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BY END OF SESSION
You should understand: G %CE): Gi'fgqgf‘p”hyig” Dam (oS

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

DoD = DEM of Difference = g
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| F YOU DOWNLOAD GCD PR

E CHaMP - ftp.gecoptix.com - FileZilla l = | B éj

-
Wh t d t 7 File Edit View Transfer Server Bookmarks Help MNew version available!
at does it means | .- LT IET LY.
Host: Username: Password: Port: B

= 08:21:57 Status: Retrieving directory listing of "/ByWatershed/Entiat/2014,/CBWO05583-043651/VISIT_2513/RBT Qutputs"... -
08:21:57 Status: Calculating timezone offset of server...
H OW C a n I I n te r p ret 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 Qutputs" successful il
08:22:27 Status: Sending keep-alive command |
? 08:22:57 Status: Sending keep-alive command -
re S u ItS n Local site: | Cihetal\ ~ | Remote site: | /ByWatershed/Entiat/2014/CBW05583-043691 /VISIT_2513/RET Outputs -
B-gd etal - =/ e
(- . Intel =~ | ByWatershed
T M - |, MS50Cache N I T 2 Asotin ‘:‘
I ap - . PerflLogs I I 2 Big-MNavarro-Garcia(CA)
- . Program Files | e 2. CHaMPTraining
- L. Program Files (xB6) ™ Entiat

T Tabular e

Filename

How can | do

| CBWO5583-043691
[ | VISIT_2513

-2 Hydro
@Egny‘te Desktop Sync Readme.pdf | RBTOutputs
L] - 4 desktop.ini -2 Tope
additional al |alyses ? ) crones o '
L} -
Filename 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 3:23:...
14 [ | N [} | +

2 files and 3 directories. Total size: 334,77¢ | Selected 1 file, Total size: 37,808,017 bytes

Server/Local file

In the RBTOutput.zip g '|!

Queued files | Failed transfers | Successful transfers

i B8 Queue: empty @@ |

A
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GCD OUTPU BY VI SI Te

( 4
== . 4
@uv[ « CHaMP » CHaMPTraining » 2015 » Workshop » Ref » Day02 » b.GCD » artifacts » GCD » v [ 45 ][ search fzf:ii
File Edit View Tools Help ]
Organize v Include in library ¥ Share with » New folder «
@y b_GCD 4[] Name . Date modified Type :

. artifacts — N T = - %

} . Analyses 6/3/2015 8:32 AM File folder 3

. CBWD0558304369125132 — G T : &

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

L, 6C0 d_project.gcd 3/20/20152:23 AM  GCD Fil f

|| gcd_project.gc 21U/ 2ULD L1465 ANV GLU File :

1, RBTOQutput.zip eI g £

e Day_03 /

¥ N WY T Jrey SVISPT P SV SR NI O U S W SOe N NP DTV ¥ W

A In the RBTOutput.zip s the artifacts folder. In
that is:

I The Visit RBT Outputs
i The GCD project folderé
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WO R KS H O P WE BS | T E 1 gcdworkshop.joewheaton.org

No need for frantic )

GEOMORPHIC CHANGE DETECTION 7
nNote takir

/é WORKSHOP
3 UtahState University THE FLUVIAL
e ST HABITATS CENIER ICRRR
GCD Workshop
~ About the Workshop (Syllabus)
a u S Primary Learning Outcomes .
Prerequisites & Workshop Enrolled Farllclnants:
Preperation

Geomorphic Change Detection Examples

This website is the primary hub of resources

Regictrati for the Geomorphic Change Detection
eqgistration \.‘.'DI’kSth.

[]
WO r kS h O I O I CS Reccomended Readings
Instruction Team PWSIIEI}ﬁVB Parliniparlls:

¥ Workshop Topics

Logan Venue

1. Surveying Principles & The next GCO workshop will be taught April
L] = Change Detection (Day 1) 29 to May 1st, 2014 in Logan. This workshop
2. Error Modelling & Uncertainty  is offered through the Intermountain Center
Accounting to Support Change  for River Restoration and Rehabilitation at
Detection (Day 2) Utah State University. We typically cap
3. Applications & enrollment at 25 participants. The same
. - Interpretstions of Change workshop is offered as a 1 credit graduate
Detection (Day 3) espresso course (WATS 6850; CRN 20274;
I EXe rC I S e S GCD Software Spring 2014 Semester), and professionals taking the workshop are eptionally allowed to register for continuing
education credit. See here for registration information.
GCD 5 Help
GCD Forum

Past GCD Workshops

- —
i Additional Resources miiio. =
Impertant Links Current funding for the Geomorphic Change Detection The GCD Software was originally developed by Joe

\CRRR Software development(GCD 5) is being provided by the Wheaton (Utah State University Department of Watershed
USGS's Grand Canyon Monitoring & Research Center. Sciences), Chris Garrard (Utah State University RSGIS Lah),
e e re n Ce S ICRRR ‘Shcrt Cc”rsf and James Srasington (University of Canterbury). The
Joe Wheaton's Website v newest version of the GCD is currently under development
ET-AL (Lab) ;_‘4 by Morth Arrow Research and the ETAL.
North Arrow Research “ /
I i |_1 I : S t : S : ftW 5 r E & el L N e B L i ot i A A e SV N e O T A
.
H http://gcd rksh heaton.or
o For P://gCAWOIKSnop.joewneaton.org

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

A
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http://gcdworkshop.joewheaton.org/

LETO0OS BREAK SOMETHI NG

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

A Download Latest GCD 6 from: [ gedjoewheaton.org/downloads

I http://gcd Joewheaton org/downloads
Downloads | | |

“Home
Intreduction P ~
# Downloads Esri ArcGIS Add-In Installation Utility [
e
Release Notes GGDB
Older Versions 1 Please confirm Add-In file installation_
How to Make a GCD Release The latest stable version of the GCD is available - g ]
- GCD Help Pages -l,-r- Active content, such as Macros and Add-In files, can Esri ArcGIS Add-In Installation Ut... !
GCD 6 He = contain viruses or other security hazards. Do not install this
= nee 46 contert unless you trust the source of this file.
GED & Help 2014 11 75 GCDAddIn 6 1 03.esril _ _ '
GCD 4 Help MName: Geomomphic Change Detection (GCD) || Installation succeeded.
GCD Workshop Training Instructions, requirements and help for the instz )
GCD Forum sometimes available here, WVersion: 6.0.17

GCREMFILAAIRUNEGRIEIS A0 20 40 Ad 2 Ao S5 Job 80 2th b Sa o0 Author:; Philip Bailey

Description: Geomomphic Change Detection (GCD) Software

Digital Signature/s
This Add-In file is not digitialty signed.

Signed By:
Signed date:

Source is trusted

b Signature is valid
-
2014 04.28...

( install Add-in | [ Ccancel

@ UtahStateUniversity
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MAKE SURE IT WORKED!

“3g | Customize | Windows Help 5
-~ Toolbars LN '}
3 Extensions... @(\
L . |l
N | Add-In Manager... | If
ol N S W oge S

B~ W DN

. Start ArcGIS
. Go to Add-In Manager
. Check its there

. Turn Toolbar on

-

Add-In Manager

[t

Add-Ins | Dp\‘_inngl

My Add-Ins
Divide LineByLength

4+ Created by: Esni Editing Labs

CHaMP Transformation Toal
;"] Created by: USU ET-AL and RS/AGIS L
A

Provides 3 command to divide a line int

m

+ -

Geomorphic Change Detection (GCD) Software

1 Geomorphic Change Detection (GI
Itah State Univer
11/25/2014

613
Mone

Created by:
Date:

“ersion:

Dhgital Signature:

components, use the customize dialog.

Types:
Transforms and projects CHaMP field s Commands
Toolbars
Menus
Extensions
DockableWindows
SuperDEMLive
41 Created by: ET AL 15
I&
4 1 r
Delete this Add-In
To install Add-Ins and configure the user interface with Add-In ’ Cusiomize. . I [ Clos

N ——————

Geomorghic Cha

1<

A Y]

Pt

raw ' v

3D Analyst

Advanced Editing
Animaticn

ArcScan

CHaMP

COGOo

Data Driven Pages

Data Frame Tools
Distributed Geodatabase
Draw

Edit Vertices

Editor

Effects

Feature Cache

Feature Censtruction
Geocoding

Geodatabase History
Geometric Network Editing

Fa WA VOPFE Nl SR L U Fa e WA L A

| Geomorphic Change Detection

\*‘\'\-\auﬁ-'\‘_vd/\f\4

PG A G g D g B

= [letection

Project~ Data Preparation = Analysis = Customize~ Help -




| NTERSPERSE LECTURZS ==\

HANDS-ON EXERCISES '

To Make Exercises Efficient:

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

A Make sure GCD 6 toolbar is loaded

A Make sure exercise data is copied to:
c:\ 0_Worskhop \ or similarly easy place to

fi1 ndé




COLUMBIA HABITAT MONITORING PROGRAM CHaMP 2z,

EONNEVILLE

MONITORING SITE LOCATIONS, COLUMBIA RIVER WATERSHED @ —

TELRRS ST,
T
CHaMP Sites
L] Annual
Rotating Panel Year 1
Rotating Panel Year 2

Rotating Panel Year 3

Perennial River
Road

CHaMP Pilot
Watershed

Non-CHaMP Funde
Yo rater Waterthed
Planned CHamP Full  » . %

v
{mplementatio
rshed E

What can geomorphic c'hQange tell us about
habitat condltlons for fish across a huge dlverS|t)<
3 R W
of _rergch$ types’? ’!"

g
SOUTH FORK

£ sauyon
{ B1G CREEK.

DAY

CBWO05583-290034 Middle Fork John Day River

©2013 WHEATON ET-AL
champmoritoring ore
o,




A TYPICAL CHaMP TOPO SURVEY @

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

[ ]0-0.05 [ 0.45-0.5
[ ]0.05-0.1 [l 0.5-0.55
[]0.1-0.15 [l 0.55- 0.6
[7]0.15-0.2 | 0.6 - 0.65
[ 0.2-0.25 | 0.65 - 0.7
4 6 8 10Meters [ 0.25-0.3 jjjjj 0.7-0.75

B o03-035

Detrended DEM (m)
s High : 102.34

S Low : 99.28

| | Water Extent
—— 10 cm Contours




CHaMP TOPO SANDBOX [f®1gELlV/l i

QNNEVILL

VLR ADMINISTRATION

B
2

o

PHet Phase

A 11 Watersheds
throughout the
Columbia Basin

A Roughly 45-55 sites
In each basin (10-15
annual): +700 Total

Full
Implementation?

A Up to 26 Watersheds
A ~1200 sites

R 4 \\\'\
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http://champmonitoring.org/

WHERE GCD FITS IN PRODUCT FAMILY

EXAMPLES OF PRODUCTS

Low High

LIMITING ACTION

AN ) - RECOVERY ,aIEﬁIEﬂET HAB! TRJBUTARY EFFECTIVENESS a
Direct Answers/insights to BT Gt o are. | mesuen SUECIGNS ) | AcTions | MAPS E
Key Management Questions ¢ o
=
d
Syntheses of Multiple SYNTHESIS Network Capacity Models =
Analysis Products PRODUCTS Life Cycle Models " %
7 a0
Analyses that summarize, identify T T T e e T T T T T b= ©
patterns & trends in Application & ANALYSIS Weighted Usable Area, Capaqty Eshmates, 9 s
. _— Summary Metrics, Indicators 2 =
Comprehension Products rnoUUCT S o >
o = 2
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 =
Data & 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 DESCRI BE HMAPRLPOOKRR ¢
CONDITION VARIANT —

# | Changes with less
DYNAMIC RIVER BEHAVIOR 701 than a 95%
CHANGES CAPTURED WITH CHamP probability of
60 beingreal ]
w50 \
Before (2011) _ E | ‘ Deposition
S a0t ‘
= - : . « — gk |
. 301 f
Erosion
20
10

Point Bar Development

1
vation Change

Chute Scour .
Ele

CHANGES

Minor Downcutting

After (2013)

Erosion

UtahStateUniversity
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GCD TO DESCRI BE HNWMGOORX:
CONDITION VARIANT o |

160 - Changes with less Deposition -
DYNAMIC RIVER BEHAVIOR than a 95%
CHANGES CAPTURED WITH CHaMP 140 probability of
being real

Volume

Erosion

Old Channel Bank
Filling

CHANGES

Central Bar
[ Development

L4

After (2013)

Elevation Change (m)

>-2.5 2.5
I 1 I | . )
20 3 % Som Erosion Deposition

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



GEOMORPHIC CHANGE DETECTION

TRADITIONAL APPROACHES TO
GEOMORPHIC CHANGE DETECTION

N

NORTH
ARROW

A
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HOW CAN WE CALCULATE CHANGE?

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

2003

Legend

Detrended DEM Meters
Relative Elevation (m) 0 50 100 200 300 400 500

. +275 4> Locations of Active Diffluence

(1) Locations of Active Confluence

-275



DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

@&y ., @by
< 7

2. Basic DEM Differencing
2 3. Raster CalculatorDoD Example
§4 4. Simple Thresholding
“%* 5. Raster Calculator ThresholdExample

A
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DEM DIFFERENCING

: . . NEW OLD
Simple method of quantifying spatial 3/ ¥ —_ =DoD
NEW DEM \F/)ariations in chqange%/\ s?orgge : ‘}’ 4 DEM DEM
terms of a sediment budget. g\ R

OLD DEM

DEM DoD (DEM of Difference)
Elevation Elevation Change

\ ‘\/ . 349 - 2 m (Deposition)
: - 349 | -2m (Erosion)
G20 Gross Reach Sediment Budget
4
l‘fE: s
82
a 2
|
Q
1

D 025 05 078 1 125 1%

A8 4% a4 475 D5 03

4 975 05 02 0 035 0% Q7%
Elevation Change (m)

© 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 ~




WHATO0OS THE HI STOGLW\C

A What about the
DoD?

A Values on vertical

NEW DEM

= DoD 2

% 10° Gross Distribution:2004-2003
d e rlved | n d |ﬂ:e re nt 41 Total Ar;a ofErosicl)n:65213.0|m2 | | | | | | .
Total Area of Deposition:49938.0 m?
= 3 -
ways L g
A . . 8 2 _
Same information 2
1 Lo =t
revealed
0 | | . ] | 1 |
. -2.5 2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25
d | f f e I’ e ﬂ t A Elevation Change (m)
Total Vollume of Erc]>sion:4975.l5 m° | | | | . | . |
800 - Total Volume of Deposition:3072.2 m® Am pllfleS hlgher 7
o~ " 3 .
m\E/ - Net Volume:-1903.3 m magr"tUde Change |
P 2 portions of
3 o distribution 1
200+ =
0 1L Il { 1 1
2.5 2 1.8 1 -0.5 0 0.5 1 1.5 2 2.5
B Elevation Change (m)




WHY IS SO MUCH OF DoD DISTRIBUTION
CENTERED AROUND ZERO?

A Is it real? |

A Are there justalot < e,
of small changes? _

A What needs to | >
happento get NO , % = s o = ™o i s 2 2
change? —

A What is likelihood 2., “= """

Gross Distribution:2004-2003

Total Volume of Erosion:4975.5 m®

of measuring 3
exact same value? . L
B 9 * e ) IE-I(;\slation ghangeo(sw) 1 "o ’ =2

A
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0 S0e THIJ&ESTA SIMPLE
SUBTRACTI ON PROBLEM?O0

A DoD=DEM,,,, - DEM,,

DEM of Difference
(DoD) Calculation

P

A8

i%‘,]]] UtahStateUniversity
- ECOGEOMORPHOLOGY & TOPOGRAPHIC
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DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

s o Sy
< L2

22 3. Raster Calculator DoD Example
4. Simple Thresholding
%= 5. Raster Calculator ThresholdExample

Y/

/3

|I|%,p, UtahStateUniversity
E
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MI NUTESE@

December 2005 February 2006

>

A DoD w/ Sulphur Creek

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 flow)
400 Sulphur Creek Looking
350 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 O DOe

.
;\% 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 Conditional - expression using Python syntax in a
<> DoD_Raw.img H.B .BB. con |5| calculator-like interface.
<> 2008Feb_DEM.img . H .‘r H Pick
s ot (2] (el ==
Math
M
2]
(N B 9 [ 0 i -
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
. &

/[\\

'\ . .
%‘\\;\\\ AN fl M UtahStateUniversity
& AN\ § ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY




EXERCISE G1 PART 1.A: RASTER CALC.

I

C. \ CHaMPWorkshop Exercises \ GCD G_SimpleDoD \
CA_SulphurCreek \ Raw_Ortholnputs

Load 2005 & 2006 DEMSs

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

Import layer symbology from: pob_raw.img.lyr
and apply to DOD




DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE
DETECTION

@y o, @Ay
m m

49 4. Simple Thresholding
%= 5. Raster Calculator ThresholdExample

A8
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THE CRUX OF THE PROBLEME

Reliability Uncertainty: Of ek
the predicted changes, ‘ :

what can we actually
distinguish from noise?

20!

Rod Height
Perfectly Plumb Detail Pole

We Want: @< E Vertical Errorj_; .7 Actual Point

LI

o ¥
But, C(Z) |~I

Erroneously
o Calculated Point

© Wheaton (2008)
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MINIMUM LEVEL OF DETECTION

A Should there be change \,
everywhere?

t.
. Legend

:
%
\ & / DoD (m)
J -2
’ Bl 2500-1.0
: ' . Bl 10009
‘ ‘ LA

A Distinguish those changes
that are real from noise

A Error assumed to be
unbiased (toward erosion
or deposition)

B 09t0-08
I 0.8t0-0.7
I 0.7t0-0.6
[ -06t0-0.5
[[]-05t0-04
[ ]-04t0-03
[]-03t0-0.2
[ ]-02t-01
[[]-01t00
[ Jootoo.1
[ Joiwo.2
[Jo2t0.3
[ o03t0.4
I 0.4 t00.5
[ o0.5t00.6
B o6t00.7
Blo7two0s
Bl o8t00.9
B 0.5t 1
Bl iow2s

N
|I|%D’ UtahStateUniversity
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HOW DOES A ,, LoD GET APPLIED?

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

A For example +/- 20
cm

A How would you do
that?

A What is the
assumption here?

minLoD = 0.00 m

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
[ -06t0-0.5
[[]-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



DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE

&
6

9
.

N
* A\

5. Raster Calculator Threshold Example

A8
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EXERCISE GT 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, 0s
turn to NoData and NoData remains NoData.

3. Using Raster Calculator, apply the ReclassMask
to DoD to O60threshol do

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




HRESHOLD THE DoD

=

’t\ Raster Calculator

oo

(1)

-
Map Algebra expression \ I 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 E@g
- thq
Cumin
op Input raster 2
("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 \ I 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 @
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EXERCISE GT PART 2: SAME THING IN GCD

C:.\ CHaMPWorkshop Exercises \ GCD G_SimpleDoD \

No real explanationé | usHt
l. Load Bl ank New Map Docu
2. Create Project

3. Load 2005 and 2006 DEMs as Surveys

4. Calculate Change Detection using simple

minLoD and specify
5. EXxplore and visualize output

A
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WHAT WEORE DOI NG TO S|
SUBTRACTION PROBLEM

A Just specifying a

minimum level of -
detection (,,;,LoD) a b
A Throwing away DoD < DEM of Difference

(DoD) Calculation
mink0D

A Calculating some ﬁ

summary statistics
A Multiplying cell by cell Specity MinLoD

Manually

DoD by cell area to
get volumes

A Looking at histograms ReacScae Voot

Change Estimates




DETAIL PLAN

TRADITIONAL APPROACHES TO GEOMORPHIC CHANGE

&
6

9
.

N
* A\

A8
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GEOMORPHIC CHANGE DETECTION

THRESHOLDING ALTERNATIVES IN GCD

nge Detection x

__‘?E Project = Data Preparation = Analysis = Customize~ Help -




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

§4 1. Three Typesin GCD 6

st 2. Recall minLoD

4§49 3. Error Propagation

§4 4. Probabilistic Thresholding
5

P

i Tutorial

A

g UtahStateUn ive rsut
' M yAPHIC

OOG&
LA



GCD 6 THRESHOLDING

. . [ ¥ Change Detection Configuration S |
A Simple defined ...LoD

Analysis name: DEM2004_DEMZ003 Prob 0.95

A P ro p ag a‘te d E r‘r O r S Output folder:  C:\0_GCD"Feshie"FeshieGCD"Analyses\CDVGCDO011

A Probabilistic e i e — 2
Confldence Interval Spatial Extent of Analysis

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
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ANALYSIS LABORATORY




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

é 2. Recall minLoD

§4 3. Error Propagation

4 4. Probabilistic Thresholding
%= 5. Tutorial

Y/

/3
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WEGVE JUST DONE JH& Sl

GCD Project Explorer O x
+] (@) (X] (@) (%
,; FeshieGCD
- Inputs
=1 DEM Surveys —
o _ _
- Edit DEM Survey Properties DEM of Difference
- Add to MEF {DQD} Caleulation
__ Delete DEM Survey
' Add Associated Surface
__ Specify Error Surface
- Derive Error Surface
-3y DEM_200% Specify MinLoD
! @ Associated Sufaces Manually
ST AV LAl T ARV oV WA S AN ALY NV A s SV SNPY t OY

— Reach-Scale ‘u.{ulumet‘ic:
DEM of Difference SN
(DoD) Calculation

'
Eradha fma

4

A R\
< y A
JG il UtahStateUniversity
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APPLICATION OF A ,, LoD

minLoD = 0.00 m minLoD = 0.20 m

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

A For example +/- 20
cm

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
[ ]-02t0-01
[[]-01t00
[ Jootoo.1
[ Joiwo.2
[o2t03
0.3t00.4

| I 0.4 t00.5

! P o5t00.6
B o6t00.7
o 7twos

TNk Bl o8t00.9

A _\\\ B 0.5t 1

AN Bl 10025




VARYING .. LoD THRESHOLDS tt=ta=

Legend
DoD (m)
- >-2.5
Bl 25t00-1.0
B 10009
B 09t0-08
B o8t0-0.7
B 0.7t0-0.6
[ -06t0-0.5
[ -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

. I ostwo9
jeann. [ oot
Bl ioto2s5

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

800, 800 £00 800
Erceion: -11162 m® Ercsion -10603 m* Erosion -0840 m®
Degostion: +8002 m” Deposson: +8378 m Depositen: +7687 m*
Nt 2280 Net-2224 Net-2153m”

E-nmm 5805 m*
Depasiton: +2508 m*
Net-3268 m”

Ercaion: 8872 m”
Depoation +6288 m’
Ne-2884 m’

: aton 20Q
i%l,]]] UtahStateUniversity
- ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY



EXERCISE | i PART1: VARYING ,,LOD

C:\ CHaMPWorkshop Exercises \ GCDI| Thresholding

1. Start new ArcMap Document

2. Create new GCD Project called
d-eshie Threshold 1 n |

3. Load 2 DEMs provided as surveys

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

5. Compare the outputs (maps, summaries,
el evati on change di str.




DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

§4 3. Error Propagation
4] 4. Probabilistic Thresholding
%% 5. Tutorial

A8
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viy LOD USING ERROR PROPAGATION

A Distinguish those changes
that are real from noise

A Use standard Error
Propagation

A DEM Errors can vary
temporally and spatially

Elevation (Time 2)

A2)oe,., =200

CI(Z) = \/(O(Z)DEMO|d)2 + (d(Z)DEI\/IneW)2

€.g. a(z) — \/(10)2 + (20)2 — 2236 Egreasington et al (2000): EsPL

AlLane et al (2003): £sPL
22 .36 cm é 8 . &Brasipgtep et al (2003): Geomorphology

7 > > - 4 A ® 7. R
el S Gl T > \
s Y ] ’ \
o T i3 5 . . N » A\
¢ g e & < ™ ' & \
i : NSO N /\
i) ¥ ‘ - e ¥ ) NN
- X »e N
- AT
* Lo N
- o ©
i N \
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ERROR PROPAGATION GETS APPLIED
SAME WAY AS MIN LoD m/inLoD=0\.O(;\m mintoD0.0m

A Does not matter L Gdiey
whether the ;LoD is O Ly =
specified, or 4 Ry =
calculated from error i | T il &
propagation

A Just on a cell-by-cell Al 7

0asis! G AT

A In background a Y o WA =
perror grid Is i

N @
o o
o
o

© 0950000
- N

oroduced




OUR REVISED WORKFLOW: PROPAGATED
3

A Just come up with
separate estimates of

error for DEM,,,, & (DoD) Calcaation
D E Ivl)|d & p ro pag a‘te Specify, Load or Specify, Load or
US| ng Sq uare rOOt Of Caleulate DEM Error Calculate DEM Error

the sum of the square m 0l Err
of the errors in — ‘

_\_\_\_\-‘_‘“—\_
| Error Propagation

guadratur ee
Error Surface

Use Propagated
Error Surface as
MinLaoD

|

A5y

L

Reach-Scale Volumetric i
Change Estimatas |




WHAT ARE TYPICAL ERRORS?

Remotely Sensed or Aerial Surveys

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

L\ Ground-Based Surveys

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

A GPS::+/-3to 12 cm

A Terrestrial Laser Scanning: +/ -
0.5to4 cm




SO WHAT WOULD PROPAGATED ERRORS BE ?

Remotely Sensed or Aerial Surveys

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

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

%L\ |Ground-Based Surveys

A Total Station Surveys : +/ - 2 to
10cm (3to 14 cm ,,LoD)

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

A Terrestrial Laser Scanning: +/ -

0.5to4cm (0.7to6 cm . LoD)

min




EXERCISE | i PART 2: VARYING ,, LOD

C:\ CHaMPWorkshop Exercises \ GCDI| Thresholding

1. In Same ArcMap Document

2. 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,
el evati on change di str.i

A
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DETAIL PLAN

THRESHOLDING ALTERNATIVES FOR GCD

Probabilistic Thresholding

Tutorial

A8
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HOW COULD | REPRESENT AS PROBABILITY?

A Using inferential A Just the ratio of actual
statistics, wafgkto LoD
calculate a t-score change

Al is the - A Assuming two-tailed
Characteristic test, t is significant at:
uncertainty i 68% confidence limit

i In this case Upp= when t= 1
min-OD i 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
s B o
Bl 25t0-10 B iot0-09
Bl 100009 B ootw-0s8
B -09t0-08 B o0sto-07
B 08to-0.7 Legend B 0706
B 0.7 t0-0.6 T-Score B osto-05
B - 03655 Bl -2 -0.5 to -0.4
[ -05t0-04 B 200 -3 e
= P s B s 0z
— [ ]-2t0-1 [ ] -02t-01
] 0.1 to 0.0 [ ]-1t0 [ ] -01t00
Coowo.1 [oto1 [ Jootoa1
[Jo1to0.2 B i [ Joitwoz2
[Jo2wo3 [ o203
0.3to 0.4 [ o03t004
Pl o4to0s I o04t005
o506 B os5t006
Bl osto0.7 B o607
o wos B 07twos
B osto09 - 0.8to0 0.9
Q I 0.9 to 1 B oo10
W Bl ioto2s 1.0

~ © Wheaton (2008)

Even when . LoD is spatially constant,
probability varies I n spa



SENSITVITY OF THRESHOLD?

50% Confidence 68% Confidence 95% Confidence 999% Confidence
Interval Threshold Interval Threshold Interval Threshold Interval Threshold

Unthresholded DoD

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
[ -0.5t0-0.4
[ -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
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