CEE6400 Physical Hydrology

Homework 6. Terrain Analysis and TOPMODEL Date: 10/23/13
Due: 11/4/13

Learning Objectives.

e Be able to use ArcGIS and TauDEM tools to derive hydrologically useful information from Digital
Elevation Models (DEMs)

e Be able to describe the topographic wetness index used in TOPMODEL. (Rainfall Runoff
Processes workbook chapter 6)

e Be able to use TOPMODEL principles to calculate soil moisture deficit and saturated areas as a
function of wetness index and use this information in the calculation of runoff. (Rainfall Runoff
Processes workbook chapter 6)

Assignment

1. Work through the material in chapter 6 of the online Rainfall Runoff Processes module at
http://www.engineering.usu.edu/dtarb/rrp.html and do the quiz at the end.

2. Do the TauDEM watershed delineation exercise below.

3. Do the Logan River Hydrologic Annual Water Balance and Runoff Ratio exercise below.

4. Do the Spawn Creek TOPMODEL exercise below

Computer Setup

Download and install TauDEM following the instructions at
http://hydrology.usu.edu/taudem/taudem5/downloads.html. You will need administrator rights on the
computer to do the installation. TauDEM is already installed in the ENGR PC lab (ENGR 302) if you do
your work there.

2. TauDEM watershed delineation exercise

TauDEM (Terrain Analysis Using Digital Elevation Models) is a set of Digital Elevation Model (DEM) tools
for the extraction and analysis of hydrologic information from topography as represented by a DEM.
This is software developed at Utah State University (USU) for hydrologic digital elevation model analysis
and watershed delineation and may be obtained from http://hydrology.usu.edu/taudem/taudem5/.

The purpose of this exercise is to introduce Hydrologic Terrain Analysis in ArcGIS using the TauDEM
toolbox and to guide you through the initial steps of installing TauDEM loading data and running some
of the more important functions required to delineate a stream network and watershed. Thisis a
simplified version of tutorials given in the TauDEM documentation. Refer to the TauDEM
documentation if you want to learn about other TauDEM functions
(http://hydrology.usu.edu/taudem/taudem5/documentation.html).

In this exercise, you will perform the following tasks:
- Basic Grid Analysis using TauDEM functions

- Pit Remove
- D8 Flow Directions
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- D8 Contributing Area

- Stream Network Analysis using TauDEM functions
- Stream Definition by threshold
- Stream Reach and Watershed

The Logan River watershed draining to USGS streamflow gauge 10109000 located just east of Logan,
Utah is used as an example.

Basic Grid Analysis using TauDEM functions
In this section we illustrate the TauDEM basic grid analysis functions.

1. Download the Logan River Exercise data zip file from
http://www.neng.usu.edu/cee/faculty/dtarb/cee6400/Logan.zip. Extract all files from the zip file.
Open ArcMap and add the digital elevation model (DEM) grid file logan.tif into ArcMap.

This digital elevation model (DEM) data was obtained from the National Elevation Dataset available from
the national map (http://viewer.nationalmap.gov/viewer/), then projected and converted to the TIFF
format required by TauDEM. (To learn about georeferencing and projections in GIS see
http://resources.arcgis.com/en/help/getting-started/articles/026n0000000s000000.htm and
http://resources.arcgis.com/en/help/main/10.1/index.html#//003r00000001000000. To learn how to
convert files to TIFF format see
http://hydrology.usu.edu/taudem/taudem5.0/TauDEM5GettingStartedGuide.pdf).

In the below | have used symbology to select a different color scheme.
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The first TauDEM function used is Pit Remove. Pits are grid cells surrounded by higher terrain that do
not drain. Pit Remove creates a hydrologically correct DEM by raising the elevation of pits to the point
where they overflow their confining pour point and can drain to the edge of the domain. PitRemove is
located in the TauDEM Tools Basic Grid Analysis group illustrated above. If you do not find this in
ArcMap, and TauDEM has been installed, you may need to add the TauDEM toolset to your document

1. If the ArcToolbox Window is not open, click on the Toolbox icon in the Standard

Toolbar

2. Right click on ArcToolbox at the top of the toolbox window. Select Add Toolbox... .

3. Browse to the TauDEM install directory (usually C:\Program Files\TauDEM\
TauDEMS5Arc\ or C:\Program Files (x86)\TauDEM\TauDEMS5Arc\).

4. Click on the TauDEM_Tools.tbx file, and click Open.

5. If you wish right click on the ArcToolbox at the top and save settings to default so as not
to have to do this again

2. Open (by double clicking) the TauDEM Pit Remove Tool. Select logan.tif for the Input Elevation
Grid. Note that the Output Pit Removed Elevation Grid is automatically filled with loganfel.tif
following the file naming convention. You may adjust or leave the number of processes at 8.

r - K
AT Pit Remove ==
Ut Elevation Grid (must be .67} - " | Input Number of Processes
logan.tif -~ B
. =) The number of stripes that the domain
Input Number of Processes will be divided into and the number of MPI
B parallel processes that will be spawned
Output Pit Removed Elevation Gnd (must be .6f) e to evaluate each of the stripes.
C: Wsers\dtarb\SaratchLoganYoganfel, 6F B
[ ok ][ cocel |[enviooments..|[ <<Hderep | | Toohep |

The parallel approach used by TauDEM is illustrated below.

TauDEM parallel scheme

// 4‘—]\\ ----------- )
{ Swap )

'd

T T NV

The domain is subdivided into row oriented partitions that are each processed independently by
separate processes. When the algorithms reach a point where they can proceed no further within the
partitions there is a swap step that exchanges information along the boundaries. The algorithms then
proceed working within the partitions using new boundary information. This process is iterated until
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completion. The strategies for sharing information across boundaries and iterating are specific to each
algorithm.

The number of processes does not have to be the same as the number of processors on your computer,
although generally should be the same order of magnitude. The operating system (and MPICH2) takes
care of time sharing between processes, so in cases where some processes are likely to be waiting for
other processes to complete there may be a benefit in selecting more processes than physical
processors on the computer. However then message passing across the borders is increased. For large
datasets, some experimentation as to the number of processes that works best (fastest) is suggested.
For this exercise the functions run quickly and the number of processes does not matter too much.

3. Click OK on the Pit Remove tool to run the Pit Remove function. The output dialog reports run

statistics that include timing, as well as any error or warning messages.
Pit Remove [j

Completed

<< Details

Close this dialog when completed successfully

Output Pit Removed Elevation file: C:\Users\dtarb\Scratch\Logan‘\loganfel.tif

Command Line: mpiexec -n & pitremove -z "C:\Users\dtarb\Scratch\Logan‘\logan.tif" -fel "C:\Users
‘“dtarb\Scratch\Logan\loganfel . tif"

Process started:

PitRemove version 5.0.6
Frocesses: &

Header read time: 0.121410

Data read time: 0.026278

m

Compute time: 1.276032

Write time: &.082144

Total time: T7.505864

Executing: Calculate Statistics

Completed script PitRemove...
Succeeded at Sat Cct 27 15:20:55 2012 (Elapsed Time: 11.00 seconds)

Clicking OK to run each tool will be implied from here on if not stated.
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The result is a new grid layer loganfel.tif that has been added to the ArcMap Document.
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4. The next function to run is D8 Flow Direction with inputs as follows.

-
& D8 Flow Directions

= ) ] |

Input Pit Filled Elevation Grid (must be .tif)

I loganfel tif

Input Number of Processes

Ei=)

QOutput D8 Flow Direction Grid (must be . tif)
C:\Users\dtarb\Scratch\Loganoganp. if

II QOutput D8 Slope Grid (must be . tif)

| Ci\Users\dtarb\Scratch\Loganlogansds. tif

&
&

-

D8 Flow Directions

Creates 2 grids. The first contains the flow direction from
each grid cell to one of its adjacent or diagonal neighbors,
calculated using the direction of steepest descent. The
second contain the slope, as evaluated in the direction of

steepest descent, and is reported as drop/distance, i_e. tan

of the angle. Flow direction is reported as "no data” for any
grid cell adjacent to the edge of the DEM domain, or

adjacent to a "no data” value in the DEM. In flat areas, flow

directinns are assioned awav from hiaher arnund and

| ok

J{

Cancel

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

| Todkep |

This takes as input the hydrologically correct elevation grid and outputs D8 flow direction and slope for
each grid cell. The resulting D8 flow direction grid (name has suffix p) is illustrated. This is an encoding
of the direction of steepest descent from each grid cell using the numbers 1 to 8 (counter clockwise

from east). This is a simple model for the direction of water flow over the terrain.
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To get the display below the symbology of loganp.tif was changed to show unique values.
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5. The next function to run is D8 Contributing Area. This function counts the number of grid cells

draining through (out of) each grid cell based on D8 flow directions. Set the Outlets shapefile to

Outlet.shp. This restricts the domain of computation to the area upstream of this outlet point.

-
El D8 Contributing Area

« 00" »P,

ol o

Input D& Flow Direction Grid (must be . tif)

IIoganp.tif

Input Outlets Shapefile {(must be .shp) (optional)
C:\Jsersidtarb\Scratch\Logan\Outlet.shp

Input Weight Grid {must be . tif) (optional)

Check for edge contamination

Input Number of Processes

Output D8 Contributing Area Grid (must be .tif)
C:\Users\dtarb\Scratch\LoganYoganads. tif

&

;I@J
B
Ei=

-

»

D8 Contributing Area i

Calculates a grid of contributing areas
using the single direction D8 flow model.
The contribution of each grid cell is
taken as one (or when the optional
weight grid is used, the value from the
weight grid). The contributing area for
each grid cell is taken as its own
contribution plus the contribution from
upslope neighbors that drain in to it |
according to the D8 flow model. |

m

If the optional outlet point shapefile is
used, only the outlet cells and the cells
unslone (hv the NA low modell of them i

| ok

H Cancel

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

[
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The outlet point provided in the file Outlet.shp is at the location of the Logan River Stream Gauge based
on latitude and longitude from the USGS NWIS information for that gauge
(http://waterdata.usgs.gov/nwis/inventory/?site_ no=10109000&agency cd=USGS&amp;)

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

PV Y P BUE ARy TP P S UNIMIARY OF ALL AVAILABLE DATA [~

Stream Site

DESCRIPTION:
Latitude 41°44'36", Longitude 111°46'55" NAD27

Cache County, Utah, Hydrologic Unit 16010203

Drainage area: 214 square miles
Datum of gage: 4,680.00 feet above NGVD29.

A multiplicative scale (100, 300, 1000, 3000 etc) is often best to render contributing area values as in the

illustration below.

. =)

Layer Properties

| General I Source I Key Metadata I Extent I Displa}fl Symbalogy

show: Draw raster grouping values into classes @

Unigue Values

Stretched Fields
Discrete Color Value SVALLE = Mormalization <Mone >
Classification
Manual glasses[s v] [ Classify... ]
Cobr Ranp S -
Symbol  Range Label
1-100 1-100
100 - 300 100.0000001 - 300
00 - 1,000 300.0000001 - 1,000
B 000 - 3,000 1,000.000001 - 3,000
‘ I 000 - 520,318 3,000.000001 - 620,318
[ Show dass breaks using cell values Display NoData as E
[ Use hillshade effect 1
About symbaology
oK J[ Concel |[ sody |
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In the below | have added the Outlet.shp shapefile and zoomed to the area near the outlet to illustrate
how watershed area has only been evaluated upstream of the outlet.

-
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Value
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to identify the value of loganad8.tif at the location of the outlet. Examine the properties of loganad8.tif

o -0 x]@) B KSR ] &

and determine its cell size.

To turn in:

1. Report the contributing area draining to the outlet location in number of cells, square kilometers and
square miles. Report the area of a single grid cell. Compare your result in square miles to the USGS
drainage area value for this site.

Save your map document, to save your work. It is good practice to do this often in case of a crash.

Stream Network Analysis using TauDEM functions
TauDEM provides a number of methods for delineating and analyzing stream networks and watersheds.
The simplest stream network delineation method uses a threshold on contributing area.
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6. Stream Definition by Threshold. This function (in the stream network analysis tool group) defines a
stream raster grid (src suffix) by applying a threshold to the input. In this case the input is a D8
contributing area grid and a threshold of 1000 grid cells has been used.

El Stream Definition By Threshold o B . e ' * Elﬂl-g—hj
I Ioaanad&tif I

=
Input Mask Grid (must be .tif) (optional)

| =]
p—

Input Accumulated Stream Source Grid (must be | if) Stream Definition By Threshold —

Operates on any grid and outputs an
indicator (1,0) grid identifing cells with
input values == the threshold value. The
standard use is to use an accumulated

Threshold - - .
1000 source area grid to as the input grid to =
generate a stream raster grid as the
e . output. If you use the optional input

mask grid, it limits the domain being
evaluated to cells with mask values »=
0 . When you use a D-infinity
cantributing area grid (*sca) as the mask |
grid, it functions as an edge

contamination mask. The threshold logic

is: src = ((ssa == thresh) & (mask i

| ToolHep | IJ

Output Stream Raster Grid (must be . if)
C:\Users\dtarb\Scratch\LoganYogansrc, if

[ OK ] ’ Cancel ] lEnvironments... ] [ << Hide Help ]

A - -  —

The result depicts the stream network (but is not logically connected as a network shapefile yet).

- ~
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7. Open Stream Reach and Watershed and select the following inputs. Note that the stream reach

shapefile name needs to be specified because the system for automatically generating output

names does not work for shapefiles.

' Stream Reach And Watershed o B . -

= B

Input Pit Filled Elevation Grid {must be . tif)

| loganfel.tif
Input D8 Flow Direction Grid {must be . tif)

=l g

| ChUsers\dtarb\ScratchiLoganiloganp tif
Input D& Drainage Area (must be . tif)

= g

| ChUsers\dtarb\Scratch\Logantloganads tif
Input Stream Raster Grid (must be . if)

BY=

| Ch\Users\dtarb\ScratchiLogan\logansre.tif
Input Outlets Shapefile as Network Modes (must be .shp) (optional)

= g

[ Delineate Single Watershed

Input Number of Processes

"l Output Stream Order Grid (must be . tif)
1 C:\Users\dtarb\Scratch\LoganYoganord. tif
Output Metwork Connectivity Tree (must be . tt)
C:\Users\dtarb\scratchYLoganYogantree. bt
Output Network Coordinates (must be . bet)
C:\Users\dtarb\ScratchLoganlogancoord. txt
Cutput Stream Reach Shapefile (must be .shp
C:\Users\dtarb\ScratchLoganogannet. shp
QOutput Watershed Grid {(must be .tif)
C:\Users\dtarb\Scratch\LoganYoganw. tif

B

0] 0

-

Stream Reach And Watershed

This tool produces a vector network and
shapefile from the stream raster grid.
The flow direction grid is used to connect
flow paths along the stream raster. The
Strahler order of each stream segment is
computed. The subwatershed draining to
each stream segment (reach) is also
delineated and labeled with the value
identifier that corresponds to the WSNO
(watershed number) attribute in the
Stream Reach Shapefile.

This tool orders the stream network
according to the Strahler ordering
system. Streams that don't have any
other streams draining in to them are
order 1. When two stream reaches of
different order join the order of the
downstream reach is the order of the
highest incoming reach. When two
reaches of equal order join the
downstream reach order is increased by
1. When more than two reaches join the
downstream reach order is calculated as
the maximum of the highest incoming
reach order or the second highest
incoming reach order + 1. This
generalizes the common definition to
cases where more than two reaches join

[ OK l [ Cancel l [Environments... l [ << Hide Help l

[ Tool Help l

m

-

Add the shapefile logannet.shp to ArcMap (other outputs are automatically added).

The following data sources you added are missing spatial reference
information. This data can be drawn in ArcMap, but cannot be projected:

logannet

4

[] Don't wam me again in this session

[7] Don't wam me again ever
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This notifies you that the coordinate system of the stream network shapefile created by TauDEM is
unknown. This is a TauDEM shortcoming. It does not assign coordinate systems to the shapefiles it
outputs.

Your display should be similar to the below, except without the highlighting of the area around Spawn

Creek.
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= O loganssa.tif
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0o - ENIETRTI] m | » [l ArcToolbox | [5) Catalog
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The subwatershed raster and stream network shapefile are key outputs from TauDEM. Each link in the
stream network has a unique identifier that is linked to downstream and upstream links. Each
subwatershed also has a unique identifier that is referenced in terms of the stream network that it
drains to. This information enables construction of a subwatershed based distributed hydrologic model
with flow from subwatersheds being connected to, accumulated in, and routed along the appropriate
stream reaches.

Zoom in on the area around Spawn Creek (see red box above) and examine the properties of the stream
network and subwatersheds in this area. There should be seven stream links that form the Spawn Creek
tributary network.

To turn in:

2. Prepare a table that reports for the 7 stream links in the Spawn Creek tributary of the stream
network the following attributes:
- Link number
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- Downstream link number

- Upstream link number 1

- Upstream link number 2

- Downstream contributing area

- Length

- Identifier of corresponding watershed (WSNO)

3. Open the attribute table of loganw and identify the count (number of grid cells) of the 7 Spawn Creek
subwatersheds. Based on this count calculate area of each subwatershed and reconcile your values
with contributing area values in the table from the stream network.

4. Prepare a diagram that shows, based on your answers to 4 and 5, how connectivity between
subwatersheds, stream links and upstream and downstream links is encoded.

3. Logan River Hydrologic Annual Water Balance and Runoff Ratio exercise.

Important quantities in the water balance of a watershed are the streamflow, expressed on a per unit
area basis, area average precipitation and the runoff ratio r=q/P. Let's determine these for the Logan
River. Streamflow we will get from the USGS. Precipitation we will get from Oregon State University

(PRISM).

Use the USGS NWIS website for Logan River above state dam (10109000)
http://waterdata.usgs.gov/nwis/nwisman/?site_ no=10109000&agency cd=USGS to determine mean

annual streamflow for the years 1981-2010. These years chosen for consistency with PRISM. Select
annual statistics on this website and specify the period of record. Then copy the data for each year to a
spreadsheet and calculate the 30 year average. Per unit area discharge is

| Q

q:

Do the necessary unit conversions to express this in mm.
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PRISM Precipitation data. From the Oregon State University PRISM website:

http://prism.nacse.org/normals/ select precipitation and annual values and click on Download Data

(.asc)

CLIMATE GROUP

Northwest Alliance for Computational Science and Engineering

Homem This Month — Prior 6 Months ~— Recent Years — Historical Past

30-Year Normals

The normals are baseline datasets describing average monthly and annual conditions over the most recent three full decades. They are our most

popular datasets. The current PRISM normals cover the period 1981-2010.

Long-term average datasets are modeled with PRISM using a digital elevation model (DEM) as the predictor grid. Given their importance, the normals were

subjected to extensive peer review. See PRISM datasets for more information; the data available from this page is "Norm&1m”

Spatial resolution needed: Akm (approx. 1MB per data file: 300KB per full-size image)

18-350MB per data file: SMB per full-size image)
Climate variable: ) mean temperature ) minimum temperature ) maximum temperature
Temporal period: ) monthly values for January -

Download Data {.bil) Download All Normals Data (.bil) Loty avaiialie

Terms of use

Download Full-Size Image Download Data (.asc) Download All Normals Data {.asc)

30-yr Normal Precipitation: Annual
Period: 1981-2010

You should receive a file PRISM_ppt_30yr_normal_800mM2_annual_asc.zip.

Use a zip utility (I use 7zip) to uncompress this file. The contents are:

= lihraries

l 4 items

Page | 13

Search PRISM_ppt_30yr_normal 800m... 02

Organize « Include in library - Share with = Mew folder
S Favorites |:| MName ’ Date modified Type Size
I Bl Desktop =T PRISM_ppt_30yr_normal_800mM2_annua.. 9/12/201312:51 PM  Flash AS commun... 172,055 KB
& Downloads =] PRISM_ppt_30yr_normal_800mM2_annua.. 9/12/201312:51 PM XML Document 1KB
%+ Dropbox || PRISM_ppt_30yr_normal_800mM2_annua.. 9/12/201312:51 PM PRI File 1KB
| Recent Places =] PRISM_ppt_30yr_normal_800mM2_annua... 10/8/2015 1:35 PM XML Document 8 KB
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In ArcGIS select the ASCII to Raster tool

ArcToolbox
ArcToolbox
£3 30 Analyst Tools
B3 Analysis Tools
% Cartography Tools
= a Conversion Tools
& From GPS
& From KML
&g From Raster
& From WFS
% Metadata
& To CAD
& To Collada
&y To Coverage
& To dBASE
& To Geodatabase

" DEM to

Raster
&£ -

and use the following inputs

#, ASCI to Raster

Input ASCII raster file
C:\Users\dtarb\Logan\PRISM_ppt_30yr_normal_800mM2_annual_asc\PRISM_ppt_30yr_normal_800mM2_annual_asc.asc @
Qutput raster
C:\Jsers\dtarb\Logan\PrismPrecip @

Output data type (optional)
FLOAT

-

-

ASCIl to Raster

Converts an ASCI file
representing raster datato a
raster dataset.

] [ Cancel ] [Enuironments... ] [ << Hide Help ]

[

This will result in a layer like the following being defined but it does not display properly geolocated with

other data in ArcMap due to it not having a coordinate system specified (yet).
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[ -_ MeaBss S [
Ls .mxd - Arch. = |
Q agan.mx rciviap
OpEa B x|o o |b-|s - BEERE P
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help kﬂ @\e :: :: 4= @a < k o m H rﬁ @ @ s
Table Of Contents 1 x +  ArcToolbox 1 x
25:5 @2 = &y Geodatabase Administration -
B = Layers - & Geometric Network
| = 5 CAUsers\dtarb\Scratchi\Logan T [ IGr:ph
= LoganQutlet A & n.axes
* 3 & Joins
& LAS Dataset
QutletM
I sEe B & Layers and Table Views
W -
i = Qutlet & Package
| ® & Photos B
a spawnnet =) & Projections and Transformations
I —p & Feature i
‘ & Raster
] | et
N o "s% Convert Coordinate Notation
-— o« .
= B3 C:\Users\dtarb\Scratch\Legan\OutletLatLong.xdsx “\ Create Custom Geographic Tran
= Sheetl$ Events %, Create Spatial Reference
‘\ Define Projection
B Sheetl$ . % ga‘st:r .
= & CAUsers\dtarb\Scratch\Logan, &- Sebat;ons ip Classes
" . . s Subtypes
PrismP
. s ) & Table =
Value [ T — »
High : 664051 >
@2 Blaun« | )
- =

If you paid close attention you might have noticed that the PRISM zip file above included a file that
ended in .prj. This contains the needed coordinate system (projection) information.

Open the Define Projection Tool in ArcMap

= B Data Management Tools
&: Attachments
& Data Comparison
& Distributed Geodatabase
& Domains
B Feature Class
B Features
& Fields
% File Geodatabase
% General
B Generalization
8 Geodatabase Administration
B Geornetric Network
& Graph
B Indexes
& Joins
& LAS Dataset
B Layers and Table Views
B Package
& Photos
= & Projections and Transformations
&y Feature
B Raster
x\% Convert Coordinate Motation

m

“\ Create Custom Geographic Tran
g -

o EATE sBatldl BETErence

m Define ijecticrnl
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Select PrismPrecip Input Dataset or Feature Class. Then click on the button next to Coordinate System

put Dataset or Feature Class ) i Input Dataset or Feature
PrismPrecip _J LI Class
Coordinate System Dataset or feature class
Unknown @ whose projection is to be
defined.
[ ok J[ cancel ][ | [ <<tidetep | [ Toolep |

At the window that opens select Import

XY Coordinate System | Z Coordinate System

? - | Type here to search > @ @ @-

] Favorites] —t :
£ Geographic Coordinate Systems Import...

E3 Projected Coordinate Systems

£ Layers Clear

Find the Folder with the PRISM data and click on the PRI file and click Add then OK twice to Define the
projection from the PRI file that was provided.

Now if you zoom your map over Logan River you should be able to see the PrismPrecip Grid aligned with
it. | have symbolized it green to blue

C —ra

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DR A& % @@ x| 0 | b- 125050 C EREED e
BEEQ@ e M-I k(@B NB S DR

5 E3 "+ | ArcToolbox 3 x
?5;:@@ 8 %, Feature to Raster o
B £ layers #., Float to Raster
© B3 CAUsers\dtarb\Logan i, Las Datssetto Raster
£ @ Outlet %, Multipatch to Raster

%, Point to Raster
#., Polygon to Raster
#., Polyline to Raster
& Raster To Other Format (multiple)
& To Shapefile
&) Data Interoperability Tools
= @ Data Management Tools
& Archiving
& Attachments
& Data Comparisen
& Distributed Geodatabase
& Domains
& Feature Class
K & Features
& Fields
& File Geodatabase
& General
& Generalization
& Geodatabase Administration
& Geometric Network
Graph
Indexes

a logannet

5 £3 C\Users\diarb\Logan\
= @ PrismPrecip

Value
High : 6640.51

logan.tif

Value
I High: 303144

Low:1358.33

Joins

=] Ch\Users\dtarb\Logan LAS Dataset

& logantree Layers and Table Views
E logancoord Package
& Photos
= & Projections and Transformations
& Feature
& Raster
.. Convert Coordinate Motation =
e i ]
e n « ™ +  [ElArcToolbox | G5 Catalog | 5] Search |
470240136 4640535423 Meters |
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Notice the higher precipitation values in the mountains. These | symbolized with blue. Notice also the
data values in the legend table of contents. These values are in mm (stated in one of the accompanying
XML files).

Next we would like to average this data over the Logan River Watershed. To do this we need a single file
specifying the "zone" that is the Logan River watershed. The file loganw.tif defines subwatersheds.
Make sure that under Customize Extensions, Spatial Analyst is checked.

conier: N ==

Select the extensions you want to use.

Geostatistical Analyst
MNetworle Anatyst
Publisher
Schematics

Spatial Anahyst
Tracking Analyst

OROOO00C

Description:

3D Analyst 10.2
Copyright ©1955-2013 Esri Inc. All Rights Reserved

Provides tools for suface modeling and 3D visualization.

Close

Use the Raster Calculator Tool

= a Spatial Analyst Tools
& Conditional

B Density

& Distance

& Extraction

& Generalization
%5 Groundwater
&5 Hydrology
& Interpolation
B | ocal

= B Map Algebra
‘% Raster Calculator
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with the following inputs

—— F=E=)
e T e e, Clow

Map Algebra expression * | Output raster I
Layers an... = Conditional — = The output raster resulting from the Map
> PrismPred Con @ Algebra expression.
Stgewst) (22 ]le] [][==)= e ]|

| |Somee |[iedle] ]l Jemll] oo
<> loganssa.t E] B

Abs

| [ e i), !
| I'Ioganw.tif':»:[]i

tput raster '

C:\Jsers\dtarb\Scratch\LoganYoganw 1. Gf @

- -

| ok || cancel ||Envionments... || <<hidetelp | [  Tooltep |

The result is a grid layer loganw1.tif that has a value of 1 over the Logan River watershed and is
undefined everywhere else

@m0 0 Wl “INED TOEEE T —mes

DpEa AR x|9 (b 12528 K EHER g
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help (3 G),O\ HEHECE 2E: BRI I AR | ¥ Awi = @E
7 x = [ArcToolbox 7%
I (8] 8= & & Subtypes =
|| = £ Layers - & Iablel
= B3 C\Users\dtarb\Scratch\Logan & opology
& Versions
= M Outlet
& Workspace
& Editing Tools
I et

| . _aga“n &9 Geocoding Tools
& Geostatistical Analyst Tools
Linear Referencing Tools
Multidimension Tools

5 @ PrismPrecip @ Network Analyst Tools
Value A &3 Parcel Fabric Tools

i High : 664051 1 & Schematics Tools

& Server Toals [
Low : 4615 = & Spatial Analyst Tools

& Conditional

1 & Density
& Distance

loganw.if

© O loganord.tif

i Value & Elma:tu_m ) L
High: 4 & Generalization
I & Groundwater
Low: 0 T & Hydrology

% Interpolation
% Local

I if
= O legansre. = & Map Algebra L4

0

El #,, Raster Calculator
= [ loganadd.tif & Math

<VALUE> & Multivariate
11 -100 & Neighborhood
[ 100.0000001 - 300 & Overlay )
I 200.0000001 - 1,000 & Raster Creation

; & Reclass

1 1,000.000001 - 3,000
1 2,000,000001 - 620,319
© [0 logansd8.tif

& Solar Radiation
& Surface

| EIENRE=NT (] 3 [ ArcToolbox | (5 Catalog

463054.851 4627370.533 Meters

Value
B High : 233407

4
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Use the Zonal Statistics as Table tool

ArcToolbox
& Geostatistical Analyst Tools
&3 Linear Referencing Tools
& Multidimension Tools
B3 Metwork Analyst Tools
& Parcel Fabric Tools
& Schematics Tools
a Server Tools
= a Spatial Analyst Tools

& Conditional

& Density

& Distance

& Extraction

& Generalization

%1 Groundwater

& Hydrology

%5 Interpolation

%5 Local

&5 Map Algebra

&y Math

% Multivariate

% Neighborhood

% Overlay

% Raster Creation

% Reclass

% Solar Radiation

% Surface

= % Zonal

x\ Tabulate Area
#., Zonal Fill
x\ Zonal Geometry

x\ Zonal Geometry as Table

x\ Zonal Histegram
x on l

ﬁ Zonal Statistics as Table

= @ Spalia

with the following inputs

= | B [
T T TN T e

s -

OQutput table

&% Zonal Statistics as Table

Input raster or feature zone data

loganwl tif 2
I ? = @ Output table that will contain the

Zone field summary of the values in each zone.
Value -

Input value raster

I IPrismPrecip LI @

Output table

C:\Wsers\dtarb\scratch'Logan'\LoganF %
il

lgnore MoData in calculations {optional)

Statistics type (optional)

ALL L d
i
|| - -
t

ok || cancel |[Environments.. || <<Hderelp | [  ToolHelp
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The result is a table giving precipitation statistics averaged over the Logan River Watershed.

Table O x
loganp X
Rowid | VALUE | COUNT | AREA MINH MAX RANGE MEAN 5TD SUmM
b 1 1 214 732600 | 586 25| 1347.079956 | 760329956 | 941120849 | 201.859865 | 786072 370739
4 4 1 v K |_§| E | [0 out of 1 Selected)

The mean rainfall over the Logan Watershed can be read as 941.1 mm. (Beware. Sometimes in ArcMap

table displays you need to widen the column displays to get all digits displayed and interpret the data
correctly).

Calculate the runoff ratio for the Logan River

.l
P
To turn in:
5. Report the following for the Logan River
- mean annual discharge in cfs
- mean annual runoff (discharge per unit area) in mm
- Minimum, maximum and mean of mean annual precipitation over the Logan River
watershed from PRISM in mm
- Runoff ratio for the Logan River
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4. Spawn Creek TOPMODEL exercise

This exercise sets up the data and guides you through the calculations involved in the Spawn Creek

TOPMODEL runoff generation calculation that is Example 4 in the Rainfall Runoff Processes Module

(http://hydrology.usu.edu/rrp/Document/index.asp?Parent=19#). Spawn Creek is a tributary of the

Logan River, so this exercise uses the same data as the Logan River Exercise above.

1. Open a new ArcMap document and load loganp.tif and spawnoutlet.shp.

-
Q@ Untitled - ArcMap

“lm "§T ""&Te

[E=REERS)

Oepda Bx 2

File Edit View Bookmarks Insert Selection

b - 1313226

Geoprocessing

A= =Y T

Customize Windows Help

we R
AR kw

RE- 00k @ Bilss T &

Table Of Contents
= 5B
= B3 C\Users\dtarb\Scratch\Logan
[=] SpawnQutlet

3 x

5 [ C\Users\dtarb\Scratch\Logan\,
© & loganpiif
Value
High:8

Low:1

[@a| 2 «

+  ArcToolbox

@ Data Management Tools

@ Editing Tools

@ Geocoding Tools

B3 Geostatistical Analyst Tools

B3 Linear Referencing Tools

B Multidimension Toals

@ Metwork Analyst Tools

@ Parcel Fabric Tools

@ Schematics Tools

@ Server Tools

&) Spatial Analyst Tools

3 Spatial Statistics Tools

1= B TauDEM Tools

= & Basic Grid Analysis
& D-Infinity Contributing Area
5 D-Infinity Flow Directions
&0 D8 Contributing Area
5 D8 Flow Directions
& Grid Network
& Pit Remove
=) B Specialized Grid Analysis
% D-Infinity Avalanche Runout

m

D-Infinity Distance Down
D-Infinity Distance Up

D& Distance To Streams
Slope Average Down
Slope Over Area Ratio

& Stream Network Analysis
B3 Tracking Analyst Tools

Ay g Ay oy damy Ly Ly oy ) o

4 1 |

1

D-Infinity Concentration Limitec;
D-Infinity Decaying Accumulatic

D-Infinity Reverse Accumulatior)
D-Infinity Transport Limited Acc
D-Infinity Upslope Dependence

m

| » [l ArcToolbox | [5 Catalog

2. Run D8 Contributing Area with the following inputs to isolate just the Spawn Creek watershed.

-
[ D8 Contributing Area

L 2 I bs

ESREEE =)

Input D& Flow Direction Grid (must be . tif)

| loganp tif
Input Outlets Shapefile {(must be .shp) (optional)

l SannOutlet I

Input Weight Grid (must be . tif) {optional)

Check for edge contamination

Input Number of Processes

Output D8 Contributing Area Grid (must be i
C:\Users\dtarb\scaratch\Logln \spawnads. tif |

&

1 g
1 g
1 g

-

D& Contributing Area

Calculates a grid of contributing areas
using the single direction D8 flow model.
The contribution of each grid cell is
taken as one (or when the optional
weight grid is used, the value from the
weight grid). The contributing area for
each grid cell is taken as its own
contribution plus the contribution from
upslope neighbors that drain in to it
according to the D8 flow model.

m

If the optional outlet point shapefile is
used, only the outlet cells and the cells . |/

[ 0K ] [ Cancel

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

[

Tool Help
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The result is illustrated below.

e i
@ Untitled - ArcMap 9 - - a - - . = (=
ODeE& B o & - | 132752 - EEERED pedF
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help | (#| élo HEME i - Kk O = S &
Table Of Contents *x o
é\} &3 z
5
1= =F Layers g
= B3 C\Users\dtarb\Scratch\Logan g
[=] SpawnQutlet
=
O
= B C\Users\dtarb\ScratchiLogan\ &
= 5
<VALUE>
[J1-100

[ 100.0000001 - 300

[ 300.0000001 - 1,000

I 1,000.000001 - 3,000

1 2,000.000001 - 15,782
= O loganp tif

Value
High: 8

[m.

Low:1

[@a| 2 n « i} b
453022476 4624025332 Meters

In all the work above the single flow direction model D, was used, with flow being routed from each grid
cell to only one neighbor. TauDEM also uses the Do (D-Infinity) flow model that calculates the steepest
outwards flow direction using triangular facets centered on each grid cell and apportions flow between
neighboring grid cells based on flow direction angles. This is useful for calculating specific catchment
area used in TOPMODEL.

3. The D-Infinity Flow Directions function is starting point for all D-Infinity work. It calculates D-Infinity
flow directions for use in other TauDEM functions requiring D-infinity flow direction input. Run D-
Infinity Flow Directions with the following inputs.

direction is defined as steepest
downward slope on planar triangular
facets on a block centered grid. Flow
direction is encoded as an angle in
radians counter-clockwise from east as

mommmbimiimim Aamtime mmimb ek

Ok ] l Cancel ] lEnvironments... ] l << Hide Help ] [ Tool Help

! D-Infinity Flow Directions ;1 e ., =NACIN X
Input Pit Fllled Elevation Grid (must be . tif) D-Infinity Flow Directions
|C:\Users\dtarI:J\Scratch\Lngan\Ioganfel.tif j Assi fow direction based on the D

ssigns a flow direction based on the D-
Input Number of Processes infinity flow method using the steepest |
8 slope of a triangular facet (Tarboton, 3

Output D-Infinity Flow Direction Grid (must be . tif) 1997, "A New Method for the
C:\Users\dtarb\ScratchLoganoganang. tif Determination of Flow Directions and
e — . Contributing Areas in Grid Digital

B = Elevation Madels," Water Resources bl

C:\Users\dtarb\ScratchYLoganYoganslp. tif Research, 33(2): 309-319). Flow

-

= — = =

Page | 22



D-Infinity flow directions are encoded as angles counter clockwise from East in Radians as illustrated in
the help

| refox =

i http://hydrolegy.us...FlowDirections.html

é & hydrology.usu.edu/taudem/taudemS5/help/DinfinityFlowDirections.html < ' taudem

TauDEM Toolbox

D-Infinity Flow Directions

Title D-Infinity Flow Directions

Summary

Assigns a flow direction based on the D-infinity flow method using the steepest slope of a triangular facet (Tarboton,
1987, "A New Method for the Determination of Flow Directions and Contributing Areas in Grid Digital Elevation Models,"
Water Resources Research, 33(2): 309-319). Flow direction is defined as steepest downward slope on planar
triangular facets on a block centered grid. Flow direction is encoded as an angle in radians counter-clockwise from
east as a continuous (floating point) quantity between 0 and 2 pi. The flow direction angle is determined as the
direction of the steepest downward slope on the eight triangular facets formed in a 3 x 3 grid cell window centered
on the grid cell of interest. The resulting flow in a grid is then usually interpreted as being proportioned between the
two neighboring cells that define the triangular facet with the steepest downward slope.

Proportion  Steepest direction
flowing to downsl ope
neighboring | Proportion flowing to
grideell 415 neighboring grid cell 3
eyf(enton) [ s api{ontog)

Flow direction measured as
counter-clockwize angle
from east.
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D-Infinity flow directions render similar to a hillshading

— A
@ Untitled - Archap ‘ I (= E s
Eile Edit View Bookmarks Insert 3Selection Geoprocessing Customize Windows Help
D2 E& B X0 | & | a5 C BRI RO e d
YRV THEHE ] DRSS 0 E
Table Of Contents ArcToolbox x

EEE:AE
= O R

Value
High: 248592

Low: 0

5 @ loganang if
Value
High: 6.28319

Low: 0

= O legantlen.tif
Value
High: 2.23278e+007

Low: 0

= O leganplen.tif
Value
High: 65990.7

Low: 0

5 @ logangord.tit
1

m:
m3

.,
=
ma | EENERR]

&) ArcToolbox
e 3D Analyst Tools
B3 Analysis Tools
EJ Cartography Tools
B3 Conversion Tools
&3 Data Interoperability Tools
3 Data Management Tools
S Editing Tools
e Geocoding Tools
B3 Geostatistical Analyst Tools
&3 Linear Referencing Tools
B3 Multidimension Tools
@ Network Analyst Tools
3 Parcel Fabric Tools
& Schematics Tools
@ Server Tools
83 Spatial Analyst Tools
&3 Spatial Statistics Tools
= B§ TauDEM Tools
(=) & Basic Grid Analysis
5 D-Infinity Contributing Area
57 D-Infinity Flow Directions I
5 D8 Contributing Area
5 D8 Flow Directions
57 Grid Network
5 Pit Remove
& Specialized Grid Analysis
&, Stream Network Analysis
EJ Tracking Analyst Tools

444405 817 4662661.067 Meters

4. The D-Infinity Contributing Area function evaluates contributing area using the D-Infinity model
based on flow being shared between grid cells proportional to the angle to the steepest downslope
direction. This is designed to represent specific catchment area within dispersed flow over a smooth

topographic surface.

-

Z[ D-Infinity Contributing Area

- 2390 P..

Input D-Infinity Flow Direction Grid {must be .tif)

I loganang.tif
I apefie (must be .shp) {(optional)

- &

SpawnQOutlet
Input Weight Grid {must be .tif) (optional)

E=

Check for Edge Contamination

Input Mumber of Processes

(must be . tif)

Bi=]

e

-

D-Infinity Contributing Area

Calculates a grid of specific catchment
area which is the contributing area per =
unit contour length using the multiple
flow direction D-infinity approach. D-
infinity flow direction is defined as
steepest downward slope on planar
triangular facets on a block centered
grid. The contribution at each grid cell is
taken as the grid cell length (or when the
optional weight grid input is used, from
the weight grid). The contributing area of
each grid cell is then taken as its own
contribution plus the contribution from

B e e T e ra]

] lEnvironrnents... l l << Hide Help ]

| ToolHep |

Qutput D-Infinity Spedfic Ca
C:\Users\dtarb\Scratch\ oggh\spawnsca, tif
[ ok || cancel
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The result is illustrated below
rQ Spawn.muxd - ArcMap ° .w - ‘ . ‘ - e

- e —
DE2E& L 0@ x = |- @25 MEEA=1E =l Ll 4
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help | (& QQ iEl e E-0 8O L RS O R

Table Of Contents a2 x H
38 z
B & layers E g
=] SpawnOutlet g
o @

| <VALUE> &
[J1-100 .f_;;

[71100.0000001 - 300
[ 300.0000001 - 1,000
1 1,000.000001 - 3,000
I 1 3,000.000001 - 15,782
[=] spawnsca.tif
<VALUE=
[ 30 - 300
[ 3000000001 - 1,000 =
[791,000.000001 - 2,000
[ 3,000.000001 - 10,000
[ 10,000.00001 - 476,362.3438
= O loganslp.tif
Value

High : 248592

m

m
-

Low:0

u MIEEIERK
—_——

to identify the value of spawnad8.tif at the location of the outlet. Examine also the value of
spawnsca.tif at this location. Examine the properties of spawnsca.tif and determine its cell size.

To turn in:

6. Report the contributing area draining to the outlet location in number of cells and square kilometers.
Report the area of a single grid cell.

7. Report the value of D-Infinity contributing area at this location. Reconcile and explain the values of
D8 contributing are and D-Infinity contributing area in terms of grid cell size.

If you examine spawnsca.tif carefully you will see that it has been evaluated over a larger domain than
spawnad8.tif. This is most easily seen when you display spawnad8.tif above spawnsca.tif. In the below |
have circled in red some of the differences.

Page | 25



T — L » [E=REER

-
Q Spawn.mxd - ArcMap

Oegda B x|o & - 132752 =T 1= l=e T

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help (3 G k@ =M E -
Table Of Contents ax [ a2 _,'"' =)
EEELE . =
=
B = layers - z
E] SpawnOutlet g
=] spawnad8.tif| ?
<VALUE> %
[1-100 g

[I9 1000000001 - 300
[ 300.0000001 - 1,000
[ 1,000.000001 - 2,000
I I 3,000.000001 - 15,782
[=] spawnsca.tif
<VALUE=>
[ 30 - 300
[99 300.0000001 - 1,000 L
[791,000.000001 - 2,000
I [ 3,000.000001 - 10,000
[ 10,000.00001 - 476,362.3438
= O loganslp.tif
Value
High: 248592

m

|

Low:0

454546405 4634051.329 Meters

This is because the D-Infinity Contributing area function includes grid cells that only have part of their
area draining to the outlet, while the D8-Contributing Area Function includes only cells that drain
entirely to the outlet using the D8 model.

5. D8 Contributing area Mask. To retain consistency in the area used in the calculations we will mask
our calculations using the D8 contributing area. The following Raster Calculator calculation results in

a mask grid to use for these purposes

r — y B
#, Raster Calculator - 239 .- - » " . E@ﬂ
Map Algebra expression Output raster
Layers and... Conditional i The output raster resulting from the Map I
<>spawnad8.ﬁf Con El Algebra expression.
<>spawns:3.ﬁf '.@ . B[E. Pick
<>Iogansl|:l.tif Setiull
<>Ioganang.ﬁf Math
<>Iogar1|:|.tif abs
£ -
Eawem i '
[‘spawnads.ﬁf' =0 J
Dumutraster )
SHp— =
| ok || cencel ||Enviorments... || <<tideHep | [  ToolHep |
| e _ - — . _ T
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The result is illustrated below.

@ Spawn.mid - ArcMap

D2E& LB x » & wm - BEERD

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help L;J. Ll TR I§d - k@ =M S Gl .

—— ——— == =B = [ [ |

Table Of Contents 2% o
3084 g
=

= = layers i g
B @ SpawnOutlet §

! -
(mmpl =

= O spawna 0 x S_

<A

m

Wk
=
=
=

m

[ 300.0C | spawnmasktif @

I 1,000.00000T ==5.000

1 3,000.000001 - 10,000

[ 10,000.00001 - 476,362.3438
= O logansip.tif

Value
High : 2.48532

- g| 2o« L1} »
455121318 4634352505 Meters

The attribute table of spawnmask.tif indicates that this area contains 15782 grid cells, an area of 14.2
km?2. These values are slightly different from the values in the module (Chapter 6:8) as the DEM may be
slightly different, due to having been more recently downloaded from the National Elevation Dataset
perhaps using a different projection. These sort of small (0.2%) differences are not unusual in DEM
analyses repeated for the same area with different data. This exercise will follow Example 4 in the
module but with the current DEM data.

Assume the following hydrologic and parameter inputs

Ko= 10 m/hr
f=5m
0.=0.2
Q,=0.8m3/s

Assume that we want to calculate the runoff due to 25 mm or rainfall.
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6. Use the following raster calculation to evaluate wetness index, In (a/S).

#5, Raster Calculator 9% - = .m * E.L

s

Map Algebra expression Output raster |

Layers and = lInt - The output raster resulting from the Map

&> spawnmas n Algebra expression.
Sarammte| |22 [ l=)l= )] 2, 3
Somerald (o J(a)(o] (ICel]
<>Ioganslp.ﬁ' Mod
St [ 2] (e e

loganp.tif RoundDown
i D [ I o

I Ln{"spawnsca. tif” / oganslp. tif) * “spawnmask. tif”

Qutput raster

e 7
C:‘JJsers\dmrb\Saahd"l‘J.og*Ewnlnas.h’F I ﬁ
- -
| ok || cancel |[Envionments...|| <<tidetelp | |  ToolHep |
]
The result is:
(R © W & % E—
DeBE& - 58 x| 0| b- 0w P LT D
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help @. M@l e (T @ AN, WaR ey .
Table Of Contents 1 x =] s
g8 = z
= = layers - g
= & SpawnOutlet g
5 & spawnlnasdif ?
Value 2
High : 18.779 z
Low: 3.78266

=] spawnmask.tif
mi
= O spawnad8.tif
<VALUE>
[CI1-100
[ 1000000001 - 300
[ 3000000001 - 1,000
[N 1,000.000001 - 3,000
I [N 3,000.000001 - 15,782
i = O spawnsca.tif
<VALUE=
[ 30 - 300
[ 300.0000001 - 1,000
1 000 000ANT - 2000 [@ea|en «

m. J v
457316.449 4634416132 Meters

1

Note that in the calculation | used the multiply by the mask to isolate the result to the masked area.
Note also that | changed the color used to symbolize the mask to red and have this turned on behind the
wetness index layer, spawnlnas.tif. You can see red showing through in a few places. These are
locations where the slope is 0 and In(a/S) results in no-data.

The following raster calculation determines how many grid cells are like this.
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- w BIROT »o, SR

-
‘% Raster Calculator &9

- -~ |
Map Algebra expression Output raster
Layers and = Conditional - The output raster resulting from the Map
< spawninas Con Algebra expression.
S spavnnas IIB IEEI o
<>spawnad8 Setiyull
< spawnsca. Math
gloganslp.ﬁ' bs
loganang.d E
1 @ F I:f-E"l’\ sl
I "spawninas. if” >=0
QOutput raster
C:\sers\dtarb\Scratch\Logall \spawninaspos. if @

o0 [ concn ) aomeni) [ccriderc ] [ oo ]

The result is

(@ soounma-saiep =B " TS =

- -

D2ES8 L OB x ™ b am K EETSO e
File Edit View Boockmarks Insert Selection Geoprocessing Customize Windows Help ':1 MG AL dm 1§ - L ] hadl Wage Bl ﬂi

Table Of Contents B x -

2g8 3 %"

= &7 Layers - E

g

E

=] SpawnOutlet

I =] spawnlnaspos.tif
[ ]S
= o spawnin Table o x
Value M % %E o X
i Ingh spawnlnaspos.tif X
Low: 0ID | Value | Count

I EE]

Gojejeg @

mn

=] spawnm
1 M4 1w

I =H ol EB | ©outof1 selected)
[11 - 10 | spawninaspos.tif
[ 100000000 =300
i [ 300.0000001 - 1,000
1 1,000.000001 - 3,000
I 3,000.000001 - 15,782
= O spawnscatif
<VALUE> X2
3 - 300 “@e| e u L} ¢
454283.562 4634373.714 Meters

The attribute table of the result indicates 15731 positive grid cells so there are 15782-15731 = 51 grid

cells with zero slope.

The properties of spawnlnas.tif indicate the average value that is ) in TOPMODEL theory.
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7. Evaluate wetness index distribution. spawnlnas.tif may be used to evaluate the distribution of
wetness index through a series of raster calculations. Select a manageable number of bin values
(e.g. <4, 4-6, 6-8, 8-10, ... 18-20). The number of grid cells in each can be evaluated using a raster

calculation such as

F B
#, Raster Calculator -k L I Lal Y . E@ﬂ
Map Algebra expression Qutput raster
Layers and " =~ Conditional & The output raster resulting from the Map
S ll@ ] E[El N
<>spawnlnas = Pick
<>spawr1mas Sethull
<>spawnad8 e Math
< spawnsca, Abs
<>Iogansl|:|.ti' hd
g » o -
Espawnlnas.tif‘ <4 ]
Output raster
C:\Users\dtarb\Scratch'Loga
[ oK ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help

The result indicates only 5 grid cells in this case

(@ s = T s B
D2SES L OB x » o b wam LT D

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help Q Ll T 1§ - k@ BSOS S &
Table Of Contents X

5 < Layers - )
5 @ SpawnOutlet

o o omm

o ]

[} Table 0o x -
[=] spawnlna Q . %_ % ﬁ 0

B} - = 2

Inasltd tif X r

Goleen & | xoqiooLav @l

m

=] spawnlina
Value 0ID | Value | Count

W High: [»[ 0 0| 15
1 1 5

[Lm |

Low: 2 oA 1rn

= spawnmz E (0 out of 2 Selected) 2
1 Inasttd tif

= O spawnadésor .

<VALUE>

[11-100
[1100.0000001 - 300
[ 3000000001 - 1,000
[ 1,000.000001 - 3,000

. 3000 (00001 - 15 7R2 TlEe| e e ] D
451674855 4634426737 Meters

Use a series of these calculations to evaluate and plot a histogram of In(a/S) for Spawn Creek similar to
the one in the Exercise on page 6:14 of the module.

To turn in:
8. A histogram of wetness index distribution In(a/S) for Spawn Creek.

Page | 30



8. Evaluate soil moisture deficit. Evaluate D using equation (85) from the module
D =-min(r)+ mIn(T,)—mA
A raster calculation to evaluate soil moisture deficit D following equation (87) can then be set up:

D=D- m(ln(a /S) - X) =0.092 - 0.04 x (In(a/S) - 6.904)

Perform this calculation for your parameter values

r‘(% Raster Calculator - = w m hﬂl@m1
Map Algebra expression “ | Output raster -1
Layers and varia... = Conditional - The output raster resulting from
> spawninas. tif Cain the Map Algebra expression.
il | |70 [0 0 ) P50 (9|
Sreonr | ] oo =
<>spawr'|sa.tif Math
> deninerd [ =
loganang. tif
Exp
< loganp.tif T 0 D [E[E[E Comin T
I 0.092 - (0.04 * ("spawninas. tif” - 6.304))
Cutput raster )
C:\Users\dtarb\Scratch\Logah \spawnsMD. tif g
[ ok ][ cancel |[Envionments...| [ <<tidetelp | [ Toolhep |
. A
The result shows soil moisture deficit
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<VALUE=

11 - 100
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The dark blue grid cells are saturated. The light blue cells have soil moisture deficit less than 0.025 m so
will saturate with 25 mm of infiltration. The remaining grid cells would not saturate and would not
generate runoff during our 25 mm storm.

To turn in:
9. Report the value of the TOPMODEL parameters A and D for Spawn Creek and the conditions given.
10. A neatly labeled layout map showing the soil moisture deficit for these conditions.

A raster calculation can be used to determine the fraction of area that is saturated (D <= 0) which when
combined with the flat area gives the area where there is no infiltration and all precipitation is runoff.

Similarly a raster calculation can be used to isolate the area with D between 0 and 0.025 m. This is the
area that will saturate during the storm. This raster calculation requires a bit of conditional logic and is

#, Raster Calculator ' 8 " = | B [

Output raster

Map Algebra expression

The output raster resulting from

Layers and varia..  # Conditional
the Map Algebra expression.

S 2EEEEEE)
> spawninas. tif ﬂ / i Pick
<>spawnmask.t’f = | 4 E’ 5 - o | Sethull
<> spawnads, tif | Math
sov el Dl
logansip. tif — i
e P
Ongrerg st~ | [ [ )]z | 22, -

I “spawnSMD. tif” f (("spawn3MD. tif™ = 0) & ("spawnSMD. tif” < 0.025)) I

[ ] »

Qutput raster

C:\Users\dtarb\scratch \Lo8an\smdwillsat., tif :

| Ok | | Cancel | lEnvironments... | l <« Hide Help | | Tool Help

¥ e = ~]

Subtracting the average of smdwillsat.tif from 0.025 gives the average depth of runoff generated from
this area, which when combined with the area gives the total runoff.

To turn in:
11. The area and volume of runoff generated from flat areas for these conditions

12. The area and volume of runoff generated from saturated areas for these condition

13. The area and volume of runoff generated from areas that will saturate for these conditions
14. The total volume and per unit area depth of runoff generated for these conditions

15. The runoff ratio from this storm with these conditions
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Summary of Items to turn in.

1

10.
11.
12.
13.
14.
15.

Report the contributing area draining to the outlet location in number of cells, square kilometers and
square miles. Report the area of a single grid cell. Compare your result in square miles to the USGS
drainage area value for this site.
Prepare a table that reports for the 7 stream links in the Spawn Creek tributary of the stream
network the following attributes:

- Link number

- Downstream link number

- Upstream link number 1

- Upstream link number 2

- Downstream contributing area

- Length

- Identifier of corresponding watershed (WSNO)
Open the attribute table of loganw and identify the count (number of grid cells) of the 7 Spawn Creek
subwatersheds. Based on this count calculate area of each subwatershed and reconcile your values
with contributing area values in the table from the stream network.
Prepare a diagram that shows, based on your answers to 4 and 5, how connectivity between
subwatersheds, stream links and upstream and downstream links is encoded.
Report the following for the Logan River

- mean annual discharge in cfs

- mean annual runoff (discharge per unit area) in mm

- Minimum, maximum and mean of mean annual precipitation over the Logan River

watershed from PRISM in mm

- Runoff ratio for the Logan River
Report the contributing area draining to the outlet location in number of cells and square kilometers.
Report the area of a single grid cell.
Report the value of D-Infinity contributing area at this location. Reconcile and explain the values of
D8 contributing are and D-Infinity contributing area in terms of grid cell size.

Report the value of the TOPMODEL parameters A and D for Spawn Creek and the conditions given.
A histogram of wetness index distribution In(a/S) for Spawn Creek.

A neatly labeled layout map showing the soil moisture deficit for these conditions.

The area and volume of runoff generated from flat areas for these conditions

The area and volume of runoff generated from saturated areas for these condition

The area and volume of runoff generated from areas that will saturate for these conditions

The total volume and per unit area depth of runoff generated for these conditions

The runoff ratio from this storm with these conditions.
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