Exercise 3: Spatial Analysis
GIS in Water Resources

Prepared by David G. Tarboton and David R. Maidment
Updated to ArcGIS Pro by Paul Ruess, August 2016

Goal

The goal of this exercise is to serve as an introduction to Spatial Analysis with ArcGIS.

Objectives

e Calculate slope from a grid digital elevation model

e Apply model builder geoprocessing capability to program a sequence of ArcGIS functions

e Use ArcGIS.com services to access and extract elevation data

e Interpolate data values at points to create a spatial field to use in hydrologic calculations. Use this to

calculate watershed area average precipitation
e Use raster data and raster calculator functionality to calculate watershed attributes such as mean
elevation, mean annual precipitation and runoff ratio.

Computer and Data Requirements
To carry out this exercise, you need to have a computer, which runs ArcGIS Pro 1.2 or higher. The

necessary data are provided in the accompanying zip file,
http://www.caee.utexas.edu/prof/maidment/giswr2016/Ex3/Ex3Data.zip

Part 1. Slope calculations

1.1 Hand Calculations

Given the following grid of elevations. Calculate by hand the slope and aspect (slope direction) at the grid
cell labeled A using

Q) The standard ESRI surface slope function (see lecture 7 slides 42-45 in Spatial Analysis.pptx)

(i) The 8 direction pour point model (see lecture 7 slides 46-47 in Spatial Analysis.ppt)

This subject is also described in pp. 5-7 of the Slope handout
http://hydrology.usu.edu/dtarb/giswr/2016/Slope.pdf

Refer to the slides http://www.caee.utexas.edu/prof/maidment/giswr2016/Visual/Spatial Analysis.pptx
from lecture 7 to obtain the necessary formulas for each of these methods. Refer also to the "Computation
of Slope" readings for a deeper understanding of slope.



http://www.caee.utexas.edu/prof/maidment/giswr2016/Ex3/Ex3Data.zip
http://hydrology.usu.edu/dtarb/giswr/2016/Slope.pdf
http://www.caee.utexas.edu/prof/maidment/giswr2016/Visual/SpatialAnalysis.pptx

Grid cell size 10m

45.4 46.1 47 48.6 47.7
45 46.1 46.4 B 47.9 47.4
45.1 45.8 46.8 A 48.6 47.6
47.5 48 47.7 50.6 48.3

Comment on the differences and indicate which you think is a better approximation of the direction of
water flow over the surface.

To turn in: Hand calculations of slope at point A using each of the two methods and comments on the
differences.

1.2 Verifying calculations using ArcGIS

Verify the calculations in (1.1) using ArcGIS Hydrology and Surface Toolbox functions.

Save the following to a text file 'elev.asc' (This file is also included in
http://www.caee.utexas.edu/prof/maidment/giswr2016/Ex3/Ex3Data.zip )

ncols 5

Nrows 4

xllcorner 0

yllcorner 0

cellsize 10

NODATA value -9999

45.4 46.1 47 48.6 47.7
45 46.1 46.4 47.9 47.4
45.1 45.8 46.8 48.6 47.6
47.5 48 47.7 50.6 48.3

This shows how raw grid data can be represented in an ASCII text format that ArcGIS can import.
Knowing how to get raw information into a form where it can be imported and analyzed using GIS is a
useful skill.

Open ArcGIS Pro, establish a new project called Ex3Slope
Create a New Project

Create a new project Name | Bx3Slope

Select a project template . o
Location | Z\giswr2016\Ex3

Blank Create a new folder for this project

Add a New Map to the Project


http://www.caee.utexas.edu/prof/maidment/giswr2016/Ex3/Ex3Data.zip

and use Add Data " to add this file to the map. Note that ArcGIS interprets files with the .asc type
extension as raster files in this ASCII format and can work with them directly. There is also an ASCII to
Raster (Conversion) toolbox tool that could be used to convert text files into other raster formats.
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The first thing you’ll notice is that this grid is in the middle of the ocean. This is fine for this particular
exercise. Turn off the Topography layer because the background map is not needed. Right click on the
elev.asc layer and using Symbology, color the layer so that the range in elevation values is more readily
visualized. You can click on any of these cells to verify that the numbers correspond to the values in the
table above.
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Select Analysis/Tools to add Toolboxes to the Geoprocessing toolbar
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In the Geoprocessing panel, select the Toolboxes header and open the tool Spatial Analyst Tools 2>

Surface > Slope.
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Slope (Spatial Analyst Tools)

e 216

1.6 438

140 | 292

ma A

/3 M5 22 00 00

41n.m
A .m .14-0' 1040
WII‘LO.N) . 04
eaz.m.zm.mn

100 216 282 140

OutRas

Identifies the slope (gradient, or rate of maximum change in z-value) from each cell of a
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Select elev.asc as the input raster and specify names for the output raster (e.g. slope). Note that the
extension you put on an output raster name designates its type. (e.g. no extension for an ESRI grid, .tif for
a geotiff file, .img for an Image file). Note that ESRI GRID file names cannot exceed 13 characters. Set

the Output measurement to PERCENT_RISE and leave the Z factor at 1. Click OK.

The resulting Slope grid should be added to the display. Click on the raster to verify your hand calculation
for grid cell A and note the value of slope for grid cell B.
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Open the tool Spatial Analyst Tools 2 Surface > Aspect. Select elev.asc as the Input raster and specify
a name for the output raster (e.g. aspect). Click OK.
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The resulting Aspect grid should be computed and added to the display. Click on the raster to verify your
hand calculation for grid cell A and note the value of aspect for grid cell B.
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Open the tool Spatial Analyst Tools = Hydrology = Flow Direction
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Select elev.asc as the input raster and specify names for output rasters (e.g. FlowDir and PercDrop).
Note that the help explanation that appears when click on the output drop raster field in the dialog box
explains that the Output drop raster is really the slope expressed as a percentage. Click OK.

| -
utput drop raster

Output drop raster (Optional) X PercDrop

An optional cutput drop raster,
The drop raster returns the ratio of the maxirmum change in elevation from
each cell along the direction of flow to the path length between centers of

cells, expressed in percentages,

This cutput is of floating-peint type.
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Click on the FlowDir and PercDrop grids that are created to verify that the numbers correspond to the
values you calculated by hand; resolve or reconcile any differences. Record in a table the ArcGIS
calculated flow direction and hydrologic slope (Output drop) at grid cells A and B.

S gmoEEE§

 AENEDBOONE

To turnin: Table giving slope, aspect, hydrologic slope and flow direction at grid cells A and B. Please
turn in a diagram or sketch that defines or indicates what each of these numbers means for the specific
values obtained for cells A and B.



1.3 Automating procedures using ModelBuilder

ModelBuilder provides a convenient way to automate and combine together geoprocessing tools in
ArcToolbox. Here we will develop a ModelBuilder tool to automate the importing of the ASCII grid and
calculation of Slope, Aspect, Hydrologic Slope and Flow direction.

ArcGIS Pro projects come with toolboxes already created, where you can create new models, scripts, and
toolsets. In the Project panel, select the Ex3Slope toolbox and click Open.

4 | Folders
4 gy Ex35lope
Importlog
5 Ex3Slope.gdb
4 s Bx3Slope.thbx

Navigate to your Project panel and right-click on Toolbox - Ex3Slope.tbx. Select New - Model.

Importlog
5 Ex3Slope.gdb
o e e .
Model Mew L
[
E[ Script Add To Project
Lo Toolset Refresh

The model window should open. This is a window where you can drag, drop and link tools in a visual way
much like constructing a flow chart.

In the Geoprocessing panel, browse to Conversion Tools - To Raster > ASCII to Raster.
4 £ To Raster

“ ASCIl to Raster

*.. DEM to Raster

A Cotiientn Bk

Drag this tool onto the model window. Note that in this model | am choosing to first import the ASCII
text file to a tif format, rather than work with it in text format. It is faster to work with binary formats like

tif or ESRI GRID.
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Double click on the ASCII to Raster rectangle to set this tool's inputs and outputs.

ASCIl to Raster X

Parameters | Environments

Input ASCI raster file

Chpjruesshgiswr2016\Ex3\Ex3_data‘elev.asc +
Cutput raster

elevm +
Cutput data type

Float =

Set the Input ASCII raster file to elev.asc and Output raster to elevm (I used elevm so as not to conflict
with elev that already exists). Set the output data type to be Float. Click OK to dismiss this dialog. Note
that the model elements on the ModelBuilder palette are now colored indicating that their inputs are
complete.

elev.asc = ASCI to Raster = elevm

Locate the tool Spatial Analyst Tools = Hydrology = Flow Direction and drag it on to your window.
Your window should appear as follows.

10



elev.asc = ASCIl to Raster E] elevm

S .. Output flow
A LR " direction raster

Qutput drop
raster

The output from the ASCII to raster function needs to be taken as input to the Flow Direction function. To
do this click-and-drag a line from elevm, the Output raster of ASCII to Raster, to the Flow Direction tool
rectangle. At the dialog that pops up select Input surface raster to indicate that elevm is to be used as the
input Surface raster for the Flow Direction tool. The “m” in these names is to signify that the results are
being created from a model rather than by using the tools one by one.

elev.asc = ASCII to Raster = elevm

EF,-"

B

Flow Diref Input surface raster ster

Snap Raster
Extent

Cell Size
Mask

Precandition

UUTpUT arop
raster

Notice that the "output drop” oval is hollow. This is because this is an optional output that has not been

specified. Double click on the Flow Direction tool and specify names for both the Output flow direction
raster and optional Output drop raster.
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elev.asc = ASCII to Raster

[m] u]

O Flow Direction [

jm] a O

Flow Direction

Parameters

Environments

Input surface raster
elevm
Qutput flow direction raster
flowdirm
[] Force all edge cells to flow outward
Output drop raster

percdropm

Click OK. Alternatively you could double click on output ovals individually to specify the output rasters.
The model is now ready to run. Run the model by clicking the Run button in the ModelBuilder tab.
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The yellow boxes will briefly flash red as each step is executed. The Model progress box opens and the
progress bar indicates when the model completes. You can then add the outputs to the map and examine
the results. Note that a ModelBuilder can be a bit finicky, and may take a few runs to work correctly!

Also note that, if the ModelBuilder fails midway through (e.g. if the model fails after creating the elevm

file), you will either need to re-name
panel.

any previously computer outputs, or delete them using the Projects
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Model x
Processing 2 of 2
Done

O
Executing (ASCI to Raster): ASCHToRaster Chpjruesshgiswr20164\E:3\Ex3_data
Yelev.asc Chpjruesshgiswr2016\BA\ES_project\ B3 _project.gdb’elevm Float
Start Tirme: Wed Sep 14 10:42:47 2016
Succeeded at Wed Sep 14 10:42:48 2016 (Elapsed Time: 1.00 seconds)
Executing (Flow Direction): FlowDirection Chpjruessigiswr20164 B3B3 _project
YB3 _project.gdbtelevm Chpjruesshgiswr2016\BAVBS_project\B:3_project.gdb

WWlowdirm MORMAL Chpjruessigiswr2016\BE\BS_projecth B3 _project.gdb
Ypercdroprm

Start Time: Wed Sep 14 10:42:40 2016

Succeeded at Wed Sep 14 10:42:51 2016 (Elapsed Time: 1,89 seconds)

Verify that your files were created successfully in the Project pane.

4 [0 Folders
4 g Bx35lope
Importlog

4 [T Ex3Slope.gdb
& Aspect
B elevm
fH# FlowDir
FH FlowDirM
B PercDrop
B PerDropM
B Slope

Save your Project to make sure you don’t lose what you’ve done.

=
In the model, use the Auto Layout tool in the ModelBuilder pane to organize the layout.

Add the Spatial Analyst = Surface = Slope tool to your model by dragging it onto the model window.
Connect the elevm output to this tool, specifying that it is the Input Raster for the Slope Tool.
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.—, ASCII to Raster Flow Direction

Slope

Add the Spatial Analyst 2 Surface = Aspect tool to your model connecting it to elevm as an input in a
similar way. Double click on the Slope and aspect tool outputs and specify file names for the outputs.

When setting names you need to be careful that you do not use a name of a grid that already exists, or else
you will get a yellow warning sign in the display and the model will not run, as shown below:

[ I &9 Raster Creation
- ] b 2 Conmemambniinn e Ol finn
M plope (2)
Slope

+ Slope (2) (Required) x
WARNING 000725 Slope (2): Dataset Ct\pjruesstgiswr20168\Bx3\Ex3 _project

\B3_project.gdb\Slope already exists.

=

Double click on the Slope tool and set the Output measurement to Percent_Rise. Your model should
appear as follows. If you have trouble adding the Slope or Aspect tools, save your Project, close ArcGIS
Pro, then open it again it should work better.

Flow Direction

ASCII to Raster
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You can click run and do all the processing required to import the data, compute Slope, Aspect, Flow
Direction and Hydrologic Slope at the click of a single button. Pretty slick!

Right click on elev.asc and select Parameter.

eleve C

Parameter

Add To Display P

Right click on each of the outputs flowDirm, percdropm, slopem and aspectm in turn and select
Parameter and Add to Display.

flowdirm
7
Flow Direction
~ P
percdropm

P P

elev.asc —=> ASCII to Raster |—= elevm — Slope —> slopem
P

Aspect —_— aspectm

A P now appears next to these elements in the diagram indicating that they are 'parameters' of the model
that may be adjusted at run time. Also note that by selecting “Add to Display”, the parameters that you
previously computed are now on the Map; “slopem” and “aspectm” have not yet been computed, which is
why these do not appear on the map. Close your model. Right click on the model in the Toolbox window
and select Properties to rename it something you like (e.g. FlowDirection).
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Project | Portal | Motifications Tool Properties: Model
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- Toolb
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- Edit Options
R ES W
Add To Analysis Gallery []Set password
=3 Geopl e To Eavorit [/] Store tool with relative path
Add To Favorites
W Styles
Add Te Model
' Folde
7 Locat @ Copy
#  Delete

Wiew Metadata
EE' Properties

If you go back to your model and now double click on it or right-click and Open it, you’ll see that the
input files are shown as parameters of the model just like when you execute a tool in ArcToolBox.

P roj ect Parameters | Erwironments @
elev.asc
ta:[ Chpjruesshgiswr2016\B3\B3_data\elev.asc +
1. flowdirm
Project | Portal | Motifications flowdirm +
7 Maps 1 percdropm
percdropm +
4 g Toolboxes slopem
+
4 §F Ex3Slope slopem
. . aspectm
EDE' FlowDirection B — +

Where you see warnings near one of your files, it usually either means that there is already a file of that
name in the place where you propose to put the output, or there is no input file. These can be resolved by
setting the inputs and outputs correctly.

If at some point you want to go back and modify your model you should open it to Edit and make the
changes you want.
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4 @ Toolboxes
4 5 Ex3Slope
50 Elowulirerfinn
4 | Datab: Open

. Edit
3, Bl

You are done creating this model. Save your Project and Close ArcGIS Pro.

ModelBuilder is a very powerful way of creating complex analyses, and documenting your “workflow” in
a form that is visual and can readily be described. In this way, analyses that you’ve done can be passed on
to other analysts, and you can also use the visual palette display in your term project report or thesis to
document how you’ve done your analysis, so the visual aspect of the display helps with documenting your
work, as well as in organizing it.

To turnin: A screen capture of your final model builder model.

We will now use this model for different data. Reopen ArcGIS Pro. Locate the file demo.asc extracted
from the zip file of data provided at the beginning of this exercise. Double click on your FlowDirection
model in the Ex3 toolbox to run it. If you elected to create a new toolbox in a different file location earlier,
you may need to re-add the Ex3 toolbox using the insert tab. The following panel for the tool you created
should appear when you open it.

A

Parameters | Environrments

elev.asc
Chpjruesshgiswr20164B\Ex3_data\elev.asc +
1. flowdirm
flowdirm i
!, percdropm
percdroprm +
slopem
slopem +
aspectm
aspectm +

Select as input under elev.asc the file demo.asc. Specify different names for the outputs to avoid the
conflicts with existing data.
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Parameters | Environments

elev.asc

Chpjruesshgiswr2016\B3\BS_datatdemo.asc +
flowdirm

dernoflowdir +
percdropm

demopercdrop +
slopem

demoslope +
aspectm

+

demoaspect

Click Run and the model should save the results to your Ex3 geodatabase and directly on your map.
Examine the ArcGIS table of contents and record the minimum and maximum values associated with each
of the outputs. If you don’t see anything in your screen once this function is complete, right click on one
of the new layers produced and select “Zoom to Layer” and you’ll see the new information show up.

To turnin: A table giving the minimum and maximum values of each of the four outputs Slope, Aspect,
Flow Direction, and Hydrologic Slope (Percentage drop), for the digital elevation model in demo.asc.

Congratulations, you have just built a Model Builder geoprocessing program and used it to repeat your
work for a different (and larger) dataset. If you would like to save this tool to take to another computer or
share with someone else you can copy the file Ex3.tbx from its location to a removable media to take with
you. If you are going to be sharing this tool more widely there are additional steps to take to clean up the
interface (to avoid red X's), label the input fields and write help documentation for it. Close ArcGIS Pro.

Part 2. San Marcos Elevation and Precipitation

The purpose of this part of the exercise is to calculate average watershed elevation for subwatersheds of
the San Marcos basin, and to calculate average precipitation over each of these subwatersheds using
different interpolation methods. Average precipitation is then converted to a volume of precipitation and
compared to runoff volumes using a runoff ratio. This provides an insight into the annual water balance of
these watersheds, namely what fraction of precipitation is streamflow and what fraction is lost to
evapotranspiration and other losses such as infiltration and groundwater recharge.

The following data is provided in the Ex3Data.zip file:

SanMarcos.gdb file Geodatabase.
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SR | SanMarcos.gdhb
= B BaseMap
[E) Basin
(-] Gages
(=] PrecipStn
&) Subwatershed

There are the following feature classes:

- Basin. The San Marcos Basin feature class from exercise 2.

- Gages. The San Marcos Gages from exercise 2 that includes Mean Annual Flow.

- PrecipStn. PrecipStn contains mean annual precipitation data from precipitation stations in and
around the San Marcos basin downloaded from NCDC following the procedures given in
http://www.ce.utexas.edu/prof/maidment/gradhydro2005/docs/ncdcdata.doc. (The NCDC website
has changed so it is no longer possible to get this data this way. You can obtain NCDC data from
http://gis.ncdc.noaa.gov/map/viewer, but after you have selected data it requires a 24-36 hour
period of processing before delivery so we are providing data for you to use.) This data was
prepared by downloading all years of available precipitation data for the counties in and around
the San Marcos basin, then averaging over these years, retaining only those stations with 6 or more
years of annual total data reported by NCDC.

- Subwatershed. Subwatersheds delineated to each of the stream gages used in exercise 2
following the procedures that will be learned in a future exercise.

Note that in this geodatabase these feature classes have been projected to the
USA_Contiguous_Albers_Equal_Area_Conic coordinate system. It is generally better to do the sort of
hydrologic analysis done here involving volumes and areas in an equal area projection and | chose this
projection for this exercise.

1. Loading the Data

Open ArcGIS Pro and create a new project, Ex3_project. Right-click in the Project panel and select Add
Database

PROJECT MAP INSERT | AN Select Existing Geodatabase

=5 Mew Layout - 24 Toolbox ~ (_—_),I T.»" |:|<< GISWR2016 » Ex3 » Ex3Data » -
Ij Import Map &% Add Folder .
New R B sanM db
Map ~ ¥J Connections = (=] Task - — g
ap ~ ¥ Connections = =] Ta -~ Folders
¥ Add Database

My Computer
~_ |3 Mew File Geodatabase

Q Mew Database Connection

to add the SanMarcos.gdb to the project
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http://www.ce.utexas.edu/prof/maidment/gradhydro2005/docs/ncdcdata.doc
http://gis.ncdc.noaa.gov/map/viewer

4 | Databases
7, B3_project
4 [F SanMarcos
4 [HBaseMap
[E Basin
EGages
|Z|F'recip5tn
Subwatershed

then add the contents of the BaseMap feature dataset to the map display (the Basin, Gages, PrecipStn
and SubWatershed feature classes).

4 =] SanMarcos

4 Iﬁ Brm-h e

+ Add To Mew Ma
a P

If you right-click on one these feature classes in the map legend, select Properties and scroll down until
you see Spatial Reference at the bottom of the layer properties, you’ll see that they have the NAD 1983
Albers coordinate system with the North American Datum of 1983.

Layer Properties: Basin

General + Spatial Reference

Metadata
Projected Coordinate System  MNAD 1983 Albers

Source

Elevation Projection Albers
Selection WKID o
Display Authaority

Cache Linear Unit Meter (1.0]
Definition CQuery False Easting 0.0
Time False Morthing 0.0
Range Central Meridian 96,0
Indexes standard Parallel 1 29.5
Joins Standard Parallel 2 455
Relates Latitude Of Origin 375
Page Cuery

Geographic coordinate system GCS Morth American 1933

If you move the cursor around on the map, you’ll see that the coordinates are in meters in the
NAD_83_Albers projection coordinate system. Note that in ArcGIS Pro, the map unit display may default
to degrees; if this is the case, right-click on Map and under Properties 2 General 2 Display Units,
select Meters.
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Map Properties: Map

General
Mame Map
Extent
Metadata Map Units Meter
Elevation Surf . .
EvaHen surace Display Units Meters -
Coordinate System

| Meters |

b r L Reforcnra crala

Zoom-to-Layer on the San Marcos Basin and you will notice that the X-value is negative because the San
Marcos Basin is West of the Central Meridian of this projection (96°W). The Y-value is negative because
the basin is below the Latitude of Origin (37.5°N) (and both the False Easting and False Northing are 0).
This is called the USA Contiguous version of this projection because the Standard Parallels (29.5°N and
45.5°N) lie within the continental US. Here is an example coordinate pair that you might see:

-174,737.89 -888,250.94 m

We will use this specific NAD_1983_Albers projection, which is the USA Contiguous Albers Equal Area
Conic projection, for this exercise.

Right-click in the Project panel and Insert “New ArcGIS Server Connection”.

PROJECT MAP IMSERT |  AMNAL
=5 New Layout - Toolbox -
Iﬂ Import Map &% Add Folder
Mew
Map = ¥ Connections ~ Task - N
¥ Add Database
e i3 Mew File Geodatabase

Q Mew Database Connection

T I:ﬂﬁ Mew ArcGl5 Server ‘

Enter the Server URL http://elevation.arcgis.com/arcgis and, optionally, your ArcGIS.com user name and
password (which are not needed since ArcGIS Pro is already signed into ArcGIS Online.)
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Add ArcGIS Server User Connection X

Server URL: http:/felevation.arcgis.com/arcgis

Example: http://gisserver.example.com:B080/arcgis/services

Optional: provide a username and password

User Mame:

Password:

QK Cancel

Expand the tool to see what services it has available

4 [ Servers
4 arcgis on elevation.arcgis.com (user)
4 Tools
5 Tools/Elevation
54 Tools/ElevationSync
4 WorldElevation
Q WorldElevation/DataExtents
5 WorldElevation,/ Terrain
25 WorldElevation,/ TopoBathy
28 NED30m
NED30m is the USGS National Elevation Dataset digital elevation model with 30m cells and elevation in
height above NAVD88 Datum in meters. Drag and drop NED30m onto your map to add this data. Turn
off the Topographic map display so that you can see the NED30m display underneath it.

If you do not have access to such a service, the national elevation dataset can be downloaded from the
National Map viewer, http://viewer.nationalmap.gov/viewer/, although the process is more tedious.

At this scale your map likely appears very dark as Texas is at low elevation compared to the range of
elevation data in the US. Your map should look similar to the following:
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Following a similar procedure add the http://landscapel.arcgis.com/arcgis ArcGIS service and add
USA_NHDPIlusV2 service to the map. Its display is grayed out because at this scale none of the feature
classes will be shown in the map — they show up if you zoom in closer to the basin and

Drawing Order

4[] Map

4 [J] Gages
L

4 [J] PrecipStn
L]

4[] USA_NHDPlusy2

4| Sinks

¢ NHD Waterbodies

J] NHD Areas

J] MHD Streams Mean Annual Flow
4 [J] Basin

4 [J] Subwatershed

Topographic
] NED30m
Value

=0
aro0

. -450

%
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Save your Project document if you have not already.

Let's export data from NED30m to have a local copy to work with. First we need to define the area that
we want to work with. Let's pick an area that has a 2000 m buffer around the basin.

In the Geoprocessing Panel, use the search box to search on "buffer” and select the Buffer (Analysis) tool.

e e
OOrocessing = 1

(€) | buffed X
Search Results (3)

¥ Buffer [Analysis Took

Buffer (Analysis Tools
Creates buffer polygons around input features to a specified distanc

Set the inputs as follows and Run the tool.

Geoprocessing Y
© Buffer =
Parameters | Envircnments

Input Features

Basin -|

(i) Output Feature Class
J\Ex3_data\SanMarcos.gdb'BaseMap'BasinBuffer  F

Distance [value or field] Linear unit =
2000 |Meters -

Side Type

Full -

Method

Planar -

Dissolve Type

Mo Dissolve -

The result should be a polygon that is 2000 m larger around the edge of the basin. Use the Symbology tool
to change the Buffer symbology to an Outline and then you can see the other feature classes underneath it.
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Drawing Order

¥ [E] Map [] Enable scale-based sizing
4 Gages v Appearance
. Color -
Pl PrecipStn
Qutline color -
°
Outline width 0.7 pt -

Pl BasinBuffer

4 | /] USA_NHDPlusV2
Sinks
NHD Waterbodies

NHD Areas
MNHD Streams Mean Annual Flow

4 Basin

4 [J] Subwatershed

Use the search box to search on "clip" and select the Clip (Data Management) tool. This tool was chosen
because one of its allowable inputs is an image service.

Clip (Data Management Tools

Cuts out a portion of a raster dataset, mosaic dataset, or image service layer.

Set the inputs as follows and Run the tool.

(BT e e e e
JeUPH eSS

© Clip

Parameters | Erwircnments

Input Raster

MED30m - &
Output Extent

BasinBuffer -| i

Rectangle

= -253442119935465 = -131758.203299107
4 -1229479.29505731 T -1144129.96424694
[] Use Input Features for Clipping Geometry
Output Raster Dataset

smdem

MoData Value
-3.402823e+038

(] Maintain Clipping Extent
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You should have a raster layer added to your ArcMap with a local subset from the NED30m DEM, that
has the extent of BasinBuffer and is easier to symbolize. Turn off the Gages, PrecipStn and NED30m

layers to see this display.

Drawing Order

4 [] Gages
°

4 [] PrecipStn
°

4[] BasinBuffer

4 [J] NED30m_Clip
Value

P 61848
M 674116

4 USA_NHDPlusV2
/| Sinks
/| NHD Waterbodies
NHD Areas

%Stretch

v Color ramp
Band
Color scheme

Value

Label

Nodata

v Stretch

Stretch type

v Background

[C] Display background value

67.4116 618.48

[67.4116 [618.48]

[o]

T
|Minimum Maximum

If you examine the Layer Properties for Raster Information for this you will see that it has a cell size of
30.92 m and North America Albers Equal Area Conic spatial reference. This is the resolution and
coordinate system of the data as stored in the ArcGIS elevation image service. If you look at its spatial
reference, you’ll see it has the same projection (Albers) and Geographic Coordinate System (NADS83) but
the projection parameters are different from those of the BaseMap feature dataset for the San Marcos Basin
that we’re working with. These parameters are appropriate for display for all of North America, not just

for the continental US.

General
Metadata
Source
Elevation
Cache
Joins

Relates

Layer Properties: NED30m_Clip

v Spatial Reference

Projected Coordinate System  Morth America Albers Equal Area Conic

Prajection

WEID

Authority

Linear Unit

False Easting
False Marthing
Central Meridian
Standard Parallel 1
Standard Parallel 2

Latitude OFf Origin

Albers
102003
Esri

Meter (1.0
0.0

o0

560

20,0

&0.0

40,0

Geographic coordinate system  GCS Morth American 1933




2. Projecting the DEM

It is desirable to work with data in consistent coordinate systems. Let's project this DEM into the same
projection as the BaseMap Feature dataset provided. Open the Toolbox and open the tool Data
Management Tools 2 Projections and Transformations - Raster = Project Raster. If you find this

tool hard to locate,
4 o Projections and Transformations

4 Eio Raster

-

Flip

Mirrar

Project Raster
you can Search for it also:

(_-' project raster

Search Results (82

- Project Raster (Datz Management Tocls

Set the inputs as follows to produce a projected raster ProjDEM in your Ex3_project geodatabase with
30m cells and the NAD 1983 Albers projection.
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GECS’CCE’SS"‘]Q - 0 x (1) OQutput Coordinate System

NAD_1983_Albers [
Fr Dot [ edm e —
© FTOJect Rasier - Current Map [Map]
Parameters | Erwvironments @ Gages |
Precip5stn
Input Rast . 1
MUt Master - * BasinBuffer
MED30m_Clip v -
MNED30m_Cli
Output Raster Dataset ) =P
ProjDEM + Sinks
Output Coordinate Systemn NHD Waterbodies E
NAD_1983_Albers - @ NHD Areas :
Geographic Transfermation MHD Streams Mean Annual Flow 1
Basin 1
Resampling Technique )
Cubic convelution v
Qutput Cell Size
w |
X 30| v 30

Registration Point
X ¥

The NAD 1983 Albers projection is most easily set by clicking next to Output Coordinate System and
selecting the Basin feature class, which has the required NAD 1983 Albers projection.
The result should appear similar to:

YO

The spatial information about the DEM can be found by right clicking on the ProjDEM layer, then clicking
on Properties = Source = Raster Information, and Statistics
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+ Raster Information

Columns 4222

Rows 2745

Mumber of Bands 1

Cell Size X 30

Cell Size ¥ 30
Uncompressed Size 44,21 ME
Format FGDER
Source Type Elevation
Pixel Type floating point
Pixel Depth 32 Bit

MoData Value

Colormap absent
Pyramids level: 5, resampling: Mearest Neighbor
Compression LT

Mensuration Capabilities Basic

v Statistics
Build Pararmeters: skipped columns: 1, rows: 1, ignored value(s): Mone

Band Mame = Minimurm M aximum Mean Std. Deviation
Band_1 609.761848449707 | 618.53118806484 | 250.20586805443 | 116.28632131283

To turn in: The number of columns and rows in the projected DEM. The cell size of the projected DEM.
The minimum and maximum elevations in the projected DEM.

3. Exploring the DEM
Change the symbology of the ProjDEM layer.
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Drawing Order

p— A

4 [] Gages
°

4 [] PrecipStn
°

4 BasinBuffer

4 ProjDEM

Value

v Color ramp
Band
Color scheme

Value

Label

69.7618 618.531

[60.761848445707 | 618.53118896481

v Background

[] Display background value

618.531188964844
o [o B3]
69.761848449707 N D =
4 [J] NED30m_Clip
\ﬂ‘e v Stretch
618.48 "
*
a Stretch type ‘Minimum Maximum
. 67.4116

To explore the highest elevation areas in your DEM select Spatial Analyst Tools > Map Algebra >

Raster Calculator.
‘ Spatial Analyst Tools

£ Conditional
=% Density
£ Distance
£ Extraction
£ Generalization
£ Groundwater
&q Hydrology
=) Interpolation
&5 Local

4 & Map Algebra

* Raster Calculator

Double click on the projdem layer with the DEM for San Marcos. Click on the “>” symbol and select a
number less than the maximum elevation. This arithmetic raster operation will select all cells with values
above the defined threshold. In the example below a threshold of 600m was used.
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Geoprocessing > 1%

© Raster Calculator

)

Parameters | Ervironments

Map Algebra expression

Rasters + Tools _H|
ProjDEM / -
MED30m_Clip == I
MED30m =

"ProjDEM" > 588

@ (o |y

Output raster

ProjDEME00 |

A new layer appears on your map. The majority of the map (pink color in the figure below) has a 0 value
representing false (values below the threshold), and the lime-green region has a value of 1 representing
true (elevations higher than 600 meters). If necessary, change the symbology of the resulting map display
so that you can see the basin outline more clearly.

Use the raster calculator again (with elevation 618 meter threshold) to identify the grid cell of maximum
elevation in ProjDEM. Create a Layout of this map, and use the draw tools to mark your point of

31



maximum elevation and label it with the elevation value for that pixel (See Ex2, pg. 39-40 for details on
creating a label).

INSERT AMALYSIS WVIEW SHARE DESIGM FORMAT

Toolbox - P osw 2= pa A Text - [+ O Rectangle = [=] Picture
= 0
Add Folder N e £ Dynamic Text - - A Line -
Map Morth  Scale Legend  Symbol
Task - Frame = Arrow = Bar~ - ¢ - | @ Paoint
Map Frames Map Surrounds Text Graphics
?7?

To turnin: A layout showing the location of the highest elevation value in the San Marcos DEM. Include
a scale bar and north arrow in the layout.

4. Contours and Hillshade

Contours are a useful way to visualize topography. Select Spatial Analyst Tools = Surface > Contour.
Select the inputs as follows, with a 10m contour interval:

(Geoprocessing > I x

P =
(=) et b 7
oS L L

Parameters | Environmments | ‘:? |
Input raster
ProjDEM il

1. Output polyline features
Contours +
Contour interval L]
Base contour 0
Z factor 1

A layer is generated with the topographic contours for San Marcos. Notice the big difference in Terrain
Relief to the west of the basin compared to the east. This results from the fact that the Balcones fault zone
runs through the middle of this basin, to the west of which lies the rolling Texas hill country and to the east

32



the flatter coastal plain. There is a tower located in the City of San Marcos on which you can stand and
see these differences in topography to east and west!

Another option to provide a nice visualization of topography is Hillshading.

Select Spatial Analyst Tools - Surface - Hillshade and set the factor Z to a higher value to get a
dramatic effect and leave the other parameters at their defaults (the following hillshade is produced with a
Z factor of 10). Click OK. You should see an illuminated hillshaded view of the topography.

Geoprocessing > X
G) Hillshade =
Parameters | Ervironments @
Input raster
projdem '| +
Output raster
Hillshade +
Azimuth 315
Altitude 45
[] Model shadows
Z factor 10
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To turn in: A layout with a depiction of topography either with elevation, contour or hillshade in nice
colors. Include the streams from the NHDPIlus Service and Basin and sub-watersheds from the
SanMarcos.gdb Basemap feature dataset.

You may omit the NHDPIlus streams if they do not display on your screen at the resolution you are
working.

5. Zonal Average Calculations

In hydrology it is often necessary to obtain average properties over watersheds or subwatersheds. The
Zonal functions in Spatial Analyst are useful for this purpose. If you rearrange the map display as shown
below and label the Subwatersheds with the attribute HydrolD, you’ll see that there is a unique
Subwatershed for each stream gage location that you created in Exercise 2.
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Contents L1 x | |EMEpTX]

Y| » -]
=S K/

Drawing Order
4 Gages
°
4 [] PrecipStn
°
4 [] Contours

4 I Subwatershed
=
4 Basin

4 ProjDEM

Value

Select Spatial Analyst Tools > Zonal > Zonal S

618.531188964844 * ’ 3
! ' h

.| Label Class > 1 x
Subwatershed - Class 1 =
Class ~ | Symbol | Position
7z =
i &
Parser [vBScript |
Fields T Text Functions
| oBJECTID 4! | cint0 Al
HydrolD ¥ Cdbl() v!
‘ Insert Values
Expression [[] Advanced
[cHydro1D] |
e Vv

Use coded value descriptions
[/] Remove extra snace:

Geoprocessing - 1 x
© Zonal Statistics as Table =
Parameters | Ervironments @
Input raster or feature zone data
| Subwatershed '| +
Zone field
| HydrolD -

Input value raster

| ProjDEM -| &
Output table

| 2016\Ex3\Ex3_project\Ex3_project.gdb\zoneelev |
Ignore MoData in calculations

Statistics type

Al -|

tatistics as Table. Set the inputs as follows:

Click OK. A table with zonal statistics is evaluated and added to the map (at the bottom of the map

display). Right-click to open the table.

35




Field: ENEW ﬁDele‘ce ECaIculate Selection: t[r@ Switch

4 OBJECTID | HydrolD COUNT AREA MIN MAK RAMNGE MEAN STD SUM

I 330 323069 290762100 133512979 271634399 13772142 189860326 25141791 61337985.784241
331 1023567 921210300 243430069 616406372 372976303 418.479394 B0.454873 428341697 464828
332 165683 149114700 1866521 4024935 2158414 288.565955 40668827 @ 47810473124252
333 140798 126718200 173.553955 392025085 21847113 266105394 43421187 37467107.250351
334 579142 521227800 98129776 214013489 115883713 151936372 22415665 = B7992734.571007
335 1089142 980227800 98632591 410593994 311961403 183.533981 51065948 199594567.1438315

o wn B W ka2

This contains statistics of the value raster, in this case elevation from ProjDEM over the zones defined by
the polygon feature class Subwatershed. The Value field in this zone table contains the HydrolD from the
subwatershed layer and may be used to join these values with attributes of the Subwatershed feature class.

Right click on Subwatershed and select Joins and Relates = Join.

4 Subwatershed
O |[E Copy
a Basir B¢ Remove

O

4[] Contl E  Attribute Table

Design L

] Easit
d Hillst Joins and Relates 3 E Add Jein

Select HydrolD as the field in this layer (Subwatershed) that the join will be based on, zoneelev as the
table to join to this layer, and HydrolD again as the field in the table to base the join on.

(Geoprocessing - 3 x
© Add Join =
Parameters | Environments @

Layer Mame or Table View

Subwatershed =
1 Input Join Field

HydrelD -

Join Table

zoneeley - &

Output Join Field
HydrolD =

Keep All Target Features

Note the warning, which states: “The join field HydrolID in the join table Subwatershed is not indexed. To
improve performance, we recommend that an index be created for the join field in the join table.”
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This warning can be ignored for this particular dataset because this table is sufficiently small, so the
presence of indices to speed up the data queries does not make any noticeable difference.

Open the Subwatershed attribute table and scroll across. You’ll see the statistics have been added to the
attributes that this feature class already held.

ER zoneelev B Subwatershed X ~
Field: 35 B BB  Selection: Q_@ =
gieelev.MIN | zoneelev.MAX  zoneelev.RAMGE = zoneelev.MEAM  zoneelev.5TD | zoneelev.SUM
I133.§12§T9 271.634399 137.72142 189860326 23141791 6133798573424
243.430069 616.406372 372.976303 418479304 80.454873 428341607.464828
1866321 402.4935 215.8414 288.565955 40.668827 | 47310473.124252
173.553935 392.025085 21847113 266.103394 43421187 37467107.250351
98.129776 214.013428 115.883713 151.936372 22415665 87992734.571007
03.632591 410.593994 311.961403 183.533981 51.0650948 199894567.148315

In the Geoprocessing panel, select Table to Excel and specify Subwatershed as the input Table, and
SubwatershedStats as output Excel file.

Geoprocessing - 1> Geoprocessing - I x
(_',' table to excel x - = (__,-' Tahle To Exce =
Search Results (66) - i
[EJ Table To Excel (Conversion Tooks Parameters | Ervironments 2
Input Table
Subwatershed -| &

Output Excel File
CAGISWR2016%Ex3 SubwatershedStats.xls +

[] Use field alias as column header

[[] Use domain and subtype description

If you open up the resulting SubwatershedStats Excel file you’ll see the descriptive statistics there for the
San Marcos subwatersheds.

Determine the mean elevation and elevation range of each subwatershed in the SanMarcos Subwatershed
feature class.

To turnin: A table giving the HydrolD, Name, mean elevation, and elevation range for each

subwatershed in the SanMarcos Subwatershed feature class. Which subwatershed has the highest mean
elevation? Which subwatershed has the largest elevation range?
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6. Calculation of Area Average Precipitation using Thiessen Polygons

Now to do something really useful. We will calculate the area average mean annual precipitation over the
watershed using Thiessen polygons. Thiessen polygons associate each point in a watershed with the
nearest raingage. Turn on the PrecipStn stations in the map display and open their attribute table. You’ll
see an AnnPrecip_in attribute which is the mean annual precipitation at each gage in inches.

C ; K% Switch =

. . ‘ ) ELEVATION  ELEM MNyr | AnnPrecip_in
. 2006 TPCP 24 35175 |
1463 TPCP & 34.515

¢ 5334 TPCP 19 32.607368
1183 TPCP & 30.798333

. 476 TPCP 23 35.8844

3353 TPCP 20 35.657

3048 TPCP 17 39.082353

. 94.5 TPCP 10 37.358

) 4374 TPCP 1 38.551818

Select the tool Analysis Tools = Proximity = Create Thiessen Polygons

F] Analysis Tools
£ Bxtract
=] Overlay
£ Pairwise Overlay
a & Proximity

*.. Buffer

|: Create Thiessen Polygons |

Specify PrecipStn as the Input Features. Save the output feature class in the BaseMap feature dataset and
indicate that ALL fields should be output. By saving to the BaseMap feature dataset you ensure that the
Thiessen polygon feature class inherits the spatial reference information from this feature dataset, keeping
all your work in a consistent spatial reference. Click OK. It's really important that you select “All” here to
carry the attributes of the Precipitation stations to the polygons associated with them.

Geoprocessing -~ x
© Create Thiessen Polygons =
Parameters | Ervircnments 2

Input Features

PrecipStn -
Output Feature Class

thiessenpoly

Cutp je|ds

:
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The result is a Thiessen polygon feature class. This tessellates the landscape into regions that are closer to
a particular gage than to any other.

Here is what your attribute table should look like for thiessen polygons. If it doesn’t have all these
attributes at the right hand end, delete the result you just computed and do it over with the ALL option
selected to make sure you transfer all the attributes from the gages to the polygons.

thiessenpoly X

Field: ﬁ MNew ﬁ Delete ﬁ; Calculate | Selection: K_@ Switch =
4 OBJECTID | Shape Shape_Length Shape Area Input_FID COOPID  stname latdd longdd ELEVATION = ELEM Myr  AnnPrecip_in
Il Polygon 219160.88469 2743248246.425552 6 411215 BULVERDE 2975 -98.45 3353 TPCP 20 35657 |
2 Polygon 180867.160187 1912782695.771555 27 418187 SEGUIN 1 SS5W 2955 -97.966667 1533 TPCP 14 35.712857
3 Polygon 115197.971824  721528046.483713 15 413622 GOMNZALES1N 29533333 9745 1158 TPCP 25 351448
4 Polygon 144172.839934 1126878591.586405 29 418415 SMITHVILLE 30.016667 -8715 1036 TPCP 20 361115
5 Polygon 122727.252192  994385367.20268 2 410429 AUSTIN-BERGSTRO.. 30183333 -07.583333 1463 TPCP 6 34515
[ Polygon 109158.064602 742107271.512506 32 419815 WIMBERLEY 1 NW 30 -98.066667 253 TPCP 21 4047619
7 Polygon ~ 77451.84468  352089955.07953 28 418358 SISTERDALE 20983333 -98.733333 4267 TPCP 1 40.497273
8 Polygon 89625.880912 429818644.007928 31 418877 TEAGUE RANCH 30433333 -98.816667 4968 TPCP 25 325052
9 Polygon 131274.279442 1012438076.842714 1 410428 AUSTIN MUELLER M.. 30316667 -97.766667 2006 TPCP 24 35175
10 Polygon 164610.415862 1717347186.543875 11 412830 ELGIN 3035 -97.366667 1765 TPCP 26 35.094231
1 Polygon 125274.58415 834148826.922078 24 416276 MNEW BRAUMFELS 29733333 -98.116667 2164 TPCP 17 34.270588
12 Polygon 08482880825 579456544.800058 21 414805 KINGSBURY 20683333 -97.766667 1554 TPCP 7 38.788571
13 Polygon 144148611523 1227871182.469289 18 414575 JEDDO 35 29766667 -97.316667 1265 TPCP 21 38.240952
14 Polygon 09985574528  549126330.644352 16 413624 GOMZALES10 SW 20433333 -97.516667 1113 TPCP 9 37571111
15 Polygon 135071.554432  946265922.719634 & 411671 CHEAPSIDE 29.316667 -87.35 945 TPCP 10 37358
16 Polygon 121607.561971 788948118.508672 4 410660 BELMONT 29516667 -97.683333 1183 TPCP 6 30.798333
17 Polygon 111466.266672  754447386.159967 23 415430 LULING 12 NE 29833333 -97.566667 1356 TPCP 10 36.803
18 Polygon 104164.265515 674860878.823766 22 415285 LOCKHART 2 SW 2985 -917 1494 TPCP 10 36125

If you turn off the Subwatershed labeling and rearrange the map display you can get a map looking
something like the below. What we’re going to do is to find the area of each thiessen polygon that
overlays each subwatershed. This is done using the Intersect function, one of the most powerful functions
of spatial analysis.
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To average precipitation values in these polygons over the subwatersheds we need to intersect the thiessen
polygons with the subwatersheds and compute area weighted averages for each subwatershed. The
following calculations achieve this.

First right click on the Subwatershed layer and remove all joins (to remove the join with zonelev that we
created earlier).

Subwatershed
O ) Cory
thiessenpoly Ex Remove

[] Contours FE Attribute Table
Design .
[] BasinBuffer
[] Hillshade loins and Relates 4 ﬁ Add Join
Value |, Create Chart » |EE Remove Join
254 Remove All Joins
B 0, Zoom To Layer i

Use the search window to locate the Intersect (Analysis) tool and set the inputs as follows
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Parameters | Envircnments

Input Features \_-'_,'
Subwatershed

thiessenpoly

Output Feature Class
thieszen_sub_intersect
Attributes To Join
All attributes

XY Tolerance

(_J. mtarcort

LE ) § ey s L W B

Ranks

Unknown

Output Type

Same as input

|-:j|

Following is the result, the thiessen_sub_intersect polygons symbolized with COOPID as the Unique
Value field — this is the identifying number of the rain gage in the cooperative program by which

volunteers supply precipitation data from their gages to the National Weather Service.

Contents -0 x m EH thiessen_sub_intersect

Tlowo 2]

EO K/ H® .
& L —
N
~
Drawing Order
& ° A

4 thiessen_sub_intersect
CooPID

411429

Symbology

Symbology

Unique Values

Value field

Field 1 |COOPID

Color scheme

5
Symbol

~ | COOPID

8+ 1 4| Mo

Value

410429
410509
410660
410832

411429

If you open the ThiessenSublntersect attributed table you will see that from the 6 subwatersheds there are
now 24 polygons, each contributing to part of a subwatershed and associated with a single rain gage. Let
P« denote the precipitation associated with each rain gage and Aix the area of intersected polygon
associated with rain gage k and subwatershed i. Then the area weighted precipitation associated with each

subwatershed is
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_ 2k Ak Py
Yk Aik

Open the attribute table for the intersected thiessen polygons and add a new field to the table, APProd.

p;

=8 thiessen_sub_intersect X

- ﬁ Delete E Calcy

4 OBIECTID | Shape  FID_Subwat

2 Polygon

Double-click on the greyed-out “Data Type” column, where it says Long, and change the Data Type of
APProd to Float. If you don’t change this data type, your calculations will fail on a datatype mismatch
error.

FH thiessen_sub_intersect e Fields: thiessen_sub_intersect X
Current Layer thiessen_sub_intersect
Visible [M] Read Only Field Name Alias Data Type [ Highlight Murmber Format Domain  Default  Length
4 Y yp 2lhy, g
| HydrolD HydrolD Long | MNumeric
O SitelD SitelD Text O 10
| SiteMame SiteMame Text | 50
O FID_thiessenpoly  FID_thiessenpoly  Long O Mumeric
| Input_FID Input_FID Long | Murneric
O COOPID COOPID Double O Murneric
| stname stname Text | 254
O latdd latdd Double O Murneric
] longdd longdd Mumeric
£l 9 ¢ Short
J ELEVATION ELEVATION MNumeric
(] Long
[ ELEM ELEM ‘ [ 254
O Myr Myr Double O Murmeric
O AnnPrecip_in AnnPrecip_in Date O MNumeric
Text
] g Shape_Length Shape_Length Mumeric
P g p g Blob
o 7 Shape_Area Shape_Area ; Mumeric
P p Guid
O APProd ong w O

Make sure to save your changes using the save button in the Fields tab at the top of the screen.

FIELDS INSERT AMALYSIS VIEW SHARE

@ Filter Name: E_E E’

Filter Demain:

Domains Subtypes MNewll| Save
Field
Design Filter Changes

Go back to the thiessen-subwatershed polygon attribute table and right-click on the header of APProd,
selecting “Calculate Field”.
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sub_intersect X

BEEI Fields: thiessen_sub_intersect

q

2-5 Sort Ascending
E-b Sort Descending
4 Custom Sort...

= Calculate Field

Field: ] New [[J] Delete [[[] Calculate = Selection: [ Switch =
‘ giessenpoly  Input FID  COOPID  stname latdd longdd ELEVATION = ELEM Nyr AnnPrecip_in = Shape Length Shape_Area ﬂ dl
I 5 2 410429 AUSTIN-BERGSTRO.. 30183333 -97.683333 1463 TPCP [ 34515 51277895967 77596679.322343  <MNu
[ 32 419815 WIMBERLEY 1 NW 30 -98.066667 253 TPCP 2 4047619 34427447989  44918977.209083 <Mu
18 22 415285 LOCKHART 2 SW 2985 977 1494 TPCP 10 36125 67155210013 168254343.46856 <Mu
[ 32 419815 WIMBERLEY 1 NW 30 -98.066667 253 TPCP 2 4047619 66821259515 120874333.043417 <Mu
7 7% | 418358 |SISTERNAIF 70083322 |.0R 722322 43A7 TROD 11 AN40TITT | ML RAAIDA | IIALRT ANADIA | < By [0

Create the expression !AnnPrecip_in! * IShape_Area! and click OK.

Geoprocessing

®

Calculate Field

Parameters | Erwironments

- 0 x

Input Table

|thie55en_sub_intersect '| +

Field Mame

| APProd -|
(1) Expression

Fields ? Helpers T

ELEVATION 21| .conjugate() =

ELEM .denominator() I

Myr Jimag()

AnnPrecip_in .numerator()

Shape_Length real()

Shape_Area I .as_integer_ratio()

APProd fromhex()

wll hd

|Insert‘u’alue5 -l / + - =

APProd =

I S d I Iy

'AnnPrecip_in! * !Shape_Area! - |

The result is a new field with the numerator terms for the equation above. Now locate the column
HydroID. These are unique identifiers for each Subwatershed. Right click on the header and select

Summarize

(wit 3

M-..-I

Hydre™ | cip-tm
=124 SortAscending

;E-l.- Sort Descending
1 T Custom Sort...

{

B Calculate Field

1 % Surnmarize
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Carefully select the summary statistics you need. | selected the following: SiteName - First, Shape_Area -
Sum, APProd — Sum, and the HydrolD Case field.

(Geoprocessing - I X
® Summary Statistics =
Parameters | Erwironments @
Input Table
thieszen_sub_intersect - i
Output Table
thiessen_stats +
Statistics Field(s)
Field (~) Statistic Type
SiteMame ~ || FIRST =
Shape_Area || SUM e
APProd [ 5UM -

. oy
Case field (»)

HydrolD -

Navigate to your output table, and you’ll see that the resulting table gives the numerator and denominator
in the equation above for each subwatershed.

= thieszen_zub_intersect FEEI Fields: thiessen_zub_intersect m

Field: iﬁ Mew E Delete E Calculate | Selection: r.trﬂ Switch
4 OBIECTID | HydrolD FREQUENCY = FIRST_SiteMame SUM_Shape_Area SUM_APProd
Il 330 Plum Ck at Lockhart,... 290759999.9999387 10574586624

3
2 33 9 Blanco Rv at Wimber... 921160000.000129 34843450746
332 1 Blanco Rv nrKyle, Tx  149159999.999961 6037428736
333 1 San Marcos Rv at San... 126659999.999955 5126714368
334 3 Plum Ck nr Luling, Tx  521279999.999982 19037601459
335 7 5an Marcos Rv at Luli... 980249999.999848 36849504638.5

h o kn =
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Add a New field SubW_Precip_in to this table, and Save the result.

[ thiessen_sub_intersect R thiessen_stats “zs Fields: thiessen_stats X

Current Layer |thie55er‘|_5tat5

A Visible (W] Read Only Field Name Alias Data Type
OBJECTID OBJECTID Object ID
O HydrolD HydrolD Leng
O FREQUENCY FREQUEMCY Long
| FIRST_SiteMame FIRST_SiteMame Text
O SUM_Shape_Area SUM_Shape_Area Double
O SUM_APProd SUM_APProd Double
O @M_Precip_in SubW_Precip_in  Float _:I

Go back to the thiessen_stats table and right click

PEEI Fields: thiessen_stats

Selection: (7% Switch
RST_SiteMame SUM_Shape_Area SUM_APProd i‘; e _
umn Ck at Lockhart,... 200769999.999987 10574586624 2% Sort Ascending
anco Rv at Wimber... 921160000.000120 34843450746 A% Sort Descending
anco Rv nr Kyle, Tx  149159999.999961 6037428736 T Custom Sert..
n Marcos Ry at 5an... 1266059%99.9%9935 3126714368 @ Calculate Field
um Chonr Luling, Tx  521279999.999982 19037601450 P Summarize
n Marcos Ry at Luli... 980249%99.9%9348 36849504638.5

BBy Fields

and use Calculate Field to evaluate this as ISum_APProd! / 'Sum_Shape_Area!
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Parameters | Envirc

Input Table
thiessen_stats +
Field Name
SubW_Precip_in =
(1) Expression
Fields T Helpers T
OBJECTID .conjugate()
HydrelD .denominator()
FREQUEMCY .imag()

FIRST_SiteMame
SUM_Shape_Area
SUM_APProd

SubW_Precip_in

.numerator()
real()
\as_integer_ratio()

fromhex()

Insert Values

+

SubW_Precip_in =

1SUM_APProd!/ | SUM_Shape_Area!

The result is the precipitation in inches for each subwatershed. This is pretty cool! And you can see how
the tools in ArcGIS can give you a spatially area-weighted result that would be very difficult to derive
otherwise.

To turnin: A table giving the HydrolD, Name, and mean precipitation by the Thiessen method for each
subwatershed in the SanMarcos Subwatershed feature class. Which subwatershed has the highest mean
precipitation?

7. Estimate basin average mean annual precipitation using Spatial
Interpolation/Surface fitting

Thiessen polygons were effectively a way of defining a field based on discrete data, by associating with
each point the precipitation at the nearest gage. This is probably the simplest and least sophisticated form

of spatial interpolation. ArcGIS provides other spatial interpolation capabilities in both the Spatial Analyst
and Geostatistical Analyst Toolboxes. Following are the interpolation tools in each.
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Pl Spatial Analyst Tools 4 Geostatistical Analyst Tools

& Conditional 4 £ Interpolation

&a Density “.. Diffusion Interpolation With Barriers
£ - Distance “. EBK Regression Prediction
£.- Extraction A Empirical Bayesian Kriging
£ - Generalization *.. Global Polynomial Interpelation
£ Groundwater “ IDW
&a Hydrology “. Kernel Interpolation With Barriers
4 £ Interpolation *... Local Polynomial Interpolation
. IDW A Maoving Window Kriging
~ Kriging *.. Radial Basis Functions
“. Natural Meighbaor
~ Spline
“ Topo to Raster
~ Tepo to Raster by File
-

Trend

We will not, in this exercise, concern ourselves too much with the theory behind each of these methods.
You should however be aware that there is a lot of statistical theory on the subject of interpolation, which
is an active area of research. This theory should be considered before practical use of these methods.

In preparing this exercise we experimented with Empirical Bayesian Kriging which is reported to be one of
the most advanced of these. We found that it took a very long time to complete, however you are welcome
to try it with the following inputs. Use the input points from "PrecipStn" and Z value field as
"AnnPrecip_in". Set the output cell size to 100 m to improve the spatial resolution.

Input features

Precip5tn ~| G
Z value field
AnnPrecip_in -
CQutput geostatistical layer
Qutput raster
+

emp_bk
Qutput cell size

100 i
Data transformation type

None -
Semivaricgram model type

Power v

L

Additional Model Parameters

L

Search Neighborhood Parameters

L

Output Parameters

Following is the result from Empirical Bayesian Kriging
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The irregularity of the surface is displeasing.

Following are inputs for tension Spline interpolation (Spatial Analyst tools). Use the input points from
PrecipStn and Z value field as AnnPrecip_in, and set the spline type as Tension with parameters as
follows. | reduced the output cell size to 100 m to improve the spatial resolution. The result follows:

(Geoprocessing - 1 x
© Spline =
Parameters | Ervironments @

Input point features
| Precip5tn '| -]
Z value field

| AnnPrecip_in "|
Qutput raster

spline [or]
Qutput cell size

100 [
Spline type

Tension "|
Weight 01
MNumber of points 12

This runs a lot faster.
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Now, let’s use Zonal Statistics to compute the average value of the spline precipitation map over each
subwatershed. Select Spatial Analyst Tools = Zonal > Zonal Statistics as Table. Set the inputs as
follows:

Geoprocessing >0 x
© Zonal Statistics as Table =
Parameters | Ervironments @
Input raster or feature zone data
| Subwatershed '| <)
Zone field
| HydrolD -]
Input value raster
| spline "| 7]
Output table
zonespline [~
Ignore NoData in calculations
Statistics type
Al -]

Click OK. A table with zonal statistics is created. This contains statistics of the value raster, in this case
mean annual precipitation from Spline over the zones defined by the polygon feature class Subwatershed.
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2 zonespline X

Field: ENEW EDelete ECalculate Selection: K"E%Switch

4 OBIECTID | HydrolD COUMNT = AREA AL MAK RAMGE = MEAMN STD SUM

|1 330 20077 |2 38.188869 3.002823 36217122 0.733394 1053085.251297
2 33 92116 921160000 35.204449 42596184 7.391735 37.891757 1.616637 3490437.066021
3 332 14916 149160000 38.07918% 40.546021 2466831 39.783346 0631229  593438.21413
4 333 12666 126660000 38473598 40.502689 2.029091 39.656497 0.544171 502289.195576
5 334 52123 521280000 35.20799¢ 37.084964 2676968 36461334 0.51532 1900669.450237

on

335 93025 980250000 34.351402 40285641 5934238 37.992039 0.834508 3724169.667396

The HydrolD in this table may be used to join it to the attribute table for the Subwatershed feature class.
As for the elevations above this joined statistics table can be exported to Excel.

To turn in: A table giving the HydrolD, Name, and mean precipitation by the Tension Spline method for
each subwatershed in the SanMarcos Subwatershed feature class. Which subwatershed has the highest
mean precipitation using a Tension Spline interpolation?

Summary of Items to turn in:
1. Hand calculations of slope at point A using each of the two methods and comments on the differences.

2. Table giving slope, aspect, hydrologic slope and flow direction at grid cells A and B. Please turnin a
diagram or sketch that defines or indicates what each of these numbers means for the specific values
obtained for cells A and B.

3. A screen capture of your final model builder model.

4. A table giving the minimum and maximum values of each of the four outputs Slope, Aspect, Flow
Direction, and Hydrologic Slope (Percentage drop), for the digital elevation model in demo.asc.

5. The number of columns and rows in the projected DEM. The cell size of the projected DEM. The
minimum and maximum elevations in the projected DEM.

6. A layout showing the location of the highest elevation value in the San Marcos DEM. Include a scale
bar and north arrow in the layout.

7. A layout with a depiction of topography either with elevation, contour or hillshade in nice colors.
Include the streams from the NHDPIus Service and Basin and sub-watersheds from the SanMarcos.gdb
Basemap feature dataset.

8. Atable giving the HydrolD, Name, mean elevation, and elevation range for each subwatershed in the
SanMarcos Subwatershed feature class. Which subwatershed has the highest mean elevation? Which
subwatershed has the largest elevation range?

9. Atable giving the HydrolD, Name, and mean precipitation by the Thiessen method for each

subwatershed in the SanMarcos Subwatershed feature class. Which subwatershed has the highest mean
precipitation?
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10. A table giving the HydrolD, Name, and mean precipitation by the Tension Spline method for each
subwatershed in the SanMarcos Subwatershed feature class. Which subwatershed has the highest mean
precipitation using a Tension Spline interpolation?
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