ayECAP
Prague Training Visit e
19.09.2016 — 23.09.2016

Remote Sensing and GIS as tools
for Sustainable Land Management

BOKU University of Natural Ressources and Life Sciences, Vienna
Institute of Surveying, Remote Sensing and Land Informati

Gerald LINDNER




Overview

1. Introduction to Remote Sensing

2. Introduction to GIS

3. National Spatial Infrastructure in Austria

4. Land Cover Mapping

5. Indicators
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1. INTRODUCTION TO REMOTE SENSING

= What & Why?

= Platforms
= Sensors & Products
= Data
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The Earth as Art
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scionce for a changing world

ZUSGS @

05 Gontpn ey = Earth’s Aquarium
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Landsat 8 dta scquired on 04221201



U.5. Depariment of the Interior Garden City, Kansas

USS. Geological Survey Center pivot irrigation systems created these circular patterns in crop land near Garden City,
Kansas. The red circles indicate irrigated crops of healthy vegetation. The light-colored circles
represent harvested crops.

Landsat 7 data acquired %25/2000 1= 2.2 miles (3.5 km)

< USGS

science for a changing world




Remote Sensing

What?

Traditionally:
“‘Remote sensing is the acquisition of information about an object by a
recording device that is not in physical contact with it.”

Today:

“...the process of collecting, viewing, interpreting, and analyzing aerial or

®

Do not touch

satellite-based images and geodata.”

Distinction of methods of Remote Sensing:

\\\
= radiation path (passive & active)
= platform (satellite, plane, UAV, terrestrial) / /

- Sensor 18000

n{"}
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Remote Sensing

Why?

in general:

= Environment Analysis

= Civil Engineering Need for...
= Disaster Management / Risk analysis = ...Remote Sensing Data
= Urban Planning / Growth in different scales / resolutions

= Rural Planning

in Sustainable Land Management:

More applications

= Monitoring of spatial and temporal environment
later on...

changes (Land Cover, Land Use)
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Remote Sensing

Platforms

= Satellites with commercially
available data

AVHRR (1100 m resolution)
ASTER (15 m resolution)
RapidEye (6.5 m resolution)
Pleiades (0.7 m resolution)
Worldview-3 (0.31 m resolution)

= Satellites with free data

Landsat (30 m resolution)
Sentinel-2 (10 m resolution)

= Aircrafts (up to 5 cm resolution)
* Planes
* Helicopters

= UAVs (Unmanned Aerial Vehicles)

(up to sub-millimeter resolution)
 Fixed-wing
 Rotary-wing
 Balloons
« Kites

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER
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Remote Sensing

Platforms

QuikSCAT

'Q  ACRIMSAT
o ./"

Landsat 7

=gl

ICESat

Source: http://stratocat.com.ar/fichas-e/1990/MCM-19901221.htm

CALIPSO

CloudSat

Source: http://spacereal.ru/sputniki-planety-zemlya/ Photo: IVFL/IAN Source: https://lwww.nextnature.net/2013/09/animals-

mistaken-for-spies/
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Remote Sensing

Sensors

iﬂ

Sensors are distinguished by the inner geometry, as well as the geometric, spectral and radiometric
resolution. (Note: the temporal resolution is defined by the platform)

" Cartographic camera (basically a normal camera)

= Airborne Laserscanner (ALS) (used for elevation models)

" MultispectraI-Scanner (more than 3 channels)
= Hyperspectralscanner (a iot more than 3 channels in fine resolution)

=  Thermalscanner (emperature)

= Radar (also for elevation models)
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Remote Sensing

Spatial Resolution

Satellite Image Landsat 8

Multispectral sensor
Spatial resolution: 30 m
shown channels: NIR, R, B
Acquisition date: 2015

Satellite Image Sentinel-2

Multispectral sensor
Spatial resolution: 10 m
shown channels: NIR, R, B
Acquisition date: 2015

Orthophoto

Cartographic Camera
Spatial resolution: 15 cm
shown channels: NIR, R, B
Acquisition date: 2015

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER

18



Remote Sensing

Exercise 1: Spatial Resolution

iﬂ

What to do?
1. Open QGIS.

2. Load all ,Exercise 1“-datasets from Vienna (drag&drop) as
geo-referenced layers.

3. Group them by selecting and right-click ,group® - Exercise 1

4. Zoomin & out, pan around and get comfortable with the
software.

5. Activate/Deactivate layers to look on other layers.

6. Find out the differences between the images (spatial
resolution) and comment on them.
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Remote Sensing

Spectral Resolution

iAFl
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Source: https://thebodyscientific.files.wordpress.com/2014/01/spectrum.png

NIR — R

NDVI= ——
NIR +R

Normalized Difference
Vegetation Index

Source: ViennaGIS

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER 20



Remote Sensing

Exercise 2: Spectral Resolution

RGB

NIRRG

iﬂ

What to do?
1. Open QGIS.

2. Load both ,Exercise 2°-high-resolution orthophotos from
Vienna (drag&drop) as geo-referenced layers.

3. Group them by selecting and right-click ,group® - Exercise 2

4. Zoom in & out, pan around and get comfortable with the
software.

5. Activate/Deactivate the upper layer.
6. Open the layer properties of each layer to find out more details

7. Find out the differences between the images and comment on
them. What is easier to distinguish? What about vegetation
types?
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Remote Sensing

Temporal Resolution

= Satellites
» Geostationary satellites = high temporal resolution, but only limited area

* orbiting satellites = from days to weeks

» oldest data from ~1970s e

= Orthophotos
* ondemand

* in Austria: countrywide flights every 3 years

* oldest (available) data (in Austria) from 1938 = varying

Source: ViennaGIS

= UAV

» ondemand - very high temporal resolution possible

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER 22



Remote Sensing @Ku
Exercise 3: Temporal Resolution

i

What to do?
1. Open QGIS.

2. Load all ,Exercise 3“-multi-temporal orthophotos from Vienna
(drag&drop) as geo-referenced layers.

3. Group them by selecting and right-click ,group® - Exercise 3

e 4. Activate/Deactivate the upper layer.

5. Find out the differences between the images and comment on
them. What changed? What can you see?
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Remote Sensing @KU
Image as a map-like representation of the land surface

Aerial and satellite images = need for geometric correction:

= To compare satellite images of several different sensors;

= To locate geo-referenced (GPS) ground data (training for classification, ground reflectance, etc...)
from field survey;

= Mosaics two or more images;
= Creation of a GIS data set;

Hydrography
Geographic Names
Transportation
Elevation

Orthoimagery

Source: https://commons.wikimedia.org/wiki/File:USGS_The_National_Map.jpg
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Remote Sensing

Airborne Laserscan data

iﬂ

DTM = Digital Terrain Model

(W) “== |  DSM = Digital Surface Model
" o nDSM = normalized Digital Surface Model

Source: ViennaGIS
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Remote Sensing

KU
Advantages of Geodata from Remote Sensing

= documentation (images are persistent documents)
= continuous information instead of discrete

= comparability (time series) «

OORKE

= high degree of automatisation possible when doing analyses

= retrospective analyses possible (historic geodata) '

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER



Remote Sensing

Change Detection: Landsat Time Series

Lake Aral: Time Series

June 4, 1977 September 17, 1989 May 27, 2006
- : ' S G A

el

Landsat 2 Landsat 5 Landsat 7 Source: https://www.usgs.gov/

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER 27



Remote Sensing KU

Change Detection: Landsat Time Series

August 13, 2015

http://fearthobservatory.nasa.gov/Features/WorldOfChange/aral_sea.php

http://scienceblogs.de/astrodicticum-simplex/wp-content/blogs.dir/28/files/2012/09/i-8d5fce 9e46cce47a9d26e001ac4 12c54-
aralsea_tmo_2000238-thumb-500x500-32160.jpg
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Remote Sensing

Change Detection: Urban & Forest

KAHLSCHLAG

Source: http://www.landinformationsystem.at/
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Remote Sensing

Combination of Images & Height information

Links: Orthofoto
Mitte: Hoheninformation
Rechts: Kartierung

- bestockte Flachen (Hohe liber 5 m)
:I bestockte Flachen (H8he unter 5 m)

geféllte Baume

E Feldstiickgrenzen

Quelle Datengrundlage: Land Niederdsterreich

Source: http://www.landinformationsystem.at/
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Remote Sensing

Uses and Applications of Remote Sensing

1. Determining soil moisture content using active and passive sensors from space
2. Mapping with laser precision using Light Detection and Ranging technology

7. Charging higher insurance premiums in flood-prone areas using radar

10. Detecting oil spills for marine life and environmental preservation

11. Counting polar bears to ensure sustainable population levels

13. Identifying forest stands and tallying their area to estimate forest supplies
17. Delineating and assessing the health of riparian zones to conserve lakes and rivers
18. Estimating surface elevation with the Shuttle Radar Topography Mission

20. Watching algae grow as an indicator of environmental health

22. Detecting land cover/use types for decision making

24. Mapping soil types for agriculture planning

34. Studying glacier melts and effects on sea levels

A

el

X OCOBBODLORHLIDERE

39. Quantifying crop conditions with Normalized Difference Vegetation Index (NDVI)

http:/gisgeography.com/100-earth-remote-sensing-applications-uses/
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Remote Sensing

Remote Sensing in Sustainable Land Management

— Only 37 % of Austria‘s surface can be used for settlements (Tirol: 12 %)
— many multifaceted, competing use demands

— Management necessary > comprehensive data needed - Remote Sensing!

...Present...
[ A g 5',

Qu

i‘

...F

A

Source: www.alpenrhein.net

Remote Sensing is used for homogenious, comprehensive,
operational land monitoring and documentation!

uture?
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2. GEOGRAPHIC INFORMATION SYSTEMS (GIS)
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GIS

What is a Geographic Information System ?

A GIS is a set of tools (hardware & software) for managing,
analyzing, communicating spatial data (vector or raster layers)
and associated information (databases) from the real world.

|t consists of 3 components:
= Geodatabase: Organization and referencing of geodata
= Visualisation: Determination and cartographic display

= Analysis tools: Scripts and models for geostatistic analysis
and assessment

Geoprocessing

~
A
et —

Data proEessng models and scripts
Geovisualization Geodatabase

4 A

Maps, Scenes, and Globes GIS data: Features, Images,
and Attributes

Source:

Source: http:/quides.sfsq.georgetown.edu/gis

https://www.lzg.nrw.de/_media/pdf/service/veranstaltungen/121115_zfb/buck_

geoinformationssysteme_und_ihre_potentiale_15-11-2012_duesseldorf.pdf

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER
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GIS

GIS-Software

ArcGIS (10.3) ESRI @ esri

Open Source GIS (Quantum GIS) @
9

Web-Map-Services

»  Google Maps/ Google Earth / Bing Maps ' ‘\
x4 Wy OIN

maps <
*  OpenStreetMap Project rallh o 9 P

/
{

Mobile GIS-Software (ArcMobile, OpenStreetMap)
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GIS

Introduction to Quantum GIS (QGIS)

iﬂ

Open-source Geographic Information System (Python)

GUI with build in toolboxes (Orfeo, GDAL, GRASS, SAGA,...)
Input data:

= Raster (tif, img,jpg... )

= Vector (shp, csv, dxf, kml,...)

Output:
= Maps (pdf, jpg)
= Databases

= Spreadsheets ( i

= Raster or vector data ﬁ\“ Y,
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GIS

QGIS interface

KU

ie

Ad

Project Edit View Layer Settings Plugns Vector Raster Database Web Processng Hep Mlenu Bar A
BR:R [JU *w@ﬁ PHRHPLDRALARS Qe k-
dlng data Browser Panel
Vo A T®O Recent Projects
= B4 vme  Browser Map Canvas
' Favourites
&- .l c/
; &- : g:/
| E
O/
R : g; E
q: LW mcen
Layers Panel (&)%)
R oaera
& Dis/en-able toolbar: right click blank area
% Map legend
%%
Vi~
Status Bar Coordinate: Scale [1:32.150.774 * Rotation:

v O gy ot [Tl Toolbar
Processing Toolbox =S
Search...

[#- Recently used algorithms

&2} h GDAL/OGR [45 geoalgorithms]

'_ & GRASS commands [160 geoalgorithms]

Models [0 geoalgorithms]

Orfeo Toolbox (Image analysis) [83 geoalgorithms]
th ¥ QGIS geoalgorithms [104 geoalgorithms]

SAGA (2.1.2) [235 geoalgorithms]

- @ scripts [0 geoalgorithms]

Toolboxes

Advanced interface hd

hersaiazzs @

0.0 : X Render
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GIS

Layer properties

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help

SEHHSMINNANS O

4

PEBLR AOSPPAPAHPLRAAR @6 N R BE S =-0 5~ 3- BW

LeTaTeo

Bl [} Exercsise
=l U examplel dataset

muguaos_lu-ns.inD

20090812_spot5_

20090817 _re.img
i 20090824 _spot4
Bl B i, dntopas
[1' [+] -] lam A I
Layers Panel &x)
4 = T &
20090817 _re

20090812_spot5_hrgl
20090824 _spotd_hrvir2

x| 200008 A Zoom to Layer

Show in Overview

S Zoom to Native Resolution (100%)
Stretch Using Current Extent
[l Remove
L] Duplicate
Set Layer Scale Visibility
Set Layer CRS
Set Project CRS from Layer
Styles »
Save As...
Save As Layer Definition File...

Rename

Or double click on layer

w Band rendering

Render type | Multiband color -
Band composition and radiometric enhancement
nd 4 ~ Loa al

|‘ Transparency Red band Bai min/max v

Cumulative

= =
ot 20 [2f-[es0 [T %

B Dy amids Minfmax | 57.4283 112.39 .
I Hetogram Greenband |Band 3 Min [ max
Min/max Mean +/- -

() metadsta standard deviation = |20 ¥

Blue band Band 2

Extent Accura
Min/max 21.2195 45.8792 =

® Estimate (faster)
Contrast -
enhancement Stretch to MinMax Actual (slower)

w Color rendering

Blending mode | Normal -

(!

Brightness

0 5 | Contrast
-
=

o

Saturation [ Grayscale Off

o
Hue Colorize [' Strength

w Resampling

Zoomed: in  Nearestneighbour ¥ out Nearestneighbour « Oversampling 2.00 :

Thumbnail Palette




GIS
Band combination

iﬂ

Right click on layer - Properties = Style = Band rendering

TM True color (3,2,1) TM False color IR (4,3,2) TM False Natural color (5,4,3)

Source: http://earthexplorer.usgs.gov/
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GIS
Exercise 4: Band combinations of Landsat

What to do?
1. Open QGIS.

2. Load all ,Exercise 4“-datasets from Vienna (drag&drop) as
geo-referenced layers.

Group them by selecting and right-click ,group® - Exercise 4
Right click on layer = Properties = Style = Band rendering
Try different combinations (3-2-1, 4-3-2, 5-4-3)

o o B~ W

Find out the differences between the images and comment on
them.

Source: http://earthexplorer.usgs.gov/
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GIS

EXAMPLE: Vector Data overlay

iﬂ

Source: EAA (Environmental Agency Austria)
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GIS

Dissemination and use of information

Léé‘ end

| City_bound

TYP

ERHOLUNG
FRIEDHOF

lgruen1998_utm_n33|

2o d

Source: ViennaGIS

Mobile Users

GIS Users

© % @ 1013
Maplt 3
L)
GIS Data collector Q = °
D Active Layer: Sample Polygon Layer
WGS84(latlon) - D.dddd 56.01284,-4.13046

5 o
Souce?

\\1 burn 1
Fire area 2 ‘ M road 1

:cel

A: 677439.42 m2 P:3481.5m
0O d

Web Users

Aurora Ave
12" OIP

750
sant Jorh Epscopa Churc) 4
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3. NATIONAL SPATIAL INFRASTRUCTURE
IN AUSTRIA

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER
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National Spatial Infrastructure

Available Datasets in Austria

Cu
Treecover

Digital Terrain Model

= Satellite Images

= QOrthophotos

Satellite Images

= Airborne Laserscan Data

= (Cadaster maps

Water network

= Hydrological maps

And many more

= ... and many other datasets!

= data.gv.at — open data Austria

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER 44


https://www.data.gv.at/

Source: http://www.landinformationsystem.at/
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National Spatial Infrastructure

Available Geodata in Austria

= Adresses

= Riparian inventar

= Water network (rivers, lakes)

= Digital Terrain Model (10 m) = also 1 m for certain areas
= DKM - Digital Cadaster Map

= OK50 (generalized map)

= Street network / GIP

= INVEKOS (field plots)

= Treecover

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER



4. LAND COVER MAPPING
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Land Cover Mapping
Land Cover Classification

Example of a simplified land cover map (Lans, Tirol, Austria)

Source: http://www.landinformationsystem.at/
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Land Cover Mapping @KU
Land Cover Classification

Classification is the process of assigning pixels to categories (organize data into
categories) based on their numerical properties (DN, radiance, reflectance, efc...).

Raster data Thematic map
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Land Cover Mapping
Assessment methods

= Visual interpretation and
manual segmentation
(Orthophoto 2 two-dimensional)

= Stereoscopic assessment
(Photogrammetry - three-dimensional)

= Automatic methods
= objectbased classification

= pixelbased classification

Objectbased o
Source: BEV
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Land Cover Mapping

Manual Assessment

creation of a land cover map

A
&

Orthophoto

B
OBJECTID 1* | Shape*® | OBJECTID | Id | Best typ | Baumart1 | Ant A1 | Baumart? | Ant Art? | Mischform | Schlussgra Sonstiges ~
1 Polygon 20 1 7 2 10 o or 2 g‘
2 Polygon %3 12 1 El 2 2eh 1 b
3 Polygon 24 4 8 1 10 o or 1
4 Polygon %5 a 0 a a n 0 Siediung
5 Polygon i 6 12 1 9 2 1e 1
& Polygon a7 T 14 1 10 a ar 2
7 Polygon 28 8 8 1 10 o or 1
& Polygon 33 a 14 1 10 o ar 2
9 Polygon 3# 10 12 1 E) 2 18 1
10 Polygon 3511 5 1 10 o or 1
11 Palygon 3 12 8 1 10 o or 1
12 Polygon 37 13 " 1 10 o or 1
< il | ]
Record: 14] 0 p[m|  show [AI selected | Records (0 out of 84 Selected) Options

Attribute table

Qu

i

Landcover

Source: ViennaGIS/own illustration

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER

51



Land Cover Mapping

Needs for Land Cover maps

= Modelling ecosystems interactions (energy, water and  Global scale
carbon flux exchanges), climatology

= Planning, land change monitoring & policy development:

» Deforestation;

* Bio-fuels production; ~

- Agriculture; Regional to

local scale

Remote Sensing and GIS as Tools for Sustainable Land Management | LINDNER 52



Land Cover Mapping @KU
Land Cover & Land Use // Land Information System Austria (LISA)

Land COVER

B buildings
other sealed surfaces

bare Soil )
sand Land cover is the observed

;fgtir (bio)physical cover on the earth's

snow surface.
ice

timber
shrub
dwarf shrub
grass

reed
shadow

Examples: forest, grass, desert, water,...

Land USE

B settlement field wood

W estate forest Land use is how people utilize the
public park bare areas . . ) )
sport forest grass land (including the socio-economic
technical infrastructure glacier -
road rock activities):
railroad debris )
airport alpine grass Examples: urban and agricultural land...
parking dwarf shrubs

field other natural areas
grassland running water
mountain pasture stagnant water
= special culture Source: http://www.landinformationsystem.at/
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Land Cover Mapping @KU
What type of features can we use for information extraction?

= Spectral information (different spectral bands) from one acquisition;

= Time series (multi-temporal approach);

Texture and other spatial information;

Additional information (elevation, slope, soil type, climatology, existing
land cover maps, etc. ).
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Land Cover Mapping
Results — Land Cover

iﬂ

I buildings
other sealed surfaces
bare Soil
sand

rock

water

snow

ice

timber
shrub
dwarf shrub
grass

reed
shadow

Source: http://www.landinformationsystem.at/
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Land Cover Mapping
Results — Land Use

iﬂ

{ mm settlement

Bl estate
public park
sport

Bl technical infrastructure
road

B railroad

airport

parking

field

grassland

mountain pasture

special culture

field wood

forest

bare areas

forest grass

glacier

rock

debris

alpine grass

B dwarf shrubs
other natural areas

B running water
stagnant water

Source: http://www.landinformationsystem.at/
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5. INDICATORS

Source:

Lindner G., Mansberger R. (2016): Handlungsziele fiir Stadtgriin und deren empirische Evidenz (LB 2.3 — Modul Fernerkundung)

Source: own illustration
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Indicators

Indicators calculated from LC classification

Vienna

% of vegetation

I 75- 100%
I s0- 75 %
[ 40-50 %
[ 30-40%
[ 25-30%
[ |20-25%
[ 15- 20 %
I 10-15%
s 0%

o=

area of vegetation per
inhabitant [m?/p]
I 500 - 500000
I 200 - 500
[ 100 - 200
[ s0- 100

[ 20-50

[ J10-20

[ s- 10

o 2-s
-2

-1
- 0 Source: own illustrations
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Indicators

Indicators calculated from LC classification

Green areas

Source: own illustration / ViennaGIS
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Indicators

[ =
@)
—
(4]
O
Y=
(7))
(72
K1)
(&)
(&)
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=
(@]
S
o
D
wld
K1)
-
O
(4]
(& )
(2]
S
(@)
]
©
O
©
=

Green areas > 0.5 ha

Red

Buffer of 300 m from every green area between 0.5 ha and 10 ha

Buffer of 700 m from every green area > 10 ha
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Thank you for your attention...
... any questions?

BOKU University of Natural Ressources and Life Sciences, Vienna
Institute of Surveying, Remote Sensing and Land Informati

Gerald LINDNER




