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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) and soils from the SSURGO soils database. A geodatabase is created to hold all these
primary data layers. 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 also compare the locations of the San Marcos basin surface
boundaries, and the Edwards aquifer subsurface boundaries.

Computer and Data Requirements

To complete this exercise, you'll need to run ArcGIS 10.1 froma PC. You will download map
packages of hydrologic and soils information to do this exercise from ArcGIS Online. If you
have trouble accessing these packages, there is a backup at
http://www.caee.utexas.edu/prof/maidment/giswr2012/Ex2/Ex2Data.zip

NHDPIus data for the United States that can be downloaded over the internet:
http://www.horizon-systems.com/nhdplus/ The current status of available information is
depicted in this map:



file://austin.utexas.edu/disk/caee/wwwroot/prof/maidment/giswr2012/Ex2/Ex2Data.zip
http://www.horizon-systems.com/nhdplus/

[ Available
Unavailable

02 Mid Atlantic 03N South Atlantic North

01 Northeast
03S South Atlantic South 03W South Atlantic West 04 Great Lakes
05 Ohio 06 Tennessee 07 Upper Mississippi
08 Lower Mississippi 09 Souris-Red-Rainy 10U Upper Missouri
11 Ark-Red-White 12 Texas

10L Lower Missouri
13 Rio Grande
16 Great Basin

15 Lower Colorado

14 Upper Colorado
18 California

17 Pacific Northwest

In this instance, we need information from Water Resource Region 12 that covers most of Texas.
We are going to use information from the NHDSnapshot, NHDPIlusAttributes, and

WBDSnapshot datasets.
http://www.horizon-systems.com/NHDPlus/NHDPlusVV2 12.php



http://www.horizon-systems.com/NHDPlus/NHDPlusV2_12.php

FIP NHDPlusV21_TX_ 12 NHDPlusAttributes_03.7z

FIP NHDPlusV21_TX_12_NHDPlusBurnComponents_02.7z

FIP NHDPlusvV21_TX_12_ NHDPlusCatchments_01.7z
NHDPlusV21_TX_12 NHDSnapshot_02.7z

FTP NHDPlusV21_TX_12_VogelExtension_01.7z

FIP NHDPlusvV21_TX_12_VPUAttributeExtension_02.7z

FIP NHDPlusV21_TX_12_ WBDSnapshot_01.7z

The needed files can be accessed as a Map Package called Region12NHDPIlus that is indexed
by the tag giswr2012ex2 in ArcGIS Online. Make sure when you search for this, that you have
“Show:All Content” rather than Show: Web Content Only in ArcGIS Online.

Resource Center Show: All Contentv  David Tarboton  Notifications Helpr  Sign Qut

( ArcGIS GALLERY MAP GROUPS My conTENT  [[giswr2012ex2 O.|‘

Search Results

Show 1 result More Information

Relevance Title Owner Rating Views Date

What types of items can I find

All Results ) here?
Maps Region12NHDPlus
Applications 1 ?;reams, watersheds and water bodies for water resources region Advanced search options
Tools R
Map Package by davidmaidment
o1 L Last Modified: September 10, 2012 Finding layer packages and
Related Searches Open ¥ Details (0 ratings, 0 comments, 0 downloads) other ArcGIS desktop content.

Find items published by Esri
related to "giswr2012ex2"

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.

Once you have located the map package Region12NHDPIus in ArcGISOnline using the tag
giswr2012ex2 open it in ArcGIS
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From ArcMap, open ArcCatalog, navigate thr
want to have a workspace,

ough Folder Connections to a place where you



Catalog B X
G- ol @B e e E
Location: L Mew File Geodatabase.gdb -

] Home - Region12MNHDPIus\V101
= Ed Folder Connections
= e A

£ 229594462 e9b88b8ece598

£3 Applied Hydrology

E3 AWRA2012

£ CE374KSpri2

3 CuAHsI

T database

£ database - Copy

L3

[ﬁmelegﬁglumeas @j
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and create a new File Geodatabase:

£ Folder [H Copy
| 4 File Geodatabase |
|4 Persenal Geodatabase X Delete

Database Connectiol e RO 1

ArcGIS Server Conna  Create a new file geodatabase. |

Layer... " 5 | ' r

And call this SanMarcos.gdb. Within this, create a new Feature Dataset

O &

[ Feature Dataset... ||| Mew
] Feature Class... Import
Table... Mew Feature Dataset

Create a new feature dataset. [Kervice...

Relaticnship Class... Ttem Description..
Raster Catalog... A Properties

| &F df

and call it BaseData



Mew Feature Datasst u

Mame: BaseDaE|

choose a Geographic Coordinate System

Mew Feature Dataset u

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 langitude coardinates to a two-dimensional linear system,

" - | Type here to search v @ ’EJ | @ -

53 Favorites
=] Geographic Coordinate Systems|
£ Projected Coordinate Systems
B Layers

within North America,

] County Systems
£ Europe

£ Indian Ocean
=] North Americal
£3 Pacific Ocean
£ Solar Systemn

(= P

I EEEEE

select the NAD83 coordinate system




Mew Feature Dataset ﬁ

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,

ﬁ v| Type here to search - (8 ;'a| {;& v 3%

ﬁ;ﬁ Mexican Datum of 1993 *
MAD 1927
MAD 1927 (CGQTT)
MAD 1927 (Definition 1976)

O
&

G

% |
S

&

[

MAD 1983 (2011)
MAD 1983 (CORS96)
MAD 1982 (C5RS)

ﬁ;ﬁ MAD 1983 (M5R52007)

T MIAM 100D LIADK

Current coordinate system:

GCS_Morth_American_1983 -
WEID: 4269 Autharity: EPSG

Angular Unit: Degree (0.0174532925199433)
Prirme Meridian: Greenwich (0.0}
Datum: D_Morth_American_1933
Spheroid: GRS_1930
Semimajor Axis: 6378137.0
Semiminor Axis: 6356752, 314140356
Inverse Flattening: 298, 257222101

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.

= B Ex?
£ Data
£ NHDPIus
= L¥ SanMarcos.gdb
'ﬁl BaselData

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

Turn off all the layers except the Watershed Boundary Dataset (WDB_Subwatershed)
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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 [HUC_8 = 12100203].

Open the Attribute Table of the Watershed Boundary Dataset (WDB_Subwatershed)



LR
whbdhul2_a_tx x
| FID | Shape* | HUC_8 | HucC_10 HUC_12 ACRES | NCONTI &
3 0| Polygon 11140102 (1114010201 111401020104 23120 —
n 1 |Polygon 11140102 (1114010201 | 111401020105 16650
n 2| Polygon 11090201 11086020107 | 110802010702 13281
n 3 |Polygon 11090201 (1108020106 | 110802010605 23542
n 4 |Polygon 11090201 (1108020107 | 110502010704 26714
n 5|Polygon 11090201 11086020107 |110802010706 35369
n & | Polygon 11090201 (1108020106 | 110502010608 31001
n T |Polygon 11090201 11086020107 | 110802010705 25635
2 |Pobygon 11090201 (11086020105 | 1108020410507 32116 b
< | >
4 4 1 » M E {0 out of 7410 Selected)
whdhul2_a_tx

At the top left corner of the Table, click on the Select by Attributes tool

Table
RS

B8 Find and Replace...

l" B  Select By Attributes...

Select By Attributes

S

—
L]

Select records by composing a
guery.

s

Click on “HUCS”, “=", Get Unique Values and then type 12100203 in the Go To box, double
click on the resulting ‘12100203’ to form the expression

"HUC_8" ="'12100203"

In the selection window. Be careful about how you do this since the form of the expression is
important. Click Apply and Close the Select by Attributes window.



Select by Attributes . - ﬁ

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

Method : Create a new selection v]
"FID" S8
"OBJECTID"

"HUC_8"
"HUC_10"
"HUC_12" i
| = | [ <> | [Lke] | 12010007 i
12010002

Lo S (=) [Aed ] | 2010002

- 12010004
e len] (o] 12010005

L)) [0 [net] | 12020007 i
Get Unique Values | Go To:

SELECT * FROM WBD_Subwatershed WHERE:
"HUC_8" ="12100203 -

[11]
(1]
41}

Clear ][ Verify ][ Help ][ Load... ][ Save... ]

Lfeply ][ 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 0O x Frsh
LML L LE;
WED_Subwatershed % L
FID | Shape* | OBJECTID | HUC_8 | HUC_10 HUC_12 ACRES | NCONTR =
[ 3 23 | Polygon 122319 | 12100203 | 1210020304 | 121002030406 3225
259 | Polygon 123522 | 12100203 | 1210020305 | 121002030504 IET26
294 | Pohygon 123617 | 12100203 | 1210020305 | 121002030503 32568
303 | Polygon 123635 | 12100203 | 1210020304 | 121002030410 22111
308 | Polygon 123640 | 12100203 | 1210020305 | 121002030501 36224
320 | Polygon 123663 | 12100203 | 1210020304 | 121002030408 11085
_ 335 | Pnheninn 12376 | 12100203 | 1210020303 | 4002030307 17548 E
4 T F
TR = || (32 out of 4158 Selected)

WEBD_Subwatershed
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Use Selection/Zoom to Selected Features:

Selection | Geoprocessing  Customize  Winc
E5  Select By Attributes... r C
% Select By Location... i

|@ Zoom To Selected Features |
&m PanT [ | S I 'y

¥ Statist Zoom To Selected Features

B Clear

Zoom to the selected features in
all layers

T

Close the WBD_Subwatershed table to get it out of the way. Right Click on the watersheds
layer (WBD_Subwatershed) and select Data/Export Data to produce a new Feature Class.

-] 1 1 hl ot L™

Convert Symbology to Representation...

Data , ||R.;+> Export Data... |
. * Save As Layer File.., Export Data
» Create L Package...
. e l——— | Save this layer's data as a shapefile
“  Properties... |j or gecdatabase feature class

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 Watershed and click Save. (Note
that you may have to change the Save as Type to File and Personal Geodatabase feature classes).

Saving Data l&]
Look in: ’ﬁBaseDam vl & Lf}l = 'l ﬁl By &
Name: Watershed| Save
Save as type: [File and Personal Geodatabase feature dasses v] [ Cancel ]
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At the next screen click OK

Export Data ﬁ

Export: |Selected features v]

Use the same coordinate system as:
thig 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)

QOutput feature dass:
C:\Users\dtarb\ Seratch\Ex2\SanMarcos adb'\Base Data \Watershed

[ OK ] [ Cancel ]

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

By select By Attributes. ..
%] Select By Location...

-l

5

|

@8 Zoom To Selected Features
&E Pan To Selected Features
¥ Statistics...

| [d  Clear Selected Features

Interactive Selection Method 3

Selection Options. ..

P B T el e i

And then Zoom to Layer to focus in on your selected Watersheds. You can click off the little
check mark by the WBD_Subwatershed layer and Basemap so that you just see the watersheds
displayed.
=] EE?D_Subwatershed
O

12



Lets make our basin a bit more interesting. Right click on the Watershed feature class, and
select Properties/Symbology. Select Categories Unique values and use HUC-10 as the Value
Field, hit Add All Values to give each HUC-10 watershed a different color. Hit Apply and OK
to get this color scheme applied to the map.

. : . " 2 .
Layer Properties " [ g

| General I Source | Selection | Displa}r| Symbology | Fields | Definition Gluery | Labels I Joins & Helatesl Time | HTML F‘upup|
Show:

Features |Drcrl|r categories using unique values of one field. Import...
Categories Walue Field Color Ramp
Unique values HUC 10 - -
Unique values, many -
‘.. Match to gymbols in a
Quantities Symbol  Value Label Count
Charts :l <all other values: <all other values: 1]
Mutltiple Attributes <Heading> HUC_10 32
1210020301 1210020301 5
1210020302 1210020302 5 4+
1210020303 1210020303 8
P T 3 1210020304 1210020304 10 4
1210020305 1210020305 4
Add Al Values ] [ Add Values. .. Femove Remove Al ] [ Advanced -
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Lets focus on the Watersheds feature class by turning off the display of the other feature classes
using the check box in the Table of Contents.

Table Of Contents o x
% O 8 | HE

=] Visible

%’ Watershed [d
) 1

@s Basemap

=] Mot Visible

¥ MHDFlowline

£¥ Edwards

&£ WBD_Subwatershed
£# NHDWaterbody

b

B EEE

And you’ll get this nicely colored map of the watersheds and subwatersheds of the San Marcos
basin.

qEﬁ-ﬁrcMap . 8" 'l i - E@g
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DEEs B x © o e 1567 SFA=1- -1

REEQ 25l e FE-T | % @ AT, B el

Table Of Contents rx -

= Visible

& Watershed [
[ <all other values>

HUC_10

11210020301
1210020302
11210020303
11210020304
11210020305

@Basemap

=] Mot Visible

<& NHDFlowline

dgr Edwards

& WBD_Subwatershed

& NHDWaterbody

»

HEBEBE

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 Set nomenclature to refer to the
drainage area hierarchy in its formal sense).
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Select the Identify tool, go up near the top of the San Marcos Basin, and click on one of the

HUC-12 subwatersheds. You’ll see its attributes pop up. Notice the hierarchy of numbers for
the HUC 8, HUC 10, and HUC_12 attributes.

SO N[O B MR TR

Identify

Identify from: «Top-most layers

=- 'l.fu_'atershed
i Upper Blanco River

Location: -98,378994 30.011192 Decimal Degrees

Field Value
OBIECTID 22

Shape Polygon
HUC_8 12100203
HUC_10 1210020301
HUC_12 121002030104

Use File/Save As to save your map file as Ex2.mxd with the new information that you’ve
created (and to keep it distinct from the Map Document Region12NHDPIlus.mxd opened from
ArcGIS Online).

Where is My Stuff

Right click on Watershed and select Propeties 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.

15



] <all El Copy
HL % Remove . .
Layer Properties
[Empr B Open Attribute Table
121 i p—
D1z Joins and Relates » _/r“ Genera Belection | Display | Symbology I Fields | Definition Cueny | Labels I Joins & Relat
[l g » Zoom To Layer
EpL H“\\ Extent
8 O Edwar Visible Scale Range 3 Top: 30,167716 dd
O 4;2 R Left: -98.715418 dd Right: -97.435295 dd
o e R Bottom: 29.483408 dd
Ot
Oz Label Features Data Source
WED Edit Features 3
=0 o - ata Type: File Geodatabase Feature Class
O NHOW Database: Ci\Users\dtarb\Scratch\Ex2\SanMarcos.gdb
= a0 Convert Features to Graphics... Feature Dataset: BaseData
O Feature Class: Watershed =
© [ Basem Convert Symbology te Representation... =
™
Wi Data » Geometry Type: Polygon
P Coordinates have Z values: No
@ Save As Layer File... Coordinates have measures: Mo
‘.;’ Create Layer Package...
- - Geographic Coordinate System:  GCS_MNorth_American_1983 o
‘[ﬁ‘ Properties... - -

Layer Properties

- : Set Data Source...
Display the properties of this layer

Now right click on NHDFlowline and select Propeties and select the Source tab. This is one of
the layers from the Map Document Region12NHDPIlus.mxd opened from ArcGIS Online. Notice
that this is a Shapefile stored in your Documents\ArcGIS\Packages folder. This is where stuff
goes when you download a map document from ArcGIS Online. This becomes important if you
want to move your map document to another computer. This downloaded data will not go along
with your map document automatically so its keeping needs to be managed.

SR S] 1iHDFlowline i

— Bl Copy
=] Watershed | % Remove

= <:|Il[|:t|’11;r E Open Attribute Table

O 12_00503(: Joins and Relates 3

1121002030 > Zoom To Layer

1121002030

S iiggﬁ:i Visible S5cale Range r
= O Edwards Use Symbol Levels

[ «all other Selection N

AQUIFER]
o Label Features
- Edit Featies C Hatches | Joins & Relates | Time H
0 EBZD Sub General Source | Selection I Digplay Symbology I Fields Definition Query I

=] _Subwa

= Extent

F xten
=] EIHDWEterb Convert Symbology to Representation... Top: 34.643363 dd
5 O Basemap Data ' Left: -103.839191 dd Right: -33.162430 dd
World_T{ "  SaveAslayer File.. Bottom: 25873555 dd
i’ Create Layer Package...
" Properties... | Data Source
) o Data Type: Shapefile Feature Class -
Layer Properties Shapefile: C:\Users\dtarb\Documents\ArcGIS\Packages \Region 121 [
Display the properties of this layer Geometry Type:
Coordinates have Z values: Yes
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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 I% 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 autocomplete tool
gives you several options and select Dissolve (Data Management)

Search -
o | ‘E;} - | J - ’Local Search
ALL Maps Data Tools

|di55|:ulue Q,

Any Extent -

Search returned 7 items Sort By «

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

#,, Dissolve (Data Management) (Tool)
Aggregates features based on specified at...
toolboxes\system toolboxes\data manage...

"\% Dissolve Network (Metwork Analyst) (...
Creates a network dataset that minimizes ...
toolboxes\system toolboxes\network anal...

You’ll see a Dissolve tool window appear. You can drag and drop the Watershed feature class
from the Table of Contents into the Input Features area of this window. For the Output
Feature Class, navigate to the BaseMap feature dataset and type Basin as the name. Click on
HUC_8 as your Dissolve_Field. This means that all Watersheds with the same HUC8 number
(12100203) will be merged together. Hit Ok to execute the function.

‘{% Dissolve

Input Features
| Watershed

Qutput Feature Class
C:l\giswr2012\Ex2\SanMarcos. gdb\BaseData'\Basin

Dissolve_Field(s) (optional)
[ oBIECTID 1
[7] oBIECTID
HUC_&
[ HuC_10
[ Huc_12
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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 feature will appear.

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

Basin layer I and select Hollow for the shape, Green for the Outline Color and 2 for the
Outline Width.

Symbol Selector

oo
v| Q @ 24 Current Symbol

Search: () all Styles () Referenced Styles

ESRI

Green Blue Sun Fill Caolor: G

Outline Width: s
Outline Color: @
Huollow Lake Rose

And you’ll get a very nice looking map of the San Marcos Basin with its constituent subdrainage
areas.

=l Visible
@" Basin Ed
(|
& Watershed [
[ =all other values=
HUC_10
[J1210020301
11210020302
[11210020303
11210020304
11210020305
=l Mot Visible
& nhdflowline [
& whdhul2_a_tx i

e

b

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.
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= L3 SanMarcos.gdb
= ﬁ BaseData
|E Basin
_ |E] watershed
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. Close ArcMap.

To be turned in: A screen capture of the San Marcos basin with its HUC-10 and HUC-12
watersheds and subwatersheds.

Soil Information for the San Marcos Basin

Go to the Hydro Resource Center on ArcGIS.com
http://resources.arcgis.com/en/communities/hydro/ (Use the Firefox or Chrome browser as this
application does not work properly in Internet Explorer). Scroll across the Gallery at the bottom
of the page until you see the SSURGO Data map (left end of the Gallary ribbon below).

P~ B O X || @ Hydro | ArcGIS Resource Ce... *

File Edit View Favorites Tools Help x @ Convert v [ Sele
X 'zﬁv eb Sea [~]Ed o ~ | [l 40% orf ant \g - WinZip for Phone | PG Send Large Files \ﬁmnzmnmnms vﬁ\wv\
w5 [ suggested Sites v & Web Slice Gallery v 2 v B v [ dm v Pagev Safetyv Tooks~ @~

The Hydro Resource Center is an online community center that promotes hydro information products Quick Links
created with ArcGIS methods to facilitate natural resources management.

World Hydro
Basemap

n Gal
bl joRa =% S
ume Po “LRQ

FRANCE Fi
globally, and in the US the
coverage extends to 1:18 o £ San
thousand scale. 2 2 N
2 Monaco | TALY T
Andorra 2
5 ta Vella s
Gallery More Gallery posts b

; — YN
X L | Lt Lo
.: ﬂ Ll o

Average Annual Available World

18AM |
9/12/2012

>l @ )

Open the SSURGO Data Downloader (beta) application
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http://resources.arcgis.com/en/communities/hydro/

SSURGO Data Downloader (beta)

Click to download ready to v
Web Mapping Application
Last Modified: July 19, 2012

i ~ 7 (0 ratings, 1,0

Sign in to rate this item.

Facebook @ Twitter

Wiew Application

L"ESL.I L

In the map that appears, enter San Marcos, Texas as the place to search in the top right corner

Bl Bookmarks ¥ ©9 Share v (EELRU AR St Q

mdale 1 .

EEIET

dernales.

c'. M
| N > .\'\ .
Texas:'" a7 o "
- B “ e ey ..~’ % /
R A7 Austin-Travis ™. -
"e ‘o o, "\
T fevestfiiul,  Lakes. Texas.
s-"l'o’-. b ‘ "' .-..--n.

. Marcos
j San Marcos, Texas, United States

Medina. '-_*‘.w.,{__
Texas. 4

.h /
A
J,s‘an

.' A n.-A-\iA
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Click on the San Marcos Basin to highlight it, and select Download to get the soil map package
for this basin

s o = $
SRR A7 Austin-Travi
Sgeny el Lakes. Texa
hbe. 5 : i SN You have selected:
f, “w.ww) San Marcos Subbasin
N $\,2‘“COR . Hydrologic Unit 12100203 JJ
L‘,.-u'gl/gdd/ iy zaSlieage il Download the esri soil map package for the
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it SV L SR R : - Mary :
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il 3 it 8 The map package contains a map document [
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Select Open with the ArcGIS File Handler (make sure ArcMap is closed before you do this).

Cpening SanMarcos_12100203. mpk g

You have chosen to open

]l S5anMarcos_12100203.mpk

which is a: ArcGIS Map Package
from: http://=oils.esri.com

What should Firefox do with this file?

ArciGIS File Handler (default) -

i) Sawve File

[] Do this automatically for files like this from now on.

| ok || Ccancel

ArcMap will open and you’ll get a map that shows SSURGO soil map data for this basin. ESRI
has simplified access to the SSURGO soil database produced by USDA and made a map
package like this for each HUC-8 Subbasin in the US.
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B} SanMarcos_12100203 - ArcMap . & = | (S S

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
Deds B * - s - EEEEE
AAQE@ il - TIN@ Bl MNBR &)
Table Of Contents rx -
%3 «El =
=] Visible
#» Subbasin E

a
4 Map Units E
1

»

»

m

[ R LA o]

=
=

[@e| & « [ b
-11000888.149 3379334.108 Meters

yaeas @[] | Goieres G

The numbers 1-10 refer to different soil classes in the basin.

If you use the Identify button, zoom into a particular area in the map, make Map Unit the layer to
be identified and query some features, you can see some characteristics of the soils. Make the
Identify window wider if you can’t see any numerical values. We are going to focus on one
attribute, Available Water Storage 0-100cm — Weighted Average This specifies the number
of cm of water that can be stored in the top 1m of soil, only 2.91 cm in the example shown
below. Wow! We have really thin soils overlying shallow surface rocks at this location!
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Identify from:  |& Map Units

=~ Map Units

‘... Comfort-Rock outcrop complex, 1 to & percent slopes

[&I0
Location: -98.106149 29,931446 Dedmal Degrees l
Field Value E
Water Table Depth - April to June Minimum <null=
Flooding Frequency - Dominant Condition Mone
Flooding Frequency - Maximum Mone m
Ponding Freguency - Presence 0-14%:
Available Water Storage 0-25 cm - Weighted Average 2.35
Available Water Storage 0-50 cm - Weighted Average 2.91
Water Storage 0-100 an - Weighted Average

Available Water Storage 0-150 cm - Weighted Average 2.91
Drainage Class - Dominant Condition Well drained
Drainage Class - Wettest Well drained
Hydrologic Group - Dominant Condition B

<null=

Irrigated Capability Class - Dominant Condition

Select the Clip (Analysis) tool (using Search as before)

€ | 2|~ [Local Search -

LL Maps Data Tools

|c|ip (analysis)

®

Any Extent -

Search returned 4 items

Sort By «

#, Clip (Coverage) (Tool)
Uses the outside polygon boundary of the ...
toolboxes\system toolboxes\coverage tool...

ﬂ% Clip (Analysis) (Tool)
Ewtracts input features that overlay the cli...
toolboxes\system toolboxes\analysis too...

With input features Map Units, clip features Subbasin, and output features Soils in your
BaseData feature dataset for the San Marcos Basin.
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.‘Ehcnp - —

Input Features

I Map Units

Clip Features

I Subbasin
! Output Feature Class
Ci\giswr2012\Ex2\5anMarcos,.gdb\BaseData\Soils

And if you make invisible all the layers except for Soils and open the Arc Catalog, you’ll see that
you’ve now got a feature class of soil information in the San Marcos Basin. Pretty cool!

= Visible Location: @] Toolboxes

& Soils [5]ES
]

=] Not Visible

& Subbasin [

& Map Units 5}

T dell
[ Drought
7 GISHydrol2
Bl £ giswr2012
T Docs
3 Evap
£ BxData
B B b2
Data
5 NHDPlus
= (3 SanMarcos.gdb
BaseData
(E] Basin
[E) Soils
@ Watershed
Ex2.rried
@ ex2aml
Ex2Mew.mxd
@ enew.xml
GageDMS.xlsx

If we want to make a map of the San Marcos basin Available Water Storage 0-100 cm -
Weighted Average, you’ll find there are too many features to symbolize with the default
settings
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Layer Properties ) - _‘ ©®

 Genaral | Scusce | Selection | Display | Symbokoy | Felds | Defintion Query | Labels | Jors & Relstes | Teme | HTML Pogug |
Shorer

Foat | Drarw queanditios using color to show vabues
Calegories ] Classificabion
Cluaniities Wik Aovnlabls Water Storage 0 = Marual
Graduated colors a m
M# Mormaliahon nons ¥ - { '
| Progurtaral frvinns
Dot charssty Color Ramp - -
Chautls
Multiple Miributes | Sbdl Fange Labat

/A Mumirmum sample size reached. Mot all records sre being used. Lhe this

sample or change madmum sample size.

Lo J

So under ClasSifv/Data Sampling increase the Maximum Sample Size to 10000

Classification. -
Classificabon ™~
Method:

Clagsification Staks
Count:
Manamum
Maxamum:
S
M an:
)

1500+

1000 [ ok ]| Concel |

And put “No color” in all the Outline symbols, by clicking on Symbol/Properties for All
Symbols
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| General | Source | Selection | Displa'_.r| Symbology | Fields | Definition Gluery | Labels | Joins & Rel
Show:

Layer Properties

Draw quantities using color to show values.

Features
Categories Fields Classification
Quantities Value: Bvailable Water Storage - - Natural Breaks |
i Graduated colors _
‘... Graduated symbols MNomalization: none - Classes: & =
Proportional symbols
i Dot density Color Ramp: - -
Charts S
_ ~ ‘_.Tﬁ" 1 (| | I |
Multiple Attributes Flip Symbols
Ramp Colors 0000

Properties for Selected Symbol(s)...

Mﬁﬂh}‘f‘%— Properties for All Symbols... 000000

And select Outline Color as No Color

COutline Color: D ‘ ‘

: : Mo Calar ‘

you’ll get a really remarkable map that shows how the Available Water Storage increases
significantly as you go east in the basin across IH-35 and off the thin rocky soils of the Balcones
Escarpment to the west and in the deeper more agriculturally productive soils to the the east.
You can also see the presence of the streams in the eastern side of the basin and the deeper more
alluvial soils that have been deposited around them. I’ve added the Roads Basemap to highlight
the demarcation of soil properties along IH-35 ©
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Table Of Contents R X
% 888 E
=l Visible
€ Soils i
Available Water Sterage 0-100 cm -
0.910000 - 5.040000
5.040001 - 9.410000
[779.410001 - 13.150000
[9913.150001 - 15.660000
I 15.660001 - 19.000000

»

5 Basemap

=) Not Visible

€ Subbasin i)
© Map Units [

If you open the attribute table of the Soils feature class, right click on the 0-100 cm Available
Water Storage field and select Statistics

Table 0 x|
FERAE-RER- SR
Soils =
Available Water Storage 0-100 cm - Weighted Average Available W -
Sort Ascending |:|

Sort Descending

Advanced Sorting...

Summarize...
| X Statistics... —
4 [l c — b
Mo Y |E i Sl
) Generates a report of statistics for
@J T| the selected values in this nurmeric

And you’ll get a summary of the Statistics of this field.
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Statistics of Soils = 3 =)

Field
il lamCl i Frequency Distribution

Statistics: 3.000 ¢
Court: 10085 1
Minimum: 0.591 2,500
Madmum: 19 2000 H
Sum: 126970560916 1500 1
Mean: 12550041 1000
Standard Deviation: 4.132531 ' I
Mulls: 441 500 H

0

0.9 4.3 7.8 11.2 14.6 18.1
I 206 6.1 9.5 12.9 16.4

Note that care is needed in interpreting these statistics as the soil polygons involved have
different sizes. To be really precise about the computation below we should area-weight the

polygons rather than just computing the statistical average. Lets just use the statistical average
for now.

Save your map as Ex2Soils.mxd and close ArcMap.
To be turned in: What is the average available water storage (cm) in the San Marcos basin? If

the area of the basin is 3520 square kilometers, what volume of water (km®) could potentially be
stored in the top 1m of soil in the San Marcos basin if the soil were fully saturated with water?

Selecting the San Marcos Flowlines

Open ArcMap using the Ex2Basin.mxd file that you saved earlier. Click on the symbol to the
left of nhdflowline in the Table of Contents to make the flowlines visible again.
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2Basin - ArcMap - TR Y Y™ D o - b d E B E@u

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DBE& L OB x (9 (& 17578 MEAl=]= 1l

Qa Qi+ H- IR0/ BuNss 0,

e {) A5 v
h A%
¢ s

B Visible
%% NHDFlowline

& Basin

a

€ Watershed

[[J<all other values>
HUC_10

[11210020301

11210020302

[11210020303

[11210020304

[11210020305

@ Basemap

=) Not Visible

€ NHDWaterbo dy

“é)' WBD_Subwatershed

€ Edwards

-98.421 30.261 Decimal Degrees

(LJO.IEEJS 811 Goreieo &]|

e — = e —— —— —

Now we can create a layer with just the flowlines in the San Marcos Basin. In ArcMap, use
Selection/Select by Location to select the features from nhdflowline as the Target Layer and
Basin as the Source Layer, and use the Spatial Selection Method “Target layer(s) features are
within the Source layer feature”. This selects all the streams in the San Marcos Basin.

% Ex2.mxd - ArcMap - Arcinfo

File Edit WView Bookmarks Insert | Selection i Geoprocessing  Customize
Ot E & L [F [ x| 9|8 seectsyattibutes...
El @ AR (0 Select By Location. ., |

Table Of Contents o= “53
. [3 ]2 K| = g
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Select By Location - - ﬁ

Select features from one or more target layers based on their location in
relation to the features in the source layer.

Selection method:
[select features from -

Target layer(s):

MHDFlawline

[J Basin

[0 watershed

[0 Edwards

[0 weD_Subwatershed
[0 MHDWaterbody

[ only show selectable layers in this list

Source layer:

|°‘§!:’>° Basin j

Lise selected features (0 features selected)

Spatial selection method for target layer feature(s):

are within the source layer feature -

[ Apply a search distance
0, 100000 Decimal Degrees

About select by location [ oK ][ Apply ] [ Close ]

L

Hit OK and you’ll see the flowlines within the basin selected.

Right click on the NHDFlowline feature class and select Data/Export Data

Data » |

< Save As Layer File... |t;+> Export Data... |

Save the selected features as Flowline in the BaseData feature dataset and add it as a layer to the
map. Remove the old NHDFlowline, WBD_Subwatershed and NHDWaterbody themes from
your map display by right clicking on the Layer name and selecting Remove.
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= = Layers V#’%
= sgisw d
El'glsnrlﬂ'ﬁxl'@ata'ﬁy ro ; {‘1 fJ-HII. h

— @ Copy

=2 C:\giswr 10 | X Remove |
_—

Right click on the Watershed feature class and under Properties/Symbology, assign a Single
Symbol for the features and select that Symbol to be Hollow

e~

Layer Properties

| General I Source | Selection | Displa'_.r| Symbology | Fields | Defintion Guery | Labels | Joins & Helatesl Time | HTML F‘opup|

ng Draw all features using the same symbol.
c;z::ﬂ:f;mbﬂl Symbol
Cuarsis
Multiple Attributes
Legend
Label appearing next to the symbaol in table of contents:

If necessary, change your symbology so that your flowlines are colored in blue. We want to
have our streams looking liking real map streams!

Now you’ve got a map where you can see your flowlines within the areas they drain. Very nice!
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2Basin - ArcMap AT YYD @ - v E & - E@M

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DRES L SR x |9 | db-[1785743 Y EEERE P
QANQ I« -0 M@ /B NARITRE
Table Of Contents ax Cof e [90 = [j
®: \G/ g@ @ r“y. it g
o
|Jj Visible i g
% Flowline M 2 %
™ (7]
®
& Basin E a =
a =
€ Watershed & 2
O
QBasemap
=) Not Visible 3
& Edwards = =

Go)

ES ESCARRMENT
\ e L

-98.111 29.528 Decimal Degrees

That looks very cool!! You can see how the slope of the topography changes between the east
and west of IH-35. East is flatter and West is steeper. This is another reflection of the different
underlying geology of the two parts of the basin that you saw earlier reflected in the soil map
properties.

Save the Ex2Basin.mxd file again.

Now let’s look at some summary statistics of the flowlines. Open the Attribute table Right click
on the LengthKm field and select Statistics

ENENCTEEE

OBJECTID * Shape® | COMID| FDATE | RESOLUTION | GNIS_ID GHIS_NAME LEN
Folyline ZM | 1628078 |8/1/2004 |Medium 01334976 |East Prong Big Cresk
Polyline ZM | 1628081 |8/1/2004 |Medium 01349785 |West Prong Big Cresk
Polyline ZM | 1628083 |8/1/2004 |Medium
Polylne ZWM | 1628085 | 8(1/2004 |Medium Advanced Sorting...
Folyine ZM | 1623087 |8/1/2004 |Medium 01330984 |Boardhouse Creek

Sort Ascending

Sort Descending

Summarize...

Polyline ZM 1628051 | &M/2004 |Medium . Statistics...

Polyline ZM 1628093 8M/2004 | Medium 01341343 | Meier Creek
Polyline ZM 1628085 &M/2004 |Medium

Dnheline 7 A8TANGT | 2M NN Mardinm NA2ATHETIE Rlanmn Dnior

| Field Calculator. ..

1
2
3
4
5
& | Polyline ZM 16828085 |8M/2004 |Medium
7
8
9
n

Calculate Geometry...

1
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Statistics of Flowline

Field
LENGTHKM w

Statistics:

Count: 555

Minimum: 0.001
Maximum: 17 805 100
Sum: 1888.375
Mean: 3402485
Standard Deviation: 3.038186 50

Frequency Distribution

150

0o 24 49 73 97 121 146 17.0

From this display, you can see the statistics of the LengthKm of the Flowlines. There are 555
flowlines whose average length is 3.40 km and the total length is 1888 km. You can do the same
query on the Acres attribute of the Watershed feature class to get watershed areas. (1 acre =
0.0040469 km?).

To be turned in: How many HUC12 subwatersheds are there in the San Marcos Basin? What is
their average area in acres and in km*? What is the total area of this basin in km?? What is the
ratio of the length of the streamlines to the area of the HUC12 subwatersheds (called the
drainage density) in km™?

Adding Attributes to the Flowlines

Now we will use the flowline attributes table to symbolize the flowlines based on their mean
annual flow.

Change the Table of Contents display to List by Source

Table Of Contents a

= List By Source

Layers are listed by the
geodatabase or folder containing
1 the data source they reference.
1| Tables are also shown.

And you’ll see that you’ve got a table near the bottom of the set of listed layers called
EROM_MAO0001. EROM stands for “Extended RunOff Method” and contains data from a
fairly complicated method of estimating mean annual flow on the NHDFlowlines that you can
read details about in the NHDPIlus Version 2 User Guide if you are keen to understand this
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further.
ftp://ftp.horizon-
systems.com/NHDPIlus/NHDPIlusV21/Documentation/NHDPlus\VV2 User Guide.pdf

Right click and Open the table EROM_MAO0001. You’ll see there is a field for COMID which
is a key field identifying each NHDPIlus flowline feature and enabling it to be linked to attributes
of that feature held in separate tables, such as this one.

Table O x
EREE TN R L
ERCM_MA0001 x
| OID f Comid | QO0MMA | VOODMA Qincro001A QO0MB | Voo B QincridiB | -
0| 127589 75725 1.50880 0.05133 75.725 | 1.50889 0.05138
1| 1275809 2111 0.22858 2110688 2111 0.82858 211068
2| 127550 1217 | 1.05032 0.67934 1217 | 1.05032 0.67934
3| 127600 2359 | 077248 213334 2350 | 077348 213334
4 | 127600 1.532 0.7927 1.53171 1.532 0.7927 1.53171
51 127600 3.98 | 0.22085 3.97972 398 0.830868 3.97972
& | AFFENM 2024 077707 2 2365 P N34 077707 20706 | 7
4 m b

Lets zoom into our Flowlines and use the Inquiry button @ in the Tools menu to see the
attributes of one of them. You’ll also see there the COMID that uniquely identifies each
flowline feature in the NHD. In this case, COMID = 1628231. You’ll also see the ReachCode
= 12100203000200 in this case. This means that this is segment 200 within HUC8 Subbasin =
12100203. You’ll also see reference here to GNIS, which is the Geographic Names Information
System, the official set of names for things in the United States. We have systems for
everything!
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Identify

Identify from: <Top-most layer>
B- Fl_owline
‘... Kentucky Branch

Location: 98°22'25.847"W 30°1'36.67:

Field Value
OBJECTID 236
Shape Polyline ZM
COMID 1628231
FDATE 7/2/1993
RESOLUTION  Medium
; ’ GNIS_ID 1339043
Nt GNIS_NAME  Kentucky Branch
i 8 LENGTHKM  5.148
281 REACHCODE  12100203000200
FLOWDIR With Digitized
R, | WBAREACOMI 0
FTYPE StreamRiver
FCODE 46003
Identified 1 feature

We’ll use COMID as a key field to link the two attribute tables and transfer mean annual flow
attributes to the Flowline feature class. Just for fun, I’ve use the “Select by Attributes” tool in
the Table to select the record in the EROM_MAO0001 table that tells us more about this
particular stream with ‘COMID’ = 1628231. It has a Mean Annual Flow of (QO0001E) of 4.87
cfs. This is very useful for water flow computations. The other estimates (A, B, C, D, etc refer
to earlier steps in the Mean Annual Flow estimation process).

Table o x
ERAE AL

EROM_MAD0OL X
| oD | Comid| Q0001A | VOOMA | Qincr0001A | Q00018 | V0001B | Qincr000B | QO001C | VOOOIC | Qincr0001C | @0001D | W000MD | Qincr0001D | QOOME |
»[2031] 162823 | 0.837 | 0.87771 0.83708 |  0.837 | 0.87771 083709 | 487 0965 486958 | 487 0965 486958 | 487 |

4 | i b

T 1 » n [E[5)] @ outof 68901 Selected)

Notice that there are 68,901 records in the EROM_MAOQ001 table. This corresponds to the
attributes for all the blue lines streams in the water resource region 12 in Texas, and that is a lot
more than what we need to describe flow just in the San Marcos basin. What we’d like to do is
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to transfer the information about Mean Annual Flows from the EROM_MAO0001 table to the
Flowline feature class just for those flowline features within the San Marcos basin.

In the Table, use Clear Selection to unselect the record that we’ve been looking at.

Table

= S EL % (4
H Find and Replace... L
% Select By Attributes...

| [0 Clear Selection

& Switch Selertinn
¥ Sel Clear Selection

Unselect all the currently selected
records.

S = I Y

Open the attribute table for the feature class Flowline and select Table Options/Add Field.

rable |
BN =R S

I H Find & Replace...

B select By Attributes. ..

Switch Selection

[ 7

Select all

[ AddField...
Turn All Fields On

Show Field Aliases

Name the field Mean_Annual_Flow and make it of the type Double and click OK.
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Add Field

Name: | Mean_Annual_Flow |

Tee: [ - |

Field Properties

Aliaz
Allow HULL Values Yes
Default Value

I oK ][ Cancel ]

This creates a new field at the right hand end of the attributes table that has <null entries> in it
for the moment. Notice that there are 555 features in the flowline feature class.

Table . o
Flowline ®
FCODE | SHAPE_LENG | ENABLED | Shape Length Mean_Annual_Flow .
b 48003 0.045141 [T 0.046141 | <Null= B
45003 0.044525 | T 0.0445825 | =Null=
45003 0008707 | T 0.008707 | <Null=
45003 0020109 | T 0.020109 | <Nulk=
A NN n nd4o27cC L n n4d4do7Cc whlalle 7
Ll [ 1] | ¥
T 1 % b E (0 out of 555 Selected)
Flowline

Now we will join the Flowline layer with the EROM_MAO0001 table based on COMID. Right
click on the Flowline layer and select Joins and Relates/Join.
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T T e A s

Copy
= Basin| 3 Remove
(| .
= iate E Open Attribute Table 1 J
| Joins and Relates + m Join...
C:\giswr 101E @ ZoomTo Layer Remove Join(s) C
E flowlineal
Topographic (22l
Visible Scale Range » Remove Relate(s) b

Select the COMID field and the EROM_MAOQ001 table as the one you are going to join to

r Join Data - - I&

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 -

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

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

= EROM_MAO00L -

[] Show the atiribute tables of layers in this list

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

Comid -

Tmiem T e

Say no to creating an index.

Now when you open the Flowline attribute table, at the right hand end of the table, you will find
the information contained in the EROM_MAO0001 table has been joined to the existing features.
Scroll over to the column labeled QO001E. This field contains the Mean Annual Flow for each
reach that we are going to use. It is estimated by averaging the mean annual runoff over the
drainage area above this reach. Notice that in this joined table, we’ve only got 555 records with
flow values in them, not the 68,901values we had earlier.
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) 1
Table o - &

Flowline x
Shape_Length Mean_Annual_Flow OlD COMID GRID_CODE | CUMDRAINAG | MAFLOWU| MAFLOW -
3 0.045141 | =Null= 1924 1628079 21345943 2.046 2.06483 599 |

0.044525 | =Null= 1924 1628081 2134544 12.3813 2.85774 -999

0.008707 | =Nulk= 1924 1628083 2134545 25227 0.58226 -999

0.020109 | =Nulk= 1924 1628085 2134546 3.1806 0.73411 -999

0.018375 | =Null= 1924 1628087 2134047 4 67456 1.07895 -999
0.01897 | =Nul= 1924 1623089 2134548 43933 1.015817 999 -

4 | m | 3
4 16w E (0 out of 555 Selected)
=1

We can set the value of our new field Mean_Annual_Flow by using the field calculator. Scroll
back to the column we created, called Mean_Annual_Flow, and right click on the column label
to select the field calculator.

Mean_Ann VOO0 A
<Null= = Sort Ascending 09511z
| <Null> = Sort Descending | 0950
I | =Null= 1.51067
i | =Nl Advanced Sorting... 0.9407:
- | <Null> Summarize... | 1.53781
¢ | <Null= o 0.9473¢
=Nul= Statistics... KR
i | <Mull= Field Calculator... | 1.68004
b | =Nulk= 1 1on7,
r €4 Field Calculator
ted) Ty Populate or update the values of
Fr thisfielu:_l by specif_',.r.ing a
calculation expression. If any of
X Dq therecordsinthe table are

Click Yes to the warning. Scroll down the Fields list and double click on
[EROM_MAO0001.Q0001E] to set the entry in the Flowline.Mean_Annual_Flow= box
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Field Calculator - '

Parser

@ VB Script () Python

Fields: Ty
EROM_MAODD1, Q000 1C A @

EROM_MAQOO1.Y0001C
EROM_MADO01. Qincrd001Cc
EROM_MADQQD1. Q00010 -
EROM_MADDD1.Y0001D s
EROM_MADD01. Qincrd001D
EROM_MADQQ01.Q0001E
EROM_MADO01.V0001E -

1 | 1] [ 3

[] Show Codeblodk
Flowline.Mean_Annual_Flow =
[EROM_MAD001. Q000 1E]

Click OK. This populates the Mean Annual Flow field with the appropriate value.

Now we can remove the join by right clicking on the Flowline feature class and selecting Joins
and Relates/Remove All Joins.

R} Fiovie - 7 i

Copy

X [

=] Basin Remave

= Eafp E Open Attribute Table

| Joins and Relates L | Jain, ..

= B3 cigiswr10'E '..;? Zoom To Layer |
B fnwlineat

Remove Join(s) ] | | flowlineattributesfiow

Now our attribute table for SanMarcos_flowlines has a field called Mean_Annual_Flow with the
values populated.
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Flowline

=
| FCODE | SHAPE_LENG | ENABLED | Shape_Length | Mean_Annual_Flow »

y 48003 0.045141 T 0.045141 205483

| | 48003 0.044525 T 0.044525 235774

| | 48003 0.008707|T 0.008707 058225

| | 48003 0.020108|T 0.020108 0.73411 ¥
LS >
M4 1 K E {0 out of 555 Selected)

We can use this field to symbolize the flowlines. Right click on Flowline and select properties.
In the properties menu, select the Symbology tab. Change the Symbology to display
Quantities/graduated symbols with Mean_Annual_Flow for the Value field. Click on the
Template symbol to change the color of the lines from the arbitrary one selected by the symbol
editor to blue and hit OK.

Layer Properties

[ Hatches I Joins & Felates Time (| HTML Popup |
| Gereral | Source | Selection | Display | Symbology | Fields || Definition Guery | Labels | Routes |
Show: — . . .
Feat Draw guantities using symbol size to show relative values.
Categories Fields Classification
Quantities Value: | Mean_Annual_Fow w | MNatural Breaks (Jenks)
Graduated colors . -
Graduated symbols Nomalization: |none vl Clagses:
Propartional symbols
Charts Symbol Size from: to:
Muiti Attribut Template
0.000830 - 38.794120 0.000830 - 38.754120
38.794121 - 134797800  38.794121-134.757200
—] 34. 757807 - 260.930780 134797801 - 260.930780
260.930781 - 515.412180 260.930781 - 515.412180

‘ e 515412187 - 811788430 5154121817 - 811.733450

[] Show class ranges using featurs values

[ ok | cance |[ ooty |

The result is a map displaying the relative flow of the streams and rivers in the San Marcos
basin. This is a much more instructive map that shows the main rivers of the San Marcos basin,
the Blanco, San Marcos Rivers along the main steam, and Plum Creek, a tributary coming in
from the North near the downstream end of the basin.
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S| wlall Connty o / - e, , ;
Mean_Annui - W G pae ] b A
— 0.000830 - 38. jedk
— 38.794121 - 1:
- 134,797801 - ;

= 260930781 -8 = \‘l_ Boerne -
. 17 ™~ Bulverde
== 515412181 - ¢ {
Timborwood
=] Basin \ Park
D Hexar ) = <
= Watershed Ry f_\/“/—j"“’"“\ ’,.-"/ McQueeney, -
(I "/ N\ / "’/\'\ . ~ n
= B C\GISWR2011\B2\Dat: . “{ .
_— = = £e \ Con AL ™

Use the Inquiry tool to find out the names of the various rivers in the map display.

Right click in the grey area to the right of the existing toolbars to open the Draw toolbar

Distributed Geodatabase

ze Windows Help | Draw |
v EEE Edit Vertices
E‘% :ﬁr _ Editaor

- Effects —

and select a label:

oraw ]
Drawing~ W (=) #5 [] ~| A I:E 0] Adal vl

A MNew Text
3

Splined Text
Label
Callout

a4

|3E]Eﬂ ||I|f)

Polygon Text
Rectangle Text
Circle Text

—

And add a label to show Plum Creek:
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To be turned in: A map (a screen capture is ok) of the San Marcos Basin and streams. Add
labels to show the San Marcos River, the Blanco River and Plum Creek.

Resave your Ex2Basin.mxd file.
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. | have extracted information from the USGS site information at
http://waterdata.usgs.gov/tx/nwis/si

Hastrop Count)

SitelD SiteName Latitude Longitude DASgMile MAFlow
08171000 Blanco Rv at Wimberley, Tx 29° 59' 39" 98° 05' 19" 355 142
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 49
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 ID 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
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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.xIsx. Close Excel before you proceed to
ArcMap.

SitelD SiteMName Latitude Longitude LatDeg LatMin LatSec LongDeg LongMin LongSec LatDD  LongDD  DASgMile  MAFlow
08171000 Blanco Rv at Wimberley, Tx 29° 569 39" 98® 05" 19" 29 59 39 98 5 19 299942 -98.0886 355 142
08171300 Blanco Rv nr Kyle, Tx 29° 55" 45" 97° 54" 35" 29 58 45 97 54 35 29.9792 -97.9097 412 165
08172400 Plum Ck at Lockhart, Tx 29° 55" 22" 97° 40" 44" 23 85 22 97 40 44 299228 -97 6789 112 43
08173000 Plum Ck nr Luling, Tx 29° 471 58" 97° 36" 12" 29 41 58 97 36 12 296994 -97.6033 309 114
08172000 San Marcos Ry at Luling, Tx 29° 39" 68" 97° 39 02" 29 39 58 97 39 2 296661 -97.6506 838 408

08170500 San Marcos Ry at San Marcos, Tx 29° 53 20" 97° 56" 02" 29 53 20 97 56 2 29.8889 -97.9339 489 176
(b) Creating and Projecting a Feature Class of the Gages

(1) Open ArcMap and the Ex2.mxd file you created in the first part of this exercise. Select the
add data button | ¥ ' and navigate to your Excel spreadsheet

Add Data x]
Loak in: |E|Ex2 V| 48, @ L E" 4 Bl e G’

ElDpata
Ed50ln

latlong. xdsx

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).

Add Data X
Lock in: | lztHong. xlsx 1'\"’| o A0 D EEv B4 Bl s B
22| _winm#Database

Bl llationg$

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.
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Table O x

latlong$ X
Latitude Longitude | LatDeg | LatMin LatSec | LongDeg | LongMin | LongSec LatDD LongDD DASgMile | MAFlow
»|28-59'39" |93 0519° 29 59 39 88 5 19 | 29.994187 | -83.088511 355 142
29C 58'45" | 97C 54357 25 58 45 a7 54 35| 29.979167 | -97.509722 412 165
20T BE'227 |97 400447 29 55 22 a7 40 44 | 29922772 | -97.673220 112 45
28C 41'58"  |STC 3812 25 41 58 a7 35 12 | 256599444 | 97503333 305 114
29- 39 58" |97C 3902 29 39 53 a7 39 2| 29888111 | -97.850558 238 408
29253207 |S7C 55027 25 53 20 a7 55 2 | 29.888889 | -57.933889 435 176
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

B !
= <

- - @ Open ,

3 B C\giswr2! Joins and Relates » N

= [0 Edwar| % Remove

[ <al “

Ad Data ’

[Jo Edit Features »
=1
2
3 B3 C:\Users\ '

+

B3 EROM| x
3 B3 C\giswr2( [*f Properties... Display XY Data

o

BALCONE

Geocode Addresses... T
Display Route Events...
Display XY Data...

-+

' feojfa 'J:HV
I = Ha

+

FRER

<

Adds a new map layer based on

7 World_Topo_Map XY events from a table.

(3) Setthe X Field to LongDD (or Longitude), the Y Field to LatDD (or Latitude), Hit Edit
to change the spatial coordinate system. Scroll to the folder Layers at the bottom of the list to
see the Spatial References of the Layers in the Map. Expand the folder to see that
NHDFlowline, Watershed and other layers have the Spatial Reference
GCS_North_American_1983. Click on this and hit OK. Don’t use the default spatial reference
system that initially shows up, because it’s the Web Mercator Projection of the basemap and that
is a projected not geographic coordinate system.
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Display XY Data @ Spatial Reference Properties @

A table containing % and ¥ coordinate data can be added to the XY Coordinate System
map as a layer
Choose a table from the map or browse for another table: -* - | Type here to search Q) x | gﬁ v 5+
| latlongs | ) Winkel Tripel (NGS - world) o
Spedfy the fields for the X, ¥ and Z coordinates: = phere-based
] =l = Layers
EFREE LongDD - Bl GCs_Nerth_American 1983

ML E I

¥ Field: LatbD M
&> Watershed
Z Field: <Mone= - € Edwards
€ WBD_Subwatershed
Coordinate System of Input Coordinates “ NHDWaterbody -
= I".'.ﬂ AAICZC 1004 WMl Aermadmne Avnclinee Colmes
Description: Current coordinate system:
Geographic Coordinate System: = GCS5_Morth_American_1983 =
MName: GCS_Morth_American_1983 VWKID: 4269 Authority: EPSG
Angular Unit: Degree (0.0174532925199433)
Prime Meridian: Greenwich (0.0) Angular Unit: Degree (0.0174532925199433)
Diatum: p_Ncrﬁ_Amerlmn_lQBS Prime Meridian: Greenwich (0.0)
Spheroid: GRS_1580 Datum: D_North_American_1983
Semimajor Axis: 6378137.0 Spheroid: GRS_1980
Semiminor Axis: 5356752.314140356 Semimajor Axis: 6378137.0
Inverse Flattening: 298.257222101 Semiminor Axis: 6356752.314140356

o Inverse Flattening: 298257222101

4 } -

[¥] Warn me if the resulting layer will have restricted functionality

About adding XY data [ o« | [ cane | [ ok [ caneel |

Click on the Show Details button to see details of the Geographic Coordinate System. We’ll
learn about these in our next lecture!

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 fiecld and Y
field have been selected as the ones that have your data in decimal degrees.

Click on the point symbol under the legend label latlong event and recolor and resize the points
so that they show up more clearly. You’ll see that you have 3 sites on Plum Creek, 3 sites on
the San Marcos River, and two sites on the Blanco River, an upstream tributary of the San
Marcos River.

What you have created is called an “event” which means that it is a graphical display in the
ArcMap window of latitude and longitude points that are stored in a table. It is not a real feature
class yet.

Resave your Ex2Basin.mxd file.
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1 = layers
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L
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(4) Now, we’ll make a feature class out of the points. Right click on the latlong$ Events layer

= £ C\giswr2012\Ex2\latlong.xlsx

2 slanc SO ~J
Ranch|[Unit ¥lancoy : /

=] latlong$ Ezente
® B

B latlong$
=2 3@ Ci\giswr2012
= [ BaseData
=] Flowli
Mg
—0.03
—2].2
w—95.2
— 234
i3]
=] Basin
O
=] Water:
O
= £ C\giswr2012 o
= [0 Edwards
[]<all otH

Copy
X Remove

|

> Zoom To Layer

Selection
Label Features

Edit Features

Open Attribute Table

Joins and Relates

Visible Scale Range [

Use Symbol Levels

Convert Features to Graphics...

Convert Symbology to Representation...

: P
Universal ~

AQUIFl Data

adalupe

o
1
a2
= £ C\Users\Mai

Properties...

Save As Layer File...
Create Layer Package...

I\;’ Export Data...
Exp

TalAD

.| Export Data

B EROM_MAvvur
Werld_Topo_Map

Save this layer's data as a shapefile

=
or geodatabase feature class

, T 5 View
a0~ A e Revil ) ]

And export the data into the BaseData feature dataset as the feature class MonitoringPoint.
Say Yes when you are asked if you want to add the points to your map, and now you’ve got a
new feature class in the BaseData feature dataset with your points in the same projection as the
other features in BaseData (ArcGIS does the map projection automatically as part of the data

export process).
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-
Saving Data

Look in: [lﬁsasenam v] 4 S LE| :

\E| Basin

= Flowline
\E Soils

\E) Watershed

MName: MonitoringPaoint s

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

Remove the Latlong table and the Latlong Event layers from the ArcMap display and recolor and
resize the MonitoringPoint features so that you can see them easily.

SwaLT rann

i HigtRk—"
= 3 C\giswr2012\Bx2\SanMarcos.gdb Ranch Unit Blanco
= [ BaseData
=] MonitoringPoint
ef
=] Flowline
Mean_Annual_Flow
— 0.031000 - 27.227000
~—27.227001 - 95.297000 i
== 95,297001 - 234.908000 ¢ Kendall
=== 234,908001 - 431.207000
«=431.207001 - 576.735000 Guadalupe
- Bac X Fll‘i'f.l
O State Park
=] Watershed
O 2.m N\
= £ C\giswr2012\Ex2\Data : Camp
= 0O Edwards \ ~ Bullis
[] <all other values>
IZIOAQUIFER srnment Universal.7
[}t /DH‘SI \ ’C"\' Schertz
=2 al Area r
= £ C\Users\Maidment\Documents\A
E EROM_MA0001 |

M I TR SR y “ Gon zales

&3
] =

WE

Comal

/ Guadalupe
\ 77 Converse ' ;
A o . San Marcos River

Open the attribute Table of the new MonitoringPoint feature class, and you can see on the right
hand side, a new field called Shape that was added when the feature class was formed. This is

where the geographic coordinates of the points are stored in a way that ArcMap can readily
visualize them.
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Table O x

ERAE—RaL L5
MonitoringPoint x
Longitude | LatDeg | LatMin LatSec | LongDeg | LongMin | LongSec LatDD LongDD DA SgMile | MAFlow | Shape*
» | BBC 05197 29 59 39 43 5 19 | 29.904167 | -93.083511 355 142 | Point
97C 54357 29 58 45 a7 54 35 | 29979167 | -97.509722 412 165 | Point
O7C 400 447 29 55 22 a7 40 44| 25922778 | 97673289 112 49 | Point
97C 312" 28 41 58 97 35 12 | 29659444 | 97603333 309 114 | Point
97C 39 027 28 39 58 97 39 2| 29666111 | -97.650556 838 408 | Point
97C 56 027 28 53 20 97 55 2| 25.558889 | -97.933889 439 175 | Point
] | m | »
4 A | E [0 out of 6 Selected)

MonitoringPoint

In ArcMap, open an ArcCatalog window using the 3 putton and expand the contents of your
BaseData feature dataset. The MonitoringPoint feature class now resides there.

= B Scratch
= B B2
= ¥ SanMarcos.gdb
= ﬁ Baselata
| Basin
[~ Flowline
(-] MenitoringPoint
[E) Soils
|El) Watershed
I8 Q] Ex2.mxd
i 'QL] Ex2Basin.mxd

ey @] ESoils.mixd

(5) Save your Ex2Basin.mxd ArcMap document.

Labeling the Gages in View

Right click on the MonitoringPoint feature class and select Properties.
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Copy
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- '__L)- Zoom To Layer
-
-
= Bias Visible Scale Range 3
O Use Symbol Levels
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O Selection 3
Topographi Label Features

Edit Features 3

43 Caenvert Features to Graphics, .

Convert Symbology to Representation...

Data 4
< Save AsLayer File...

1;) Create Layer Package...

||':r Properties... |

Click on the Labels tab and from the drop down menu select the label field name to be
SiteName. Change the size of your font to 12 point type.

Layer Properties

All features will be labeled using the options specified.
Text String
Label Feld: [SITENAME v
Text Symbuol
||£ﬂ Arial ~ | |12 v |
AaBbYyZz
CERERE
Other Options Pre-defined Label Style
Placement Properties... ] [ Scale Range... ] [ Label Styles... ]
[ ok || camcd || =

Right click on the MonitoringPoint feature class again and select Label Features.
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You can now create a view like this:
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Resave your Ex2Basin.mxd file.

To be turned in: a map showing the labeled streams and streamgages for the San Marcos Basin

Overlaying the Edwards Aquifer

The Edwards aquifer is one of the most critical water resources of Central Texas. It is the main
source of water supply for San Antonio, the 10th largest city in the United States. The Edwards
aquifer is recharged by infiltration from rivers crossing its outcrop area. To determine where the
San Marcos River crosses, the outcrop area, | obtained a coverage of the Edwards aquifer from
the Texas Natural Resource Information System (http://www.tnris.state.tx.us/)

The Edwards aquifer coverage from TNRIS is in Decimal Degree coordinates. This is contained
in the map package that you downloaded from ArcGIS Online at the beginning of the exercise.
Click on the layer name Edwards to display the aquifer and Zoom to Layer to see the extent of
the Edwards Aquifer.
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You'll see that as the San Marcos River flows South East towards the Gulf Coast and it crosses
first the outcrop (the green portion labeled 1) and then the downdip portions of the Edwards
aquifer (the brown portion labeled 2). The downdip region is where the aquifer dips below the
land surface and is shielded from the surface rivers by overlying hydrogeological units of low
permeability. The Edwards is a fissured limestone aquifer whose fissures lie along its Southwest
to Northeast orientation, so its flow moves in that direction, transverse to the direction of flow in
the San Marcos basin. It is thus quite possible for water to drain from the San Marcos river into
the Edwards aquifer and then reappear as a spring further North in another river. Zoom in to the
region where the aquifer crosses the San Marcos basin for a closer look.
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._4 .
1) Blanco River

You can see that the gaging stations that you’ve put on the map lie at different, and very
important locations with respect to the Edwards Aquifer. The Blanco River flows over the
outcrop area of the Edwards Aquifer between the gaging stations at Wimberley and Kyle. The
San Marcos River at San Marcos records from a very large artesian spring that arises from the
downdip area of the Edwards Aquifer. Later on in the class, we’ll use a new USGS tool called
NWIS Snapshot, to download flow data from the USGS and study the properties of the water at
these locations. http://txpub.usgs.gov/snapshot/

Resave your Ex2Basin.mxd file.

To be turned in: A map showing the Edwards aquifer and the San Marcos basin

Summary of Items to be Turned in:

1. A screen capture of the San Marcos basin with its HUC-10 and HUC-12 watersheds and
subwatersheds.

2. What is the average available water storage (cm) in the San Marcos basin? If the area of
the basin is 3520 square kilometers, what volume of water (km®) could potentially be
stored in the top 1m of soil in the San Marcos basin if the soil were fully saturated with
water?

3. How many HUC12 subwatersheds are there in the San Marcos Basin? What is their
average area in km?? What is the total area of HUC12 subwatersheds in this basin in
km?? What is the ratio of the length of the streamlines to the area of the HUC12
subwatersheds (called the drainage density) in km™?
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o o

A map (a screen capture is ok) of the San Marcos Basin and streams. Add labels to show
the San Marcos River, the Blanco River and Plum Creek.

A map showing the labeled streams and streamgages for the San Marcos Basin

A map showing the Edwards aquifer and the San Marcos basin
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