GEOMORPHIC CHANGE DETECTION

N

NOT
ACTUALLY %




BY END OF SESSION

GCD F Glen Canyon Dam
You should understand: o en ey =

1. GCD techniques and how Change Detection

they are applied to
monitoring rivers

2. How we account for
uncertainties in DEMs

3. How to interpret DoDs




IF YOU DOWNLOAD GCD PROJECT....

e \WWhat does it mean?

e How can I interpret
results?
— Map
— Tabular

e How canI do
additional analyses?

In the RBTOutput.zip

E CHaMP - ftp.gecoptix.com - FileZilla

File Edit View Transfer Server Bookmarks Help MNew version available!
1~ SHRBKFIEATAN
Host: Username: Password: Port: B
08:21:57 Status: Retrieving directory listing of "/ByWatershed/Entiat/2014,/CBW05583-043631,/VISIT_2513/RBT Outputs"... -
08:21:57 Status: Calculating timezone offset of server...
08:21:57 Status: Timezone offsets: Server -25200 seconds, Local: -21600 seconds. Difference: 3600 seconds.
08:21:57 Status: Directory listing of "/ByWatershed/Entiat/2014/CBW05583-043691,/VISIT_2513/RBT Outputs” successful |
08:22:27 Status: Sending keep-alive command |
08:22:57 Status: Sending keep-alive command -
Local site: | Cihetall ~ | Remote site: | /ByWatershed/Entiat/2014/CBWO05583-043691/VISIT_2513/RET Qutputs -
- etal - |3 S |2
(- . Intel =~ | ByWatershed
, M50Cache N I T 2 Asotin E
| Perflogs O 2 Big-MNavarro-Garcia(CA) —
- . Program Files | e 2 CHaMPTraining
- L. Program Files (xB6) ™ Entiat
< [ | 3
Filename
§ work | CBWO5583-043601
Private 1) VISIT 2513
| Shared .2 Hydro
@Egny‘te Desktop Sync Readme.pdf | RBTOutputs
4 desktop.ini -2 Tope
2 CBWO5583-061039 -
Filename i Filesize Filetype Last modified Permissions
|| LogFilexml 10,465 XML File 3/20/2015 3:23:...
RETOutput.zip 37,808,017 Compresse.. 3/20/2015 6:31:...
|| Resultsxml 149,649 XML File 3/20/2015 2:23:...
4| i | N ([l 3
2 files and 3 directories. Total size: 334,77¢ | Selected 1 file, Total size: 37,808,017 bytes
Server/Local file
4 T b I
Queued files | Failed transfers | Successful transfers |I
L EE Queus empty e |
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GCD OUTPUT BY VISIT...

( <
==  d
@le « CHaMP » CHaMPTraining » 2015 » Workshop » Ref » Day 02 » b_GCD » artifacts » GCD » 'I"H Search t'_?'f_';i;
File Edit View Tools Help }
Organize v Include in library ¥ Share with » New folder «
4. b_GCD | [F] Name : Date modified Type ;

. artifacts N YRS e = : %
! . Analyses 6/3/2015 8:32 AM File folder 3

. CBWO0558304369125132 — = e . «

=n . Inputs 6/3/2015 8:32 AM File folder p

' cd_project.gcd 3/20/2015 2:23 AM  GCD File <

1, RBTOQutput.zip SRS : 2 £

o. Day 03
LV IGRRY Y g s APV SO SR NP SRP SO ST W SO NPV N Y W N N P PN

e In the RBTOutput. zip is the artifacts folder. In
that is:

— The Visit RBT Outputs
— The GCD project folder...

4

A

ll|m UtahStateUniversity
ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY




WORKSHOP WEBSITE

e No need for frantic
note taking...

e Syllabus

e Workshop Topics
— Lecture Slides
— Exercises

— Additional Resources
& References

GCD Workshop

Home

* about the Workshop (Syllabus)
Primary Learning Outcomes
Prerequisites & Workshop
Preperation
Logan Venue
Reqgistration
Reccomended Readings
Instruction Team

¥ Workshop Topics
1. Surveying Principles &
Change Detection (Day 1)
2. Error Modelling & Uncertainty
Accounting to Support Change
Detection (Day 2)
3. Applications &
Interpretations of Change
Detection (Day 3)

GCD Software

GCD 5 Help

GCD Forum

Past GCD Workshops

@ 2011 - Disclaimer & Copyright

ICRRR

ICRRR short Courses
Joe Wheaton's Website
ET-AL (Lab)

North Arrow Research

] gcdworkshop.joewheaton.org

Search this site

WORKSHOP
UtahState University ' THE FLUVIAL
L0 Y B TOPOGRARIAC HABITATS CENTER ICRRR

Welcome to the Geomorphic Change
Detection Workshop website

Geomorphic Change Detection Examples

Enrolled Participants:

This website is the primary hub of resources
for the Geomorphic Change Detection
workshop.

Prospeetive Participants:

The next GCD workshop will be taught April
29 to May 1st, 2014 in Logan. This workshop
is offered through the Intermountain Center
for River Restoration and Rehabilitation at
Utah State University. We typically cap
enrcllment at 25 participants. The same
workshop is offered as a 1 credit graduate
espresso course (WATS 6850; CRN 20274;
Spring 2014 Semester), and professionals taking the workshop are optionally allowed to register for continuing
education credit. See here for registration information.

Funding Software Development

The GCD Software was originally developed by Joe
Wheaton (Utah State University Department of Watershed
Sciences), Chris Garrard (Utah State University RSGIS Lah),
and James Brasington (University of Canterbury). The
newest version of the GCD is currently under development
by Morth Arrow Research and the ETAL

Current funding for the Geomorphic Change Deteclion
Software development(GCD 5) is being provided by the
USGS's Grand Canyon Monitoring & Research Center.

ZUSGS

nkstosotvares FER
Help Forums " = =L

WARNING: We normally cover this material in
2 to 3 day workshops!

A
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http://gcdworkshop.joewheaton.org/

LET'S BREAK SOMETHING...

o Make sure ArcGIS 10.X is Installed, but Not Open

e Download Latest GCD 6 from: [ gedjoewheaton.org/downloads
— http://gcd Joewheaton org/downloads

- Downloads

Home
Intreduction

< Downloads
Release Motes GGDB

Older Versions

How to Make a GCD Release The latest stable version of the GCD is available
*GCD Help Pages +_h
GCD & Help —3
GCD 5 Help ﬁ 2014 11 25 GCDAddIn 6 1 03.esril
GCD 4 Help
GCD Workshop Training Instructions, requirements and help for the instz
GCD Forum sometimes available here.

GCREMBILANDUNESREMS A48 o0 40 Da B Do A5 fob o0 2oph b s 40

©

.
Esri ArcGIS Add-In Installation Utility [
c—

- Please confirm Add-In file installation.

—)‘ -
+ 3 Active content, such as Macros and Add-In files, can FES,i ArcGIS Add-In Installation Ut... g
contain viruses or other security hazards. Do not install this r -
content unless you trust the source of this file.

Mame: Geomomphic Change Detection (GCD) Installation succeeded.

Version: 6.0.17

Author: Philip Bailey
Description: Geomorphic Change Detection (GCD) Software

Digital Signature/s

This Add-In file is not digitialty signed.
Signed By:

Signed date:

Source is trusted

Signature is valid

Install Add-in

/A
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MAKE SURE IT WORKED!

1. Start ArcGIS
.Hg Customize | Windows Help 5 2- GO to Add-In Ma nager
= Toolbars LN '} .
- ) - =
S| Etensions. o< 3. Check its there
= I 1 7 Advanced Editing
~ | Add-In Manager... | . 3 o
4 : 'f 4 T T I b | Animaticn 3
ol e LupT e ode™ S . u rn OO a r On 2 ArcScan o
i
e CHalP '
i 3 COZO f
™
Add-In Manager g b _ 3
: Data Driven Pages 4
= e
Add-Ins | Options | - Data Frame Tools ﬂ(
R n k. Geomorphic Change Detection (GI 3 Distributed Geodatabase 7
My Add-Ins — + " Created by: Ltah State Univer - D P
DivideLine ByLength Date: 11/25/2014 N raw ”
+ ™ Created by: Eer Editing Labs Wersion: 613 . Edit Vertices H
Dhgital Signature:  Mons % | Editor -
Provides a8 command to divide a line irt| ) . - (
£ | | Geomorphic Change Detection (GCD) Software Effects v
CHaMFP Transformation Toal Feature Cache 3
Y Created by: USL ET-AL and RS/GIS L T ) : g
,{\’ Ypes: ‘:‘ Feature Construction 3
Transforms and projects CHaMP field s Commands . - i #
i eocoding 2
Toolbars 4
Menus - Geodatabase History 3
Extensions Geometric Network Editing ';
DockableWindows ‘\| Geomorphic Change Detection |":
al ; L~
SuperDEMLive LGOI G g D i S e
4 Created by: ET AL il
Fi-)
4| 1 | » -
Delete this Add-In
To install Add-Ins and configure the user interface with Add-In -
components, use the customize dialog. ’ Clclomes I [ s Geomorphic Change

T ————— Project - Data Preparation - Analysis - Customize = Help -



INTERSPERSE LECTURES WITH... ;»
HANDS-ON EXERCISES

To Make Exercises Efficient:

o Start up ArcGIS (leave idle in blank document)
e Make sure extensions are on

e Make sure GCD 6 toolbar is loaded

AN :
—

o Make sure exercise data is copied to:

c:\0 Worskhop\ or similarly easy place to
find...




COLUMBIA HABITAT MONITORING PROGRAM CHaMP | gmmeyee, |

Funding Entities

MONITORING SITE LOCATIONS, COLUMBIA RIVER WATERSHED @ —

CHaMP Sites

e  Annual

©  Rotating Panel Year 1
O Rotating Panel Year 2
e

Rotating Panel Year 3

“~  Pperennial River

Road
& CHaMP Pilot
Watershed

Non-CHaMP Funde
Yo rater Waterthed

Planned CHaMP Full
? = Implementa
_ ENTODGO1-Wilsors iver shed

What can georphﬁlc chane tell us about
habitat condltlons for fish across a huge dlverS|ty
_ of reach types? _____ _“f__ |

hi

SOUTH FORK
"] satyon

( 816 CREEK




A TYPICAL CHaMP TOPO SURVEY

4 6 8 10 Meters

Water Depth [ 0.35-0.4
Depth (m) B 0.4-0.45

[ ]0-0.05 [o.45-0.5
[ ]0.05-0.1 |l 0.5 - 0.55
[]0.1-0.15 gl 0.55- 0.6
777 0.15-0.2 il 0.6 - 0.65
[ 0.2-0.25 | 0.65 - 0.7
I 0.25-0.3 [l 0.7 - 0.75
B o03-035

Detrended DEM (m)
s High : 102.34

S Low : 99.28

| | Water Extent
—— 10 cm Contours



( ; M F) Columbia Habitat
a Monitoring Program

PHet Phase §
e 11 Watersheds e o
throughout the “

Columbia Basin

e Roughly 45-55 sites 3
in each basin (10-15
annual): +700 Total

Full
Implementation?

e Up to 26 Watersheds
e ~1200 sites

Map by Martha Jensen

S ! ,]]’] UtahStateUniversity
ee - ECOGEOMORPHOLOGY & TOPOGRAPHIC
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http://champmonitoring.org/

WHERE GCD FITS IN PRODUCT FAMILY

EXAMPLES OF PRODUCTS

Low High

LIMITING ACTION

. , CONDITION | FACTORS L ; WRIBUTARY Werrecriveness 2
Direct Answers/Insights to MAPS MAPS o MAPS S
Key Management Questions ¢ o
=
d
Syntheses of Multiple SYNTHESIS Network Capacity Models b=
Analysis Products PRODUCTS Life Cycle Models " %
2] =74}
Analyses that summarize, identify T T T e e T T T T T b= ©
patterns & trends in Application & ANALYSIS Weighted Usagluen?n:eaar‘ C&Zi;g E;EE::E:; 2 rgz
Comprehension Products rRUDUCT o Y ’ A =
et U
—_— —_ — — — —= = — — = V4
Outputs of Specific Models, Tog, Jbitat Models, Geomorphic Change Detection 2 a0
Software derived Geomorphic Unit Mapping 5 a
Comprehension Proa %
- R LT e T S
Direct derivatives of conmmrime o Derivatives of Topographic & Aux. Surveys g
Knowledge Products PRODUCTS e.g. DEMs, Water Depth Maps, <
D50, LWD Volume or Counts £
T N e e T T =
Datu & Observations in its KNOWLEDGE QA/C;C d ﬁoDOgrap:!C z :UX- ga:a =
aw Topographic ux. Data
raw form PRODUCTS pograp
High Low

< Many Few Many}

Number of Products

An application product that uses repeat surveys of DEMs
(comprehension products) to quantify trends (i.e.
geomorphic changes)



GCD TO DESCRIBE BEHAVIOR... IN A POOR
CONDITION VARIANT .

o | Changes with less
DYNAMIC RIVER BEHAVIOR 70 1 than a 95%
CHANGES CAPTURED WITH CHaMP . probability of

60 | being real

Before (2011)

Deposition

Volume
w
o

Erosion

Chute Scour Point Bar Development

CHANGES

Minor Downcutting

After (2013)

Erosion

UtahStateUniversity
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GCD TO DESCRIBE BEHAVIOR... IN A GOOD
CONDITION VARIANT - |

160 - Changes with less Deposition -

DYNAMIC RIVER BEHAVIOR than a 95%
CHANGES CAPTURED WITH CHaMP 140 probability of
being real

Old Channel Bank
Filling

CHANGES

Central Bar
Development

After (2013)

>-2.5 2.5
| B |
I I I I . 24
2 ® & som « Erosion Deposition

Champ Site: Tucannon River, WA ID: CBW05583-481459



GEOMORPHIC CHANGE DETECTION

TRADITIONAL APPROACHES TO
GEOMORPHIC CHANGE DETECTION




HOW CAN WE CALCULATE CHANGE?

e Given these DEMs through time, what could we
use to calculate change?

Detrended DEM

Relative Elevation (m)
. +2.75 @ Locations of Active Diffluence

0 50 100 200 300

(1) Locations of Active Confluence

-275



DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

g 2. Basic DEM Differencing

2+ 3. Raster Calculator DoD Example

#4 4. Simple Thresholding

%= 5. Raster Calculator Threshold Example




DEM DIFFERENCING

NEW DEM Simple method of quantifying spatial Q }, " NEW __OLD =S

variations in change in storage DEM DEM

terms of a sediment budget. - l]
L

OLD DEM

‘ DoD (DEM of Difference)
/ Elevation Elevation Change

. 349 - 2 m (Deposition)

349 | -2m (Erosion)

S ~ Gross Reach Sediment Budget

18 4328 1 A75 05 0 0 025 0s ors 1 125 14

5 123 -1 <975 05 02 0 035 0% Gr%
Elevation Change (m)

125 LR

© Wheaton (2008)



Digital Elevation Model (DEM)

Avulsion

NEW DEM Bar Development

Floodplain

Old main channel

-OLD DEM Q,

IN

Beaver Dam

(-) Erosion (red)

(+) Deposition (blue)
N DoD (El. Change in m)
s
Bl 25010
Bl 10t0-09
DEM of Difference (DoD) ~ HE-09t-08
Bl 03t0-07
B 07t0-06
DoD Elevation Change Distribution B 5 0%
] -0510-04
»
Erosion Deposition % z: : ;i
[J-02t0-01
[Jo1woo0
[Joowo1
[Jo1wo2
o203
I 03t004
I o4t00s
B 05006
B 05007
% 775 ) % e -y =0,7(oo‘8
. . 08t00.9
Erosion Elevation Change (m) —

B 10025

=DoD
"

QbOUT o

Morphological Sediment Budget:

AV
Qb = Qb = DoD
IN  PouT At

Bedload Flux Difference ~ Change in
Storage

Change in Storage
Volume (m?)

AV 2V AV

DoD ~

Deposition ~




WHAT'S THE HISTOGRAM OF?

e \What about the
DoD?

¢ Values on vertical

NEW DEM

10 Gross Distribution:2004-2003
d erlved | n d |ffe rent 41 Total Ar;a ofErosic])n:65213.0lm2 | | | |
Total Area of Deposition:49938.0 m?
= Bk
ways s
. . @2 0
e Same information £ ‘ »
1 Lo
revealed
0 | | | . ] | 1 |
- -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25
d |ffe rently .- A Elevation Change (m)
Total Volume of Erosion:4975.5 m® | . | . |
800 - Total Volume of Deposition:3072.2 m® Ampllfles hlg her
o~ " 3 -
O:E’ -~ Net Volume:-1903.3 m mag.nltude Change |
P e portions of
3 i distribution
200+
-%.5 2 1{5 1 -0.5 0 0.5 ‘lI 175 é 2.5
B Elevation Change (m)




WHY IS SO MUCH OF DoD DISTRIBUTION
CENTERED AROUND ZERO?
e Isitreal? o
{5 Gross Distribution:2004-2003
e Are there just a lot ¢ prmusmenenor
of small changes? _
e What needs to 3 =
happen tO get NO A -%.5 ? e ) IE-I()ésation ghangeo(;) 1 "o ’ 2*
C h a n g e ? Total Volume of Erosion:4975.5 m°
e What is likelihood = £ ="

of measuring
exact same value?

1 1 l 1 1
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25
B Elevation Change (m)

A
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'SO... THIS IS JUST A SIMPLE
SUBTRACTION PROBLEM?’

e DoD=DEM,,, - DEM_4

(DoD) Calculation

ﬁm

o o

DEM of Difference f




DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

3. Raster Calculator DoD Example
$4 4. Simple Thresholding
5. Raster Calculator Threshold Example




5 MINUTES...
e DoD w/ Sulphur Creek, CA

December 2005 February 2006

N
oo

Daily
Rainfall (mm)
[l
o

e
o
(=1

>
-
5
=)

SO -HLLLLLLE LI L L L L

450 ?  Exact Peak Discharge Unknown
(Section not Rated for that high a fiow)

400 Sulphur Creek Looking
555 East (downstream) from the
Crane Avenue Bridge

w
=3
E=3

31 December 2005

Discharge (cumecs)
= - n N
(=3 wu (=3 vl
o (=] o (=]

@
=)

o e NP

x
=}

2 January 2006
Previous Flood Stage Record

22 February 1986

Overoank Flooding ___

w -~

River Stage (m)

~
Pre Flood Survey
Post Flood Survey

8 January 2006

O T T T T T T T T T T T T T T T T T T T
w0 0 o 0

(o]

1 Dec 2005
7 Dec 200!
14 Dec 2005
21 Dec 2005
28 Dec 2005
1 Jan 2006
7 Jan 2006
14 Jan 2006
21 Jan 2006
28 Jan 2006
1 Feb 2006
7 Feb 200
14 Feb 2006
21 Feb 2001
28 Feb 2001

o
2
w

Legend

———eters :
B 1052040 40750 |:|Analy5|s Extent



WHAT TO DO...

i T ™
;\% Raster Calculator (== 29
Click error and warning icons for more information [x] = Raster Calculator a
Map Algebra expression . )
Builds and executes a single Map Algebra
Layers and variables Cenditional - expression using Python syntax in a
<> DoD_Raw.img H.B .BB. con |5| calculator-like interface.
<> 2008Feb_DEM.img . H .‘r H Pick
Sz e (e ] [ om))| =
Math
M
2] nee
(ST (0 % -
Carm 4
“2006Feb_DEM.img™ - “20050ec_DEM.img™
&Duh:lut raster
Ci\0_GCDExcerdses'F_SimpleDoD\Ref\Part1\DoD_Raw.ima @
OF; ] [ Cancel ] [Enviranments... ] [ << Hide Help ] l Tool Help
. &

[\\

|I|M UtahStateUniversity
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EXERCISE G — PART 1.A: RASTER CALC.

ol S

C:\CHaMPWorkshop\Exercises\GCD\G SimpleDoD\
CA SulphurCreek\Raw OrthoInputs

Load 2005 & 2006 DEMs

Start Raster Calculator
Subtract old (2005) from new (2006)

Import layer symbology from: pop zaw.img.1yr
and apply to DOD




DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

-
4 4. Simple Thresholding
“ = 5. Raster Calculator Threshold Example

/3




THE CRUX OF THE PROBLEM...
Reliability Uncertainty: Of Zfﬂa

the predicted changes,
what can we actually
distinguish from noise?

Rod Height
Perfectly Plumb Detail Pole

We want: é(z)<<% warers |

T

© Wheaton (2008)
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MINIMUM LEVEL OF DETECTION

» Should there be change O,
everywhere? ; o

 Distinguish those changes ‘ Iy — e
‘ | [ -06t0-0.5

. . 4 , []-03t0-0.2
unbiased (toward erosion \/ I

’ E >252:; -1.0

that are real from noise — Iy

e Error assumed to be A\ — i
or deposition) l ;z)\ %2:?::2:;

‘ o wos

I 0.4 t00.5

[ os5t00.6
B o6t00.7
Blo7two0s
Bl o8t00.9
B 0.5t 1
Bl iow2s

A
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HOW DOES A ,,;yLoD GET APPLIED?

minLoD = 0.00 m minLoD = 0.20 m

e You take original
DoD, and remove all
changes <= LoD

e For example +/- 20
cm

e How would you do
that?

e What is the
assumption here?




DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

LS 2P @ 5y
m m

b S PP
m

9
.

# 5. Raster Calculator Threshold Example

/I




EXERCISE G — PART 1.B: THRESHOLD

C:\CHaMPWorkshop\Exercises\GCD\G SimpleDoD\

1. Using Raster Calculator, apply conditional logic
to identify mask for areas above a 10 cm
threshold

2. Reclassify the mask such that 1s remain 1s, Os
turn to NoData and NoData remains NoData.

3. Using Raster Calculator, apply the Reclass Mask
to DoD to ‘threshold’

4. Apply DoD Symbology to thresholded DoD for
direct visual comparison.




THRESHOLD THE DoD

=

‘K\ Raster Calculator

oo

-
Map Algebra expression Map Algebra w
- — expression
Layers and variables Conditional o
<> DoD_2006-2005.img Con E' The Map Algebra :
<> 2006 Topo'\2006Feb_DEM Pick expression you want to
<> 2006 Topo\2006Feb_HS Sethiull run. L
< 2005 Topo\2005Dec_DEM Math
<>?_[JDS Topo'20050ec_HS Abs The expression is
F
Exp COl & Reclassify @M
- thq
Cumin
op Input raster
("DaD_2006-2005.img"=0.10) | ("DoD_2006-2005.img"<- 0. 10)| g [10emThresholdLo =] @
B
the Redass field
o A he Value -
LiElEEEr Redassification
| C:\Docs\Professional \WSU Teaching ICRRR \ShortCourse\2011\GCD \PenDrive \Excerdses\E_Simple_DoDyefi10cmThresholdLogic.img @
| Old values New values = =
0 NoDsta E
- : :
MoData NoData e
[ oK J [ Cancel ] [Environmems. - ] [ <+ Hide Help ] E
Delete Entries
- NN ki
‘t\ Raster Calculator @M
- 3 [Reverse Mew Values ] [ Predision... ]
Map Algebra expression \ J Qutput raster
- — \PenDrive \Excerdises\E_Simple_DoD'yef\10cmThresholdLogic_Redassified.img @
Layers and variables = Conditional |
<> 10cmThresholdLogic_Redassified Con | [ Change missing values to NoData {optional)
<> 10cmThresholdLogic Pick
<’>DoD_2006-2005.img Sethull
<>2006 Topo\2006Feb_DEM Math [ 0K J [ Cancel ] [Environmenis... ] [ Show Help ==
<> 2006 Topo\2006Feb_HS abe
<> 2005 Topo\2005Dec_DEM B
<> 2005 Topo\2005Dec_Hs Comin 2

"10cmThresholdLogic_Redassified” * "DoD_2006-2005.img"™

Output raster
gV ICRRR \ShortCourse 20 11YGCD\PenDrive \Excercses\E_Simple_DoD'yef\DoD_2006-2005_minLoD _10cm.img @

.llq)’,p, UtahStateUniversity

ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY

oK ] [ Cancel ] [Erwironments... ] [ Show Help ==




EXERCISE G — PART 2: SAME THING IN GCD

C:\CHaMPWorkshop\Exercises\GCD\G SimpleDoD\

No real explanation... just follow steps.

1. Load Blank New Map Document... Save.
2. Create Project

3. Load 2005 and 2006 DEMs as Surveys
4

Calculate Change Detection using simple
minLoD and specify

5. Explore and visualize output




WHAT WE'RE DOING TO SIMPLE
SUBTRACTION PROBLEM

e Just specifying a

minimum level of -
"51%1&‘“
detection (,;,LoD) % e
e Throwing away DoD < DEM of Difference

(DoD) Calculation
1inlkOD

e (Calculating some

summary statistics ﬁ

e Multiplying cell by cell Specy MinloD
DoD by cell area to
get volumes w
e Looking at histograms Hﬁﬁgﬁﬂc

. _of change(ECD)




DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

P

A
il M UtahStateUniversity
- ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY




GEOMORPHIC CHANGE DETECTION

THRESHOLDING ALTERNATIVES IN GCD

'_“f:f Project = Data Preparation = Analysis = Customize~ Help -




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

4 1. Three Types in GCD 6
sz 2. Recall minLoD
4§49 3. Error Propagation

4. Probabilistic Thresholding
5. Tutorial

b S PP
m

S

=
&




GCD 6 THRESHOLDING

e Simple defined .,,LoD
e Propagated Errors

e Probabilistic
Confidence Interval

__‘*:.L Change Detection Cenfiguraticn

Analysis name: DEM2004_DEMZ003 Prob 0.95

Output folder:  C:M\_GCDWFeshie'\FeshieGCD\Analyses\CONGCDOO

Mew Survey Old Survey
DEM: | pEM_2004 ~|  DEM: |pDEM_2003
Error: | FiS_3input »|  Emor [FiS_3input

Spatial Extent of Analysis

pp—

2007_SurveyExtent

Uncertainty Analysis Method
) Simple minimum level of detection
Threshald (m): 0.20
() Propagated errors
@ Probabilistic thresholding

Y

Confidence level (0-1): |0.95 =

[F] Use Bayesian updating: |

Calculate H Cancel

A

fl m UtahStateUniversity
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DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

<
iz 2. Recall minLoD

§4 3. Error Propagation

& 4. Probabilistic Thresholding
“= 5. Tutorial

Y/

/3




WE'VE JUST DONE THE SIMPLE ,,; LoD

GCD Project Explorer O x

+) (@) (] (@) (@

. FeshieGCD

= 1= Inputs -
=% DEM Surveys _“
|_:_|§
7 Edit DEM Survey Properties DEM of Difference
Add to Map (DoD) Calculation

i
=

Delete DEM Survey

Add Aszociated Surface

Specify Error Surface
- Drerive Error Surface
-3y DEM_2ums Specify MinLoD
P Associated Surfaces Manually
AT AV ARW Lol VN W AW T e A W AN Nl oY

(DoD) Calculation

Reach-Scale Volumetric
DEM of Difference Change Estimates

\\\ [~\

] \ - -
S\\\l\\\ 2 fl ,)]] UtahStateUniversity
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APPLICATION OF A ,,; LoD

minLoD = 0.00 m

e You take original
DoD, and remove all
changes <= _. LoD

e For example +/- 20
cm

minLoD = 0.20 m

Legend
DoD (m)
- >-2.5
Bl 25t0-1.0
B 10009
B 09t0-08
I 0.8t0-0.7
I 0.7t0-0.6
-0.6 to -0.5
[]-05t0-04
[ ]-04t0-03
[[]-03t0-0.2
[ ]-02t0-0.1
[[]-01t00
[ Jootoo.1
[ Joitoo.2
[o2t03
[ o03t00.4
I 0.4 t00.5
I ost00.6
B o6t00.7
o 7twos
Bl o8t00.9
Bl ootwo1
Bl 10025



VARYING .. LoD THRESHOLDS ===

Legend
DoD (m)
- >-2.5
Bl 25t00-1.0
B 10009
B 09t0-08
B o8t0-0.7
B 0.7t0-0.6
-0.6 to -0.5
[ -05t0-04
[ ]-04t0-03
[]-03t0-0.2
[ ]-02t0-0.1
[ ]-01t00.0
[ Jooto.1
[ Joirwo.2
[]o2t00.3
0.3t0 0.4
P o405
B o506
B o6two0.7
Bl o7wos
bt [l ostoo09
Sans. N o5
Bl ioto2s5

minLoD = 0.00 m minLoD = 0.05 m minLoD = 0.10 m minLoD = 0.20 m minLoD = 0.50 m

E-nmm 5896 m*
Depasiton: +2508 m*
Net-3268 m”

Ercaion: 8872 m”
Deocabon C\!EE m
Nee 2584 m®

/\
i%‘,]]] UtahStateUniversity
- ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY

Ercsion -10603 m*
Deposson: +8378 m'
Net-2224

Erceion: -11162 m®
Degostion: +8002 m”
Nt 2280




EXERCISEI — PART 1: VARYING 4, LOD

C:\CHaMPWorkshop\Exercises\GCD\I Thresholding

1. Start new ArcMap Document

2. Create new GCD Project called
‘Feshie_Threshold’ in I

3. Load 2 DEMs provided as surveys

4. Do Change Detections with following minLoDs:
— 0cm,5cm, 10 cm, 20 cm, 50 cm

5. Compare the outputs (maps, summaries,
elevation change distributions)...




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

"
§4 3. Error Propagation

49 4. Probabilistic Thresholding
“= 5. Tutorial
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minLOD USING ERROR PROPAGATION

e Distinguish those changes

that are real from noise
e Use standard Error
. vy _____ Elevation (Time 2)
Propagation @pe,, =+20cm
e DEM Errors can vary "

temporally and spatially @ -+

5= @or., ) + o )

— See
€.g. 5(2) \/(1 O) + (20) 22 36 eBrasington et al (2000): £srL
eLane et al (2003): £s,L
22.36 cm =~ 8.8 in eBrasington et al (2003): Geomorphology

A
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ERROR PROPAGATION GETS APPLIED
SAM E WAY AS MIN LOD m/inLoD - o‘.oc;\m min;oo o.o m

e Does not matter )
whether the LoD is i
specified, or
calculated from error
propagation

e Just on a cell-by-cell
basis!

e In background a
perror grid is

-
Igm
T Q
thg
3 2

DL

wv
© © o

00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000

........



OUR REVISED WORKFLOW: PROPAGATED

e

e Just come up with
separate estimates of
error for DEM, ., & (DoD) Calcaation
DEMO|C| & propagate Specify, Load or Specify, Load or
USIﬂg Square rOOt Of Calculate DEM Error Calculate DEM Error

the sum of the square Old Error
. Surface Surface
of the errors in —

| Error Propagation

quadrature...
Error Surface

Use Propagated
Error Surface as
MinLoD

|

A5y

L

Reach-Scale Volumatric
Change Estimatas




WHAT ARE TYPICAL ERRORS?

Remotely Sensed or Aerial Surveys

e LiDaR: +/- 12 to 25 cm
e Aerial Photogrammetry : +/- 10 to 15 cm

1 Ground-Based Surveys

e Total Station Surveys : +/- 2 to
10 cm

e GPS::+/-3tol12cm

e Terrestrial Laser Scanning: +/-
0.5to4 cm

l




SO WHAT WOULD PROPAGATED ERRORS BE?

Remotely Sensed or Aerial Surveys

e LiDaR: +/-12to 25 cm (17 to 36 cm
minLOD)

e Aerial Photogrammetry : +/- 10 to 15
cm(14 to 22 cm ,LoD)

\. Ground-Based Surveys

28 || o Total Station Surveys : +/- 2 to

R 10cm (3 to 14 cm ., ,LoD)

o GPS::+/-3to12cm (4to 17
cm ,,LoD)

e Terrestrial Laser Scanning: +/-

0.5 to 4 cm (0.7 to 6 cm ;.LoD)

B}




EXERCISE I — PART 2: VARYING 4 LOD

C:\CHaMPWorkshop\Exercises\GCD\I Thresholding

1. In Same ArcMap Document

Go to each DEM Survey, and derive spatially
uniform error surface for rtkGPS

3. Do Change Detections with Propagated Error

4. Compare the outputs (maps, summaries,
elevation change distributions)...




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

i 4. Probabilistic Thresholding
%= 5. Tutorial
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HOW COULD I REPRESENT AS PROBABILITY?

e Using inferential e Just the ratio of actual
statistics, we'll change to ., ,.LoD
calculate a t-score change

® Opgp IS the e Assuming two-tailed
characteristic test, t is significant at:
uncertainty — 68% confidence limit
— In this case opp = when t= 1

minLOD — 95% confidence limit

when t=1.96




PROBABILITY THAT CHANGE IS REAL

Original DoD —»_Propagated ., ca|culated T-Score ———» Converted Probability
DoD Uncertainty

Legend Legend
DoD (m) Probability
. T
B 250010 B ot0-09
B 10009 B o508
B -0.9t0-0.8 B o0s8to-07
B o5t 07 Legend B 0.7t -0
B 0.7t0-0.6 T-Score P o6t0-0.5
-0.6 to -0.5 B -2 1 -o:s to -0:4
[]-05t0-04
e I 20003 ] 04003
f ot | | .4 to -0.
TR [ 0.3 t0 0.2 [ ]3t-2 [ ] -03t0-02
W2 — [ ]2t [ ] -02t-01
| B 0.1 &5 0.0 [ ]-1t0 [ ] -01t00
4 ——— ot [ ]oowou
[ Joitoo.2 B o2 [ ] oitwo2
[o2te03 [ BICE [ ] 0203
[o3t004 B : 20 [ 03t004
P o.4to0.5 I o.4t00s5
: Bl ostoo6 B osto06
\ B osto0.7 B o607
& Bo7too0s B 0708
B o8to0.9 B o800
§ EWosw: D
S Bl ioto2s5 B o

| &

~ © Wheaton (2008)

Even when ,.LoD is spatially constant,
probability varies in space... why?



SENSITVITY OF THRESHOLD?

Unthresholded DoD 50% Confidence 68% Confidence 95% Confidence 999% Confidence
Interval Threshold Interval Threshold Interval Threshold Interval Threshold
- - .ﬂﬂh—m B e \ 8- . I - AR

Legend

DoD (m)
- 2s
Bl 25t0-1.0
Bl -10t0-09
B -09t0-0.8
B -08t0-0.7
B 0.7 to-0.6
I -06t0-0.5
-0.5 to -0.4
[ -04t0-0.3
[]-03t0-0.2
[J-02to-01
[J-01t00.0
[Jootooa
[ o.1t00.2
[o.2to0.3
lo3te04
lostoos
Blosto0s
o607
o7 to0s
o sto09
Blostol
B ioto2s

h ; 5 Th A ' | B ™ \LH
TN P | LN t e Ry
g i ‘ Sy >
« 255 LB, 2 b
4 ot Ly . / ¥ t o
p 1 o {12 s AN -15- ] a1y
S ) \ 3 b L B L SR,
- £ . E W, A
PR Bicazn 2 0f a3 T

n ST Wepuzatne, tzcs e

EIESNTR Y
- " .
~ .;"...’ A =t Nal- 27 bt Kl
-
"'J(ﬂ =420
| T
2 E -1 kK 1 ?
A

\\\\ /[\

P S S SR R W S R

Volume of Sediment (m3)

0.5 0.6 0.7 0.8 0.9 1
C.l. Threshold

dlrl
ollrl

BRI R O
et o l
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OUR WORKFLOW =
REVISED AGAIN... e
PROBABILISTIC —

Specify, Load or
Calculate DEM Error

Specify, Load or
Calculate DEM Error

Old Error
Surface

MNew Error
Surface

—| Error Propagation

* Using inferential e Just the ratio of actual Feepi T

statistics, we'll change to ;LoD .

calculate a t-score change
* Opyp IS the e Assuming two-tailed &3’;‘5‘;&3‘&?&

characteristic test, t is significant at: (Calculate T-Score)

uncertainty — 68% confidence limit Ealctlata

— In this case gpp = when t=1 2 ‘ Probability

min-0D. — 95% confidence limit Change is Real |
when t=1.96
}ZDE_MM, ~ ZpEM,,, Cheese Confidence e
t = Interval (e.g. 95%) .
JD@D

Thresholded

DoD
L4

Reach-Scale Volumetric
Change Estimates




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD
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EXERCISE I — PART 3 : VARYING PROB.

C:\CHaMPWorkshop\Exercises\GCD\I Thresholding

1. In Same ArcMap Document

2. Do Change Detections with Propagated Error
for following probabilities:
1. 99%, 95%, 90%, 80%, 66% and 50%

3. Compare the outputs (maps, summaries,
elevation change distributions)...




WHERE DOES THIS FIT IN GCD?

e Choosing the

Threshold Method

IS a choice:

_fé Change Detection Configuration

===

Analysis name: DEM2004_DEM2003 Prob 0.55
C:\0_GCDVFeshie'\FeshieGCD\Analyses\COVGCDOO11
Old Survey

Output folder:

MNew Survey

DEM: | DEM_2004 -]  DEM: [DEM_2003

Error: [FiS_3input »]  Ermer [FiS_3input

Spatial Extent of Analysis

[ 2007_SurveyExtent

L —

@y Analysis Method
Y

() Simple minimum level of detection
Threshold (m): 0.20

(7} Propagated errors

(@) Probabilistic thresholding

Confidence level (0-1): 0.95 =

[ Use Bayesian updating: | 5§

|| Specify, Load or
N\ Calculate DEM Error

Compare DoD &
Propagated Error
{Calculate T-Score)

=

=

DEM of Difference
(DoD) Calculation

Specify, Load or
Calculate DEM Error

Error Propagation

DoD Propagated
Error Surface

Old Error

Surface

Threshold
Method?

Use Propagated
Error Surface as
MinLoD

Calculate
Prabability
Change is Real

Specify MinLoD
Manually

Choose Confidence
Interval (e.g. 95%)

L]

Reach-Scale Volumetric
Change Estimates

B

[T



GCD 6 THRESHOLDING - TUTORIAL

¢ Si m p | e d efi n ed min LO D s e e 3 |
o P rO pa g ated E rro rS Analysis name:  DEM2004_DEM2003 Prob 0.95

Output folder:  C:\0_GCD'\Feshie'FeshieGCD\Analyses\CD\GCDO011
® PrOba biliStiC DEM: | pEM_2004 ~|  DEM: |pDEM_2003 -
. Error: | FiS_3input »|  Emor [FiS_3input -
Confidence Interval

Spatial Extent of Analysis

Mew Survey Old Survey

[7] 2007_SurveyExtent

Uncertainty Analysis Method
) Simple minimum level of detection
Threshald (m): 0.20
() Propagated errors
@ Probabilistic thresholding

Confidence level (0-1): |0.95 $

[F] Use Bayesian updating: |

Calculate H Cancel

A
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GEOMORPHIC CHANGE DETECTION

ERROR MODELLING & ESTIMATION




WHAT ARE SOURCES OF POINT ERROR"
e From Sensor —ak

— Instrument precision

— Positional error of
instrument/sensor

— Orientation errors
— Network occupation error

Rod Height
Perfectly Plumb Detail Pole

— Range errors vty —, - AR eroneousty

e At sample point TEET
" Footprint
— Angle of incidence e User Errors
— Range distance — Incorrect rod-heights, offsets, settings
— Swath angle — What part of surface is being sampled
— What part of surface is  _ it errors

belng sampled

ll|m UtahStateUniversity
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WHEN WE SAY ERROR...

o In statistics, an error is defined as the difference
between a computed, estimated, or measured value and
the accepted true, specified, or theoretically correct
value 10

= One To One
o o Photogr vs Total station

e In practice, we often
treat the more
precise method as
‘theoretically correct

0.8

0.7 |

Photogrammetry (m)

0.6}

%35 0.6 0.7 0.8 0.9 1.0
Total Station (m)

A
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DISTRIBUTIONS OF ERROR

w
o

5(2),,,, =1.051m 50 5(2),,,, =0.514m
5(2),,, =0.000 m 5(2),,,, =0.000 m
8(2),=0.048 m 1 25 3(z),=0.024 m
5(z)_=0.054 m 5(z)_=0.026 m

N N
o )

Percentage of Total
> & S o
Percentage of Total

20

—_
o

(&)

o

0 0.1 0.2 0:3 014 0.5 . O.L2 013 014 0.5
A (z) (m) B 5(z) (m)

How do I get something like this?

A
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WHAT DO WITH UNCERTAIN XYZ POINTS?

e We interpolate them to N
a TIN - /

e \We then further POt | Manually Edited)
interpolate them to a A\

(With Breaklines) — Raster DEM
raster




WHAT IS DEM ERROR?

e A measure of how uncertain DEM is?

e The DEM is a raster model of elevation, so error
is only considered in vertical (i.e. elevation)

o If horizontal accuracy >> cell resolution, this is
okay (if not... we're in trouble)




WHAT ARE SOURCES OF DEM UNCERTAINTY?

: WHAT ARE SOURCES OF POINT ERROR?
e Point-Based e B

+ From Sensor

— Instrument precision
— TOta I P rO pa g a ted - Fositional error of
instrument/sensor
— Orientation errors

Uncertainty at each point? " povork eceupatonerer B

Range errors
« At sample point

— Horizontal accuracy

— Angle of incidence e User Errors
— Range distance — Incorrect rod-heights, offsets, settings

— Vertical accuracy S s R e g
— Busts & Blunders
e Interpolation-Based e User Choices (structural

. Uncertai
— Interpolation models neertainty)

used (e.g. TIN& TINto ~ — -rojections... |
Raster vs. IDW, Kriging) — Methods for interpolation

— Resampling errors! — Sampling

A
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DEM ERROR ik

DEM error

e Most common approach is to use one value
everywhere! i.e. const.~5(z)= f(x,y)

e WRONG thing to do is to use manufacture
reported instrument precision (way too liberal)

e Probably too conservative to use full error
budgeting or TPU (total propagated uncertainty)

e \What to use for that one value?




WHERE DOES THIS FIT IN GCD WORKFLOW?

e New DEM Error

e Old DEM Error

DEM Survey Properties

Survey Name:

Survey Date (optional): )

Specify, Load or
Calculate DEM Error

() &) (x] (@) (@

Ng Associate an existing raster as an error surface |

Source

Compare DoD &
Propagated Error
(Calculate T-Score)

Calculate
Probability
Change is Real

Save Survey

JE==

Choose Confidence
Interval (e.g. 95%)

DEM of Difference
(DoD) Calculation

T

Specify, Load or
Calculate DEM Error

Old Error

Surface

Error Propagation *"’Hﬂ-‘f

DoD Propagated
Error Surface

Threshold
Method?

Specify MinLoD
Manually

Use Propagated
Error Surface as
MinLoD

Reach-Scale Volumetric
Change Estimates

[



IN GCD, DEM ERRORS ARE PART OF SURVEY

GCD Project Explorer O x

e Each survey can have + @@ -
multiple DEM Errors Soma 3
D*DEM 2DD3

P b Slope Degrees
GCD Project Explorer o x Pl % PDensity

& | X @ |52 éé..ifgurfzancnjs

L3

. FeshieGCD o | I I T T T z
=-5% Inputs il ¥ Uni Edit Error Surface Properties
=& DEMSurveys Ay i e Z FIS W' Add Error Surface to Map
e DEM2003 b e ZFle Delete Error Surf
EI 1_} Azsociated Sufaces I:-]* DEM_2004 FISIE BITRr Surace

..... % Slope Degrees -1 Associated SOfaces =
..... % PDensity &-5% Emor Sufaces
..... PQ_2003 Y N e 20 a M LY R R R e Y SRS P | P

..... @ Specify Error Surface

..... B Do Erorsuce e 'Specify’ means to

ﬁ Add All Error Surfaces to the Map

N load an existing

i ppiry el - | X : i
S P S St ‘Derive’ means to build
your own

m

A
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PART OF POINT OF HAVING A PROJECT
IS TO EXPLORE IMPACT OF DIFFERENT

ERROR MODELS

e GCD allows you to have
multiple Error models
for every DEM survey

. JDW00001BoundarySmith B P,
= Inputs 7
. -2 DEM Surveys &
1 2~y 2013.10_30 5
. L_';l Associated Surfaces -
T = 1__,,- Emor Surfaces 3;
5 ; TR z FIS_2013_10_30 5
W f #1...; ) %Meﬂ};-;l UI‘II‘prII[Ifr ;-::

Error Calculation Properties @
Mame: | Ermor Calculation Definition For Selected Survey Method
Project raster: @ Uniform error value (m) 015
Emor Calculation Methods 1 FIS error model
Survey Method Emror Type
Entire DEM Exent FIS Input Aszzociate d Surface
~‘~ [ Sawve FIS for Current Method ]
A Derive Error Surface Cancel
[ J{ ) :tateUmversuty

EDMORP OOG & TOPOGRAPHIC
@ G | | '\ ANALYSIS LABORATOR



ARGUMENT FOR FUZZY LOGIC

‘ Precision and Significance in the Real World I

1500 kg mass ‘ | ‘ ‘ ‘
is approaching é LO 0 K é
[45&’-] [ourﬂ]

| | | |
Precision Significance

“Fuzzy logic is all about the relative importance of precision: How
|mportant is it to be exactly right when a rough answer will do?”

A

ECOGEOMORPHOLOGY & TOPOGRAPHIC
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www.mathworks.com/help/toolbox/fuzzy/fp72.htmi| /\ ; UtahStateUniversity



APPLY FIS ON CELL BY CELL BASIS

3 3
'A“
‘ Legend Legend 4 ) Legend Legend
x‘ § i |5!'A]LUE> Percent Slope ‘?M o AN Point Quality (m) Elv. Unc. (m)
E __J0-0. Bl < e 1 o ¥ .00 - 0.
N :]D_,_,;,z [:!]1,:22% “‘EP 3 ﬂ [ 0.000-0.010 = g-gg_g:s
Eloz-03 [ 2% to 5% it R —— S B o.1-0.15
Eo3-04 e Gl T oos-o —— Both FIS Surfaces
o B 0+ 05 B 0wto s Db BN o.020 - 0.025 [ o.2- 025 H
B W NG N o000 —— o Combined to DoD
Eloe-0.7 B 0.030 - 0.035 5 -
o o708 B 20w to2s% 4 % o I 0.035 - 0.040 :225_"22’ PrObablhty
Ty o A s — s
R : SRS I 0.045 - 0.050 450; N Legend
m =i? 1112 =3Z:E::§Z: #ﬁ‘ )l I o.050 - 0.055 ol ' Probability
I I 0% to 100% “ . 1 ﬁ I o©.055 - 0.060 0
.2 I 100% to 200% Ao == 2'3:2 g:
B o5t0-07
i Al 0% == 0.7:Z~o.s
il 4 WA LR -
I 0.4t0-03
FIS Input 1 FIS Input 2 FIS Input 3 FIS Surface ] 030002
|
. - - [ 0.2t0-0.1
(Point Density) (Slope) (GPS Quality) w== (E|. Unc (m)) ] 0.1 0.0
0.0to0.1
] o.nZo.z
[ 0.2t00.3
I 0.3t00.4
- [ o0.4t00.5
I ©.5t00.6
I 06t00.7
: I o.7 w008
4 I o.58t00.9
4 | JCERCRR
. o

S00¢C

\

\\§\\\N /
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WHAT DOES FIS DO TO ECD?

e Recovers some low magnitude change & discards
some higher magnitude change

e More realistic bimodal distribution...

1000 T 1000 . T 600
Erosion: -11162 m® Erosion: -9840 m® Erosion: -7377 m*
Deposition: +8882 m* Deposition: +7687 m® Deposition: +5404 m® by
& Net:-2280 m* & Net:-2153 m* & 400 | Net-1973 m* (O
£ E E Q
g 500 g g >—
5 3 3 200 O
S S S %’
0 0
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
A Elevation Change (m) B Elevation Change (m) A Elevation Change (m)
1000 1000 600 \
Erosion: -4538 m® Erosion: -2771 m® Erosion: -898 m*
Deposition: +3167 m* Deposition: +1835 m® Deposition: +845 m® (-
& Net-1371 m® & Net:-937 m* LN Net-53 m*
é g \E, 400 8
(0] [ Q
g 500 g g >_
° ° S 200 4
S g g -
0 0 4._‘-‘.._‘_‘—._
c -2 -1 0 1 2 -2 -1 0 1 2 c -2 -1 0 1 2
Elevation Change (m) D Elevation Change (m) Elevation Change (m)

Unthresholded Spatailly-Uniform FIS
minkOD =+/- 10cm 95% C.I.

A
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USING THE GCD SOFTWARE... FIS

> Survey Library =8 &
wa ]
| DEM Survey Properties
Su
Survey Name: 2005Dec_DEM
3 5Dec_D|

Survey Date (optional): _ /_ /

| DEM Survey I Associated Sufaces | Emor Calculations

() (2 (%] (@) (@
Name Type Source
Error Properties
MName: FIS|
Error Calculation Methods:
Emor Type Method Emor Value {m)
GPS_2input_PD_SLP || eGP 0.06
L b
FIS Properties: :
I0SE
. FIS Input Associated Surface
Sope | =
Poirt Density [ -
Hel,
R r__J

LI ]

. Choose Confidence

GCD Standard Workflow

Using Fuzzy Inference System  Spatia
Coherence Filter & Bayesian Updaing as
per'Wheaton et al. (2010) ESPL

DEM of Difference
(DaD) Calculation

Fuzzy Inference
System to Estimate
Errors in DEM

Error Propagation

Fuzzy Inference
System to Estimate
Errors in DEM

Spatial Coherence
Filter

Compare DoD &
—  Propagated Error
(Calculate T-Score)

DoD Propagated
Error Surface

a Priori Prob ability
Surface that DoD
Change is Real

X

Conditional Probability
Surface that DoD
Change is Real

i

I Bayesian Update of a Priori Probahility I

Posteriror Probabilty
Surface that DoD
Change is Real

Threshold DoD
Probabilistically

o Interval {e.g. 93%)

Reach-Scale Elevation
Change Digtributions

A
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YOU RUN FIS IN ERROR SURFACES TAB

e Error surfaces created in ...
Survey Library L

e Inputs to FIS loaded in  «& =<
Associated Surfaces Tab

SSSSS

Save Survey ] [ Cancel
\ ¥,

A
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WHAT IS AN INFERENCE SYSTEM

o AKA:
— Rule table
— Look up Table

e Given inputs a, b, .... N -> output is?

A
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AN INFERENCE SYSTEM OR RULE TABLE

INPUTS OUTPUT
o AI I WO rdS. " e IF Sunab“\zyg;:it;iamsme RiZ:IrtiZ:I/“UtleLd Dacipzecr;;i/ty
— E.g. Rule 1: 'If suitability of , —
. . . 1 Unsuitable & Unsuitable ,then None
StreamS|de VEQEtatIOn IS 2 BarelySuitable & Unsuitable ,then Occasional
unsuitab/e and SUItabIIIty Of 3 Mﬁ)deratelySuitabIe & Unsu?table , then Occas?onal
. . ) . 4 Suitable & Unsuitable ,then Occasional
I‘Ipal‘lan/up|and Vegetatlon IS 5  Preferred & Unsuitable ,then Frequent
- 6 Unsuitable & Barely Suitable ,then Occasional
unSU/tab/e’ then the dam 7  Barely Suitable & Barely Suitable ,then Occasional
denS|ty CapaC|ty |S NONE 8 Moderately Suitable & Barely Suitable ,then  Occasional
9 Suitable & Barely Suitable ,then Frequent
o HOW many inputs? 10 Preferred & BarelySuitabIﬁe , then Frequ.ent
11 Unsuitable & Moderately Suitable ,then Occasional
. v 12 Barely Suitable & Moderately Suitable ,then Occasional
o HOW many Categorles g 13 Moderately Suitable & Moderately Suitable ,then Frequent
. « 14 Suitable & Moderately Suitable ,then Frequent
for eaCh Input? 15 Preferred & Moderately Suitable ,then Frequent
16 Unsuitable & Suitable ,then Occasional
o HOW many Output 17 BarerSuitabIé & Su?table ,then Occasional
18 Moderately Suitable & Suitable ,then Frequent
Categories? 19 Suitable & Suitable ,then Frequent
20 Preferred & Suitable ,then Frequent
21 Unsuitable & Preferred ,then Occasional
® Why 25 rUIeS? 22 Barely Suitable & Preferred ,then Frequent
23 Moderately Suitable & Preferred ,then Frequent
24 Suitable & Preferred ,then Pervasive
25 Preferred & Preferred ,then Pervasive
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PROs & CONs of INFERENCE SYSTEM

Pros Cons

e Easy to apply and e Potentially subjective
transparent expert judgment

e Flexibility in e Number of rules can
number of inputs grow... substantially

and categories




CRISP VS.
FUZZY SETS

(CRISP CATEGORIZATION \
OF CONTINUOUS VARIABLE
Dry Shallow Normal Deep
E — T T T T T I T >
Perspecitve 1 ¢ 025 050 075 100 125 150 175 200 225 2.50
“Dry” is Water Depth <0 : WATER DEPTH (m)
“Shallow” is Water Depth from 0 to 0.5
“Normal” is Water Depth from 0.5 to 1.50
“Deep” is Water Depth > 1.50 CATEGORICAL AMBIGUITY
Perspecitve 2 BETWEEN PERSPECTIVES
m Dry Shallow Normal Deep
[ N N »
C T | = T » T T T | T >
“ 0 0.25 0.50 0.5 1.00 1.25 1.50 1.75 2.00 2.25 2.50
“Dry” is Water Depth <0 WATER DEPTH (m)
“Shallow” is Water Depth from 0 to 0.75
“Normal” is Water Depth from 0.75 to 1.25
“Deep” is Water Depth > 1.25

FUZZY MEMBERSHIP IN CATEGORIES

e BASED ON AMBIGUITY/ UNCERTAINTY
A Shallow Normal Deep
1 -
a
5 075
i Overlapping membership
E is explicitly allowed
=
0.25
0 T f ! T T T T >
Fuzzy Perspective 0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

WATER DEPTH (m)

A water depth of 0.60 m has a 75% membership in the "Shallow” category
and a 25% membership in the “Normal” Category
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A SIMPLE TWO RULE SYSTEM...

e Given a point cloud

e Relationship between
topographic
complexity (slope)
and sampling (point
density)

284360 284|365 284|370 284I375 284380 .

Rule: Inputs QOutput

Slope Pt. p d(2)
% m /pts? m

1 Low Low Average
2 Low Medium Low
3 Low High Low
4 Medium Low High
5 Medium | Medium High

6 Medium High Average

7 High Low Extreme
8 High Medium High
9 High High High

A
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EXAMPLE IMPLEMENTATION (2-RULE)

RULES

=

O 00 N o g b~ W N

IF

Slope = 2%

100%

Point Density

= 1.0 pt/m?

| —

5 pt/m?®

THEN

Elev.

Uncertainty

= 0.0138 m

A

[\

0.75m

/A
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EXAMPLE IMPLEMENTATION

IF Slope = 20% & Point Density THEN Elev. Uncertainty
= 0.2 pt/m? = 0.367 m
1 L
2 1 -
3 /
7\
0 4 | I [\
-
> U a |\
6 / /\
7 I L
8 =) =\
9 / |\
0 100% 0 5 pt/m?® I
0 0.75m
B
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SOME BACKGROUND READING

EARTH SURFACE PROCESSES AND LANDFOEMS
Earth Surf. Process, Landforms 35, 136-156 (20100
Copyright © 2009 Jobn Wilsy & Sons, Lid.

Published orline 10 Decamber 2009 in Wilsy InterScience
{www.interscience. wiley.com) D01 10.1002esp. 1686
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1. FI.IZZY Inference
=V
. %Q DJU
2. Spatial Coherence il
[ Earth Sustace Procssses and Laniomm
- - ABSTRACT: Repeat topographic surveys ane increasingly becoming more affordable, and possible at higher spatial resolutions
F I I r B I I l (Do) maps and estimate the net change in storage terms for monphological sediment budgets. While these products are extremely
useful for monitoring and peomorphic interpretation, data and model uncertainties repder them prone to misinterpretation. Two
new methods are presented, which allow for more robust and spatially variable estimation of DEM uncertainties and propagate
these forward to evaluate the consequences for estimates of geomorphic change. The first relies on a fuzzy inference systern to
these new techniques is illustrated with 5 years of high resolution survey data from a 1 km long braided reach of the River Feshie
in the Highlands of Scotland. The reach was found to be consistently degradational, with between 570 and 1970 m® of net ercsion
per annum, despite the fact that spatially, deposition covered more surface area than ercsion. In the two wetter periods with
axtensive braid-plain inundation, the uncertainty analysis thresholded at 2 95% confidence interval resulted in o larger percentape
for 2003-2004 and 31% for 2005-2006). For these data, the new uncertainty analysis & generally more consaneative volumetri-
cally than a standard spatially-uniform minimum level of detection analtysis, but also produces more plausible and physically
meaningful results. The tools are packaped in a wizard-driven Matlab software application available for download with this paper,
and can be calibrated and extended for application 0 any topographic point clowd (xy,z). Copyright © 2000 John Wilay &

and ower greater spatial extents. Digital elevation models (DEMs) built from such surveys can be used to prodece DEM of Difference
. estimate the spatial variability of elevation uncertainty in individual DEMs while the second approach modifies this estimaie on
a I I I the basis of the spatial coharence of amsion and deposition units. Both techniques allow for probabilistic representation of uncer-
tainty on a cell-by-cell basis and thresholding of the sediment budget at 2 wser-specified confidence interval. The application of
% for 2004-2005 and 50% for 2006-2007) of volumatric change baing excluded from the budget than the drier years (24%:
Sons, Led.

KEVWORDS: DEM of Difference [Dold); fuvial gromomhbology; morphological method; hological sediment budgeting River Feshis;
fuzzy inference system

Introduction

With recent advances in ground-based, boat-based and
ramotaly-sensad survaying technologies, the rapid acquisition
of tepographic data is now possible at spatial resolutions. and
axtents previously unimaginable (Lane and Chandler, 2003;
Heritape and Hetherington, 2007; Milan et al, 2007; Marcus
and Fonstad, 2008; Motebaert et al, 2008). These advances
make monitoring geomonphic changes and estimating sadi-
ment budpgets through repeat topographic surveys and the
application of the morphological method (Church  and
Ashmore, 1998) a ractable, affordable approach for monitor-
ing applications in both research and practice. In fluvial peo-
morphology, the morphological approach has been used as
an alternative to measuring sediment transport directty and
has historically been applied primarily to repest surveys of
river plan form, cross-sections andfor kongitudinal profiles

{Brewer and Passmore, 2002; Lane, 1998). However, from the
early 1990s (Lane et al.,, 1994}, the morphological method has
bean expanded to include the use of repeat topographic
surveys from which digital alevation modeals (DEMs) could be
constructed and differenced o produce DEMs of Difference
{Dols). This paper focuses exclusively on the 2D application
of the momphological method using Dols.

Uncenainty in Dol} application of the morphological
mathod has already received considersble attention (Lane
et al, 1904; Milna and Sear, 1007; Brasington et 2/, 2000;
Lane, 1998; Lane et al, 2003). Driving this interest has bean
the basic question that, given the uncertainty inherent in indi-
vidual DEMs, & it possibde to distinguish real geomomphic
changes from noise! Repeat surveys using rtkGPS (Brasington
et al., 2000), total stations {Milne and Sear, 1997), aarial pho-
togrammatry (Winterbottom and  Gilvear, 1907 Wastaway
et al., 2001], multi-beam echo-sounding (Calder and Mayer,
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METHOD

Derive FIS
Error Surface
Slope
Y
Point Density - 3 Input FIS
¥ — 4 Input FIS
Interpolation
Error
- - 5 Input FIS
Roughness
Point . )
Quality? 3D Point Quality

A

A
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SLOPE

rd Slope (degrees)
[J0to 2
[J2to5
[C5to 10
E10to 15
I 15to 25
I 25 to 35
Il 35 to 45
M 45 to 60
I 60 to 80
B 20t0 90

High : 1350.43
[

-
Low : 1346.26
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POINT DENSITY

pts/m"2
I 0.00 to 0.10
W 0.10 to 0.20
I 0.20 to 0.30
[ 0.30 to 0.40
[ 0.40 to 0.50
[ 0.50 to 0.60
[ 0.60 to 0.70
E0.70to 0.80
[ 0.80 to 0.90
[ 0.90 to 1.00
M = 1.00

J
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INTERPOLATION ERROR

Uncertainty (m)
I 0.000 to 0.020
3 0.020 to 0.040
{771 0,040 to 0.060
| 0.060 to 0.080
0.080 to 0.100
0.100 to 0.120
0.120to 0.140
[7710.140 to 0.160
[ 0.160 to 0.180
3 0.180 to 0.200

B > 0.200

N
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ROUGHNESS

lnu}
[]0to 0.1
101t 0.25
[I0.25t0 0.5
1050075
[C1075t0 1.0
[1.0ta 15
0 1.5t0 2.0
2.0t 3.0
B 20t 5.0
W50

BouldersGT256
Cobbles65255
CoarseGravel1764
FineGravel316
Sand0062
FinesLT0O06

8
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3D POINT QUALITY

VERTICAL_ERROR
0.024466 - 0.044550
0.017033 - 0.024465
0.011729 - 0.017032
0.006006 - 0.011728
0.000000 - 0.006005

Uncertainty (m)

I 0.0000 to 0.0060
[ 0.0060 to 0.0120
I 0.0120 to 0.0180
I 0.0180 to 0.0240
[ 0.0240 to 0.0300
[ 0.0300 to 0.0360
[10.0360 to 0.0420
[ 0.0420 to 0.0430
[ 0.0480 to 0.0540
I 0.0540 to 0.0600
M > 0.0600
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ERROR SURFACES

Error (m)
0.00to 0.10
0.10t0 0.20
0.20to 0.30
0.30to 0.40
0.40 to 0.50

B 0.50 to 0.60
0.60 to 0.70
0.70 to 0.80
10.80 to 0.90 A
B 0.90 to 1.00
> 1.00

A
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EXERCISE PIP: CHaMP FIS ERROR MODELS

C:\CHaMPWorkshop\Exercises\GCD\O CHaMPFIS

1. Start New ArcMap Document
2. Listen to Philip....

A

ll|m UtahStateUniversity
ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY



EXAMPLE OF TWO CONTRASTING SITES

DEM
Elev. (m)

- High : 4144.02

Low:23.11
O  Sites
K MadR.

* Murderer’s Cr.

Interior Columbia
River Basin
Location Map

0 100 200 300 500 Kilometers

400

Ma River

? Wetted Depth
Depth (m)
High : 1.03

Low :0.01

Wetted Depth
Depth (m)

- High : 0.55

Low : 0.01

0 10 20 30 40 50 Meters



M (Membership) H (Membership)

U (Membership)

INPUTS...

y (Membership)

U (Membership)

1.00- Mad River Murderers Creek
0.75-
Point Density
0.50- — Low Point Density pts/m2
025- - - Medium N 0.0-0.1 [ 04-05
—— High B o1-02 [los-o6
0.00- I i I FUZZY I o2-03 [l 06-07
0 2 4 6 [ 03-04
Point Density (pts/m2) INFERENCE
DEM Slope
1o0- SYSTEM Degrees
0.75 - Type: Mamandi DEM Slope |:] 0-2 - 25-35
And Method: Min [J2-5 M 3s-45
— Low Or Method: Max
0.50 - ; - Impliction: Min : [Js-10 [N 45-60
- = Medium - P
025- — High Aggregaton Max e [ 10-15 I 60- 80
- 9 Defuzz Method: Centroid s
== Extreme [ 15 -2 [N s0-20
0.00- i
Roughness
= Size Category
Roughness I Fines, sand
1.00 - Fine Gravel
- Coarse Gravel
075~ O - Cobbles
0.50 - — Sand, Fine Grave! mm UTP U T I souiders
- - Coarse Gravel 1.00 - B E N I S U S
0.25- —— Cobbles 5 4
----- Boulders E 0.75 - H i .
0.00- | | i | . g 4 — Low 3D Point Quality
0 100 200 300 400 2 050- i - - Medium
Rougness (mm) 5 i — High 3D Point Quality
= 025- i -~ Extreme - Roughness e High : 0.07
= i - - Extreme - Banks
0.00- | - I ) i - Low : 0.00
0.00 0.25 0.50 0.75 1.00
_— Elevation Uncertainty (m)
— Low Interpolation Error
- Extreme Elev. (m)
1 1 1 1 - High : 0.40
0.00 0.25 0.50 0.75 1.00
: . rmrr T T T T L Py
3D Point Quality 0 102030 40 50 Meters 0 10 20 30 40 50 Meters ow:0.00
1.00-
0.75-
0.50 - —
0.25- — Low
----- Extreme
0.00- 1 ] 1 1 1
0.00 0.25 0.50 0.75 1.00

Interpolation Error



OUTPUTS

Mad River Murderers Creek

v

T

o+

=

Q.

=

o~

v

L_: FIS Output

- Elev. uncertainty (m)

o

£ [ Joo-00s

< [ ]oos-0.075
[ Joo75-01
[ Joi1-o01s

n B o.15-0.2

o B o2-025

o

> P oaxs-0s

Q.

= B os5-0.75

o) ———T—T B os-10

0 10 20 30 40 50 Meters [ B

LUl ‘\-' [*\
A S
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WHAT DOES ADDING MORE INPUTS DO?

e Minimal impact

on mean
Modest impact

on standard

deviation
Biggest impact  :e

on outliers |
i.e. Its picking i

up localities with -
minor problems

In Wetted Channel

FIS Output Summary Distributions (Dsg Roughness)

Out of Wetted Channel

FIS type

L}
i‘
[ : i ! | | ——
b ==
!
[ ———
] [}
| $ |———|————| l_l__l
L ] L J
—— I | —_— l—l—' I_I_A
2 Ir:put 4 Ir:put 5 Inlput 2 Irlrput 4 Inlput 5 Inlput

ueIpapy

uoneIAs(] PJEPUBIS



EXERCISE R — BRIDGE CREEK

o Create Project “Lower
Owens D"

o Add two DEM Surveys
(2010, 2014)

e (Generate Associated
Surfaces
— Slope
— Point Density
(Topo_Points.shp)

— Interpolation Error
(XXXX_InterpError.tif)
e Generate 3 Input FIS error
surfaces

e Change Detection using
Probabilistic Threshold at
80% confidence level
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USE MASKS TO SEGREGATE DoD %

=l B

LV\AYOM S

e
!

; Y ah
Aluvial Fan Surface
o

: W‘Mw )
“Anabranch™
Confluence

; s : SEAhey S A Inset Floodplain
Right Hand Anabranch s ) ; *o e “Upoint Bar 5

;\

C D

~\\Q§:\ \\&
¥ 0N
ne NN - -
5.8 \\\\‘:\ X UtahStateUniversity
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THREE TYPES OF MASKS

_ Segregates both DoD
Just a way of spatially & i%s Iglevation Change

segregating budget to
ask questions and query
budget results.

1. Standard Classification

2. Classification of
Difference

3. Geomorphic
Interpretation

Just polygons...




STANDARD CLASSIFCATION

Mask Thresholded

e Any classification that
is of:
— The pre-survey
— The post-survey
— Or Time Independent

e Examples:
— Morphological Units
— Habitat Classification
— Administrative Bndys
— Reaches

HS Yard to Varossa Bridge

150

Vol. (m®)

0 ’
-2 -1 0 1
C ELA(m) |

Crane to HS Yard

\ Vol (md)

- £ -
D ELA(m) |

Upstream of Crane St. Bridge

e Meters
0 10 20 30 40 50




GEOMORPHIC INTERPRETATION

e Instead of mask being based
on one point in time, this is | ot
based on the change surface
itself (i.e. the DoD)

I 8ar Sculpting

I channel Scour
e Multiple lines of evidence
can be used beyond DoD

Eddie -Scour
e You define geomorphic
processes of interest

Cl Eddie Deposition
D Lateral Bar Development
- Central Bar Development

- Channel Filling
- Pool Filling

Percentages by Mask Classes of
Total Volume of Sediment Moved

. Veters
0 10 20 30 40 &0




DOMINANT OR UNIQUE SIGNATURES?

Channel Scour

150~ 1 T
Total Volume of Erosion:65.6 m*

Total Volume of Deposition:0.0 m®

Net Volume:-65.6 m®

75

Vol. (m3)

ak i 2

) .
-2 -1 0
El. A (m)

Central Bar Development

150 T
Total Volume of Erosion:0.0 m*

Total Volume of Deposition:177.7 m®

Net Volume:177.7 m®

751

Vol. (m%)

0 .
-1 0 1
El A (m)

Channel Filling

Total Volume of Erosion:0.0 m®
Total Volume of Deposition:262.8 m?

Net Volume:262.8 m®

75

Vol. (m%)

2
El. A (m)

Eddie Scour

150- T !
Total Volume of Erosion:0.0 m*

Total Volume of Deposition:0.4 m®

Net Volume:0.3 m*

Vol. (m%)

-
£
> 75
K<)
32
0 . .
-2 -1 0 1
El. A (m)
Lateral Bar Development
150 T
Total Volume of Erosion:0.0 m®
Total Volume of Deposition:1388.2 m®
Net Volume:1388.2 m®
&~
£
el
o
>
0 \ \
-2 -1 0 1
El. A (m)
Eddie Deposition
150 - I |
Total VVolume of Erosion:0.4 m*
Total Volume of Deposition:7.3 m®
Net Volume:6.9 m®
o
=
T 05
o
=
0 . .
-2 -1 0 1

Legend
Analysis Extent

Classification of
Difference (CoD)

I &ank Erosion
[ 5o Scuipting
[ channel scour
[ Eddie Scour
WA, Questionable Edge Effect
Eddie Deposition
Lateral Bar Development

[ central Bar Development

Bar Sculpting
s B channel Filling
150 Y ' > I Pool Filling
Total Volume of Erosion:73.9 m~
Total Volume of Deposition:0.0 m* Totar Voorme o Secimans Moved
3 3% 0% g 39
Net Volume:-73.8 m 0% 0%
75
" & 166%
) & B
-2 -1 0 1
El. A (m)
Pool Filling
160 T T -
Total Volume of Erosion:0.0 m*
Total Volume of Deposition:89.3 m®
Net Volume:99.3 m®
o~
£
= TF8F
©°
>
0 R | 1| S .
-2 -1 0 1 2
El. A (m)
Questionable Area
150 | i .
Total Volume of Erosion:2.1 m®
Total Volume of Deposition:59.7 m®
Net Volume:67.6 m®
ey
(3]
£
=T g8 &
K
>
0 . ol MR .
-2 -1 0 1 2
ElLA (m)



Using Fuzzy Infarence System, Spatial

GCD Standard Workflow Coherence Filter & Bayesian Updating as

USING THE GCD N

SOFTWARE FOR ST

(DaD) Calculation
B U DG E I Fuzzy Inference Fuzzy Inference
System to Estimate System to Estimate
Errors in DEM Errors in DEM

SEGREGATION...

Old FIS Error
Surface

MNew FIS Error
Surface

. | Spatial Coherence
Error Propagation Filter
GCD Project Explorer O x
Ject Exp DoD Propagated :_ ';r::;etegcénrrgr

o (X (@ G Saia e {Calculate T-Score)

[, FeshieGCD '

E“___} Inputs a Priori Probability Conditional Probability

: . &% DEM Surveys Surface that DoD Surface that DaD

Change is Real Change is Real
t
Bayesian Update of a Priori Probability

i i[5 Areas of Interest
EIL_} Analyses
=-Z% Change Detection
EI 1__'} DEM_2004 - DEM_2003
: EI /% DEM2004_DEMZ2003 MinLoD 0.12

SRE-Y Budget Segregationy
H-i = 20072006GIT2] W Add Budget Segregation

Posteriror Probability
Surface that DoD Threshold DoD

Change is Real Probabilistically

L I

. Choose Confid
/% DEM2004_DEM2003 Prop U S Intorval (o1 95%).
L

#r f’"fffff'r}"‘d?‘w’w?' A A AN VT A Y S

Reach-Scale Elevation
Change Distributions

DoD Budget Segregation
Derive Geomorphic
< Interpretation Mask >—~ ;?grzst;iteh?:;
of DoD S
Segregated Process Segregated Elevation
ECDs Change Distributions.




EXERCISE V- PART 1: PERFORM BUDGET
SEGREGATION C:\CHaMPWorkshop\Exercises\GCD\V BudgetSeg

1.
2.
3.

Start New ArcMap Document
Start New GCD Project — Sulphur Creek — In V

Add 2005 and 2006 DEMs, perform DoD with
thresholding of your choosing...

Add a Budget Segregation using provided
shapefile

. EXxplore results




EXERCISE V : PART 2 DERIVE GI BUDGET
SEGREGATION C:\CHaMPWorkshop\Exercises\GCD\V BudgetSeg

1.
2.

N O U kAW

Choose a GCD Project or Create a New One

Run raster calculator on thresholded DoD to
get erosion and deposition areas

Convert integer raster output into polygon
Add text field(s) to polygon

Start classifying....

Use for budget segregation

Interrogate results




GCD ANALYSIS

e Get slide from PiP
— Target Visit 2015
- T-1 2014
— TO Visit 2011

A
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