EGM702 — Photogrammetry and
Advanced Image Analysis
Week 2, Part 6: DEM Applications



l}f.ster Need for co-registration

University

« Small x,y shifts between DEMs
lead to large differences in Z

* Shows up as hillshade-style
pattern

* Leads to bias (systematic
error)

* To correct, have to co-register e
the DEMSs T




l}:ster Co-registration

University
: : dh dh
» One method: iterative co- an(a) @b Vre =0
registration 2N
| N
* Solve for shifts as a e ?“*T A\
function of aspect:
- a: magnitude of shift : el
- b: direction of shift . 2
. . s o s TR
— C: mean bias, normalized - g
by slope Tl
—

Terrain Aspect (W) fdegrecs] Nuth and Kaéb, 2011



lﬁﬁi{grsiw Applications

Geometrically correct satellite
Images

Visualization
- Shaded relief/Hillshade
— Draping

Topographic parameters:
— Solar illumination
- Viewshed

Change Analysis



l_;lrlnsigrsity Hyd rOIOgy

Flow modelling using
slope, aspect

Delineate watersheds

Map river/stream
networks

Mapping flood depth,
extent

D Ioomed area

D hydradynamic model domain
Bl oo etent 29 4pr 1950




h g

user . FOrestry

University

WIND__ Boose et al., 1994

* Topographic Exposure
(TOPEX)

- Estimate location’s

protection from wind : |
- Can help guide replanting

efforts

Copm

I L R
E (km, UTM215)

* Tree height, structure
 DEM Differencing
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Girod et al., 2017 7 ad [ e
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Ulster LandS“deS
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* Classified rock
avalanche/landslides since 1984 =™ B
in Glacier Bay, Alaska :

* DEM to calculate headscarp, .
runout, aspect | '

1471984 1/1/1989  §/1/1994 17171000  5171/2004  1/1/2000 1712014
Date [m/fdfyr)

» Aspect, temperature record
suggests increased rock-
permafrost degradation

e Can also use DEMs to model
runout, other effects

Coe et al., 2017
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* Repeat DEMS:

- Lava/pyroclastic flow
depth, volume

- Landslides, flank collapses

—_ Prehistoric g~ * =ty = »
. N I : collapse scar e T . .' : e =)
- DOl I le bu I Id I ng ’.f ! s‘l;urﬁisiu; :

e DEMSs can be used to
model lava flows

Shevchenko et al., 2020
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vaer . Glaciology

e DEMs: | %
- Model surface mass balance -..|

300 4

- Model/estimate ice flow, ice W,
th i C kn eSS S . 1-sigma sonfidence interval

® Elevations considered valid

T T T T T T
2000 2004 2008 2012 2016 2020

* Repeat DEMSs: 2

slow elevation loss
1650 A in accumulation area

- Volume change h

Elevation {m)

- Elevation change time series

1550

50 100 km

2000 2004 2008 2012 2016 2020

Vazr

52°S



lﬂﬁ&?grsiw Summary

* Before comparing DEMs, they must be co-registered

* Many, many applications of DEMs in remote sensing &
geo/environmental sciences

* Necessary input for many types of modelling
* Change analysis applications



lwster Additional resources

University

* Nuth and Kaab, 2011 [The Cryosphere]

e Jarihani et al., 2015 [J. of Hydrology]

e Girod et al., 2017 [Remote Sensing]

* Coe et al., 2017 [Landslides]

* Shevchenko et al., 2020 [Comms. Earth & Env/]

* Using DEMs to Map Changes in Topography [USGS]
* An overview of the hydrology toolset [ESRI]


https://doi.org/10.5194/tc-5-271-2011
https://doi.org/10.1016/j.jhydrol.2015.02.049
https://doi.org/10.3390/rs9070704
https://doi.org/10.1007/s10346-017-0879-7
https://doi.org/10.1038/s43247-020-00014-5
https://www.usgs.gov/volcanoes/mount-st-helens/using-digital-elevation-models-dems-map-changes-topography
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/an-overview-of-the-hydrology-tools.htm
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