‘able Of Contents ax
x[8]G 8|3
= = layers
= L3 CAGISWR2015\Ex2\Soln\Sanl| |
= 2 BaseData
a Flowline
Q0001C
— 0.000000 - 10.41300C
—10.413001 - 34.8980C
= 34,898001 - 67.5490C
=== 57.549001 - 115.960C
«=115.960001 - 224.133
=] Catchment
[
= Basin
]
°

[ <all other values> Zoar $32m ™ 2 ) ; T @-Z@"&A A::: :
HUC_10 ot camp 2 0 A ST
11210020301 ‘ 1, '"" 26

[11210020302

[11210020303

[11210020304

[11210020305
= [0 LandCover

Draw

>

m

TADIRINA I

To be turned in: Make a map of the San Marcos basin with its labelled rivers. How many
Catchments lie within this basin? What is their average area (Sg. Km)? How many Flowlines lie
within this basin? What is their average length (Km)?

Creating a Point Feature Class of Stream Gages

Now you are going to build a new Feature Class yourself of stream gage locations in the San
Marcos basin. I have extracted information from the USGS site information at
http://waterdata.usgs.gov/tx/nwis/si

SitelD SiteName Latitude Longitude DASqgMile MAFlow
08171000 Blanco Rv at Wimberley, Tx 29° 59' 39" 98° 05' 19" 355 142
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http://waterdata.usgs.gov/tx/nwis/si

08171300 Blanco Rv nr Kyle, Tx 29° 58' 45" 97° 54' 35" 412 165

08172400 Plum Ck at Lockhart, Tx 29° 55' 22" 97° 40' 44" 112

08173000 Plum Ck nr Luling, Tx 29° 41' 58" 97°36' 12" 309 114
08172000 San Marcos Rv at Luling, Tx 29° 39' 58" 97°39' 02" 838 408
08170500 San Marcos Rv at San Marcos, Tx 29°53' 20" 97°56' 02" 48.9 176

(a) Define a table containing an 1D and the long, lat coordinates of the gages

The coordinate data is in geographic degrees, minutes, & seconds. These values need to be
converted to digital degrees, so go ahead and perform that computation for the 8 pairs of
longitude and latitude values. This is something that has to be done carefully because any errors
in conversions will result in the stations lying well away from the San Marcos basin. | suggest
that you prepare an Excel table showing the gage longitude and latitude in degrees, minutes and
seconds, convert it to long, lat in decimal degrees using the formula

Decimal Degrees (DD) = Degrees + Min/60 + Seconds/3600

Remember that West Longitude is negative in decimal degrees. Shown below is a table that |
created. Be sure to format the columns containing the Longitude and Latitude data in
decimal degrees (LongDD and LatDD) so that they explicitly have Number format with 4
decimal places using Excel format procedures. Format the column SITEID as Text or it
will not retain the leading zero in the SitelD data. Add the additional information about the
USGS SitelD, SiteName and Mean Annual Flow (MAF). Note the name of the worksheet that
you have stored the data in. | have called mine latlong.xlsx. Close Excel before you proceed to
ArcMap.

SitelD SiteMame

08171000 Blanco Ry at Wimberley, Tx
08171300 Blanco Rv nr Kyle, Tx

08172400 Plum Ck at Lockhart, Tx
08173000 Plum Ck nr Luling, Tx

08172000 San Marcos Ry at Luling, Tx
08170500 San Marcos Rv at San Marcos, Tx

Latitude
29° 59" 39"
29° 55 45"
29° 55° 22"
29° 41" 58"
29° 39" 58"
29° 53 20"

Longitude LatDeg LatMin LatSec LongDeg LongMin LongSec LatDD
5

98° 05" 19"
97% 54' 35"
97% 40" 44"
97°36" 12"
97° 39 02"
97° 86" 02"

29
29
29
29
29
29

59
58
85
41
39
53

39 98
45 97
22 97
58 97
58 97
20 97

(b) Creating and Projecting a Feature Class of the Gages

19 299942
54 35 299792
40 44 299228
36 12 296994
39 2 29.6661
56 2 298889

LongDD

-98.0886
-97.9097
-97.6788
-97.6033
-97.6506
-97.9338

DASgMile
355

412

112

309

338

48.9

MAFlow
142

165

49

114
408

176

(1) Open ArcMap and the Ex2Flow.mxd file you created earlier in this exercise. Select the add
data button | ¥ | and navigate to your Excel spreadsheet

Add Data (%]
Lookin:  |FEx2 w | S| == B By e B
Elpata

Es0ln

latlong. xlsx

Double click on the spreadsheet to identify the individual worksheet within the spreadsheet that
you want to add to ArcMap (it’s a coincidence that they have the same name in this example and
that is not necessary in general).
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Add Data x|
Look in: |Iat|u:ung.xlsx V| W 3 EEC | EY Bl @

2Z] _wdnm#Database
EH|latlongs

Hit Add and your spreadsheet will be added to ArcMap. Pretty cool!! Its always been a struggle
to add data from spreadsheets before and it seems like at ArcGIS 10, they have gotten this right.
If you have trouble with this step, save the Excel file as a .csv format and add it that way.

Table O x

latlong$ x
Latitude Longitude | LatDeg | LatMin LatSec | LongDeg | LongMin | LongSec LatDD LongDD DASqgMile | MAFlow
¥ |29C 59'39" | 98C 05197 29 59 39 98 5 19 | 29.994167 | -98.088611 355 142
29C 58 45" | 97C 54' 357 29 58 45 97 54 35| 29.979167 | -97.909722 412 165
29C 5522 |97 400 447 29 55 22 87 a0 44 | 29.922778 | -97.67888% 112 49
29C 41'58" |97z 38127 29 41 58 97 36 12 | 29.699444 | -97.603333 309 114
29C 3% 58" [97C ag ozt 29 39 ] 87 39 2| 25665111 | -97.650556 838 408
290 53 20" | 97C 56027 29 53 20 97 56 2| 25.888889 | -97.933889 439 176

4 | 1 |

Now we are going to convert the tabular data in the spreadsheet to points in the ArcMap display.

(2) Right click on the new table, latlong$, and select Display XY Data

L T ~T 7 3 -
Pl e T il T

= B Chgiswr2013Exc\latlong

= UEA_NHDFE Open Y -

Sinks loins and Relates vl ] : v
Mean 4 ¥ Remove h
NHD W A
NHD A Data o N
[ USA_Sails_ Edit Features i J N TN
[ World_Tor &R Geocode Addresses.. ™ R - I
Ly A L
+#; Display Route Events... b g
|§+¢ Display XV Data... | '{ *~ s

I Properties... |Displa]r}{‘fl]ata

.

'--H__,.-r. Adds a new map layer based on
"+ XY events from a table,

(3) Setthe X Field to LongDD, the Y Field to LatDD, Note that by default a
GCS_North_American_1983 coordinate system is chosen. This is correct for this dataset. You
could use Edit to change it if the coordinate system of the input data was different.
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Display X% Data @

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

Choose a table From the map or browse For another bable:

Sheetl$ |
Specify the fields for the ¥, ¥ and Z coordinates:
# Pk .
Y Field: LatDD -
Z Field: cMone= -

Coordinate System of Input Coordinates

Descripkion:

Geographic Coordinate Syskem: r
Mame: GC5_Morth_smerican_1983

Fl F

[ show Details Edit. ..

w'arn me if the resulting layver will have restricked Functionality

About adding %Y data [ ok | [ concal |

Hit OK, to complete it and you’ll get a warning message about your table not having an
ObjectID. Just hit Ok and and voila! Your gage points show up on the map right along the San
Marcos River just like they should. Magic. | remember the first time I did this | was really
thrilled. This stuff really works. I can create data points myself! If you don’t see any points,
don’t be dismayed. Check back at your spreadsheet to make sure that the correct X field and Y
field have been selected as the ones that have your data in decimal degrees.

Now let’s store these points in our geodatabase as a real feature class, called Gages. Right click
on Latlong$Events (or possibly Sheetl$events) and Export Data to convert the points into a
Gages feature class in the San Marcos Geodatabase, as you did earlier with Basin and
Watershed.
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L Mstional w BTAYTTT

< layers - ! R fire

=l C:\GISWRZOIS\ExZ\So!n\IatIor} | §.% : e
a [

. @ Copy ; [ \ ;n.:umj‘.-, a
B latlongs | X Remove ) Blanco River |
& L3 C\GISWR2015 B Open Attribute Table A u
= 2 BaseData ‘
= Flowling
Qo0{ &> Zoom To Layer
— 0.000( Zoom To Make Visible 2
—1041 Visible Scale Range »

— 34,80
67,541 Use Symbol Levels

Joins and Relates » 4 Plum Creek

-=]115.9( Selection 4 ] —
=] Catchm)

]
=] Basin Edit Features )

[ . Convert Labels to Annotation

e Subwat g Convert Features to Graphics...
[J<allg

Hud Convert Symbology to Representation... ’7\ Y o SanMarcosRuwer
012100  Data > RepsisDataGoutce
112100

[T L ‘
712100 i Create Layer Package... Export Data OHIAT TS
&

12100 Properties... Save this layer's data as a shapefile / P g %)

= O LandCover v ] [E or geodatabase feature class
LC_CLASS Aoy R : \4 o
B OnenWater | pom \ = T CEVION AL ACIERSES [

BN -] Home - E2\Soln [
= 8 SanMarcos
= ﬁ BaszeData
@ Basin
[~ Gages
l@ Watershed

Label Features L.

New
Brautfeb |

o o A,
=00, - Tonzales

Save As Layer File... |\;> Export Data...

Add the resulting Gages to your map and recolor and resize them so you can see them clearly.

=7 layers ~ ) B St N " E i i
* Manchaca
= Flowline
Q0001C

— 0.000000 - 10.41300'
— 10.413001 - 34.8980
= 34.898001 - 67.5490
= 657.549001 - 115.960
=115.960001 - 224.13
= [0 Catchment
=
= Basin

= [0 Subwatershed
[] <all other values>
HUC_10
11210020301 432
[11210020302 aniey e
[11210020303
11210020304
[ 1210020305
= [ LandCover pvernmaht \Holotgs
LC_CLASS r.‘&‘.’::l:',
Il OpenWater
M Development
[ SnowlceBarren
[] Forest

I P S

Now let’s label the Gages with their Names. Right click on the Gage feature class and click on
Label Features. You’ll see some labels show up in small lettering. It can occur that some
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labels don’t show up because they display where you’ve got your Watershed Callouts created
earlier. Drag those Callout boxes to another location and the gage labels will appear.

&7 BaseData | | S N o
=SR] Gogep —
e B Cony
= Basil % FRemove
() E Open Attribute Table
] Wat
= 9 Joins and Relates 3
[C1=a
H» Zoom To Layer
[]12
112 Visible Scale Range 3
[]12
12 Use Symbol Levels
112 Selection 3
Cihgiswr2013
iglmfr j Label Features
= Drainag
= O WBD Edit| Label Features e
O %4 Con| Label the layer's features
Chlsers\Mg .. _ |

To resize the labels, right click on Gage and select Properties/ Labels, and then select 12 point
type.
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Layer Properties

| General | Source | Selection | Display | Symbology | Fields I Definition Guer_',.r| Labels | Joins & Relates | Time
Label features in this layer

Method: [Label all the features the same way. T]

All features will be labeled using the options specified.

Text String
Label Field: SiteName - | Epresson..
Teat Symbol
@) Arial - IE |:I
e L RN N
L k2]
0[5
Other Options F're-defin T hyle
: 14 Ei
[ Placement Properies... ] [ Scale Range... ] 1 i

Open the Attribute Table of the Gages, and right click on the fields that you really don’t need
to see and hide them.

Sort Ascending E

Sort Descending x,‘
Advanced Sorting...

Summarize...

Statistics... L“

Field Calculator... J

Calculate Geometry... Rﬁ
Turn Field Off I

C I Lk P T

Turn Field Off

Turns this field off so it is not
=g shown here or in any other

ﬁ dialogs.

Make a display like that shown below.
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}:@9 8|3

[ = layers

= 3 C\GISWR2015\Ex2\Seln\Sanlv
=] Eﬂ BaseData

| »

] 3
L "
= M Flowline \
QU001C N

— 0.000000 - 10.41300C

—10.413001 - 34.8980C

= 34,898001 - 67.5490C

== (7.549001 - 115.960C

«==115.960001 - 224133
= [0 Catchment

= :
=] Basin 2,

n

. Table

= O Subwatershed & - %’ %& ] & x
[ <all other values> ‘ £,
HUC_10 Gages S
[]1210020301 L sitelD LatbD | LongDD | DASqMile | MAFlow )
[11210020302 08171000 | Blanco Rv at Wimberley, Tx 29.994167 | -98.088611 355 142 B i
11210020303 08171300 | Blanco Rv r Kyle, T 29.979167 | -97.909722 412 165
11210020304 _ ] 08172400 Plum Ck at Lockhart, Tx 29.922778 | -97.678889 12 49
91210020305 ...+ | 08172000 Plum Ck nr Luiing, Tx 29.699444 | -97.603333 309 14
08172000 | San Marcos Rv at Luling, Tx 29.666111 | -97.650556 838 408
=0 La"'df";’le;« 0817000 | San Marcos R at San Marcos, Tx 29.888889 | 97.933889 49 176

= It
K ¢/

L7

Luling, Tx

Linear Referencing the Stream Gages

Now, let’s locate the gages on the Flowlines. Zoom in to the location of the Blanco River at
Wimberley and query the Flowline there. You’ll see it has a ReachCode value of
12100203000084. This means that it is river segment 84 in the HUCS8 Subbasin 12100203. The
EPA and USGS have similarly labelled all the river and stream reaches in the nation.

&
TATETE AN AU

S

0O X

Woodcdreek

o
-

t3

(™

FLOWDIR

With Digitized

Identify from: |  <Top-most layer> Rd
(=) Flowline
- Blanco River
3]
“| Location:  -98.086562 29.993972 Decimal Degrees i
Field Value 2%
OBJECTID 358 =
Shape Polyline ZM 1
COMID 1630223
FDATE 7/2/1959
RESOLUTION Medium
GNIS_ID 1372625
GNIS_NAME  Blanco River
LENGTHKM 2.055

\ REACHCODE | 12100203000084

imberley
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Use Search to locate Linear Referencing tools and select Locate Features Along Routes

Search + !
@ i & | v [Local Search

ALL Maps Ciata Tools Images

IIinear referencing| Q)

Any Extent -

Search returned 8 items + Sart By

toolboxeshsystem toolboxes'\linear refer...

“\_ Create Routes (Linear Referencing) (...
Creates routes from existing lines. The in...
toolboxeshsystem toolboxes\linear refer...

“\ Calibrate Routes (Linear Referencing...
Recalculates route measures using points.
toolboxeshsystem toolboxes'\linear refer...

“\_ Dissolve Route Events (Linear Refere...
Removes redundant information from eve...
toolboxeshsystem toolboxes\linear refer...

“\ Transform Route Events (Linear Refer...
This tool transforms the measuresz of even...
toolboxeshsystem toolboxes'\linear refer...

“\_ Overlay Route Events (Linear Referen...
Cverlays two event tables to create an ou...
toolboxeshsystem toolboxes\linear refer...

“\ Make Route Event Layer (Linear Refe...
Creates a temporary feature layer using r...
toolboxeshsystem toolboxes'\linear refer...

“\_ Locate Features Along Routes (Linear...
Computes the intersection of input feature...

Fill out the resulting table as shown:
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-
‘% Locate Features Along Routes - -

Input Features

I Gages
Input Route Features

IFIowIine

Route Identifier Field
REACHCODE

Search Radius

Output Event Table
C:\GISWR 2015'Ex 2'Soln\sanMarcos, gdbAddress

COutput Event Table Properties
Route Identifier Field

200

Meters

ReachCode

Event Type
POINT

Measure Field
MEAS

To-Measure Field

Keep only the closest route location (optional)

m

-

| o

] [ Cancel

] [En'uirunments... ] [ Show Help == ]

And you’ll see a table called Address show up in your map display that has ReachCode and
Measure locations for all your gages. This “addresses” them on the nation’s stream network so

that we know where they are.

[]<all other values> =<
HUC_10

[11210020301
[11210020302 Se.
[]1210020303 E:
[11210020304
711210020305

= [0 LandCover

LC_CLASS

I OpenWater
M Development
[ SnowlceBarren
[ Forest
[1ShrubScrubGrass
I Agriculture
I Wetland

B Summary

o

= £ C\GISWR2015\Ex2\Soln\latlor

= R4 latl, € Fuente

m

™

Address

ENCYCTEEE

Wimber l\‘\"

S

nco Rv at Wj[;iberley, T4

OBJECTID *

ReachCode

MEAS

Distance

GageNo

SitelD

SiteName

Latitude

»

12100203000084

68.589916

-0.000408

08171000

Blanco Rv at Wimberley, Tx

29C 59'39"

12100203000077

48.807631

-0.00008

08171300

Blanco Rv nr Kyle, Tx

29z 58' 45"

12100203000028

94.669251

0.000367

08172400

Plum Ck at Lockhart, Tx

29 55'22"

1210020300001S

17.618976

-0.0004

08173000

Plum Ck nr Luling, Tx

29T 41' 58"

[LIFSERIINY (o

12100203000050

79.925134

-0.000184

win| oo

08172000

San Marcos Rv at Luling, Tx

29C 39' 58"
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z ey
Il OpenWater \\ v \] " \ ___/—(l j
Ml Development Table
[ SnowlceBarren o=
oo i -
[15ShrubScrubGrass Address
I Agriculture OBJECTID * ReachCode MEAS Distance | GageNo | SitelD SiteNa
I Wetland 3 1| 121002030000384 | 68.589918 -0.000408 6 | 08171000 | Blanco Rv at Wimberley
B Summary 2 [ 12100203000077 | 48.807631 |  -0.00006 5 | 08171300 | Blance Rv nr Kyle, Tx
=] w < 3 | 12100203000028 | 54 689251 0.000387 4 | 08172400 | Plum Ck at Lockhart, Tx
5 CAGISWR E Cpen 4 [ 12100203000015 | 17.618876 -0.0004 2 | 08173000 | Plum Ck nr Luling, Tx
) Joins and Relates o 5 | 12100203000050 | 79.925134 -0.000134 3 | 08172000 | San Marcos Rv at Luling
= latlon 6 | 1210020300013 83.03568 -0.000417 1 [ 08170500 | San Marcos Ry at San |
* *  Remove o | i1 |
B latlon
World T [ata Pl A 1 » M E (0 out of & Selected)
B Edit Fea Display Route Events
n
% Geocod Adds a new map layer based on —
= route events from a table.

-
Display Route Events ™

2]

Route events are objects with locations measured along routes. Atable
containing route events can be added to the map as a layer.

Specify the routes referenced by the events in the table

Route Reference: [ Flowline

-]
)

Route Identifier | REACHCODE

"l Specify the table containing the route events
Choose a table from the map or browse for another table.

Event Table: Address =

Boute |dentifier: FeachCode

Choose the type of events the table contains:
i@ Point Events: Oceur at a precise location along a route

() Line Events: Define a discontinuous portion of a route

Choose the measure field for point events:

Measure: MEAS -

Choose the offset field. Events can be offset from their routes.

Offset: [ <Mone:

Wam me if the resulting layer will have restricted functionality

J |

[ Advanced Options... ] [ QK Cancel ]
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| have colored in the resulting Address Events in Green and used the Attribute Selection on
Flowlines to select those with ReachCode = 12100203000084. The Measure value of 68.59 for
this location means that the Green point is 68.59 % of the distance upstream from the
downstream end of this flowline (the flow goes from left to right in this picture). As you can see,
the Address Event is located right on the Flowline, not a little way off as the latitude and
longitude of the gage would have indicated (and these values might be at the gage house which is
a little way from the stream itself. In this manner, you can see how Linear Referencing provides
precise location on the stream network of stream gages or other point features (you can also do
Linear Referencing for line features that stretch from one point on a line to another).

5 & Layers [ o = Blanco Rv at Wimberley, Tx
=] Address Events s = L 00 £ B _—,'—:_:—_ - -.—-':.__,_:__

=] Gages
L ]
=] Flowline
Qo001C
— 0,000000 - 10.413000
— 10.413001 - 34898000 \\\_ __
— 34,858001 - 57.543000 I -
= 37.549001 - 115.960000
w]115960001 - 224133000
= O Catchment
O
= Basin Table
o R R |

= [ Subwatershed Address Events :

[] =all other values>
HUC 10 OBJECTID * ReachCode MEAS Distance | GageMo | SitelD SiteName Latitude L
= 2100203000131 | 8203968 | -0.000417 08170500 | San Marcos Rv at San Marcos, Tx 9C 53200 |or
(71210020301 1210020300084 | 66.589916 | -0.000408 & | 08771000 | Blanca Av at Wimberley, Tx 2905938 | sar I
11210020302 1210020300028 | 94.669251 | 0.000367 08172400 | Plum Ck at Lockhart, Tx WoE5 2| ‘
11210020304 1210020300050 | 79.925134 | -0.000184

11210020303
11210020305 12100203000015 | 17.618578 -0.0004

s - 08172000 | San Marcos Rv at Luling, Tx 29C 39" 58" 971
08173000 | Plum Ck nr Luling, Tx 29C 41"58" 97!
= O LandCover 4 T b

Save your map as Ex2Gages.mxd.

m

»

-

Rafea| — o

12100203000077 | 48.807631 -0.00008 S [ 08171300 | Blanco Ry nr Kyle, Tx 20C 58450 |67

w

s
5]

Flow Data for the Blanco River

Open the CUAHSI data viewer http://data.cuahsi.org Enter the location Wimberley, Texas in the
box in the upper left corner.

 CUAHS

UNIVERSITIES ALLIED FOR WATER RESEAACH

wimnberley|

Wimberley

Wimberley Zipline Adventures

VP b s T

In the top right hand corner, select a Date Range of May 1, 2015 to present
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http://data.cuahsi.org/

Please select your date range:

From | 05/01/2015| ‘

To « May 2015 »

Su Mo Tu We Th Fr Sa
26 27 28 29 30 n 2
(3 4 5 & T 8 9
M0 11 12 13 14 15 16

17 18 19 20 21 22 23

So the Date Range is set at:

Select Date Range...

From: 05/01/2015

To: 09M10/2015

Select Keyword(s)...

Select a Keyword for Discharge
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Please select your Keyword(s)

(Mo selection searches all)

Most Common Full List

[ Actual Evaporation [[] Precipitation

] Air Temperature [ Snow Water Equivalent
[#| Discharge [ Soil Moisture

| Dissolved Oxygen [ Specific Conductance
[ Groundwater Level [ Total Suspended Solids
[[) Nutrient [ Water Temperature

[ pH

Select a Data Service

Select Keyword(s)...

o Discharge, stream =

Select Data Service(s)...

Put NWIS in the Search Box in the top right hand side and select NWIS Unit Values as your
data service (real-time instantaneous data).
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Click to select Data Services

(Mo selection searches all)

Show[10 v |entries search: [NWIS

() select all non-gridded data services.@

Qrganization Title - Sites Variables Values ID
U.S. Geological Survey NWIS Daily Values 34841 484 387092632 1
U.S. Geological Survey NWIS Ground Water Level 232505 15 1960785 8
QOrganization Title Sites Variables Values D
Showing 1 to 3 of 3 entries (filtered from 102 total entries) Previous 1 Next

Search the map and you’ll see the gage at Wimberley highlighted

‘ e
| Wimberley, TX, United States s . Select Date Range...
[178]
+ /
@ N BT From: 05/01/2015
* -’ 2, To: 09/10/2015
Woodcreek N
L i 4
i & Y
Vi s %
. & 5 \ Select Keyword(s)...
= i =5
\ «% Fiiver Mauntain g, Wr@) < Discharge, stream -
o -
\ g
752) - isg %&
[z=25] - g Select Data Service(s)..
- 7 P
&= /Blue Hole N S, o Selected 1 of 102
Regional Park é 2
@ Lealn 4 ™~ g S
. Wimberley \
0] El = Univessity fd
. / s ave S
\ A Reset
.\ , n— ™\ B
— \/ \ 7

Click on the gage and select one of the two series that are listed and hit Process Selection

List of Timeseries near: 134 Malone Dr, Wimberley, TX 78676, USA # Download Manager

To zip one or more data files, please click the associated table row(s) and then click the 'Process Selections' button.

show entries () Select Top 252 S search: [ |

Organization 4 service Name Keyword Variable Name Site Code Variable Code

U.S. Geological Survey NWISUV Discharge, stream Discharge, cubic feet per second NWISUV:08171000 NWISUV:00060

+ I ’
|Filter by. Organization v|  [Filter by: Service Name v |  [Filter by: Keyword v |  [Filter by: Variable Name 2 SiteCode VariableCode
Showing 1 to 2 of 2 entries Previous | 1 Next

You can see the progress of your download request in the Download Manager

You’ll get a local Excel file downloaded to your computer. Open this and select the Local Time
and Discharge fields
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A
Organization
unknown
UTCTimeStamp

5/1/2015 0:00
5/1/20150:15
5/1/2015 0:30
5/1/2015 0:45
5/1/2015 1:00
5/1/20151:15
| 5/1/2015 1:30
I 5/1/2015 1:45
I 5/1/2015 2:00
i 5/1/2015 2:15
’ 5/1/2015 2:30

—Fa Fmrmm e =~ &

Format the cells in the first column to show Date/Time

cf4fac 4.4C AR =7 -

And plot a chart of the flow of the Blanco River at Wimberley
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Flow in the Blanco River at Wimberley, May 2015
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To be turned in. Make a map showing the labeled gages and their attribute table. Zoom into
each of your gages, and compare the Drainage Area and the Mean Annual Flow from between
the gage values and those given as Q0001C and QO001E on the NHDPIus Flowline feature
class. Prepare a table for your six gages which shows these comparisons. Discuss your results.
Groundwater flow plays a role in this basin as there is a big discharge from the Edwards aquifer
in a spring at San Marcos. Determine the distance in Km that each gage is upstream of the most
downstream point of the reach on which it is located. Show a chart of the flow of the Blanco
River at Wimberley. Notice the huge flood that occurred on this river — a 40 ft wall of water
passed through the town of Wimberley during Memorial Weekend, 2015

Ok, you’re done!

Summary of Items to be Turned in:

1. Make a map of the San Marcos basin with its HUC-10 and HUC-12 watersheds and
subwatersheds. How many HUC-10 and HUC-12 units exist in the San Marcos Basin?

2. Make a map of the land cover variation over the San Marcos Basin. Prepare a table that
shows the area (km?) of each of the seven main land cover classes and the % of the totall
basin area that each represents.

3. Make a map of the San Marcos basin with its labelled rivers. How many Catchments lie
within this basin? What is their average area (Sq. Km)? How many Flowlines lie within
this basin? What is their average length (Km)?

4. Make a map showing the labeled gages and their attribute table. Zoom into each of your
gages, and compare the Drainage Area and the Mean Annual Flow from between the
gage values and those given as Q0001C and QO001E on the NHDPIlus Flowline feature
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class. Prepare a table for your six gages which shows these comparisons. Discuss your
results. Groundwater flow plays a role in this basin as there is a big discharge from the
Edwards aquifer in a spring at San Marcos. Determine the distance in Km that each
gage is upstream of the most downstream point of the reach on which it is located. Show
a chart of the flow of the Blanco River at Wimberley. Notice the huge flood that occurred
on this river — a 40 ft wall of water passed through the town of Wimberley during
Memorial Weekend, 2015
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