
Sunset Crater Arizona hillshade (US NPS) Granite Dells AZ point cloud (NCALM student seed grant) 

Sharpening	our	view	of	earth		processes	with	high	resolu4on	
topography	



Example scientific motivations 
•  How do geopatterns on the Earth’s surface arise 

and what do they tell us about processes? 
•  How do landscapes influence and record climate 

and tectonics?  
•  What are the transport laws that govern the 

evolution of the Earth’s surface? 

•  Coupled hydrogeomorphic-ecosystem response to 
natural and anthropogenic change 

•  Landscape and ecosystem dynamics 

•  Volcano form and process 
•  Changes in volume of domes, edifice, flows over 

time 
 



Johnson, K., Nissen, E., Saripalli, S., Arrowsmith, J R., McGarey, P., Scharer, K., Williams, P., 
Blisniuk, K., Rapid mapping of ultra-fine fault zone topography with Structure from 
Motion,  Geosphere, v. 10; no. 5; p. 1–18; doi:10.1130/GES01017.1, 2014. 

Global and regional 
topography/bathy (10s-100s 
m/pix) 

Local to site scale topography (dm to m / pix) 

Getting the right coverage in 
time, space, and resolution for the 

question 

+ASTER 



Presentation outline 

•  Introduction and measuring topography 

•  “Seeing” and working at the appropriate 
scale 

•  High resolution topography application examples 



Science	requirements	
•  Need	topography	data	with	sufficient	spa4al	extent	
and	resolu4on	to	capture	phenomena	of	interest		

•  Need	topography	data	with	sufficient	temporal	
repeat	to	capture	changes	of	interest		



Yann	Klinger,	IPGP;	hCp://peer.berkeley.edu/events/2009/sfdc_workshop/Klinger_Kunlun_EQ.pdf	



Length	scales	<1	m	and	>105m	

Wells	and	Coppersmith,	1994	



2014	Oso,	WA	landslide	credit:	Washington	Post	

Mul4-temporal	topography	



“Seeing”	at	the	appropriate	scale	
means	measuring	at	the	right	scale	

hCp://en.wikipedia.org/wiki/How_Long_Is_the_Coast_of_Britain%3F_Sta4s4cal_Self-Similarity_and_Frac4onal_Dimension	

Surface processes act to 
change elevation through 
erosion and deposition while 
tectonic processes depress or 
elevate the surface directly—
their record is best 
characterized with the right fine 
scale. 
 
Applies in particular to statistical 
self similarity	



Using Terrestrial and Airborne Lidar 

J. Oldow, UTD 

California 

Study Area 

Los Angeles County 



San Gabriel Mountain 1-m DEM from airborne lidar 
J. Oldow, UTD 

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 



J.	Oldow,	UTD	

Using Terrestrial and Airborne Lidar 





Sunset	Crater	topographic	data	











Lidar:	full	feature	(all	returns)	



Lidar:	bare	earth	





Northern San Andreas Fault, California (40 km SE of Point Arena) 



Northern San Andreas Fault, California 



Iden4fying	faults	in	presence	of	dense	vegeta4on	

Cunningham	et	al.	(2006),	
Geophys.	Res.	Le?.	

									Idrija	Fault	(Slovenia)		
Cunningham	et	al.	(2005),		
Geophys.	Res.	Le?.	

Tahoe-Sierra	frontal	fault	zone	
Howle	et	al.	(2012),		
Geol.	Soc.	Am.	Bull.	

									Denali	fault	
Schwartz	et	al.	(2012),	
J.	Geophys.	Res.	

-E.	Nissen	



Johnson, et al. 2014 Haddad, et al., 2012 
Arrowsmith and 
Rhodes, 1994 Landers,	1992	earthquake	rupture	

repeated	inves4ga4ons	on	the	
decadal	4me	scale:	rupture	zone	
sharp	with	secondary	structures	
s4ll	evident	

2008	 2012	

5 m 



PHOTOGRAMMETRY	CURRENTLY	IN	OT	
-  Pleiades	1A	&	1B	tri-stereo	data	
-  East	Helanshan	Fault,	China	
-  El	Mayor-Cucapah	EQ		

March	2014	Pleiades	1B	tri-stereo	DSM		 August	2010	NCALM	ALS	DSM		



Granite Dells AZ point cloud (Haddad, et al. 2012) 

UNAVCO Terrestrial Laser Scanner 

absolute measurement capability 
sufficient to characterize features 
and changes in challenging 
geometric arrangements 





Dinosaur Trackway, Fiorello 



Using TLS to Obtain 
Volumetric 

Measurements of 
Weddell Seals in the 

McMurdo Sound 
 

Seal body mass = proxy for 
availability of marine food 

resources 

Scanning in Polar Environments 



Everglades Biomass, Wdowinski 



Going	beyond	preCy	pictures…	



JGR,	2007	



GRL,	2010	
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3-D Trenching 

Fault-normal Trenching Geomorphology 





LiDAR Measurements 
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Salisbury et al., 2012 

UCERF 3 



Red	=	catchment	area	of	100	m2.	Blue	=	catchment	area	>	610,000	m2.	
Kautz	Creek	flows	through	the	large	valley	near	the	center	of	the	image.	

Mount	Rainier,	WA	hydrologic	
network	calculated	with	TauDEM	
in	OT	



Differen4al	topography	





DeLong	et	al.,	
2012,	ESPL	



Mount Erebus, Antarctica 
•  Lava lake scanned 2008–2013, revealing behaviors invisible to naked eye 
•  Inner crater scan used to augment and truth 2003 aerial scans 

Lava	Lake	
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•  Scans of ice caves and ice towers 
help determine thermal / energy 
budget of volcano 

Scanning in Polar Environments 



Extra… 



Getting Lidar into 
introductory textbooks! 



Uplift rate 

Total rock uplift 



Understanding geomorphic response to uplift 

Uplift rate 

Total rock uplift 

Material moves along fault though relatively stationary uplift zone:  
How does landscape respond?  
What will the landscape tell us about the geometry of the uplift? 

-G. E. Hilley 



Dragon’s	Back	Pressure	Ridge,	Carrizo	Plain	California	

1	km	

Arrowsmith,	1995;	Hilley,	2001;	Hilley	and	Arrowsmith,	2008	



Uplift rate 

Total rock uplift 

Topographic metric: residual relief (ridge elevations – drainage elevation) 

Hilley	and	Arrowsmith,	2008	



Duvall, Kirby, and Burbank, 2004, JGR-ES 

θ = m/n

ks 

S = ksA-θ

--K. X Whipple 

Concavity (θ) 
invariant with U 

Steepness  (Ks) 
varies with U 

U = Rock Uplift Rate 



Rock	uplis	and	topographic	
metrics	

Hilley	and	
Arrowsmith,	
2008	Subs4tu4on	of	space	for	4me	

Hilley	and	
Arrowsmith,	
2008	


