Exercise 5. Height above Nearest Drainage Flood Inundation Analysis
GIS in Water Resources, Fall 2016
Prepared by David G Tarboton

Purpose

The purpose of this exercise is to illustrate the use of TauDEM for calculation of the height above the
nearest drainage (HAND) from a digital elevation model, and then to use this HAND raster to derive
stream reach hydraulic properties, and then the flood inundation depth and produce a flood inundation
map.

Computer and Data Requirements

To carry out this exercise, you need to have a computer which runs ArcGIS Pro. You will use the
CyberGIS TauDEM App online from HydroShare to run TauDEM. This eliminates the need for you to
install TauDEM.

The following data is provided in Ex5.zip (http://hydrology.usu.edu/dtarb/giswr/2016/Ex5.zip)

e OnionHand.gdb. A geodatabase containing NHDPlus flowlines and catchments for Onion Creek.
This also contains address points that will be used in assessing addresses vulnerable to flooding.

e Onion3.tif. A 1/3 arcsecond digital elevation model from the National Elevation dataset. This
DEM has already had a flow direction conditioning procedure applied to it to remove barriers
along high resolution NHD flowlines.
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There is also a file Ex5Intermediate.zip
(http://hydrology.usu.edu/dtarb/giswr/2016/Ex5Intermediate.zip) provided that includes intermediate
results that you can use if you have trouble with CyberGIS or some of the other steps involved.



http://hydrology.usu.edu/dtarb/giswr/2016/Ex5.zip
http://hydrology.usu.edu/dtarb/giswr/2016/Ex5Intermediate.zip

Computation of Height above the Nearest Drainage Raster

1. Preparing the inputs
Unzip the zip file and add the DEM and NHDFlowlines and Catchments to a Map in ArcGIS Pro.
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To evaluate the height above the nearest neighbor raster we need a raster of stream grid cells
consistent with NHDplus. While it is possible to directly convert the NHDFlowline dataset to a raster, it
is preferable to have a stream raster consistent with DEM flow directions. We therefore use a
procedure to identify dangling vertices of the NHD flowlines and use these as seed points to delineate a
stream raster. Dangling vertices are points at the extreme "dangling" ends of a feature class.

Open the geoprocessing panel and search for "dangle", then select the Feature Vertices to Points tool.
Set the parameters as follows. Add the output Feature Class DanglingVertices in the OnionHand.gdb
Geographic feature class and run the tool.
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You should see a map with points at the end of each stream.

Next we need to convert these points to a raster to use in seeding the TauDEM stream network
delineation. Locate the Feature to Raster Geoprocessing tool and set the following inputs.
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Set the field to StartFlag. This is a convenient field in the attribute table that has the value of 1. Save
the output raster "Start.tif" in the same location as the DEM. | used a folder named "Onion" from the

initial unzipping.

Do not press Run just yet. Click on environments. Then for Output Coordinate System click on

Onion3.tif.
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The display will switch to GCS_North_American_1983 indicating that this coordinate system from the
Onion3.tif file will be used. This is important to get the resulting raster the same dimensions as the
DEM. Next click on Extent and Snap Raster and in both cases pick Onion3.tif.
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The environments parameter settings should be as follows. Then click run.
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The result should be a new raster "start.tif" that has the same number of rows and columns as
Onion3.tif DEM. Check this, as if this is not the case the stream delineation will not work.

Layer Properties: Start tif X

General * =
“ Data Source

Metadata

Source Data Type  Raster

Elevation Location  CAUsershdtarb\DocumentshExS\Onion,

Cache Dataset Start tif

Joins
¥ Raster Information

Relates

Columns Fand
Rowus 27l

Mumber of Bands 1




Bler=Egio-c-|- RASTER LAYER ArcGIS Pro - Hand - Map
MAP  TNSERT | ANMALYSIS | VIEW  EDIT  SHARE  APPEARANCE  DATA

- :;tﬂj ‘V:;" @@ \__‘.[—T-I“ E—ﬂ
|

|. @;x élj’x

Histany Python kodelBuilder Ervironrents Toals Feature Clip Intersect Union Buffer Mear Generate  —  Mehwork Raster  Function
Analysis = lnin MearTable |=| Analysis~ | Functions  Editor
Geoprocessing ] Portal Tools Raster Data
Map X
Contents - 7 x | [

ekl

T P -
EO K /5 &Il

Rl

Drawing Order

|

4[] Map ‘
4 DanglingVertices |
1 |

|

|

|

|

|

4 [J] NHDFlawline

4 Catchment

4 [J] Start.if
Value
o
]!
’ Onion3.tif ‘
Value |

L |

Do not worry about the block like appearance. It is due to no data values. Locate the Reclassify (Spatial
Analyst) Geoprocessing tool to fix this. Set the input raster as Start.tif and adjust the values as follows.
Save the output as Startrc.tif (rc for reclassified) and Run.
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The result should be a raster with values 0 and 1, with no data values. If you zoom in over the sources of
NHDFlowlines you will see that there is a single cell with a value of 1 at the source of each stream. The

raster Startrc.tif will be used together with Onion3.tif in TauDEM to delineate a stream raster using
CyberGlS.
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If you have trouble doing this, the file Startrc.tif is in
http://hydrology.usu.edu/dtarb/giswr/2016/Ex5Intermediate.zip.

2. Load to HydroShare
Go to www.hydroshare.org.
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Join the community to start sharing

HydroShare is an online collaboration environment for sharing data, models, and code.



http://hydrology.usu.edu/dtarb/giswr/2016/Ex5Intermediate.zip
http://www.hydroshare.org/

If you already have an account go to "My Resources", otherwise click sign up now and enter your name,
email and other details to request an account. You will receive an email that requires you to validate
your email (check your junk folder if you do not immediately receive this).

At My Resources click Create new.
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Use a generic resource type (the default) and type in the Title "Onion Creek Flood Inundation Analysis".
Browse to add files and select the two files "Onion3.tif and Startrc.tif" and click Create Resource.
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Select aresource type and upload files as needed to create a new resource

» Files you upload here will be grouped together into a "Resource” in HydroShare.

 File size is limited to 1 GB per file for direct browser upload from your local disk.

# Files larger than 1GB can be imported directly from any iRODS account. You can create a HydroShare iRODS account from your user profile page. See help for information on working
with iRODS directly.

* You can also add files directly from any iRODS server regardless of the file size.
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This may take a while as files are being uploaded into the HydroShare server at RENCI at the University

of North Carolina in Chapel Hill. Eventually you will get to the HydroShare Landing Page for this resource

where you have tools for adding metadata, such as an abstract, keywords, spatial coverage etc. You

could also change the permissions setting to share with others and collaborate on this if you want. |

suggest entering just a short abstract and keywords for this resource. Click on the Pencil icon to edit.




Authars: Dave Tarboton

Owners: Dave Tarboton
Resource type: Generic
Created: Oct. 18,2016, 7:08 a.m.

Last updated: QOct. 18, 2016, 7:08 a.m. by Dave Tarboton

Abstract

Digital elevation model and related files for a height above the nearest drainage analysis in Onion Creek.

How to cite
Tarboton, D. (2016). Onion Creek Flood Innundation Analysis, HydroShare, http://www.hydroshare.org/resource/bele70388bbada06a364e127f33deb74 ]
Select a license €9 Statement

Creative Commons Attribution CC BY ﬂ This resource is shared under the Creative Commons Attribution CCBY.

uri

http://creativecommons.org/licenses/by/4.0/
Sharing status: Public = Discoverable

Shareable

You are the owner of this resource.
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3. Use CyberGIS
Go to http://gwdev8.cigi.illinois.edu:8080/home/. Note that this is a prototype CyberGIS Gateway App
website as this functionality is still under development. Register for an account at CyberGlIS by clicking

on the Register link and entering the information requested.

@ Q Search & A 4+ @ 4 "b & =

Home Apps Visualization Community Help

Once you have a CyberGIS account, return to HydroShare and at your Onion Creek Resource click Open
with TauDEM CyberGIS Terrain Analysis App.
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. L]

—
e O jupyter JupyterHub-MCSA
-

‘& Document Yiewer
A

o TauDEM CyberGIS Hydrologic Terrain Analysis App
Jupyter JupyterHub-USO[oETE]-
"J

If you receive a security certificate warning click "Continue to this website". The configurationof

certificates for secure web data transfer is not properly up to date.

Log in using the account you just created.
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Visualization Community Help
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CyberGIS User Login

User 1D or E-mail:

Password:

login | Forgot Password?

You will also need to Authorize the TauDEM App. This is similar to authorizing an app on a cell phone to

access your data.
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Authorize TauDEM CyberGIS Hydrologic
Terrain Analysis App?

Application requires following permissions

« Reading scope
« Writing scope

You should get to the TauDEM CyberGIS App page. This is designed for you to indicate the result that
you want, then it will figure out what sequence of commands to run.
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e o £ it :
Coordinate System: EPSG: 4269 [F] Dinfinity Specific Catchment Area 7
Vertical Unit: m [F] Contributing Area Stream Raster 14
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[F] Stream Metwork And Subwatersheds 21
[F] Topographic Wetness Index 22 In
4 = Specialized TauDEM Products
[[] Moved outlets 17
[[] Gage Subwatersheds 27
[F] Contributing Area Stream Raster Stream Drop Threshold 18
[F] Peuker Douglas Stream Raster Stream Drop Threshold 19
[[] Slope-Area Stream Raster Stream Drop Threshold 20
[F] Slope-Area Stream Raster 16
[F] D8 Flow Accumulation Options 11
[F] D8 Distance To Streams 25
[F]  Dinfinity Flow Accumulation Options 12
[F] D-Infinity Distance Down 28
[[]  D-Infinity Distance Up 29
[F] Grid Network Options 13 — B
[F] | Grid Path Length 9
[[] Grid Strahler Order 8 Click a node to view its details.
[F] Grid Total Length 10
[F] Slope Area Ratio 24
Results )| [ Siowe Avrage Davm * Legend: need attention @ configurable @ function (@ file
Copyright & CIGI. CyberGIS Gateway, powerad by GiSalve or .
CyberGIS Gatewsy is based upan work supported in part by the Nationsl Science Foundstion nt Numbers: 0848855, 1047918, and 1443020, T
Any opinicns, findings. snd conclusions or recommendations exprassed in the Gatewsy sre those of the suthor(z) and do not necessarily reflect the Lpsks

views of the Nstionsl Science Foundstion.

First you need to enter an Analysis name. Here | suggest using "dem" as this will be used as a prefix for
the rasters produced. Then you can click on the check boxes for whatever TauDEM products you want.
Here we first want to delineate streams from the start points of NHDPlus streams. This is a weighted
contributing area calculation, so select the D8 Flow Accumulation Options product. Note that the
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system automatically fills in the sequence of functions to run. You can hover over each symbol to learn
about it.
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Data Source: HydroShare Data Resource & ol ; . 5 -
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Upper-right: [-65.989,50.001] [F] D8 Contributing Area &
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Lower—lgfl [-125.001, 23.999] [ Dinfinity Slope a
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def
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[F] Moved outlets 17 . bE . bE
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[C] Contributing Area Stream Raster Stream Drop Threshold 18
[E] Peuker Douglas Stream Raster Stream Drop Threshold 18 . areads ‘
[C] Slope-Area Stream Raster Stream Drop Threshold 20

glope-Area Stream Raster 16
8 Flow Accumulation Options 11 . b8
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[F] Dinfinity Flow Accumulation Options 12
[F] D-Infinity Distance Down 28
[F] D-Infinity Distance Up 29
[F] Grid Network Options 13 = = =
[C] Grid Path Length 9
[ | Grid Strahler Order 8 Click a node to view its details.
[C] Grid Total Length 10
[F] Slope Area Ratio 24
Results )| |[El| Slope Average Down 0 Legend: (0 need attention @ configurable @) function (@) file
Gopyright & 2010-2015 CIGL CyberGlS Gateway, powered by GlSolve e

CyberGIS Gatewsy is bssed upon work supported in part by the National Science Foundafion under Grant Numbers: 1846655, 104718, and 1443080
Any opinicns, findings, and conclusions or recommendstions expressed in the Gateway are thse of the author(s) and da not necessariy reflect the
views of tha Nationsl Science Foundation.

Next click Parameters at the top. Here you get to specify input parameters. For Aread8 set the weight
file "wg" to Startrc.tif. You can also click on the blue circles to check the inputs. Make sure that the
input at the top "In" for the z file is Onion3.tif.
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Coverage in Native Projection
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Type: file
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The diagram indicates that Onion3.tif will be used as input to a Pit Fill to produce "Hy" a hydrologically
conditioned DEM. Then D8 flow directions will be run to produce D8 slope and D8 Flow Direction
rasters. Then AreaD8 will be run to produce a weighted D8 contributing area. By using the start grid

cells as weights we will effectively define a stream network starting only at the start points of NHD
streams.

At the top click on Review then submit.
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You should see an animated hammer indicating that the job is queued.
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App: TauDEM <

My Analysis -

i) New (L) Newfrom... ‘=1 load (5 Delete 2 Refresh
Mame Time created « Status
w7

Iy
b

dem 2016/10/18 1:43:32

Eventually this changes to a spinning globe, followed by a few other symbols that give a sense of where
the job is in the processing. When you see the map icon the job is complete.

Select on the Analysis list and click load to see your results on the map.

App: TauDEM <%
My Analysis =
&) New &) New from... 3 Delete 2 Refresh
Mame Time created Status

dem 201610/18 1:43:32 i

Then right click on layers to show on the map.
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& TauDEM:5208_demsd8 L4
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Once the job is complete you can refresh the HydroShare resource that you started with and you will
see that it contains additional files. These are the result of the processing that have been saved back to
HydroShare for you to use.
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Content

E data/contents/dem-taudem-stdout.log
240 bytes

H data/contents/dem.tif
828MB

E data/contents/dem.sh
11KB

H data/contents/Onion3.tif
B4.6MB

H data/contents/Startrc.tif

ata/contents/demad8o.tif

ME

E data/contents/demfel.tif
83.0MB

E data/contents/demp.tif
6.6MB

E data/contents/demsd8.tif
93.9 MB

@@@@E@@@@@

H data/contents/dem-taudem-stderr.log
22KB

Download demad8o.tif by right clicking on the blue download arrow. Put this file in your "Onion" folder
and look at it in ArcGIS Pro. Use a Classify symbology and set as transparent values less than 1 and blue
values greater than 1.
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4[] Map il | -:
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4 [J] Catchment
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Value
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4[] Startrctif
Value
Oao
H:

4[] Starttif N : —

Zoomed in you see that this provides a raster that very closely follows stream NHDFlow lines. It also
peters out right where it enters the Colorado River (of Texas). This is because the Colorado river enters
from outside the map so its Flow Accumulation is unknown (based on the data in the map) and
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calculated as "no data". We will use a threshold value of 1 on this raster to define a stream network.
We will also use this raster as the Height Above the Nearest Drainage target.

Go back to HydroShare and again on the Onion Creek Flood Inundation Analysis Resource Open With
TauDEM CyberGIS App.

Provide an analysis name "dem2" to keep results separate from the previous ones. Select the product
D-Infinity Distance Down. This will evaluate height above the nearest drainage (HAND). We will use the
weighted flow accumulation to define the target source streams in this calculation.

App: TauDEM <« Result Visualization New Analysis Wizard
My Analysis: -1:my_taudem s Analysis Name: | Type here... Progress: < Study Area Product{s) Parameter(s) Review > Submit Help
Filter

Data and Parameters

[0 Name RID
Data Source Study Area ‘Workflow

= Common TauDEM Products
Data Source: HydroShare Data Resource

Provider: HydroShare Data Resource

[F] | Hydrologically Conditioned Elevation Grid 1
Coverage [F] D8 Flow Direction 3
Lower-left: [-1256.001, 23.999] [ | D8 Slope 2
Upper-right: [55.999,50.001] [ | D8 Contributing Area ]
5
4
7

Coverage in Native Projection: [F]| Dinfinity Flow Direction
Lower-left: [-125.001, 23.998] [F]| Dinfinity Slope

-
Upper-right: [65.999,50.001]
Coordinate System’ EPSG" 4769 [F]  Dinfinity Specific Catchment Area . oy
Vertical Unit m [ | Contributing Area Stream Raster 14

[C]  Peuker Douglas Stream Raster 15

[C] sStream Network And Subwatersheds 21

[F] | Topographic Wetness Index 22 .

+ B Specialized TauDEM Products

[0 moved cutlets 17 . 0i . Di

[C]  Gage Subwatersheds 27

[F]  Contributing Area Stream Raster Stream Drop. 18

[F] | Peuker Douglas Stream Raster Stream Drop Th... 19 Din
[C] Slope-Area Stream Raster Stream Drop Thresh... 20

[0] Slope-Area Stream Raster 16
[C] D8 Flow Accumulation Optiens 11 . i
[F] D8 Distance To Streams 25
[ emiaiabeEle beanulation Ootions 12
»
[C] | O-Infinity Distance Up 29
[C] Grid Network Options 13 - - =
[7] Grid Path Length 9
[F] | Grid Strahler Order 8 Click a node to view its details.
[C] Grid Total Length 10
[0] Slope Area Ratio 24
Results +]| | [El| Slope Average Down 23 Legend: nesd attention @ configurable @ function (@) file

Click on Parameters at the top and for src file select demad8o.tif. This specifies the target streams to
which distance is computed. Select stat method "ave". This says to use average distance. Select dist
method "v". This says to use vertical drop.

18



App: TauDEM << Result Visualization New Analysis Wizard *

My Analysis: -1:my_taudem +| | | Analysis Name: Type here... Progress: < Study Area Product{s) Parameten(s) Review > Submit Help
Data and Parameters = D-Infinity Distance Down ?
Data Source Study Area ‘Workflow
pitremove
Data Source: HydroShare Data Resource A
Provider: HydroShare Data Resource din This function doesn't require anything from user.
Coverage
Lower-left [-125.001, 23.998]
Upper-right: [-65.899,50.001]
Coverage in Native Projection: dinfowdir
Lower-left: [-125.001, 23.999] Di
Upper-right: [-65.999,50.001] This function doesn't require anything from user.
Coordinate System: EPSG: 4260
Vertical Unit: m
O Din DinfDistDown
src file:™ Jdata/contents/demadBo.tif | v
1
wa file: Select from the external resow |
stat method: ™ ave A
. di dist method:* |l x ¥
nez:* =
Inspector: ¥
Click a node fo view its details.
Results + | Legend: @ need attention @ configursble @ function @) file
e e e o -
[C] Grid Network Options 13
Inspector:
[C] | Grid Path Length 9
[[] | Grid Strahler Order 8 Click a node to view its details.
[C] Grid Total Length 10
[F] Slope Area Ratio 24
Results +|| |0 Slope Averags Down 26

Legend: @0 need attention @ configurable @ function () file

&«

Then click Review and Submit. When you see the map icon the job is complete. Select dem2 on the
Analysis list and click load to see your results on the map.

App: TauDEM £

My Analysis -

) New () Mew from... w 3 Delete Y Refresh
Mame Time created Status
de 2016/10/18 6:52:38 %l
dem 2016/10/18 1:43:32 E

Then right click on dem2dd to show on the map.
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App: TauDEM

My Snahysis: 5210:dem2

Data and Parameters
Results
Data
#  TauDEM:5210_demZang _q‘ F
H | TauDEM:5210_demzslp w
#  TauDEM:5210_dem2fel _,\ ;
TauDEM:5210 damadd 4

@ Shiow on map

‘ﬂ' Layer order: up
3‘ Layer order: down

You should see a visualization of the HAND raster dem2dd.tif in the CyberGIS map display.

gwaevs

Gateway

App: TauDEM “ Result Visualization

5

@IIIIIIE‘IIIIIIIIIIEC@

My Analysis: 5210:dem2 +

Data and Parameters +

Results =
Data

TauDEM:5210_demZang

al
o B

H  TauDEM:5210_dem2sip

H  TauDEM:5210_dem2fel

a
= i

#  TauDEM:5210_dem2dd

Pt

You can use the zoom and pan controls circled, and the layers control on the right to control what is
displayed on the map. You can also expand the color legend on the left to see how to interpret the

colors.
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App: TauDEM «

My Analysis: 5210:dem2 +
Data and Parameters (=) i F Base Layer
| Quscs Tope
Results = : 3 @us states
Data [ > Overlays

FdtauDEM:5210_dem2fel

& TauDEM:5210_demzZang 4 5 WidTauDEM5210_dem2

©  TauDEM:5210_dem2slp
& TauDEM:5210_demafel

TauDEM:5210_dem2dd =
Legend
Distance Down (Meter)
0.000277777779 - 0.000833333337
0.000833333337 - 0.005000000022
0.005000000022 - 0.045000000198
0.045000000198 - 0.540000002376
0.540000002376 - 8.10000003564

£.10000003564 - 145.200000642

= 810000003564

Wow! Here you performed quite an elaborate analysis with TauDEM completely on the web, or to use
the computing cliché "in the cloud". You did not have to install or configure software. You did not have
to figure out too much about the sequence of functions to run. This is one of the directions that GIS
computing is moving to in the future.

To turn in. Make a screen shot of the CyberGIS map of HAND you produce zoomed out and zoomed in to
an area of interest. Write a short explanation of the color symbology interpretation.

Go back to HydroShare and refresh the landing page for the Onion Creek Flood Inundation Analysis
resource. You should see a new set of result files that have been added to this resource.
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Content

i data/contents/dem2-taudem-stderr.log
22KB
i data/contents/dem-taudem-stdout.log
240 bytes
i data/contents/dem.tif
528 MB
h data/contents/dem.sh
11KB
H data/contents/Onion3.tif
84.6 MB
i data/contents/Startrc.tif
169.9 KB
i data/contents/demad8o.tif
17 MB
i data/contents/demfel.tif
85.0MB
i data/contents/demp.tif
4.6 MB
i data/contents/demsd8.tif
93.9MB
H data/contents/dem-taudem-stderr.log
22KB

H data/contents/dem2ang.tif
821MB

i data/contents/dem2-taudem-stdout.log
10KB

CHCNCHCNONCNONCHNONCNCONONCHNO,

i data/contents/dem2.tif
8323 MB

i data/contents/dem2dd.tif
3.4 MB

i data/contents/dem2.sh
12KB
. data/contents/dem2fel.tif
53.0MB
H data/contents/dem2slp.tif
94.2 MB

&

[CHCNC)

Download dem2dd.tif. This is the HAND raster for this watershed. Also download dem2slp.tif that we
will use later. You are now done with CyberGIS and HydroShare and can close the browser if you want.

In case you are unable to complete the CyberGIS processing you can get the result files dem2dd.tif and
dem2slp.tif in http://hydrology.usu.edu/dtarb/giswr/2016/Ex5Intermediate.zip.

4. Hydraulic Properties
Add the HAND raster that you downloaded to your ArcGIS Pro map.

Adjust the symbology to illustrate the HAND raster nicely. In the below | used a Classify symbology with
colors from dark blue where HAND is small to browns for large.
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http://hydrology.usu.edu/dtarb/giswr/2016/Ex5Intermediate.zip

Drawing Order

4[] Map
4[] Dangling¥ertices
Fealting

Austin

4 [J] MHDFlowline

4 [J] Catchment

4 [J] dem2dd.tif

Walue - : o 5%

W -

B <=5

| <=0 A 1 R\ e RN 5T

- e T T S g

B 12286101 R Yt - e
4[] dermaddo.tif o £

M1 a nnoovasanat Nieserwald

To turn in. Make a map layout of the HAND raster that illustrates it nicely. Include NHDFlowline and
catchment feature classes in this map, together with a legend, title and scale bar.

Now lets determine hydraulic properties and potential flooding for one particular catchment. Lets pick
FeaturelD=5781733. This was one that was particularly affected by flooding a few years ago.

Open the attribute table of Catchments. Click on Select by attributes and add a clause FEATUREID is
Equal to 5781733 and Run.

©  Select Layer By Attribute =
Parameters | Ervironments

Layer Marme or Table Wiew
Catchrment M

Selection type

Mewy selection =
Expression
I 1
Field Walues Fields Cancel

FEATUREID |~ | |is Equal to MR TENNEE: y

You should see a specific NHD plus catchment selected. Zoom to Selection to see it better.
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182,012 - || B 21 | 097,71 30.19M | Selected Features: 1 |
[ Catchrent X =

Field: [ New [ Delete B Caleulate | Selection: &2 Zoom To Ly Switch [i] Clear 3¢ Delete =
4 OBIECTID  Shape GRIDCODE FEATUREID  SOURCEFC AreaSgkhd | Shape_length  Shape_frea
Il Palygon 1637550 5781385 MHOFlowline - 29,9412 - 0.391446 - 0.002805 &
2 Palygon 1637568 5781395 MHOFlowline Lad1l 0.093265 0.00015 I
.3 Palygon 1637613 5781409 MHOFlowline 19476 0077375 0.000182
4 Palygon 1637633 5781947 MHOFlowline 0.684 0.049626 0.000064
i Palygon 1637642 5781733 MHODFlowline 711949 0.21356 0.000667
i Palygon 1637645 5781371 MHOFlowline 0.08149 0.014429 0.0o0000%

Locate the Geoprocessing tool Extract by Mask. Set the input raster as dem2dd.tif, input feature mask
data as Catchment, and output raster as catchdd.tif. | put this in the "Onion" folder. Click Run.

© Extract by Mask

@

Parameters | Erwironmnents

Thput raster
| dem2dd.tif -| &

Input raster or feature rmask data
|Catchment "| +

Dutput raster

catchdd.tif

With a single feature selected this results in a raster with values retained (masked out) just for the
selected polygon. This allows us to examine the HAND layer for this polygon in detail.

Perform the following raster calculations
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© Raster Calculator

®© Raster Calculator

&

Parameters | Erwironments

)

Parameters | Erwvironments

Map Algebra expression Map Algebra expression

Rasters + Tools \ 4 Rasters +  Tools
catchdd.tif == - It1.tif Operators i
dem2dd.tif ) I catchdd.£if .

dem2dd.tif -

#*

!

"catchdd.tif" «1 1-("catchdd.tif" / "1tl.tif")

ommmy| g

o |y

Output raster

Output raster
i gif | & | dl.tif *
® Raster Calculator = © Raster Calculator =
Parameters | Ervironments @ Parameters | Ervironmeants @
(i)Map Algebra expression Map Algebra expression
Rasters + Tools Rasters + Tools I
d1.tif == * It6.tif - *
It1.tif S d1.tif S I
catchdd.tif - [t1 tif P
dem2dd.tif ‘e catchdd.tif “=
dem2dd.tif -
= =

"catchdd.tif" <& 6-( “"catchdd.tif"/ "1t6.tif")

" TP
Aommmy| g

Output raster
| + dé.tif

Output raster
| it6.tif

It1.tif is a raster with all grid cells less than 1 m. If you look at it's attribute table you will see that there
are 726 grid cells with a value less than 1.

Field: 9 Delete [E Calcul

A OID  Walue  Count
|n 0 77011
1 1 73
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If you look at its Raster Information in properties you will see that the cell size is 9.2 x 10” deg. The units
are degrees in geographic coordinates.

“ Raster Information

Columns Te52

Rots 2566

Mumber of Bands 1

Cell Size ¥ 9.25925930000012E-05
Cell Size Y 9.25925330000008E-05

The length and width of each cell (taking latitude as 30°) and earth radius as 6371 km

s
Ax = 6371000 x 9.259 x 1075 X 180 % cos(30) =8.92m

s
Ay = 6371000 X 9.259 X 107> X 180 ~ 10.3m

The cell areais thus 10.3 x 8.92 = 91.9 m.

The surface area at a stage of 1 mis thus 726 x 91.9 = 66719 m?.

di.tif is a raster with grid cells that give inundation depth for a stage height of 1 m. Look at its Statistics
in Properties to see its mean value.

v Statistics
Build Pararmeters: skipped columns: 1, rows: 1, ignored valueisi: Mone

Band Marme  Minirnurn M azimnum Mean Std. Dewiation

Band_1 00069427490 | 1 0.7185306579 | 0.351¥051763

This mean depth of 0.719 m represents a volume of
V =0.719 X 66719 = 47971 m?3

To obtain the wetted bed area we need a slope raster. Use dem2slp.tif from the Onion Creek Flood
Inundation resource in HydroShare downloaded earlier (or download now if you missed it). This is the
slope computed by TauDEM. Add this to the ArcGIS Pro map.

26



Evaluate the following Raster Calculator expression

© Raster Calculator =
Parameters | Ervironments "E”
kap Algebra expression
Rasters + Tools
dermslp.tif SquareRoot
diltif
It1.tif ACos
catchdd. tif AlosH
dem2dd.tif Asin
dernadio.tif AdinH
SquareRoot({ "demZslp.tif" #* -
"demZslp.tif") + 135 "1tl.tif"
Output raster
srpLtif +

This evaluates for each grid cell /1 + slp?. By dividing by It1.tif only grid cells within the area with
stage less than 1 are evaluated. Statistics on this indicate a mean of 1.00125.

w Statistics

Build Pararneters: skipped colurnns: 1, rowes: 1, ignored walue(s): Mone

EBand Marme  Minirnurn F axirnurn Mean Std. Dewiation

Band_1 1 1.0340509414  1.0012495048 @ 0.00218453758

The following formula gives bed area

Ay = EAmll + slp?

Here thisis 726 x 91.9 x 1.00125 = 66803 m?

Use identify to determine the length and slope attributes of the NHDFlowline segment through this
catchment (length = 4.072 km = 4072 m, slope = 0.001749). Assume mannings n = 0.05. With this
information the hydraulic properties and uniform flow discharge needed for a rating curve can be
calculated.
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Stage h (m) 1 6 10

As (m?) 66719

Ao (m?) 66803

V (m?) 47971

L (m) 4072 4072 4072

A= V/L(m?) 11.8

P=Ay/L (m) 16.4

R=A/P (m) 0.719

So 0.001749 0.001749 0.001749

n 0.05 0.05 0.05
1

Q= %AR§S§ (m3/s) 7.92

Q (ft3/s) = Q(m3/s) x 35.3 279.6

Follow the procedure above to determine the discharge associated with stage heights of 6 m and 10 m
and fill in the table above.

To turn in. Table giving hydraulic properties and discharge associated with stage heights of 6 m and 10
m. Plot a rating curve with discharge on the x axis and stage height on the y axis (convert to ft) that has
three points corresponding to depths of 1, 6 and 10 m.

The NHDFlowline feature class provided for this exercise has an attribute FloodFlow_cfs. This is the last
column. This was calculated taking the October 31, 2013 Onion Creek flood discharge of 120,000 ft3/s
and scaling by QO0001A to obtain an estimate that is roughly based on contributing area for each reach.
The FloodFlow_cfs for this reach is indicated as 98231 ft3/s.

NHDFIan'lnE-Onl'ﬂn'Creelr_ s X

ACTS : pis

a 0.39821

b 0.81793

BCF 1.26834

r2 0.625

SER 0.34114

MRef 63

gageseqp 0.2

gagesed 0

RPUID 12c

Shape_Length 0.039211 =
Bd & Q

Interpolate based on the results above a stage height that corresponds to this discharge. If you are
unable to succeed with the calculations above pick a stage height of 6 m.
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To turn in. Report the stage associated with a potential flood discharge of 98231 ft3/s in Catchment with
COMID =5781733.

Use Raster Calculator functions to determine the Inundation depth in this catchment for the stage
height you calculated. Add the AddressPt Feature class to your map. Create a new feature class that is
just address points in this catchment (COMID = 5781733). Use Zonal Statistics as Table (Refer back to
Homeworks 2 and 3 if needed) to determine HAND from catchdd.tif for addresses in this catchment.
Prepare a map that shows addresses where the HAND value is less than the flood stage height you
determined. These are addresses subject to flooding for this discharge. Prepare a plot that shows the
distribution of inundation depths (as a histogram) for address points within this catchment.

To turn in. A layout showing the catchment with COMID=5781733. On this layout include HAND,
potential flood inundation depth based on your calculate flood stage. Include address points using a
separate symbol for address points subject to flooding in this potential flood. Your plot that shows the
distribution of inundation depths for address points potentially subject to flooding in this catchment at
this discharge.

OK. You are done!

Summary of Items to turn in.

1. Make a screen shot of the CyberGIS map of HAND you produce zoomed out and zoomed in to an
area of interest. Write a short explanation of the color symbology interpretation.

2. Make a map layout of the HAND raster that illustrates it nicely. Include NHDFlowline and catchment
feature classes in this map, together with a legend, title and scale bar.

3. Table giving hydraulic properties and discharge associated with stage heights of 6 m and 10 m. Plot
a rating curve with discharge on the x axis and stage height on the y axis (convert to ft) that has
three points corresponding to depths of 1, 6 and 10 m.

4. Report the stage associated with a potential flood discharge of 98231 ft3/s in Catchment with COMID
=5781733.

5. Alayout showing the catchment with COMID= 5781733. On this layout include HAND, potential
flood inundation depth based on your calculate flood stage. Include address points using a separate
symbol for address points subject to flooding in this potential flood. Your plot that shows the
distribution of inundation depths for address points potentially subject to flooding in this catchment
at this discharge.
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