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Introduction lecturer

Dr. Michael Denk

= Study of Geography at the MLU Halle-Wittenberg
= PhD in spectroscopy of industrial by-products

Research interests:

* Hyperspectral and multispectral remote sensing
 Visible light to the longwave infrared spectroscopy
* Exploration of anthropogenic deposits

* Spectroscopy of soils, rocks & man-made materials
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Contents of this lecture

|. DEM in a nutshell: terminology, sources, global data sets

Il. Practical example of DEM analysis and visualisation

_
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Digital Elevation Models

What is Digital Elevation data?

= Digital, three dimensional
representation of elevation data

= Contains x, y and z information

= Different formats (raster, vector)

Source: modified after https://www.dplot.com/office_market.htm 7
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Digital Elevation Models

DEM as text
X Y Z
2553000,000 5498040,000 476,000
2553000,000 5498080,000 479,100
2553000,000 5498120,000 482,000
2553000,000 5498160,000 484,500
2553000,000 5498200,000 485,400
2553000,000 5498240,000 486,100
2553000,000 5498280,000 486,900
2553000,000 5498320,000 485,700
2553000,000 5498360,000 483,600
2553000,000 5498400,000 482,000
2553000,000 5498440,000 480,400
2553000,000 5498480,000 478,400
2553000,000 5498520,000 476,000
2553000,000 5498560,000 473,900
2553000,000 5498600,000 472,900
2553000,000 5498640,000 473,000
2553000,000 5498680,000 473,200
2553000,000 5498720,000 475,200
2553000,000 5498760,000 477,400
2553000,000 5498800,000 479,800
2553000,000 5498840,000 482,500
2553000,000 5498880,000 486,000
2553000,000 5498920,000 489,600
2553000,000 5498960,000 493,000
2553000,000 5499000,000 496,500

DEM as vector data

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

304 40 315.20 325.70 333,10 339,40
° ° o <o L
299 20 305.80 321.40 330.80 338,70
° ° o ° °
285.60 296 .40 316.80 329.00 335,20
° ° o o °
287.70 287 40 298.10 319,10 332,70
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MENVIPRO Summer School 6

Z



Digital Elevation Models
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Irregular point net

Raster grid
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Terminology

Digital Elevation Models (DEM): DEM contains elevation
information stored in digital a format

Digitale Surface Models (DSM)

Digitale Terrain Models (DTM)

MTM -05/277 E: Tithonium Chasma (3 X Vertical Exaggeration)

By NASA / JPL / Goddard Space Flight Center -
http://photojournal.jpl.nasa.gov/catalog/PI1A02040, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=24440907

By User:W!B: - http://www.maps-for-free.com/, GFDL,
https://commons.wikimedia.org/w/index.php?curid=5115489

By Kbosak - Own work, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=14633627

Z
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Terminology

Digital Surface Model
Digital Terrain Model

By Yodin - Based on File:DTM DSM.png by User:MartinOver., CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=44279694 .
w

0
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“Services” provided by DEM

= Digital storage, analyses and visualisation of elevation information
" |ntersection of elevation data and other data

» Digital terrain analysis (local, complex and combined
morphometric parameters)

" Graphical representation of elevation information in 2D and 3D

= Various applications: water level simulations (flood events!),
volume calculations, land slides, land subsidence, etc.

_
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Sources of Digital Elevation Data

DEMs can be generated from a variety of data collected from
different platforms (terrestrial, airborne, spaceborne):

= Laser scanner (LiDAR) data (e.g. DEM of national surveys)
= RADAR data (e.g. SRTM, WorldDEM)

= Stereoscopic imagery (e.g. ASTER-GDEM, ALOS World 3D)
=  GPS measurements

= Theodolite measurements

= Topographic maps

_
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Laser scanning (LiDAR)

Z

~
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Laser scanning - Light Detection and Ranging (LiDAR)

é’ ,'5‘ :'-"":‘ GNSS constellation

= Active remote sensing method

N = Emission of laser pulses
GN
reference, —> Scattering from objects

\\station

\ —> reception of backscattered signals
(travel time & |nten5|ty)

\ e,
Source Fernandez Diaz, J. C. (2011) Llftlngthe CanopyVe|I A|rborne
LiDAR for Archeology of Forested Areas. Imaging Notes, 26(2). o
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Laser scanning - Light Detection and Ranging (LiDAR)

= Laser - Light Amplification by Stimulated Emission of Radiation

= Monochromatic radiation (VIS, NIR, but also SWIR)

= Modern laser scanners partly work in several spectral bands (multispectral lasers)
= Terrestrial & airborne use

Source: Von Dr. Schorsch - Modified image from de:image:FARO Laserscanner LS.JPG, removed ) -
commercial, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=1436648 Credit: Von Peter Haas, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=29077252 %
z

)

)
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Laser scannmg Light Detection and Ranging (L|DAR)
B 0 Flrst Return=>DSM

- B
-s_-_:_x—'z?; JCJ =" Intensi
—~P< _‘LS./_.L_ —{ ‘am - 3
T Outgoing

laser pulse

=‘

Pulse
width

Beam
A
divergence

Return waveform

Discrete Crown

records return

Understory
return

Ground
return

<
Footprint
P Time

Sources: Fernandez-Diaz, J. C. (2011). Lifting the Canopy Veil - Airborne
LiDAR for Archeology of Forested Areas. Imaging Notes, 26(2).

Z
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Laser scanning - Light Detection and Ranging (LiDAR)

Hyperspectral scan: T.H. Kurz,

LiDAR-Scan: S.J. Buckley (VOG,
Uni CIPR, Bergen)

Image analysis: M. Denk (MLU)

; Integrated SAM classification (right) & ,,Fe map“ (left)
Riegl LMS Z420i = |ntegration of photos, hyperspectral data and classifications

Nikon D100 .
" into the LIDAR model
Thales/Magellan/

Ashtech® ProMark2 = Geometrically accurate localization of data and results

MARTIN-LUTHER-UNIVERSITAT ENVﬁPRO
HALLE-WITTENBERG




Radar remote sensing
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Radar remote sensing in a nutshell

RADAR = RAdio Detection And Ranging

= Active observation system

= Uses microwave radiation

— Relatively unaffected by atmosphere
- Penetrates clouds, soil, vegetation, ice

= RAR (Real Aperture RADAR) and SAR
(Synthetic Aperture RADAR) systems

=  Amplitude (amount of backscattered energy), il &
Frequency, Polarization, Phase (propagation
time) of emiited radiation is known

Remote sensing using active sensor system

Source: By Arkarjun - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=29727605

= Measures the ,strength” of the returned signal

and distance to objects via signal runtime
7
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Radar remote sensing in a nutshell

ﬁ X-Band (3cm) g C-Band (6 cm) gL-Band (23 cm)

. » Won % A3 5.1 AR LA
= Microwaves:A=ca.1 mm-1m Vesetat . Y 5,
egetation w
= P- |- S- C-, X-Band ..
" Backscattering coefficient is S ey

mainly effected by surface
roughness, surface geometry and
dielectric properties (which are
affected by surface moisture)

;“ '\&\. ( AN = '—:,:
\:&M =
N

Z
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Interferometric synthetic aperture radar (InSAR)

DEM generation based on InSAR data:

Two radar images are required

a) recorded at the same time with two antennas of
one platform or 2 platforms in “tandem mode”
(single pass interferometry)

b) Recorded by one or several platforms with time
lag (dual/repeat pass interferometry)

InSAR is utilising differences in the phase of
the recorded signals, which depends on the
distance to the ground

Phase differences are converted to altitude

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

repeat pass interferometry single pass interferometry

ERS- Tahdem SRTH

s o2 gl

A Source: Knopfle et al. 1998

/.

Phase difference

Source: By Peppergrower - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=6007495
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Interferometry and DEM generation

29°30' 30°00' 30°30' 31°00'

41°00' | _#

40°30'

40°00' |

Unwrapping

—_—

%k %k
Interferogram* DIE

= Phase differences between two recordings are measured in radians

= Cyclic nature of phases = visualisation in coloured fringes
*Source: By NASA/JPL-Caltech - http://photojournal.jpl.nasa.gov/catalog/PIA00557, Public Domain,

- = Derivation of DEM or information on surface displacements

USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) . /_,
i

)

)
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https://commons.wikimedia.org/w/index.php?curid=1861442

SRTM DEM

Shuttle Radar Topography MiSSiOﬂ (SRTM) https://commons.wikimedia.org/w/index.php?curid=45287127
= Data recorded in February 2000 within only 11 days

Source: By NASA - https://mix.msfc.nasa.gov/abstracts.php?p=2850,

= Acquisition of data by means of 2 instruments: C-band
(USA/NASA-JPL) - 5.6 cm; X-band (Ger/DLR, I/ASI), 3.1 cm

= Single Pass Interferometry
= Global coverage between 58° south and 60° north
= Data freely available in 1 and 3 arc seconds (¥30 m and 90 m,)

= More info: https://dds.cr.usgs.gov/srtm/version2_1/Documentation/SRTM_Topo.pdf

Transmitted Wave
Received Wave

Radar signals being transmitted and recieved in the SRTM mission Source:
(image not to scale). https://www2.jpl.nasa.gov/srtm/instrumentinterferometry.html

Z
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TerraSAR-X & TanDEM-X, WorldDEM

= TerraSAR-X since 2007, 2009 ,twin“ TanDEM-X

= X“refers to X-Band (8,2—-12,4 Ghz, 2.5-4 cm)

» Partnership of DLR and EADS Astrium (-> Airbus)
" Orbitin~500 km

* Simultaneous acquisition of signals from different
viewing angles by the 2 twin satellites

= WorldDEM: 12 m spatial res, vertical acc. >2 m

f\ft—p:-//www.dlr.de/media/en/desktopdefauIt.aspx/tabid-
4986/8423 “read-17283/8423_page-2, CC BY 3.0,
“https://commons.wikimedia.org/w/index.php?curid=33027781 <. . .

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School 23 @V/IZDRO
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Sentinel 1

= Sentinel 1A, 1B, 1C, 1D

= Earth Observation Radar stallites of
the Copernicus programme of the
ESA

= QOrbit 700 km

= (C-band SAR (wavelength ~ 6cm)

= Active antenna consists of 560
coupled single antennas

= 4 different observation modes

= Data available via the Copernicus
Open Access Hub
https://scihub.copernicus.eu/

Source: Von Rama, CC BY-SA 2.0 fr,
https://commons.wikimedia.org/w/index.php?curid=18948403

Z
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https://scihub.copernicus.eu/

DEM based on stereo imagery

Z
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Principle of stereoscopic elevation measurements

Camera Foecal Camer Focal
Point Point

Left Image

Ground

i- Elevation -

Hans-Gerd Maas Photogrammetrie Teil 1: Stereophotogrammetrie Technische Universitdt Dresden

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG
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= 2 (3), overlapping images, showing the

same from different viewing angles
Algorithms measure height difference from
parallax difference (camera orientation,
time between the two images is known)

Source: Hepburn et al. 2019, https://doi.org/10.5194/gi-8-293-2019

)
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ASTER Global Digital Elevation Map (GDEM)

Source: https://d2pn8kiwg2w21t.cloudfront.net/original_images/missionswebaster_nKgJRuP.jpg
-
*

= ASTER - Advanced Spaceborne Thermal Emissio
and Reflection Radiometer

= DEM based on stereo-pair images collected via
ASTER bands 3N and 3B

~ = 30 m spatial resolution
— " » (Coverage: 83°N to 83°S

Subsystem Band Spectral Range (um) Spatial Quantization

[No. | | Resolution,m | Levels |
o . . s« @ Current version: GDEM v3 (based on 2.3 million
T Ten | Aster images, comprises the ASTER Water Body
s = & e data set (ASWBD))
8 2.295-2.365
9 | 2.360-2.430 _ | . e
L0075 - ~ " Availability: NASA Earthdata, Japan Space Systemis
" 1 T 10251095 " e .
14]  1095-11.65 , = Fu rther |nfO: https://earthdata.nasa.gov/learn/articles/new-aster-gdem o

~
=
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ALOS Global Digital Surface Model

ALOS World 3D - 30m (AW3D30)

= Global DSM, coverage 82°N to 82°S
= Based on stereo-pair images of the Panchromatic Remote-sensing

Instrument for Stereo Mapping (PRISM) (optical sensor onboa rd the

Advanced Land Observing Satellite "ALOS®) - _ -
= Spatial resolution: 1 arc second (~30 m) ] o g
= Further information: - A
= https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm ’ Y . '

Source: https://www.eorc.jaxa.jp/ALOS/aw3d30/I_map_v2012.htm

_

0
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https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm

EU-DEM

EU-DEM (v1.1):

25 m spatial resolution
+/- 7 m vertical accuracy
GeoTiff 32 bit

1000 x 1000 km Tiles

Hybrid of SRTM and ASTER GDEM data

Further information:

https://land.copernicus.eu/imagery-in-situ/eu-dem

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

MENVIPRO Summer School

Source: Data generated with funding from the European Union; European Environment

Agency (EEA) under the Copernicus program.
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https://land.copernicus.eu/imagery-in-situ/eu-dem

Comparlson of DEM

“Laserscanner DEM rad st b ASTER GDEM V2
=" <) 30 m

Q Radar-DEI\/I . SRTM
= 90 m
& 5 1 istributed by the Land Processes
= Active Archive Center (LP DAAC), located a .
USGS/ER loux Ea D_http://lpdaa “ )

¥

Data are distributed by the Land Processes Distributed

_ Active Archive Center (LP DAAC), located at
© Int Technologies | USGSIEROS, Sioux Falls, SD. http://lpdaac.usgs.gov) .
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Comparison of Global DEM

ASTER GDEM SRTM3* GTOPO30**
From organizations around

Data source ASTER Space shuttle radar the world that have DEM data
Generation and distribution METI/NASA NASA/USGS USGS
Release year 2009 ~ 2003 ~ 1996 ~
Data acquisition period 2000 ~ ongoing 11 days (in 2000)
Posting interval 30m 90m 1000m
DEM accuracy (stdev.) 7~14m 10m 30m
DEM coverage 83° north ~ 83° south 60° north ~ 56° south Global

Areas with no ASTER data due_l_o oeraphicallv steep area
Area of missing data to constant cloud cover POgrap Y P None

(due to radar characteristics)

(supplied by other DEM)

Source and many more information: https://ssl.jspacesystems.or.jp/ersdac/GDEM/E/2.html /

a
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Overview of Global DEM

EEA/IDM/15/026/LOT2 Doc. ID: EG-RPT-EEA-SC1-0023

(opemicus @ e Overview of Global DEM Issue: 0.3

Date: 23/05/2017

Framework Service Contract EEA/IDM/15/026/LOT 2
for Services supporting the European Environment Agency’s (EEA)
implementation of cross-cutting activities for coordination of the in situ
component of the Copernicus Programme Services

Call for tenders No EEA/IDM/15/026

Lot 2 Spatial data themes

Overview of Global DEM

psosmetf e el oo Comparison of commercial and
freely-available global DEM:

Document Code: EG-RPT-EEA-SC1-0023
Issue: 0.3 (draft)
Date: 23/05/2017

e-geds Q- ig)  Deventiow

https://insitu.copernicus.eu/library/reports
I o /OverviewofGlobalDEM iOr7.pdf

) GAFAG

Z

a

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School 32 MV/&PRO

HALLE-WITTENBERG



https://insitu.copernicus.eu/library/reports/OverviewofGlobalDEM_i0r7.pdf

Practical Example:
Analysing DEM data of Armenia

7
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Where to get the data?

Landsat, MODIS, ASTER data archives and others:

»NASA Earthdata Search

»USGS Earth Explorer, USGS Glovis

» LandsatLook Viewer

» Land Processes Distributed Active Archive Center (LP DAA)
»MODIS: https://modis.gsfc.nasa.gov/tools/

»LAAADS DAAC: https://ladsweb.modaps.eosdis.nasa.gov/

Sentinel data:

»Sentinel2Look Viewer
» Copernicus Open Access Hub

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School
HALLE-WITTENBERG
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https://modis.gsfc.nasa.gov/tools/
https://ladsweb.modaps.eosdis.nasa.gov/

Where to get the data?

D IVA-G |S Sources

free, simple & effective

Subject Description Source Format  Resolution
Administrative  Country outlines and administrative subdivisions Vet
areas for all countries. The level of subdivision varies GADM, version 1.0 (e u]r
areal
o : boundaries between countries
Download pregram | Documentation Free Spatial Data ( )
Vectt
Rivers, canals, and lakes. Seperate files for line Digital Chart of the .e o
Inland water (line and
and area features World
area)

Home
Digital Chart of the Vector

World (line}
Digital Chart of the Vector

Roads Roads

Download data by country o B
Elevati SRTM30 dataset. CGIAR-SRTM data CGIAR SRTM (3 Grid B 4
svatien aggregated to 30 seconds seconds resolution) " secanes
Select and download free geographie (GIS) data for any country in the world e | RO R TR Gid  30seconds
o = ¥ - seconds grid
o Fregquently Asked
quections CIESIN, 2000
- = Global gridded
COUHU’." Population Population density (old) o ?" © Grid 30 seconds
o Development Ik
|Armenia v| . database
o Links
Climate Monthly climate data WorldClim Grid 30 seconds
o Aboutus o .
Sub Tact A gazetteer is a list of place names and their
] coordinates. The files you can download here U.S. National
|Adm inistrative areas " are for use in DIVA for automatic georeferencing  Imagery and
(to assign coordinates to places). The files Mapping Agency's
Sz should be placed in the \gazet directory. (old, (NIMA]) database of Et
use Biogeomancer). They can also be used to foreign geographic
map localities, however you can download more  feature names
recent files from NIMA

You will find various free geospatial data sets on countries for example
at the DIVA-GIS webpage (https://www.diva-gis.org/Data)

Z
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https://www.diva-gis.org/Data

What software to use?

W digw Orfeo ToolBox
Semi-Automatic Classification Plugin

 SAGA

System for Automated Eoosclentitic Analysss

 ORASS GIS

ILWIS

ol

Google Earth Engine

& MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

MENVIPRO Summer School

Jir

ERDAS IMAGINE® &

Get the Information &
You Need from Imagery. Awpiid

PLI

GEOMATICS




What software to use?
QGIS

A Free and Open Source Geographic Information System

oo QO S320"Odense

has been released!

New release: 3.20!

Get the for your Operating System and read the

Create, edit, visualise, analyse and publish geospatial information on Windows, Mac, Linux, BSD and mobile devices

For your desktop, server, in your web browser and as developer libraries

Download Now “ Support QGIS

https://www.qggis.org/en/site/ _

)

)
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Data mosaicking and resampling

.
4

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC), located at USGS/EROS, Sioux
Falls, SD. http://Ipdaac.usgs.gov)

Boundary from DIVA-GIS. These data were extracted from the GADM database (www.gadm.org), version 2.5, July 2015.

| MARTIN-LUTHER-UNIVERSITAT
¥ HALLE-WITTENBERG

v" SRTM data

v Vector data (boundaries, rivers, ...)

100 m

Original data: 20 SRTM
tiles with 30 m
resolution (~*500 MB)
required?

- Resampling to 100 m
- Mosaicking the tiles

"

A

=

M/L’P RO



Clipping the data

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC), located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .
Boundary from DIVA-GIS. These data were extracted from the GADM database (www.gadm.org), version 2.5, July 2015.

Z
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Understanding the data

on (m)— mbolog X H
: Raster Histogram
0| v fandRendening " 2500 -
fi \nformation Render type  Singleband gray ~ :
Grayband  |Band 1 (Gray) - E
8 source ]
Y Color gradient |Black to White ~ 2000 -
¢ Symbology Min (659,288 | Max [3040,06 ]
Contrast b
] enhancement | Stretch to MinMax ~ il
‘. Raster Band & 1500 o
w Min / Max Value Settings E
m Transparency () User defined g il
= Ogmr o @ 5]-fmo @ ] 5
Histogram 1000 —
O Min f max L j
v 4
5" Rendering Mean +- =
* © firc devition x 1
0 Temporal Statistics extent Whole raster ~ 500 —
Accuracy Estimate (faster) ~ :
& Pyramids ]
'\
1 Legend Settings... B UJIAM M Ay Qmwh
‘ Metadata o- E—— e
L B e e e o LA S e e e e e e e L S e
w Color Renderii
B oot Metodo lorRenderiia 500 1000 1500 2000 2500 3000 3500
Blending mode | Normal w~ 49 Reset pixel value
Legend Brightness I Contrast I W Band 1
SR sousaon 1 € presactos. -
SRTM data is distributed by the Land Processes Distributed Active Archive Grayscde | 4 Set minfmax style for T )
Center (LP DAAC), located at USGS/EROS, Sioux Falls, SD. Hue [ colorize Strength 100% 3
e/ dsacusgs g 3
Boundary from DIVA-GIS. These data were extracted from the GADM w Resampling e
database (www.gadm.org), version 2.5, July 2015. Style  * oK Cancel Apply Help Max 3745 L]

" Understand what the pixel values tell you
" Take a look at the data distribution using a histogram

= Stretch the histogram (if necessary) .
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Visualise elevation data

" Elevation {m)
Band 1 (Gray)

<= 717

717 - 1054
B 1054- 1390
B 1390-1727
B 1727 - 2083
B 2053 - 2399
B :99-2736
B 2736- 2072

ata is distributed by the Land Processes Distributed Active Archive Center ,
. 31]'.-"2-3-‘-1-1]9 SRTM data is distributed by the Land P Distributed Active Archive Ci (LP DAAC)
located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .

= 3409

| & Elevation (m)
Band 1 (Gray)
3.745

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC),
3381 located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .

Z
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= A hillshade is a simulated
illumination according to defined
azimuth and zenith angles of an
yarticifial light source”

= Use sun position calculators to
simulate different illumination
conditions at specific days and
daytimes = shadow detection in
remote sensing imagey

& hillshade
Band 1 (Gray)
236,214

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC),
112, 586 located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .

Z

)

)
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Derivation of terrain parameters

* Local morphometric parameters

(e.g. slope, aspect, curvature)

= Complex morphometric parameters

(e.g. soil moisture index, catchment areas)

= Combined morphometric parameters

(e.g. Terrain Classification Index for Lowlands)

_
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Calculate the slope

" Slope () ¥ Slope (%)
Band 1 (Gray) Band 1 (Gray)
28,673833 l 53,743254
SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC), SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAA
located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) . . located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .
e 0 0 ﬁ

)
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Calculate the aspect

" Classified Aspect
Band 1 (Gray)

| R

B rorth

- Aspect
BE n d 1 |:G FE]':I N Dl"th east lA:slp':;tt o(:e)levation
360 East 315 I Morth (0-22.5)
[ Mortheast (22.5-67.5)
. southeast [ClEast (57.5-112.5)
* South 270 R
Jull) - .
. Southwest I southuest (202.5-247.5)
290 I west{247.5-292.5)
. West I Morthwest (292,5-337.5)
0 180 M Morth (337.5-360)
. Meorthwest
SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC), located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) . ﬁ
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Calculate the curvature

plan curvature

convex concave

convex

profile curvature
even

[«
>
[0}
" Profile Curvature é
Band 1 ¥
. 0,001434
Source: Vontobel et al. 2013:
https://arc.lib.montana.edu/snow-
science/objects/ISSW13_paper_05-05.pdf
SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC), 3
located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .
. -0,001482 &7 i
f‘\
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S .u\_,v c};j’} e
h :: % !
: A

3

— Contours (100 m)

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC),
located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .

Z
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= 1P
Band 1 (Gray)
. 18,177452

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC),
-15;“58 185 located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

Topographic Position Index (TPI)

= IR
Band 1 (Gray)
. 18,177452

. -18,063185
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Hydrological analysis

3D-Map of elevetation of Armenia
derived by SRTM-data

. T
- >

Analysis of catchment areas, watersheds,
flow direction, flow accumulation, etc.

—> Tutorial for modelling the catchment

flake S ing d o f
Catchment area 3D Map of elevetation [m] in Armenia, '
area or lake Sevan using free geodata - o b S Saa e e \\ENV,,'PRO
DEM100_filled effect and caiculated catchment area. ('j‘\/
. [ 650
and QGIS by Max Horold 0 s
D 1825 SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP
D 24125 DAAC), located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov).
Lake Sevan shape file from DIVA-GIS. These data were extracted from the GADM
- 3000 database (www.gadm.org), version 2.5, July 2015,

_
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SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC),
located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .

Z
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Visualision in 3D

SRTM data is distributed by the Land Processes Distributed Active Archive Center (LP DAAC), located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) . /
o
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Visualision in 3D

DEM (3-dimensional)

Bird's-eye-view

Source: https://ssl.jspacesystems.or.jp/ersdac/GDEM/E/2.html

Z

)

)
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Produce a map

Qe

P
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ALPRO BB G HE B Catchment area of Lake Sevan (Armenia)
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Important map elements: g"ik B
= Title, legend, north arrow, scale bar -

7] Catchment area 15 30 45 60 km A

f I Ll
[ 650 SRTM are distributed by the Land Processes Distributed Acti ive Archive Center (tp
DAAC), located at USGS/EROS, Sioux Falls, SD. http://Ipdaac.usgs.gov) .
D 1237.5 Lake Sevan shape file from DIVA-GIS. These data were extracted from the GADM =
latabase (www.gadm.org), version 2.5, July 2015.

= Data sources, copyright info = ————— d@, PRO

[ 3000 effect and calculated catchment area.

= |nfo on author and institution 0

4410000

)
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RatA Co-funded by the
LR Erasmus+ Programme
i of the European Union

Thank you for your
kind attention!

Dr. Michael Denk
michael.denk@geo.uni-halle.de

SRTM data is distributed by the Land Processes Distributed Active
Archive Center (LP DAAC), located at USGS/EROS, Sioux Falls, SD.

http://Ipdaac.usgs.gov) . /./
G
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