
GEOMORPHIC CHANGE DETECTION  
 



BY END OF SESSION  

You should understand: 

1. GCD techniques and how 
they are applied to 
monitoring rivers 

2. How we account for 
uncertainties in DEMs 

3. How to interpret DoDs 

 

DoD Í 

å 

DoD = DEM of Difference =  

GCD Í Glen Canyon Dam 

GCD = Geomorphic  
 Change Detection 

 



IF YOU DOWNLOAD GCD PROJECTé. 

ÅWhat does it mean? 

ÅHow can I interpret 
results? 

ïMap 

ïTabular 

ÅHow can I do 
additional analyses? 

In the RBTOutput.zip  



GCD OUTPUT BY VISITé 

ÅIn the RBTOutput.zip is the artifacts folder. In 

that is:  

ïThe Visit RBT Outputs 

ïThe GCD project folderé   



WORKSHOP WEBSITE  

ÅNo need for frantic 
note takingé 

ÅSyllabus 

ÅWorkshop Topics 

ïLecture Slides 

ïExercises 

ïAdditional Resources 
& References 

ÅLinks to Software & 
Help Forums 

http://gcdworkshop.joewheaton.org  
WARNING : We normally cover this material in 
2 to 3 day workshops! 

http://gcdworkshop.joewheaton.org/


LETôS BREAK SOMETHINGé  

ÅMake sure ArcGIS 10.X is Installed, but Not Open 

ÅDownload Latest GCD 6 from: 

ïhttp://gcd.joewheaton.org/downloads  



MAKE SURE IT WORKED!  

1. Start ArcGIS 

2. Go to Add-In Manager 

3. Check its there 

4. Turn Toolbar on 



INTERSPERSE LECTURES WITHé 
HANDS-ON EXERCISES 

To Make Exercises Efficient: 

ÅStart up ArcGIS (leave idle in blank document) 

ÅMake sure extensions are on 

ÅMake sure GCD 6 toolbar is loaded 

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

findé 

 



What can geomorphic change tell us about 
habitat conditions for fish across a huge diversity 

of reach types?  



A TYPICAL CHaMP TOPO SURVEY 



CHaMP TOPO SANDBOX 

Pilot  Phase  

Å11 Watersheds 
throughout the 
Columbia Basin 

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

Full 
Implementation?  

ÅUp to 26 Watersheds 

Å~1200 sites 

 

 Map by Martha Jensen 
See http://champmonitoring.org   

http://champmonitoring.org/


WHERE GCD FITS IN PRODUCT FAMILY  

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



GCD TO DESCRIBE BEHAVIORé IN A POOR 
CONDITION VARIANT  



GCD TO DESCRIBE BEHAVIORé IN A GOOD 
CONDITION VARIANT  



GEOMORPHIC CHANGE DETECTION  

TRADITIONAL  APPROACHES TO 
GEOMORPHIC  CHANGE DETECTION 



HOW CAN WE CALCULATE CHANGE? 

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



DETAIL PLAN  

TRADITIONAL  APPROACHES TO GEOMORPHIC  CHANGE 
DETECTION 

1. Background Problem 

2. Basic DEM Differencing  

3. Raster Calculator DoD Example 

4. Simple Thresholding 

5. Raster Calculator Threshold Example 

 



DEM DIFFERENCING  

Simple method of quantifying spatial 
variations in change in storage 
terms of a sediment budget.  
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WHATôS THE HISTOGRAM OF? 

ÅWhat about the 
DoD? 

ÅValues on vertical 
derived in different 
ways 

ÅSame information 
revealed 
differentlyé 

Erosion Deposition 

Multiply count by cell 
size2 to get area 

Multiply area by elevation 
change to get volume 

Amplifies higher 
magnitude change 
portions of 
distribution 



WHY IS SO MUCH OF DoD DISTRIBUTION 
CENTERED AROUND ZERO? 

ÅIs it real? 

ÅAre there just a lot 
of small changes? 

ÅWhat needs to 
happen to get NO 
change? 

ÅWhat is likelihood 
of measuring 
exact same value? 



óSOé THIS IS JUST A SIMPLE 
SUBTRACTION PROBLEM?ô 

ÅDoD=DEMnew - DEMold 



DETAIL PLAN  

TRADITIONAL  APPROACHES TO GEOMORPHIC  CHANGE 
DETECTION 

1. Background Problem 

2. Basic DEM Differencing 

3. Raster Calculator DoD Example  

4. Simple Thresholding 

5. Raster Calculator Threshold Example 

 



5 MINUTESé 

ÅDoD w/ Sulphur Creek, CA 



WHAT TO DOé 

 



EXERCISE G ï PART 1.A:   RASTER CALC. 

1. Load 2005 & 2006 DEMs 

2. Start Raster Calculator 

3. Subtract old (2005) from new (2006)  

4. Import layer symbology from: DoD_Raw.img.lyr  

and apply to DOD 

C: \ CHaMPWorkshop\ Exercises \ GCD\ G_SimpleDoD \  

CA_SulphurCreek \ Raw_OrthoInputs  



DETAIL PLAN  

TRADITIONAL  APPROACHES TO GEOMORPHIC  CHANGE 
DETECTION 

1. Background Problem 

2. Basic DEM Differencing 

3. Raster Calculator DoD Example 

4. Simple Thresholding  

5. Raster Calculator Threshold Example 

 



THE CRUX OF THE PROBLEMé 

Reliability Uncertainty: Of 
the predicted changes, 
what can we actually 
distinguish from noise? 
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MINIMUM LEVEL OF DETECTION  

ÅShould there be change 
everywhere? 

 

ÅDistinguish those changes 
that are real from noise  

ÅError assumed to be 
unbiased (toward erosion 
or deposition) 

  



HOW DOES A MIN LoD GET APPLIED?  

ÅYou take original 
DoD, and remove all 
changes <= minLoD 

ÅFor example +/ - 20 
cm 

ÅHow would you do 
that? 

ÅWhat is the 
assumption here? 



DETAIL PLAN  

TRADITIONAL  APPROACHES TO GEOMORPHIC  CHANGE 
DETECTION 

1. Background Problem 

2. Basic DEM Differencing 

3. Raster Calculator DoD Example 

4. Simple Thresholding 

5. Raster Calculator Threshold Example  

 



EXERCISE G ï PART 1.B:   THRESHOLD 

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 Reclass Mask 
to DoD to óthresholdô 

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

C: \ CHaMPWorkshop\ Exercises \ GCD\ G_SimpleDoD \  



THRESHOLD THE DoD  

1 

2 

3 



EXERCISE G ï PART 2:   SAME THING IN GCD  

No real explanationé just follow steps. 

1. Load Blank New Map Documenté 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 

C: \ CHaMPWorkshop\ Exercises \ GCD\ G_SimpleDoD \  



WHAT WEôRE DOING TO SIMPLE 
SUBTRACTION PROBLEM  

ÅJust specifying a 
minimum level of 
detection (minLoD) 

ÅThrowing away DoD < 

minLoD 

ÅCalculating some 
summary statistics 

ÅMultiplying cell by cell 
DoD by cell area to 
get volumes 

ÅLooking at histograms 
of change (ECD) 



DETAIL PLAN  

TRADITIONAL  APPROACHES TO GEOMORPHIC  CHANGE 
DETECTION 

1. Background Problem 

2. Basic DEM Differencing 

3. Raster Calculator DoD Example 

4. Simple Thresholding 

5. Raster Calculator Threshold Example 

 



GEOMORPHIC CHANGE DETECTION  

THRESHOLDING  ALTERNATIVES  IN  GCD 



DETAIL PLAN  

THRESHOLDING  ALTERNATIVES  FOR GCD 

1. Three Types in GCD 6  

2. Recall minLoD 

3. Error Propagation 

4. Probabilistic Thresholding 

5. Tutorial 



GCD 6 THRESHOLDING  

ÅSimple defined minLoD 

ÅPropagated Errors 

ÅProbabilistic 
Confidence Interval 

 



DETAIL PLAN  

THRESHOLDING  ALTERNATIVES  FOR GCD 

1. Three Types in GCD 5 

2. Recall minLoD  

3. Error Propagation 

4. Probabilistic Thresholding 

5. Tutorial 



WEôVE JUST DONE THE SIMPLE MIN LoD 



APPLICATION OF A MIN LoD 

ÅYou take original 
DoD, and remove all 
changes <= minLoD 

ÅFor example +/ - 20 
cm 



VARYING min LoD THRESHOLDS  

()()()()()22
zzz

newoldDEMDEMddd+=
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()()()()
newoldDEMDEMf z,zz ddd=



EXERCISE I  ï PART 1 :   VARYING MIN LOD 

1. Start new ArcMap Document 

2. Create new GCD Project called 
óFeshie_Thresholdô in I 

3. Load 2 DEMs provided as surveys 

4. Do Change Detections with following minLoDs: 

ï 0 cm, 5 cm, 10 cm, 20 cm, 50 cm  

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

C: \ CHaMPWorkshop\ Exercises \ GCD\ I_Thresholding  



DETAIL PLAN  

THRESHOLDING  ALTERNATIVES  FOR GCD 

1. Three Types in GCD 5 

2. Recall minLoD 

3. Error Propagation  

4. Probabilistic Thresholding 

5. Tutorial 



MIN LoD USING ERROR PROPAGATION  

ÅDistinguish those changes 
that are real from noise  

ÅUse standard Error 
Propagation 

ÅDEM Errors can vary 
temporally and spatially 

  

 

dz()= dz()
DEM old

( )
2

+dz()
DEM new

( )
2

Elevation (Time 1) 

Elevation (Time 2) 

See  
ÅBrasington et al (2000): ESPL 

ÅLane et al (2003): ESPL 

ÅBrasington et al (2003): Geomorphology 

 

dz()= 10()
2
+20()

2
=22.36

22.36 cm å 8.8 in 

e.g. 

 

dz()
DEM old

=°10cm

 

dz()
DEM new

=°20cm



ERROR PROPAGATION GETS APPLIED 
SAME WAY AS MIN LoD  

ÅDoes not matter 
whether the minLoD is 
specified, or 
calculated from error 
propagation 

ÅJust on a cell-by-cell 
basis! 

ÅIn background a 
perror grid is 
produced 



OUR REVISED WORKFLOW: PROPAGATED  

ÅJust come up with 
separate estimates of 
error for DEMnew & 
DEMold & propagate 
using square root of 
the sum of the square 
of the errors in 
quadratureé 



WHAT ARE TYPICAL ERRORS?  

ÅLiDaR : +/ - 12 to 25 cm 
ÅAerial Photogrammetry : +/ - 10 to 15 cm 

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

Å GPS: : +/ - 3 to 12 cm 
Å Terrestrial Laser Scanning: +/ - 

0.5 to 4 cm 
 

Ground-Based Surveys 

Remotely Sensed or Aerial Surveys 



SO WHAT WOULD PROPAGATED ERRORS BE ? 

ÅLiDaR : +/ - 12 to 25 cm (17 to 36 cm 

minLoD) 
Å Aerial Photogrammetry : +/ - 10 to 15 

cm(14 to 22 cm minLoD) 

Å Total Station Surveys : +/ - 2 to 
10 cm (3 to 14 cm minLoD) 

Å GPS: : +/ - 3 to 12 cm (4 to 17 
cm minLoD) 

ÅTerrestrial Laser Scanning: +/ - 
0.5 to 4 cm (0.7 to 6 cm minLoD) 
 

Ground-Based Surveys 

Remotely Sensed or Aerial Surveys 



EXERCISE I ï PART 2 :   VARYING MIN LOD 

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, 
elevation change distributions)é 

C: \ CHaMPWorkshop\ Exercises \ GCD\ I_Thresholding  



DETAIL PLAN  

THRESHOLDING  ALTERNATIVES  FOR GCD 

1. Three Types in GCD 5 

2. Recall minLoD 

3. Error Propagation 

4. Probabilistic Thresholding  

5. Tutorial 



HOW COULD I REPRESENT AS PROBABILITY?  

ÅUsing inferential 
statistics, weôll 
calculate a t-score 

ÅůDoD is the 
characteristic 
uncertainty 

ïIn this case ůDoD = 

minLoD 

ÅJust the ratio of actual 
change to minLoD 
change  

ÅAssuming two-tailed 
test, t is significant at:  

ï68% confidence limit 
when t= 1  

ï95% confidence limit 
when t=1.96  

 

t=
zDEM new

-zDEM old

sDoD



PROBABILITY THAT CHANGE IS REAL  

Even when minLoD is spatially constant, 
probability varies in spaceé why? 

© Wheaton (2008)  



SENSITVITY OF THRESHOLD?  


