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Welcome to the 35th symposium of the European
Association
of
Remote
Sensing
Laboratories,
accompanied by the 2nd International Workshop on
Temporal Analysis of Satellite Images and the 7th EARSeL Workshop on
Remote Sensing of the Coastal Zone.
The symposium and the workshops will focus on such areas as Remote
Sensing for sustainable development since achieving sustainable
development is the overriding challenge of the 21st century. The United
Nations is in the process of defining a post-2015 development agenda with a
set of Sustainable Development Goals, to be finalized in September 2015. To
reach these Sustainable Development Goals, timely, accurate and consistent
information are needed. Since the launch of Landsat-1 in 1972, many Earth
Observation satellites have been launched providing vast amount of such
critical data and information to support environmental change monitoring,
urban planning, resource management, disaster assessment and mitigation,
and climate change modeling, among others.
The Symposium and the workshops will bring together 230 participants from
40 counties including scientists, practitioners and students. In addition to
the European participants, around 60 participants are international, from
Brazil to China to the US, from Canada to New Zealand to South Africa.
This will make the Stockholm symposium and workshops the most
international conference in the EARSeL history. The symposium and the
workshops have plenary sessions, thematic sessions, and poster sessions
where participants will share their latest experience and results on remote
sensing research, development and applications in many areas. Snapshots of
the progress, challenges and opportunities of Remote Sensing in Europe and
the world will be presented.
I cordially welcome you in Stockholm! I wish all of us fruitful discussions
and a successful EARSeL2015.

Yifang Ban, Professor
KTH Royal Institute of Technology
On behalf of the Organizing Committee
2015 EARSeL Symnposium and Worshops
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General Information
Introduction
This booklet contains organizational and programme information as well as
all abstracts for the 35th Symposium of European Association of Remote
Sensing Laboratories (EARSeL), held at the main campus of KTH Royal
Institute of Technology, Stockholm, Sweden during June 15-18, 2015.

Registration
The Registration Desk for the Symposium is located in E-Atrium at
Lindstedtsvägen 3 on KTH main campus and will be opened according to
the following schedule:
Monday, June 15, 2015 8:00 – 18:00
Tuesday, June 16, 2015 8:00 – 18:00
Wednesday, June 17, 2015 8:00 – 18:00
Thursday, June 18, 2015 8:00 – 12:00

WiFi
Free WiFi is available on KTH campus. To log in please use the following
information:
WiFi:
Password:

KTH-Conference
hHgF3bSa
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Information for Speakers
Speakers are requested to bring their presentation in PowerPoint or PDF on a
USB stick and upload the presentation file at least 15 minutes before the
respective session begins, or at an earlier break.
Each session room is equipped with a computer/ projector, a microphone,
and a pointing device. If you have a PPT containing a video or animation,
please inform the KTH volunteers in the session and ensure that both ppt and
video files are in the same folder. Presentations from personal laptops are
not permited to minimise the transition time between presentations.
Speakers are also asked to identify themselves to the session co-chairs, who
should also be in the room 15 minutes before the respective session.
Speakers are asked to stay within the time given to your presentation (either
13 or 18 minutes in total), in order to allow a few questions.
A Speakers Preparation Room (E32) is available for the authors (See map on
Page 10).
Hours of operations are as follows:
Monday, June 15, 2015 8:00 – 18:00
Tuesday, June 16, 2015 8:00 – 18:00
Wednesday, June 17, 2015 8:00 – 18:00
Thursday, June 18, 2015 8:00 – 12:00

Information for Poster Presentations
Authors are requested to attend their posters during the Poster Session. For
each poster, a poster board is reserved with a dimension of 120 cm x 90 cm
(H x W). Material necessary for pinning the poster to the board is available
on the poster boards or at the registration desk. Authors are requested to
mount their posters on the day of their poster session and remove the posters
by 17:00 on Wed., June 17.
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Direction to Symposium Venue on KTH Campus
Take the subway ‘Red Line’ towards Mörby Centrum, get off at Tekniska
Högskolan. Then walk for 3 minutes following the route in the map below.

Floor Plan
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Social Events
Lunch
All lunches will be held in Restaurang Q on KTH Main Campus. See map
below for direction.

4

Icebreaker Reception
The Icebreaker will be held at Restaurang Systor O Bror on KTH Main
Campus at 6-8PM on June 15. See map below for direction.

5

City Hall Reception
All conference and workshop participants are cordially invited by the City of
Stockholm for a Buffet Reception at 6-8PM on June 17 at the famous City
Hall of Stockholm, where Nobel Banquet is held in December every year.
See map below for directions. Take the subway towards “Fruängen” for
three stops to T-Centralen and take the exit to Vasagatan. Exit on Vasagatan,
cross the street and turn left following Vasagatan to the south towards the
waterfront. When arriving at Vattugatn, turn right and cross under the
motorway to go towards stadshusbron, then cross over the bridge to the City
Hall.

6

Gala Dinner
The symposium gala dinner will be held on board a steamboat cruising the
Stockholm Archipelago at 7-10PM on June 18.
See map below for directions. Take the subway ‘Red Line’ towards
“Fruängen” for two stops to Östermalmstorg and take the exit to Birger
Jarlsgatan. Take the escalator up, arrive right in front of the restaurant
“Fridays”. Turn left turn following Birger Jarlsgatan until arriving at
Dramaten, the Royal Theather. Cross the Street towards the waterfront and
follow Strandvägen until arriving at Kajplats 16 (Strandvägen 8).
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10

Symposium and Workshop Session Overview
Monday, June 15, 2015
8:00am
9:00am

Registration
Location: E-Atrium

9:00am PL-1: Symposium Opening and Plenary Session 1
- ESA & GEO
10:30am Location: E1
10:30am Coffee Break 1
Location: E-Atrium
11:00am
11:00am MON-1: Urban Remote
Sensing - 1
12:30pm Location: E1
12:30pm
1:30pm

MON-2: Cultural Heritage and
Education
Location: E2

Lunch Break 1
Location: Restaurang Q

1:30pm
2:30pm

PL-2: Plenary Session 2 - BIOMASS & Change Detection
Location: E1

2:30pm
4:10pm

MON-3: Forestry Remote
Sensing - 1
Location: E1

4:10pm
4:30pm

Coffee Break 2
Location: E-Atrium

4:30pm
6:10pm

MON-5: Agriculture Remote
Sensing
Location: E1

6:15pm
8:15 pm

Icebreaker
Location: Restaurang Syster O Bror

MON-4: 3D Remote Sensing
Location: E2
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MON-6: Thermal Infrared
Remote Sensing - 1
Location: E2

8:20am
10:00am

Tuesday, June 16, 2015
TUE-1: LiDAR & RADAR
TUE-2: UAVs & Airborne
Data Processing
Hyperspectral Remote Sensing
Location: E2
Location: E1

10:00am
10:30am
10:30am
12:30pm

Coffee Break 3
Location: E-Atrium

12:30pm
1:30pm
1:30pm
2:30pm

Lunch Break 2
Location: Restaurang Q

2:40pm
4:00pm

TUE-5: Land Cover and
Validation
Location: E1

4:00pm
4:30pm

Coffee Break 4
Location: E-Atrium

4:30pm
6:00pm

TUE-7: Poster Session
Location: E-Atrium

TUE-3: Urban Remote
Sensing - 2
Location: E2

TUE-4: Vegetation and
Vegetation Dynamics
Location: E1

PL-3: Plenary Session 3 - Future Earth
Location: E1

TUE-6: Thermal Infrared
Remote Sensing - 2
Location: E2

TUE-8: EARSeL Council
Meeting
Location: E31
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8:20am
8:50am
8:50am
10:10am
10:10am
10:40am
10:40am
12:10pm
12:10pm
1:15pm
1:15pm
1:30pm
1:30pm
2:30pm
2:00pm
2:30pm
2:30pm
3:00pm

3:00pm
5:00pm

6:00pm
8:00pm

Wednesday, June 17, 2015
PL-4: Plenary Session 4 - Forestry Remote Sensing in Sweden
Location: E1
WED-1: Forestry Remote
Sensing - 2
Location: E1
Coffee Break 5
Location: E-Atrium

WED-2: Image Processing:
Optical Data
Location: E2

WED-3: General Assembly for EARSeL Members
Location: E1
Lunch Break 3
Location: Restaurang Q
WS-PL1: Opening of Workshops
Location: E1
PL-5: Plenary Session 5 - The
WS-PL2: Workshop Keynote Swedish EO Program &
The Swedish EO Program
Multitemporal Analysis
(Joint with PL-5)
(Symposium & Workshop Joint Location: E1
Session)
Location: E1
WSCZ-1: Workshop on Remote Sensing of the Coastal Zone:
Baltic Sea
Location: E2
Coffee Break 6
Location: E-Atrium
WED-4:
Oceans,
Coastal
Zones &
Inland
Waters
Location:
E35

WED-5:
Multitemporal
Analysis and
Change Detection
(Symposium and
Workshop Joint
Session)
Location: E1

WSCZ-2:
Workshop on
Remote
Sensing of
the Coastal
Zone: Baltic
Sea
Location: E2

WSTA-1:
Agriculture
Location: E31

City Hall Reception
Location: Stockholm City Hall, Hantverkargatan 1
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8:20am
9:40am

9:40am
10:10am

Thursday, June 18, 2015
THU-1:
WSCZ-3:
WSTA-2:
Hyperspectral Baltic Sea
Glacier, Ice
Remote
Location: E2 Sheet and
Sensing and
Permafrost
New
Location: E1
Instruments
Location: E35
Coffee Break 7
Location: E-Atrium

THU-2:
10:10am Disaster
Management
11:50am Location: E35
12:00pm
12:30pm
12:30pm
1:30pm
1:30pm
3:10pm
3:10pm
3:40pm
3:10pm
4:00pm
4:00pm
5:40pm

WSCZ-4:
Land-Sea
Interaction
Location: E2

WSTA-3:
Image
Processing
Location: E31

WSTA-4:
WSTA-5:
Urban
Landscape
Location: E31 &Vegetation
Dynamics
Location: E1

PL-6: Symposium Closing
Location: E1
Lunch Break 4
Location: Restaurang Q
WSCZ-5: New technologies and WSTA-6:
WSTA-7:
in situ measurements
Forestry
Temporal
Location: E2
Location: E35 Analysis
Techniques
Location: E1
Coffee Break 8
Location: E-Atrium
WSCZ-6: Poster Session
Location: E-Atrium

WSTA-8: Poster Session
Location: E-Atrium

WSCZ-7: Workshop on
WSTA-9: Landuse and Land
Remote Sensing of the Coastal Cover Change
Zone
Location: E1
Location: E2
WSTA-PL3: Temporal Analysis Workshop Closing
Location: E1

5:40pm
5:50pm
7:00pm Gala Dinner Cruise
Location: Archipelago Dinner Cruise, Strandvägen, berth no 16.
10:00pm
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Symposium Programme
9:00am
- 10:30am
E1
11:00am 12:30pm
E1
11:00am 12:30pm
E2
1:30pm 2:30pm
E1
2:30pm 4:10pm
E1

2:30pm 4:10pm
E2
4:30pm 6:10pm

Monday, June 15, 2015
PL-1: Symposium Opening and Plenary Session 1 - ESA &
GEO
Session Chair: Prof. Yifang Ban, KTH Royal Institute of
Technology, Sweden
MON-1: Urban Remote Sensing - 1
Session Chair: Prof. Carsten Juergens, Ruhr-University
Bochum, Germany
Session Chair: Dr. Barbara Ryan, GEO, Switzerland
MON-2: Cultural Heritage and Education
Session Chair: Dr. Mario Hernandez, Future Earth, Mexico
Session Chair: Prof. Alexander Siegmund, University of
Education & University Heidelberg, Germany
PL-2: Plenary Session 2 - BIOMASS & Change Detection
Session Chair: Prof. Yifang Ban, KTH Royal Institute of
Technology, Sweden
MON-3: Forestry Remote Sensing - 1
Session Chair: Dr. Thuy Le Toan, Centre d'Etudes Spatiales
de la Biosphere (CESBIO), France
Session Chair: Prof. Håkan Olsson, SLU, Sweden
MON-4: 3D Remote Sensing
Session Chair: Prof. Mattia Crespi, University of Rome "La
Sapienza", Italy, Italy
Session Chair: Dr. Karsten Jacobsen, Leibniz University
Hannover, Germany
MON-5: Agriculture Remote Sensing
Session Chair: Dr. Edward Charles (Ted) Huffman,
Government of Canada, Canada
Session Chair: Dr. JIALI SHANG, Agriculture and
Agri-Food Canada, Canada

4:30pm 6:10pm
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MON-6: Thermal Infrared Remote Sensing - 1
Session Chair: Dr. Chris Hecker, University of Twente, The
Netherlands
Session Chair: Dr. Claudia Kuenzer, DLR, Germany

6:15pm 8:00pm

Icebreaker
Restaurang Syster O Bror

15

8:20am 10:00am
E2
8:20am 10:00am
E1

10:30am 12:30pm
E2
10:30am 12:30pm
E1

Tuesday, June 16, 2015
TUE-1: LiDAR & RADAR Data Processing
Session Chair: Dr. Malcolm Davidson, ESA, Netherlands, The
Session Chair: Prof. Mattia Crespi, University of Rome "La
Sapienza", Italy, Italy
TUE-2: UAVs & Airborne Hyperspectral Remote Sensing
Session Chair: Dr. Bogdan Zagajewski, University of Warsaw,
Faculty of Geography and Regional Studies, Poland
Session Chair: Dr. Olena Dubovyk, University of Bonn,
Germany
TUE-3: Urban Remote Sensing - 2
Session Chair: Prof. Carsten Juergens, Ruhr-University
Bochum, Germany
Session Chair: Dr. Daniele Ehrlich, EC Joint Research Centre,
Italy
TUE-4: Vegetation and Vegetation Dynamics
Session Chair: Prof. Gunter Menz, Bonn University,
Department of Geography, Germany
Session Chair: Prof. Yeqiao Wang, University of Rhode Island,
United States of America

1:30pm 2:30pm
E1

PL-3: Plenary Session 3 - Future Earth

2:40pm 4:00pm
E1

TUE-5: Land Cover and Validation
Session Chair: Prof. Jun Chen, National Geomatics Center of
China, China, People's Republic of
Session Chair: Camilla Jönsson, Metria AB, Sweden

2:40pm 4:00pm
E2

TUE-6: Thermal Infrared Remote Sensing - 2
Session Chair: Dr. Claudia Kuenzer, German Aerospace
Center (DLR), Germany
Session Chair: Dr. Chris Hecker, University of Twente, The
Netherlands

4:30pm 6:00pm
E-Atrium

TUE-7: Poster Session
Session Chairs: Jan Haas & Alexander Jacob, KTH Royal
Institute of Technology, Sweden

4:30pm 6:00pm
E31

TUE-8: EARSeL Council Meeting
Session Chairs: Prof. Lena Halounova, Czech Technical
University in Prague, Czech Republic
Dr. Bogdan Zagajewski, University of Warsaw, Poland
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8:20am 8:50am
E1
8:50am 10:10am
E1

Wednesday, June 17, 2015
PL-4: Plenary Session 4 - Forestry Remote Sensing in
Sweden
WED-1: Forestry Remote Sensing - 2
Session Chair: Dr. Thuy Le Toan, Centre d'Etudes Spatiales
de la Biosphere (CESBIO), France
Session Chair: Prof. Håkan Olsson, SLU, Sweden

8:50am 10:10am
E2

WED-2: Image Processing: Optical Data
Session Chair: Dr. Paul Aplin, University of Nottingham,
United Kingdom

10:40am 12:10pm
E1

WED-3: General Assembly for EARSeL Members
Session Chair: Prof. Lena Halounova, Czech Technical
University in Prague, Czech Republic
Session Chair: Dr. Klaus-Ulrich Komp, EFTAS, Germany

1:30pm 2:30pm
E1

PL-5: Plenary Session 5 - The Swedish EO Program &
Multitemporal Analysis (Symposium & Workshop Joint
Session)

3:00pm 5:00pm
E35

WED-4: Oceans, Coastal Zones & Inland Waters
Session Chair: Dr. Vera Rostovtseva, P.P.Shirshov Institute of
Oceanology RAS, Russian Federation

3:00pm 5:00pm
E1

WED-5: Multitemporal Analysis and Change Detection
(Symposium and Temporal Analysis Workshop Joint
Session)
Session Chair: Prof. Yifang Ban, KTH Royal Institute of
Technology, Sweden
Session Chair: Prof. Eberhard Parlow, University Basel,
Switzerland

17

8:20am 9:40am
E35

10:10am 11:50am
E35
12:00pm 12:30pm
E1

Thursday, June 18, 2015
THU-1: Hyperspectral Remote Sensing and New
Instruments
Session Chair: Dr. Christian Rogass, Helmholtz Centre
Potsdam GFZ German Research Centre for Geosciences,
Germany
Session Chair: Prof. Arnon Karnieli, Ben Gurion University,
Israel
THU-2: Disaster Management
Session Chair: Dr. Tuong Thuy Vu, University of
Nottingham, Malaysia campus, Malaysia
Session Chair: Dr. Stefania Amici, Istituto Nazionale di
Geofisica e Vulcanologia, Italy
PL-6: Symposium Closing
Session Chair: Prof. Lena Halounova, Czech Technical
University in Prague, Czech Republic
Session Chair: Prof. Yifang Ban, KTH Royal Institute of
Technology, Sweden
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Plenary Sessions
PL-1: Symposium Opening and Plenary Session 1 - ESA & GEO
Time: Monday, 15/Jun/2015: 9:00am - 10:30am · Location: E1
Session Chair: Yifang Ban, KTH Royal Institute of Technology, Sweden
Welcome Address: KTH Prorektor
Eva Malmström Jonsson, KTH Royal Institute of Technology, Sweden
Welcome Address: KTH Space Center
Christer Fuglesang, KTH Royal Institute of Technology, Sweden
Welcome Address: Swedish National Space Board
Göran Boberg
Swedish National Space Board, Sweden
Welcome Address: EARSeL President
Lena Halounova
Czech Technical University in Prague, Czech Republic
Opening Remark
Yifang Ban, KTH Royal Institute of Technology, Sweden
ESA Earth Observation Programmes - Status and Perspectives
Malcolm Davidson, ESA, The Netherlands
GEO's Activities in Earth Observations
Barbara Ryan, GEO, Switzerland

PL-2: Plenary Session 2 - BIOMASS & Change Detection
Time: Monday, 15/Jun/2015: 1:30pm - 2:30pm · Location: E1
Session Chair: Yifang Ban, KTH Royal Institute of Technology, Sweden
The BIOMASS Mission: To Reduce Uncertainties in Our Knowledge of
the Terrestrial Carbon Cycle
Thuy Le Toan
Centre d'Etudes Spatiales de la Biosphere (CESBIO), France
Change Detection: Challenges and Opportunities with New Remote
Sensing Satellites
Lorenzo Bruzzone, University of Trento, Italy
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PL-3: Plenary Session 3 - Future Earth
Time: Tuesday, 16/Jun/2015: 1:30pm - 2:30pm · Location: E1
The Contribution of Earth Observation to Future Earth: Eventual Role
of EARSeL
Mario Hernandez1, Thomas Elmqvist2
1
Future Earth, Mexico; 2Stockholm Resilience Centre, Stockholm University;
mariohernandezvaldes@gmail.com
Supporting Future Earth and Post-2015 Agenda with GlobeLand30
Jun Chen
National Geomatics Center of China, People's Republic of China;
chenjun@nsdi.gov.cn

PL-4: Plenary Session 4 - Forestry Remote Sensing in Sweden
Time: Wednesday, 17/Jun/2015: 8:20am - 8:50am · Location: E1
Forestry Remote Sensing in Sweden
Håkan Olsson
Swedish University of Agricultural Sciences, Umeå, Sweden;
Hakan.Olsson@slu.se

PL-5: Plenary Session 5 - The Swedish EO Program &
Multitemporal Analysis
Time: Wednesday, 17/Jun/2015: 1:30pm - 2:30pm · Location: E1
The Swedish Earth Observation Program
Olle Norberg
Swedish National Space Board, Sweden; Olle.Norberg@snsb.se
Multitemporal Analysis of Vegetation Dynamics in Different Climate
Regions
Lars Eklundh
Lund University, Sweden; lars.eklundh@nateko.lu.se

PL-6: Symposium Closing
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Session MON-1: Urban Remote Sensing - 1
ESA DUE INNOVATOR III: EO4Urban
Yifang Ban, Paolo Gamba
KTH Royal Institute of Technology, Sweden; yifang@kth.se
With more than half of the world population now living in cities, and 1.4
billion more people expected to move into cities by 2030, urban areas pose
significant challenges on the environment. Although only a small percentage
of global land cover, urban areas significantly alter climate, biogeochemistry,
and hydrology at local, regional, and global scales. Thus, accurate and timely
information on urban land cover and their changing patterns is of critical
importance to support sustainable urban development.
EO4Urban is a new project within the ESA DUE INNOVATOR III program.
The overall objective of this research is to evaluate multi temporal
Sentinel-1A SAR and Sentinel-2A MSI data for global urban services using
innovative methods and algorithms, namely KTH-Pavia Urban Extractor, a
robust algorithm for urban extent extraction and KTH-SEG, a novel
object-based classification method for detailed urban land cover mapping.
Ten cities around the world in different geographical and environmental
conditions are selected as study areas. Sentinel-1A SAR and Sentinel-2A
optical data will be acquired during vegetation season in 2015 and 2016.
Historical ENVISAT ASAR and ERS-1/2 SAR data will be selected from the
archives for monitoring of urban development.
This research and development is expected to produce a pilot global urban
services demonstrator using multitemporal Sentinel-1A SAR and
Sentinel-2A MSI data. The project will contribute to i). better understanding
of the urban products and services that the end users require; ii).
development of novel and robust methods and algorithms for improved
urban services to planners to support smart and sustainable urban
development; ; iii). better understanding of the capacity of Sentinel-1A SAR
and Sentinel-2A optical data for detailed urban land cover mapping and
urbanisation monitoring; iv). the goals and activities of GEO SB-04 Global
Urban Observation and Information Task and GEO SB-02 Global Land
Cover Task.
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Global Human Settlement Layer project of the EC JRC:
basic concepts and results
Pesaresi, Martino; Ehrlich, Daniele
Institute for the Protection and Security of the Citizen
Joint Research Centre
21027 Ispra, Italy
daniele.ehrlich@jrc.ec.europa.eu
The Global Human Settlement (GHS) project of the Joint Research Centre
aims to measure the spatial extent of global human settlements, to monitor
its changes over time and characterize the settlements based on the size and
spatial arrangements of buildings and other man made structures. The
information produced within the GHS are used in a number of application
areas and will be used for monitoring the different international framework
agreements including (1) the Sendai Framework for action, (2) the
Sustainable Development Goals, and the (3) UN Habitat Urban agenda.
The presentation will provide an overview on the GHS project by illustrating
the concept on which it is based and by summarize the methodology used to
derive the information product. We will then present the first high resolution
global settlement map derived from processing the entire global archive of
Landsat imagery. The processing of Landsat also allowed to derive measure
of changes in built up for the 1975, 1990, 2000 and 2014. The challenges
met in the processing and the planned validation exercises will also be
addressed. The presentation will also focus on the continental settlement
map produced and specifically the European human settlement map with
comparison with existing continental datasets. The continental and global
settlement maps is used in a number of application areas including the
quantification of the land area occupied by settlements for urbanization
studies, the use of the settlement map as a proxy variable for use in disaster
risk modelling, and as as proxy for the presence of population in global
population density maps produced at the JRC. The work ahead and the need
for collaboration will also be addressed.
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Towards development of South African National Human
Settlement Layer using high resolution imagery
Naledzani Audrey Mudau
South African National Space Agency, South Africa;
NMudau@sansa.org.za
According to the World Health Organisation report, more than 54% of global
population lived in urban areas in 2014 compared to 34% in 1960. This high
urbanisation rate is attributed to natural population growth and migration of
people from rural to urban areas in search of better living conditions and
employment. About 90% of future urban growth is expected in developing
countries. Rapid urbanisation has negative impact on the environment and
existing infrastructure, resulting in loss of natural environment and
constrained infrastructure and services. There is therefore a need to access
for timely human settlement data to reduce these negative impacts and
improve urban management system. High spatial resolution imagery
provides data analysts with source data to extract information on the
geographic location and size of human settlements. Pixel based classification
procedures have proven to yield poor results due to spectral mixing
properties of high spatial resolution imagery. In order to support decision
makers with timely information on human settlement, there is a need to
develop semi-automated to automated tools to detect human settlement data
from high spatial resolution imagery.
This paper proposes an object- based classification methodology to extract
human settlement data from high resolution imagery. The SPOT 6 satellite
images were chosen for this study due to their availability for research and
non-commercial use in South Africa. Both multispectral and panchromatic
images were used in this investigation. The images were orthorectified and a
1.5m spatial resolution pan-sharpened imagery was created using a 5m
multispectral image and 1.5m panchromatic image. The images were
segmented to create objects that represent individual buildings. The
classification rules were developed using radiometric values and shape
properties of the segmented image objects. The radiometric values were
mainly used to separate built up areas and non-transformed areas. Shape
variables were mainly used to separate building structures from other
built-up classes. To evaluate the robustness of the methodology, four areas
with different human settlement types and landscapes were selected as study
area. These areas are rural, urban, industrial/commercial areas and informal
settlements. For accuracy assessment, image interpretation and manual
digitalization techniques were used to map the outline of the building
structures off 0.25m aerial photography. The accuracy of the building
extraction results obtained using the proposed methodology was assessed
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against the results obtained using manual digitization. The proposed
methodology produced reasonable results compared to similar studies done
1m or higher spatial resolution satellite images such as WordView and
Ikonos, however the quality of the results vary according to the spatial
distribution and size of buildings. The results from this study show that the
methodology has a potential of creating national human settlement product
at reasonable time interval to support various aspects of planning and
management undertaken by government departments and other service
providers.
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Object-based urban land cover mapping using Sentinel-1A
images with KTH-SEG, preliminary results
Alexander Jacob, Yifang Ban
KTH - Royal Institute of Techn, Sweden; aljacob@kth.se
In the light of the constant change that urban areas undergo it is of vital
importance to be able to map urban areas accurately in order to monitor
these changes and derive possible environmental and other impact factors to
support sustainable development.
In the previous research of KTH Geoinformatics, we have examined various
SAR data for urban land cover mapping including ENVISAT ASAR,
RADARSAT SAR and TerraSAR-X data. The objective of this research is to
evaluate multitemporal Sentinel-1A images for urban land cover mapping.
Sentinel 1A SAR, similar to ENVISAT ASAR and ERS-1/2 SAR, operates in
C-band. Multitemporal Sentinel-1A data acquired over Beijing and
Stockholm are selected for this mapping task. These two cities are
significantly different in their structure and urbanization rate as well as the
surrounding environments, thus provide excellent test scenarios with plenty
of reference data. Since there are no images available from the peak
vegetated season of those areas yet, we will have to work with the currently
available data, which start in October 2014 for this preliminary study.
The analysis is performed with our in-house developed software KTH-SEG,
a tool for object based image analysis based on an edge aware region
growing and merging segmentator as well as a support vector machine for
images classification. In this research, multi-resolution segmentation will be
performed with different object scales. Some classes might be better
assessed with a smaller scale while other require a larger scale in order to be
properly mapped. Especially with medium resolution, it is sometime difficult
to accurately map individual buildings, yielding a better analysis based on
building blocks. Other features such as roads typically need a smaller scale
in order to be detected correctly since their width often corresponds to
roughly the width of a single pixel (20-30m).
It is anticipated that multitemporal Sentinel-1A data could produce urban
land cover maps in ten classes, covering high density built-up areas, low
density built-up areas, managed forest, water, roads, airport runways, water,
agricultural fields, bare soil and urban green spaces. The classification
accuracy will be assessed both in terms of classic measures like the kappa
value and overall accuracies as well as more recent methods like the location
agreement and quantity agreement. The accuracy may vary depending on the
quantity and variability in the Sentinel-1A images used for the classification.
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Remote Sensing monitoring large-scale construction project
Tuong Thuy Vu, Darshana Wickramasinghe, Moataz Ahmed, Tomas
Maul
University of Nottingham, Malaysia campus, Malaysia;
tuongthuy.vu@nottingham.edu.my
Advances in remote sensing technologies now produce vast amount of
satellite images with better spatial, spectral and temporal resolutions. That
enables the frequent monitoring of human activities on the ground such as
construction project. We propose the use of satellite remote sensing to assist
the management of large-scale construction project, which is currently by
ground visit and report checking. In this paper, we assessed the feasibility of
current optical and radar remote sensing images in detection of construction
activities prior to development of appropriate image processing algorithms
for detection of different construction stages. We found that high-resolution
satellite images are capable to map the main 4 construction stages but its
radar counterpart could not. However, radar images are still useful to provide
some information on a cloudy day. Based upon the findings, we established a
spatio-temporal detection framework to support the large-scale construction
project. The monitoring system were finally developed with web interface to
facilitate the accessibility of people involving in a large-scale construction
project.
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Session MON-2: Cultural Heritage and Education
Gollevárre – A comparative study of remote sensing based
methodological approaches to mapping cultural heritage in
Northern landscapes
Alma Elizabeth Thuestad, Stine Barlindhaug, Elin Rose Myrvoll, Ole
Risbøl
Norwegian Institute for Cultural Heritage Research, Norway;
alma.thuestad@niku.no
The High North encompasses vast areas where information regarding
cultural heritage is either lacking or virtually non-existing. Remote sensing
tools have become a valuable resource for modern archaeology, and are now
in widespread use for a range of surveying, mapping and monitoring
purposes. Archaeologists are concerned with a multitude of traces of past
human activity located in a wide range of environments. In Northern
landscapes, the use of remote sensing for archaeological purposes is
challenging as topography and vegetation cover is diverse, and, most
importantly, cultural heritage is generally small-scale and blends in well with
the landscape.
We consider remote sensing to have a great potential for improving the
knowledge base in addition to adding to the inventory of known
archaeological features, but their application poses a number of technical,
practical and theoretical challenges. In this study we apply two remote
sensing techniques to analyse datasets covering Gollevárre, an area located
in in the east of Finnmark, the northernmost county in Norway. The study
area encompasses both inland and coastal landscapes as well as a wide
variety of cultural heritage covering the range of human history in the area.
In our study, high-resolution panchromatic and multispectral satellite
imagery and LiDAR data have been utilized to a) assess the usefulness of
remote sensing data in terms of detecting and mapping cultural heritage
assets in a northern landscape, and b) assess the usefulness and value of
combining the two methodological approaches. The objective is twofold; we
evaluate the pros and cons of both methodological approaches and we
evaluate the potential added value of parallel use of both techniques within
the same geographical area. In our opinion the value and usefulness of
utilising remote sensing for investigating Northern landscapes may be
enhanced by utilizing the complementarity inherent in different datasets and
techniques.
There are a limited number of cultural heritage types located within the
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inland areas of the Gollevarre scene. Hunting pits are by far the dominating
type, and occur in high numbers. In more coastal areas our surveys show a
comparatively higher number of house sites and other settlement traces that
may be up to around 12.000 years old. Results show that LiDAR is
significantly better suited for surveying the inland wooded areas as hunting
pits have proven significantly easier to detect and interpret with LiDAR than
with the satellite imagery. However, house and turf hut sites represented a
challenge as they to a greater degree were misinterpreted or remained
undetected by LiDAR. Comparatively speaking, the satellite imagery
provided better results regarding house and tuft hut sites, especially in
coastal areas.
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Potential and application of Remote Sensing and digital
Geomedia for World Heritage observation and education
Alexander Siegmund
University of Heidelberg; siegmund@ph-heidelberg.de
Remote Sensing and other modern digital geo-technologies nowadays show
a wide range of applications in science, planning and administration.
However the potential of digital geo-media for observation and education on
World Heritage still is partly used until today. The convention for the
protection of cultural and natural heritage has achieved significant
international recognition in the last years. Compliance with the specific
requirements and recommendations for site management increasingly needs
support by modern digital geo-technologies. Site managers need tools
supporting sustainable development, early identification of potential risks as
well as world heritage related capacity building and education for their
periodic reporting.
Modern digital geo-technologies can help address the central challenges of
protection and conservation of world heritage sites. Moreover, the use of
digital geo-media like remote sensing methods and geographic information
systems together with mobile consumer devices like smart phones and
tablets offer manifold potentials for sustainable education and capacity
building for world heritage. Analyzing world heritage sites based on modern
digital geo-technologies requires the development of standards in order to
enable the comparison of different sites. A common classification procedure
for world heritage sites serves as substantial basis for plans to improve
public relations and visualization, sustainable education and capacity
building.
Additionally, support will be made available both nationally and
internationally to site managers in the form of continuing education seminars
and to the general public via web-based applications. These applications will
also include training modules covering topics such as introduction to modern
digital geo-technologies or geo-ecology. The planned project aims to
improve the access of site managers and the general public to World
Heritage observation, monitoring, sustainable education and capacity
building based on digital geo-technologies.
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Monitoring of Sighisoara UNESCO World Heritage Site
Using Space Technologies
Iulia Dana
Romanian Space Agency, Romania; iulia.dana@rosa.ro
The Historic Centre of Sighisoara was inscribed on the World Heritage List
in 1999 as a cultural site due to its architectural and urban monuments that
were built starting with the 13th century. In the last years, Sighisoara has
been affected by flood-triggered landslides that damaged some parts of the
Historic Centre external wall, thus threatening the integrity of the World
Heritage Site. Nowadays, the monitoring of the sites included on the
UNESCO World Heritage List can be performed based on Earth Observation
data. Remote sensing is an excellent monitoring tool due to the recently
launched satellite missions that enable the acquisition of very high resolution
optical data using a greater number of spectral bands. Furthermore, the latest
developments in differential synthetic aperture radar interferometry
techniques enable the detection and monitoring of ground displacements up
to a few millimeters. These techniques are currently the most appropriate
solution for the monitoring of a cultural or natural World Heritage Site that
might be subject to ground displacement phenomena. Based on a large series
of TerraSAR-X data, the ground stability of the Historic Centre of Sighisoara
has been investigated and the results help the local authorities to better
understand the characteristics of the site in order to take better protection and
preservation measures. The results show the benefits and limitations of the
applied remote sensing techniques in providing complete, consistent,
accurate and timely information to the conservation authorities in charge
with the formulation and implementation of appropriate environmental
measures, policies and strategies.
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“Take a Walk on the Wild Side” – Experiences of a Road
Show on Space Travels and Earth Observation through
Schools in Germany
Andreas Rienow, Sascha Heinemann, Esther Amler
University of Bonn, Germany; a.rienow@geographie.uni-bonn.de
From May 28 to November 10, 2014 the ESA Astronaut Alexander Gerst
fascinated the public with his live-impressions from the International Space
Station (ISS). Simultaneously, the educational project ‘Columbus Eye –
Live-Imagery from the ISS in Schools’ published a learning portal on earth
observation from the ISS (www.columbuseye.uni-bonn.de). Columbus Eye
is carried out at the University of Bonn and sponsored by the German
Aerospace Center (DLR) Space Administration. The portal makes use of
NASA’s High Definition Earth Viewing (HDEV) experiment, which features
four cameras recording the earth 24/7. The main goal is to enable school
children to observe our earth from the Astronaut’s perspective while
applying professional remote sensing analysis tools. Besides a video live
stream, the portal contains an archive providing spectacular footage and an
observatory especially for pupils and teachers. To promote the portal and
Gerst’s space travel, Columbus Eye started a nationwide road show where
the fascination of technology and environment is bundled in order to ignite
the pupils’ interest on spaceflight and earth observation. By now, the project
visited 15 Schools and educational institutions and taught around 1,000
pupils.
The paper explains how Columbus Eye let the children get in touch with the
life and work of astronaut Gerst on the International Space Station and how
interaction is used to sensitize them for a sustainable environmental thinking.
The pupils’ everyday reality builds the platform to activate their imagination
for the meaning of micro gravitation and a life in space. Gerst himself
performed child-oriented physical experiments so that we could let the
children lift off to outer space into its special living conditions. Carefully
selected HDEV images on current natural phenomena like bush fires are
generally used not only to mediate the Astronauts’ view on our earth but also
to introduce the applicability of remote sensing. For this purpose, the road
show contains a mobile remote sensing laboratory. Here, the pupils can
apply the observatory of the Columbus Eye portal on their own. They can
inform themselves about patterns and processes of the coupled
human-environment system in different regions of the world. Furthermore,
they can conduct easy-to-use image processing analyses based on a
simplified minimum distance classification. In doing so, pupils get the
opportunity to derive their own map out of an HDEV image and hence turn a
continuous spatial texture into a discrete spatial pattern of land uses. In that
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regard, we will report about a live talk between Gerst and twenty boys and
girls that took place on September 1 2014 and was technically supervised by
ham radio experts.
All in all, we could observe that shifting the pupils’ focus from listening to
acting the title of Gerst’s ISS expedition ‘Blue Dot – Shaping the Future’
became a tangible upshot for the impressed learners.
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“All good things come to an end?” – A Decade of Remote
Sensing in School Lessons
Andreas Rienow1, Roland Goetzke2, Henryk Hodam3, Gunter Menz1,
Annette Ortwein1, Kerstin Voß3
1
University of Bonn, Germany; 2Federal Institute for Research on Building,
Urban Affairs and Spatial Development; 3Koblenz University of Applied
Sciences; a.rienow@geographie.uni-bonn.de
"Man must rise above the Earth – to the top of the atmosphere and beyond –
for only thus will he fully understand the world in which he lives".
Following the quote of the Greek philosopher Socrates, the bird’s eye
perspective of satellites enables mankind to explore the spatial patterns of
our Earth detached from the limited scope of the human eye.
High-technology sensors extend the perception to the global and the
invisible. In order to get young people in touch with the benefits of remote
sensing, the University of Bonn realized the educational, non-profit project
“FIS – Remote Sensing in School Lessons” from 2006 to 2015. Built on the
basis of intermediality, interactivity, and interdisciplinarity, the project
pursues three main goals: First of all, children are introduced to the world of
data behind fancy-colored satellite images. In the second place, curricular
topics of everyday school lessons are taught in an inspiring and remarkable
manner. Thirdly, the pupils’ skills of applying media and methods are
encouraged with a competence-oriented education.
The paper presents the development of the theoretical, technical, and
didactical concept throughout the years. Starting with mediation theory
rooted in problem-based learning and moderate constructivism, we move on
towards the design of semi-digital teaching units and the subsequent
implementation of entirely digital, interactive learning modules on remote
sensing. These learning modules are accompanied by didactical comments
and sample solutions stilling the teachers’ fears of thematic complexity and
technical issues.
We follow the road to a comprehensive, bilingual learning portal on earth
observation: www.fis.uni-bonn.de. The users can not only execute the FIS
teaching units online, the learning portal also facilitates observing the pupils’
learning progresses for teachers. Furthermore, it contains an encyclopedic
info box explaining technical terms like spectral resolution, geometric
correction, or thermal infrared in an attractive and comprehensible manner.
Besides, easy-to-use image processing tools enable even novices of remote
sensing to analyze current air mass movements, to calculate the NDVI, or to
classify images. Hence, the synergy of research and analysis tools
encourages pupils to discover the background of remote sensing applications
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as well as to interpret earth observation images independently. En passant,
they learn the causalities of coupled human-environment systems.
Throughout the years, the exchange of ideas with teachers and pupils has
shaped the project’s development paradigm. Today, FIS focuses on shorter
teaching units with a close connection to the curriculum, thus an easier
implementation in lessons is possible. Simultaneous to the rise of new
sensors and techniques, the data base was expanded by products of European
earth observation, e.g. TerraSAR-X or RapidEye. Facing the sunset of the
project, we will reflect critically on weak spots and present a concept for
maintaining the FIS developments in order to ensure the sustainability of a
decade of work in remote sensing education.
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Session PL-2: Plenary Session 2 - BIOMASS &
Change Detection
The BIOMASS Mission: To Reduce Uncertainties in Our
Knowledge of the Terrestrial Carbon Cycle
Thuy Le Toan
Centre d'Etudes Spatiales de la Biosphere (CESBIO), France;
thuy.letoan@cesbio.cnes.fr
Keynote
The Biomass mission is the Seventh ESA Earth Explorer mission, selected in
May 2013, for a launch in 2020. The primary aim of the BIOMASS mission
is to determine, for the first time and in a consistent manner, the global
distribution of above-ground forest biomass (AGB) in order to provide
improved quantification of the size and distribution of the terrestrial carbon
pool, and improved estimates of terrestrial carbon fluxes. In particular, by
monitoring and quantifying disturbances and growth in forests, BIOMASS
will yield new knowledge about the size and location of terrestrial carbon
sources and sinks. This will substantially reduce the uncertainties in the
calculations of carbon stocks and fluxes associated with the terrestrial
biosphere.
Biomass will measure and map forest carbon stock, as well as forest height,
over tropical, temperate and boreal forests at a resolution of around 200 m
every 6 months throughout the five years of the mission. However, the
particular focus will be on the dense tropical forests which contribute by far
to the largest proportion of carbon emissions from deforestation and forest
degradation. By using a long wavelength Synthetic Aperture Radar (SAR at
P-band), BIOMASS allows high values of AGB in tropical forests to be
measured. The combination of three mutually supporting measurement
techniques, namely polarimetric SAR, polarimetric interferometric SAR
(PolInSAR) and tomographic SAR (TomoSAR) all using the same sensor,
will significantly reduce the uncertainties in biomass retrievals and
contribute to meeting the target of 20% accuracy in AGB at a resolution of
200 m. The spatial consistency of these products together with their
provision as time series, means that they will contribute significantly to
improving the accuracy of the Land Use Change flux and better quantifying
dynamic spatial processes in the world’s forests.
The presentation will introduce the scientific background of the mission, will
describe the measurement approaches and the results of the research
conducted during the preparation phases of the mission.
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Change Detection: Challenges and Opportunities with New
Remote Sensing Satellites
Lorenzo Bruzzone
Dept. of Information Engineering and Computer Science, University of
Trento, Italy; lorenzo.bruzzone@ing.unitn.it
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Session MON-3: Forestry Remote Sensing - 1
Forest stratification to accurately assess carbon stock
changes in Democratic Republic of Congo: EO4REDD
project.
Benjamin Beaumont2, Tom Akkermans1, Alban Bouvy1, Nathalie
Stephenne2
1
WALPHOT SA, Jambes, Belgium; 2ISSeP, Liège, Belgium;
benjamin.beaumont@walphot.com
The Earth Observation for Reducing Emissions from Deforestation and
forest Degradation (EO4REDD) project aims at developing an operational
and cost-effective service for carbon stock changes monitoring in the
REDD+ context of Maï Ndombe region, Democratic Republic of the Congo.
The service combines in an innovative way the use of satellite, aerial and
ground measurements data and is divided in three steps:
I. Mapping and quantifying forest cover changes using VHR satellite
imagery (RapidEye - RE) ;
II. Measuring Above Ground Biomass (AGB) through dendrometric
parameters extraction from airborne stereoscopic image pairs and allometric
equations calibrated using ground measurements ;
III. Relating these two products to assess carbon stocks changes at regional
scales.
This paper focus on the semi-automated object-based stratification of forests
occurring in step I. This critical step allows to map large-scale forest
typology and to detect areas of interest where field data and aerial images
have to be acquired (in step II). As a result, a better accuracy of biomass
changes estimates can be obtained. The overall strategy is to use a forest
mask as starting point of a hierarchical process (multi-threshold object-based
segmentation techniques using the RE five bands spectral values and
minimum object size as parameters) that step-wise subdivides the large
forest area into smaller but more homogeneous forest types. A stratification
in five classes was developed on a 2000 km² area using RE data from 2012
and 2013: Dense Primary Forest, Secondary Forest Complex, Open Forest,
Palm-dominated Forest and Fallow Forest. As the final objective is to
estimate forest carbon stock changes on a given time-period, an analysis of
forest cover losses due to deforestation and forest degradation was
performed. Main forest cover losses occurred inside of Dense Primary

37

(±50%) and Secondary forest classes (±40%). The carbon losses due to these
forest cover changes were estimated using ground measurements and a
literature review. Not using the stratification conducted to an overestimation
of about 50% of these losses, illustrating the necessity of this process in
order to calculate accurate carbon stock losses.
The approach developed will be improved in several ways during a second
phase of the project. First, the classification in forest types was rather limited
and could be expanded to cover a wider variety of classes. Ancillary data,
such as DEM and theoretical watersheds, could be used to create buffer
zones in which edaphic forest is likely dominant. Additional spectral
information from other satellite data (SAR, Sentinel …) could be used, for
example to develop a non-dependent method to cloud and haze covers.
Finally, AGB estimates could be strengthened by using a larger sample of
ground measurements.
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Assimilating remote sensing data with forest growth models
Mattias Nyström1, Nils Lindgren1, Jörgen Wallerman1, Sarah Ehlers1,
Anton Grafström1, Anders Muszta1, Kenneth Nyström1, Erik Willén2,
Johan E.S. Fransson1, Jonas Bohlin1, Håkan Olsson1, Göran Ståhl1
1
Swedish University of Agricultural Sciences, Sweden; 2Skogforsk, Uppsala,
Sweden; mattias.nystrom@slu.se
As we are entering an era of increased supply of remote sensing data, we
believe that data assimilation that combines growth forecasts of previous
estimates with new observations of the current state has a large potential for
keeping forest stand registers up to date (Ehlers et al. 2013). The data
assimilation will update a forest model e in an optimal way based on the
uncertainties in the forecast and the observations, each time new data
becomes available. These forecasting and updating steps can be repeated
with new available observations to get improved estimations. In this study
we present the first practical results from data assimilation of mean tree
height, basal area and growing stock. The remote sensing data used were
canopy height models obtained from matching of digital aerial photos over
the test site Remningstorp in Sweden. The photos were acquired 2003, 2005,
2007, 2009, 2010 and 2012 and normalized with a DEM from airborne laser
scanning.
The procedure for the data assimilation was as follows: mean tree height,
basal area and growing stock were predicted on 18 m × 18 m raster cells
using the area based method. Ten meter radius sample plots were used as
field calibration data. For each photo year, the field data were adjusted for
growth to have the same state year as each acquisition year of the photos.
Growth models were constructed from National Forest Inventory plot data.
Data assimilation could then be performed on raster cell level by initially
start with the estimates from 2003 year´s photos. This prediction was then
forecasted to year 2005 by calculating the growth for the raster cell. This
forecasted value is then blended with the new remote sensing estimation
collected 2005. The process was then repeated for the following years where
new measurements were available. In this study, extended Kalman filtering
was used to blend the forecasted values with the new remote sensing
measurements. Validation was done for 40 m radius field plots. Further, the
results were also compared with two alternative approaches: the first was to
forecast the first remote sensing estimate to the endpoint and the second was
to use remote sensing data acquired at the endpoint only.
The preliminary results for the eight forest stands show that the variances
were lower when using assimilation of new estimates and there were less
fluctuation compared to only using remote sensing data from the endpoint.
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However, the mean deviation from the measured value 2011 was lower when
only data from the endpoint were used. The assimilated values 2011 were
consistently closer to the validation data compared to only forecasting the
starting estimate from 2003 to 2011.
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Decomposing multispectral forest signatures of satellite
imageries by modelling radiative transfers based on
structural data from terrestrial laser scanning
Korbinian Schmidtner1,2, Magnus Bremer2, Martin Rutzinger1,2
1
Austrian Academy of Sciences, IGF - Interdisciplinary Mountain Research,
Austria; 2University of Innsbruck, Institute for Geography, Innrain 52, 6020
Innsbruck, Austria; Korbinian.Schmidtner@oeaw.ac.at
The mapping of variability in vegetation from space contributes valuable
information for ecosystem research such as the timing and spacing of the
phenological cycle. The objective of this study is to map the phenology of
the European larch (Larix decidua), i.e. its leaf's growing characteristics
from leaf unfolding to leaf fall off. The study is set up at an Austrian Alpine
site (Pinnistal, Tyrol) analysing SPOT5 and Landsat8 scenes. In order to
retrieve the Larix decidua signal from remote sensed imagery, it is crucial to
understand its contribution to the entire forest-canopy -understorey signal
composition, which ultimately results in a single pixel value of the image.
Decomposition of the mixed signal is deduced by reconstructing
architectural vector models of a Larix decidua forest from terrestrial laser
scanning (TLS) under leaf-off conditions combined with a leaf growing
algorithm simulating different stages of leaf growth. The derived tree
architectural data is used as input for radiative transfer modelling to retrace
the multispectral scattering that takes place when sun radiation propagates
through the atmosphere, the vegetation canopy, and back to the satellite
sensor. The Discrete Anisotropic Radiative Transfer (DART) model is
employed simulating SPOT5 and Landsat8 images at different phenological
phases. For the radiative transfer modelling branch architectures are used as
mesh geometries whereas the foliation is considered as "turbid voxel cells"
in order to reach an optimal trade-off between accuracy and computation
time. Subsequently, sensitivity analysis are conducted by testing the effect of
changes between vegetation optical properties and vegetation related indices
such as the normalized vegetation index (NVDI) and the leaf-area-index
(LAI) under different parameter settings. Ultimately, time series of these
indices are deduced from the SPOT5 and Landsat8 scenes and compared to
the simulated ones.
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Estimating vertical canopy cover with dense point cloud data
from matching of digital aerial photos
Ann-Helen Granholm, Nils Lindgren, Kenneth Olofsson, Anna Allard,
Håkan Olsson
Swedish University of Agricultural Sciences, Sweden;
ann-helen.granholm@slu.se
This study aims to explore the use of dense point clouds from matching of
aerial photos for estimation of vertical canopy cover (VCC), defined as the
proportion of the forest floor covered by the vertical projection of the tree
crowns. A reliable measure of VCC is of importance for the definition of
forest and thus the separation of forest from non-forest in vegetation
mapping. Studies have showed that VCC can be estimated with high
precision using airborne laser scanner (ALS) data. Matching of digital aerial
photos has proved to be useful for production of digital surface models
(DSM) and for accurate estimation of tree heights. In this study we will
compare VCC estimates based on point cloud data from matching of aerial
photos with estimates derived from ALS data.
The test area is located in the Remningstorp estate and the nearby nature
reserve area Klyftamon, in southern Sweden, Lat. 58º 30′ N, Long. 13º 40′ E.
The main land cover within the estate is managed forest on fertile sites while
the reserve area is dominated by mire and non-managed forest on poor sites.
150 sample plots were placed in parts of the study area representing VCC
ranging from 0 % up to close to 100 % in managed forest on fertile sites and
natural forest on poor site conditions and mire, respectively.
Full waveform ALS data with a density of 20 returns m-2 was acquired using
a Riegl LMS Q680i mounted on a helicopter flying at an altitude of 440 m.
The vegetation ratio within each sample plot was calculated as the
proportion of first returns above a threshold of 2 m, using ALS data with a
maximum scan angle of 15º.
Aerial imagery covering the test area was acquired using an Vexcel
UltraCam X camera at an altitude of 2900 m above ground, producing
photos with a ground sample distance of 0.25 m and stereo overlap of 60 %
in the flight direction. The aerial photos were matched using the software
Match-T by Trimble. The resulting dense point cloud data was interpolated
to DSMs with pixel size from 0.25 m up to 2.0 m. Treetop detection was
applied to the DSMs with search windows of 0.5 m size up to 2.0 m. The
height of the detected trees was normalized using a digital elevation model
(DEM) derived from ALS data.
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Regression analysis was applied using the vegetation ratio derived from ALS
data as dependent variable and the sum of the height of trees within sample
plots as independent variable. Initial results from linear regression using tree
heights of trees detected in a DSM of 0.25 m resolution with a 0.5 m search
window give a correlation of 0.93, an R2-value of 0.86 and an root mean
square error of 23 %.
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Biomass burned retrieval by means of the FRP power law
and sparse satellite observations
Pablo Salvador1, Xianlin Quin2, Julia Sanz1, Zengyuan Li2, Victor
Molina1, Miguel García1, José Luis Casanova1
1
University of Valladolid, Spain; 2RIFRIT, CAF, China; jois@latuv.uva.es
It is generally accepted that satellite FRP retrievals over individual burned
areas and fires have power law distributions. In order to get the FRP power
law probability distribution function parameters we have analyzed more than
650,000 forest fires detected in China, from 2000 to 2012, by MODIS-Terra
and MODIS-Aqua sensors. By using these estimated parameters, the fire
radiative energy FRE could be obtained by means of the temporal integral of
the fire radiative power, FRP, along the fire duration.
This methodology has been applied to several long life fires with results
similar to those obtained from some field campaigns.
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Session MON-4: 3D Remote Sensing
Globally Optimal DSM Fusion
Roland Perko1, Christopher M. Zach2
1
Joanneum Research, Graz, AT; 2Toshiba Research Europe, Cambridge, UK;
roland.perko@joanneum.at
When acquiring multiple images from different view points over arbitrary
objects, a standard procedure is to perform a pure stereo processing yielding
one 2.5D model, i.e. a digital surface model (DSM), for all possible stereo
pairs. After that those individual DSMs have to be fused into one final DSM,
which should have a better quality than the individual ones. In addition
undefined regions, which are not reconstructed e.g. due to occlusions in the
single stereo pairs, should be filled with height information from other pairs.
This general issue of fusion is omnipresent when it comes to 3D
reconstruction from multiple view images.
The mentioned principal philosophy is applied on very different imagery, e.g.
on images from hand held cameras [3], on image from airborne cameras [5,
8, 9], on image from optical satellites [6] or even on SAR satellite data [4].
Some solutions are based on local methods, like just taking the median value
over one DSM cell or the method by [9] which determines a probability
density function (pdf) for a local 3x3 pixel neighborhood and extracts the
mode of this pdf. Other solutions are based on global methods [11, 8, 3]
which in general use non-convex energy functionals and are therefore rather
difficult to solve. We present a global formulation for DSM fusion with a
convex energy functional that is differentiable and has a Lipschitz
continuous gradient. Therefore, the minimization problem can be solved by
applying a trivial gradient descent (GD) optimizer (cf. [2]).
In this paper the mathematical formulation of the novel globally optimal
DSM fusion methodology is described in detail. The convex energy
functional consists of a data term and a regularization term. While the first
drags the solution towards the given input DSMs, the second forces a smooth
surface including sharp 3D breaklines. In addition we compare the trivial
GD optimizer with the fast iterative shrinkage-thresholding algorithm
(FISTA) [1], which yields faster convergence. The proposed algorithm is
evaluated on a synthetic example, on real DSMs from photogrammetric
processing of UltraCam images, on real DSMs from photogrammetric
processing of Pleiades images and on real DSMs from radargrammetric
processing of novel very high resolution TerraSAR-X Staring Spotlight
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mode imagery.
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The 0.4 arcsec TanDEM-X Intermediate DEM with respect
to the SRTM and the ASTER global DEMs: extended
Dimitra Vassilaki, Thanasis Stamos
NTUA, Greece; dimitra.vassilaki@gmail.com
Recently a preliminary version of the forthcoming TanDEM-X DEM,
namely TanDEM-X Intermediate DEM (IDEM), became available to the
scientific community by DLR. The TanDEM-X DEM is a new global DEM
which is collected by two twin X-band satellite SAR sensors, TerraSAR-X
and TanDEM-X, using single pass interferometry. The TanDEM-X IDEM is
provided by DLR in order to create a first impression of the final DEM to
appear, and is available for specific areas of the world.
This paper follows [1] which studied the TanDEM-X IDEM with respect to
the SRTM and the ASTER global DEMs through visual inspection and
computation of the error of all three DEMs with respect to local elevation
data, over a few test sites on Aegean islands. This paper extends the study
using more elevation data, over many more test sites on Aegean islands, and
exploiting the rich metadata provided with TanDEM-X IDEM.
Furthermore, the accuracy of global DEMs is optimised for the whole
surface of the Earth, trading local accuracy for global accuracy. As a result, a
systematic 3D vector translation error between global and local more
accurate DEMs usually exists. In this paper the systematic 3D vector
displacement is computed indirectly through the computation of the RMSE
of the global DEM elevations with respect to local data. A combination of
the exhaustive search and divide-and-conquer algorithms is used to compute
the 3D vector displacement of the global DEMs which minimise the RMSE
of the elevations. The process is applied to all three global DEMs in order to
gain a perspective. In the case of TanDEM-X IDEM the height error map
metadata is taken into account for the computation of the RMSE.
The present study verifies that there is strong evidence that the forthcoming
TanDEM-X DEM is going to be dramatically enhanced with respect to the
other two global DEMs.
References
[1] Vassilaki D.I. and Stamos A.A., 2015. The 0.4 arcsec TanDEM-X
Intermediate DEM with respect to the SRTM and the ASTER global DEMs.
ISPRS - International Archives of Photogrammetry, Remote Sensing and
Spatial Information Sciences. Photogrammetric Image Analysis and ISPRS
Hannover Workshop, Munich, Germany, to appear.
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Open source tool for DSM generation: development and
implementation of an OSSIM PlugIn
Martina Di Rita, Andrea Nascetti, Mattia Crespi
"Sapienza" Univesity of Rome, Italy; martina.dirita@uniroma1.it
Nowadays high-resolution satellite imagery (HRSI) provides global
coverage and allows for accurate and reliable terrain characterization and
data extraction. In particular the Digital Surface Model (DSM) is one of the
major outputs of the photogrammetric processing for satellite imagery and
represents an important component of geospatial database. Consequently,
over the years, a wide range of software (commercial and scientific) able to
generate DSMs starting from HRSI has been developed.
In the last two decades an increase of free and open source software for
geospatial data processing has been witnessed. This kind of software features
a source code available to anyone and for any purpose, thus allowing a
constant improvement and updating process coming from the developer
community.
It is in this context and following an open source vision that the present work
has been conceived.
In this paper we present DATE – Digital Automatic Terrain Extractor – a
new Free and Open Source Software for Geospatial developed in the
framework of the 2014 Google Summer of Code program. DATE is
conceived as an extension to OSSIM (Open Source Software Image Map), a
suite of geospatial libraries and applications for imagery, maps, terrain and
vector data processing, belonging to the wide OSGeo (Open Source
Geospatial) family.
The tool is a free and open source PlugIn able to perform a totally automatic
DSMs generation starting from a high resolution satellite stereo-pair. In
particular the tool can accommodate images acquired by the most common
optical and SAR sensors (e.g GeoEye1, WordlView1-2, Quickbird, Pleiades,
TerraSAR-X, Cosmo-SkyMed).
Its peculiarity consists in performing a “hybrid” processing chain based on
both rigorous photogrammetric approach and Computer Vision techniques:
there is a combination of OSSIM photogrammetric capabilities with the
OpenCV library algorithms. As a matter of fact, an interesting investigation
is the one devoted at the joint using of both techniques, with the purpose to
obtain with a high speed and an excellent accuracy a metric-reliable 3D
model exploiting both photogrammetric and computer vision advantages.
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DATE processing chain consists in several phases. First, a stereo-pair
projection is performed: the images are projected in a ground geometry using
a coarse DSM or a constant-height plane. Then, in order to generate the
quasi-epipolar images, an automatic TPs identification is executed, with a
subsequent filter to remove outliers. According to this dataset of TPs a
transformation model is estimated for quasi-epipolar image generation.
Starting from the quasi-epipolar stereo-pair obtained, the Disparity Map is
computed, using the Semi-Global-Block Matching (SGBM) algorithm
implemented in the OpenCV library. Finally, the pixel disparity values
obtained from the SGBM algorithm are converted from pixel to meters and
summed up to the height of the surface used as initial reference, achieving a
final geocoded DSM.
Several tests have been performed in two morphologically different areas
and the DSM accuracy has been assessed using a high-resolution LiDAR
DSM as a reference surface.
The first stereo-pair used for the assessment is a GeoEye1 over the city of
Trento (Italy), a morphologically complex terrain: a Root Mean Square Error
(RMSE) of approximately 5 meters with respect to the reference LiDAR has
been achieved. The second stereo-pair is a GeoEye1 over the center of Rome
(Italy), characterized by narrow streets and high buildings: a RMSE of
approximately 8 meters has been reached. Some tests using TerraSAR-X
imagery over the city of Trento are being performed in order to evaluate the
accuracy achievable.
Thanks to these first results it can be deduced that with DATE PlugIn it is
possible to obtain DSMs with an accuracy comparable and sometimes even
better with respect to several existing photogrammetric software.
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Geometric potential of Pleiades models with small base
length
Karsten Jacobsen
Leibniz University Hannover, Germany; jacobsen@ipi.uni-hannover.de
The overall geometry of a Pleiades image triplet has been analyzed with
approximately 170 ground control points (GCP). The results are in the
operational range with root mean square (RMS) differences corresponding to
0.9 distributed pixels (50cm ground sampling distance (GSD)) or 0.6
original pixels (70cm GSD) because of not optimal control point definition.
The image triplet has small base lengths with height to base relation (h/b)
between the centre im-age and the first, respectively the last of 1:9. With
such unusual small angle of convergence height models have been generated
by least squares matching. 60% of the area is covered by forest and just 10%
is built up, in addition the buildings had to be filtered out, justifying this type
of matching. The small base length leads to similar images with very small
occlusion areas. The quality of least squares matching with 75% of
correlation coefficients exceeding 0.95 is very high and without the usual
large gaps in forest areas. Just 0.4% of the point combinations have not been
accepted. The matching of the first and the last image with b/h=1:4.5 has 47%
of the correlation coefficients above 0.95 is not as good, showing the
advantage of very small base length for matching. Of course the matching
results are supported by the good image quality with factors for the effective
resolution of approximately 0.9 in relation to 50cm GSD and very good
signal to noise relation.
Based on 24 million y-parallaxes jitter effects of the satellite in roll
component, not covered by at-titude data respectively RPC coefficients, have
been analyzed. The averaged y-parallaxes show some systematic effects, but
they are below 0.02m or 0.03 original pixels. The faster satellite rota-tion is
in pitch. A corresponding jitter would influence the x-parallax or cause
systematic errors in height models. By the comparison of height models
based on the centre and the first image against the height model based on the
centre and the last image, the systematic errors of the x-parallax between the
first and the last image have been determined. Clear systematic height errors
up to 0.8m and root mean square differences against the linear trend of
0.11m can be seen. Because of the small angle of convergence the maximal
value corresponds to 0.13 original pixels and the RMS to 0.02 pixels. This is
confirmed by local systematic height differences against ground check points.
In models with larger angle of convergence such systematic x-parallaxes are
difficult to be identified. Nevertheless in relation to ground check points the
height model based on the first and the last image has a standard deviation in
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height (SZ) of 1.8m, corresponding to x-parallax of 0.6 original pixels
respectively for flat area of 0.5 pixels. The height models based on the
neighboured images with b/h~1:9 have SZ=1.9m and for flat areas SZ=1.6m
corresponding to 0.25 original pixels. The RMS differences of the height
models based on the centre and the first against the height model based on
the centre and the last image are just 1.3m or Spx=0.2 original pixels. The
not as good matching with larger angle of convergence cannot reach such
good result in image space and has larger gaps especially in forest areas.
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Mapping with Pleiades pan-sharpened images
1

Gurcan Buyuksalih2, Karsten Jacobsen1
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Pleiades images are distributed with 50cm ground sampling distance (GSD)
even if nadir images have 70cm projected pixel size. Nevertheless the
zooming of the Pleiades images at least partially is compensated by very
good image restoration. The factor for effective resolution determined by
edge analysis is approximately 1.0 for the images with 50cm GSD, meaning
the effective resolution corresponds to 50cm GSD. This can be explained by
image sharpening which should enlarge the image noise, but the signal to
noise relation (SNR) can be compared with other very high resolution space
images. The SNR can be improved by filtering, but this may influence the
identification of small details. A comparison with other space images of
similar resolution did not show disadvantages caused by the image
restoration of Pleiades images.
By bias corrected RPC-orientation with 30 ground control points root mean
square differences for the X-component of 33cm and for Y of 36cm has been
reached, corresponding to 0.5 original pix-els or 0.7 of the zoomed pixels,
this a very satisfying result. The bias correction was made by af-finity
transformation in image space. With only a shift in image space the root
mean square differences are just 1cm larger.
Previous mapping tests with other space images confirmed the general rule
of thumb for mapping with aerial or space images of 0.1mm required GSD
in the map scale. Because of the good Pleiades image restoration with the
zoomed 50cm GSD the generation of topographic maps 1:5000 should be
possible. In a test area north of Istanbul, covering the centre of an old village,
maps have been generated by on-screen digitizing of Pleiades ortho images.
Because of the small and not regular buildings and several trees covering
parts of buildings and streets this area is difficult to be mapped. The standard
building width is just in the range of 10m. The mapping with pan-sharpened
and with panchromatic images is leading to similar results, the colour only is
speeding up the object identification. It does not matter if the pan-sharpened
image from Airbus DS is used or a modified Brovey transformation,
optimized for manual mapping. An independent second mapping showed
some differences of approximately 1% of the buildings and few differences
at narrow streets, partly occluded and partly hidden by trees. Most incorrect
buildings are caused by mistaken parking places as buildings. Such an error
would not happen with stereoscopic data acquisition, but it could also be
avoided if missing building shadows would be respected. The incorrect
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streets could be clarified by intensive check of the images, only in one case
the street over longer distance was hidden by trees and only with additional
information the problem could be solved. Nevertheless the result
corresponds to the content of a topographic map 1:5000 or even larger scale.
The limitation of the mapping scale is based on the resolution. Maps in the
scale range 1:5000 should have a standard deviation of approximately
0.25mm in the map scale, corresponding to 1.25m related to 50cm GSD.
Such an object accuracy of 2.5 GSD easily can be reached.
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Session MON-5: Agriculture Remote Sensing
Crop classification using a fuzzy decision tree and
phenological indicators derived from MODIS data
Jiangui Liu, Ted Huffman, Jiali Shang, Budong Qian, Taifeng Dong,
Yinsuo Zhang
Agriculture and Agri-Food Canada, Canada; jiali.shang@agr.gc.ca
Mapping soil productivity at large spatial scales using moderate resolution
optical satellite data (e.g., MODIS, AVHRR) is effective as it provides large
spatial coverage at high temporal resolution capable of capturing regional
crop growth conditions. This is usually achieved using vegetation indices
and a general cropland mask. However, agricultural management practices
significantly influence crop canopy signatures captured by remote sensing,
particularly the growth calendar associated with crop types. This is an
important issue for cropland area in southwestern Ontario, Canada, because
perennial forage crops, winter wheat and summer crops are all mixed in this
region although they may have distinct growth calendars. This calls for a
crop specific mask for cropland productivity mapping in this region. This
paper presents a methodology for identifying major crop types annually in
this region, using a fuzzy decision tree classifier and phenological indicators
derived from the Moderate Resolution Imaging Spectroradiometer (MODIS)
data. Phenological indicators were derived from the time series of
Normalized Difference Vegetation Index (NDVI) calculated from the 8-day
composite 250-m surface reflectance product. Training samples for decision
rule development at 250-m resolution were derived from a 2013 crop
classification map at 30-m resolution. Results showed that seasonal NDVI
profiles for typical land cover types in the study region were unique, thus
indicating potential for their discrimination. Phenological indicators, such as
the timing of peak growth stages, length of the growing period, and NDVI at
specific time of the year, were found useful for discriminating major crop
types such as winter wheat, corn, soybean, and forage crops. Using selected
phenological indicators only and the fuzzy decision tree classifier, 75.4% of
the training samples in 2013 were identified correctly. The two summer
crops (corn and soybean) were discriminated quite well from the other three
vegetation types (98%), although confusion exists between these two crops.
While the accuracy for identifying winter wheat was satisfactory, there was
about 10% commission error from the forage crop. In order to test the
approach, the 30-m classification map for 2012 was processed in the same
way as that of 2013, from which a testing sample set was obtained. The
classifier was able to identify 79.4% of the “pure” samples, with a minor
change of the threshold of NDVI at the end of July. This indicates that
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phenological indicators derived from optical remote sensing data are more
intrinsic than the commonly used remote sensing features susceptible to
environmental and management impacts, and are potential for discriminating
some general crop types without using a year-specific training sample set.
Further analysis will be focused on evaluating the mixed pixels. Further
improvement between the corn-soybean pair and the wheat-forage pair is
desirable.
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Use of non-negative matrix factorization based on satellite
images for the collection of agricultural statistics
Zakaria BENYELLES, Djaafar YOUSFI
center of space technics; benyelles_zakaria@yahoo.fr
Agriculture is fundamental and remains an important objectives in the
Algerian economy, based on traditional techniques and structures; it
generally has a purpose of self-consumption. The collection of agricultural
statistics in Algeria is made using traditional methods which consist in
investigating land use through survey and field survey, these statistics suffer
from problems such as poor data quality, the long delay between collection
of their last final availability and high cost relative to their reduced use.
The objective of this work is to develop a processing chain for a reliable
inventory of agricultural land by trying to develop and implement a new
method for extracting information. Indeed, this methodology allowed us to
combine remote sensing data and field data, to collect statistics on the area
of different land.
The contribution of remote sensing in improving agricultural statistics - in
terms of area - has been studied in the department of Sidi Bel Abbes. It is in
this context that we have applied a method of extracting information from
satellite images; this method is called the non-negative matrix factorization
which does not consider the pixel as a single entity but will look for the
components of the pixel itself. The results obtained by the application of the
NMF were compared with field data and the results obtained by the method
of maximum likelihood. We have seen a greater rapprochement between the
results of the NMF and those of field data. We believe that this method of
extracting information from satellite data leads to interesting results of the
different types of land uses.
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A machine learning approach for agricultural parcel
delimitation through agglomerative segmentation
Angel Mario Garcia-Pedrero1, Consuelo Gonzalo-Martin1, Mario
Lillo-Saavedra2
1
Universidad Politécnica de Madrid, Spain; 2Universidad de Concepción,
Chile; am.garcia@alumnos.upm.es
An accurate and updated information about spatial and geographical features
and the use of each agricultural parcel is assumed as an invaluable value for
diverse agricultural-related agencies and research purposes. In this regard, a
primary requirement for any parcel-based study is to have a correct
delineation of the parcels under analysis.
Since, high-resolution remote sensing images provide distributed spatial
information at reasonable temporal resolution, they seem to be a good data
source to approach the problem, however, a non trivial issue is how to
process this huge data volume maintaining the accuracy and time
requirements. Even though the manual delineation can be very precise, it
suffers from the subjectivity of operator and it is highly time consuming.
Moreover, the repeatability of the delineation is not insured even when the
same operator performs it at two different times.
To address these problems, several automatic and semiautomatic
segmentation algorithms have been proposed in the remote sensing literature.
However most of them are highly dependent on a correct parameter selection
which requires a prior knowledge about the scene or tuning by trial-error.
Recently in computer vision field, approaches intending to imitate the
delineation made by an expert through supervised classification methods
have successively applied to natural image segmentation. Therefore it is
assumed that a similar approach could be useful for agricultural parcel
delineation.
The aim of the research presented in this work is to develop an approach for
the automatic delineation of agricultural parcels by means of machine
learning. The proposed procedure employs superpixels as minimum
processing units, whereas an agglomerative process of superpixels is used to
obtain a final segmentation where the plots (objects of interest) are
distinguished. The determination if two adjacent superpixels should be
merged is taken by a boosting classification algorithm trained using a small
part of a manually segmented scene as input.
To evaluate the quality of the segmentation under- and over-segmentation
errors have been obtained through comparing with the entire reference
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manual delineation of a Quickbird image from an agricultural fragmented
Chilean landscape.
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Evapotranspiration mapping without thermal band using
Random Forest
Consuelo Gonzalo-Martin1, Mario Lillo-Saavedra2, Angel M.
Garcia-Pedrero1, David Fonseca-Luengo2, Octavio Lagos2, Ernestina
Menasalvas1
1
Universidad Politécnica de Madrid, Spain; 2Universidad de Concepción,
Chile; consuelo.gonzalo@upm.es
Crop water requirements are basic information for an efficient agricultural
management. Traditionally this information has been estimated in terms of
Evapotranspiration (ETc). That is the total amount of water lost via
transpiration and evaporation from canopy and soil.
Although daily crop local ETc could be calculated with some accuracy, these
estimations do not consider the spatial variability of the land cover normally
present at a field. Furthermore, normally there is some question about the
reliability of the representation of crops from idealized Kc values [1]. In
addition, it is difficult to predict the correct crop growth stage dates for large
populations of crops and fields. Nowadays, information gathered from
aircraft and satellite platforms can be used to estimate ETc for different crops,
delivering information spatial and temporarily distributed over a wide area.
Several energy balance models have been coupled with spatially distributed
information obtained from remote sensors (satellites and airborne) to
mapping ETc. In general land surface energy balance (SEB) models use
remotely sensed surface reflectance in the visible and near-infrared portions
of the electro-magnetic spectrum and surface temperature (radiometric)
obtained from an infrared thermal band [2]. The problem is that currently,
this thermal band it is not available for all operational remote sensors That
prevents the estimation of evapotranspiration maps at scales where the
within spatial variability of a field should be more precisely captured in
order to contribute to precision agriculture applications (e.g., specific
irrigation schedule). Therefore, it will be desirable a methodology that
allows to mapping evapotranspiration even though the thermal band are not
available.
The hypothesis of this work is that it is possible to estimate ETc maps, using
only the visible and near infrared bands through Random Forest regression
models, generated using low-medium spatial resolution optical images
including thermal band. Under this hypothesis, the objective of this work is
to develop a new methodology to estimate evapotranspiration maps without
using information regarding surface temperature.
The proposed methodology includes four different steps: (i) The generation
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of the Random Forest Regression models using medium spatial resolution
images (Landsat 7 and 8) and SEB models to estimate ETc. (ii) The
validation of the generated models. (iii) The estimation of the ETc maps, by
applying the models previously generated to optical images without thermal
band. (iv) And the validation of these maps by mean of in situ data.
[1] R. Allen, L. Pereira, D. Raes, and M. Smith, Crop Evapotranspiration:
Guidelines for computing crop requirement, Irrigation and Drainage Paper
No 56. Rome, Italy: FAO, 1998.
[2] R. Allen, M. Tasumi, and R. Trezza, Satellite-based energy balance for
mapping evapotranspiration with internalized calibration (metric)-model,
Journal of Irrigation and Drainage Engineering, vol. 133, no. 4, pp. 380-394,
2007.
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Evaluating and predicting water consumption by irrigated
agriculture and spread of agricultural fields in the semi-arid
regions of the northwestern Negev, Israel
Assaf Chen1, Itzhak Benenson2, Arnon Karnieli1
1
Ben Gurion University, Israel; 2Tel Aviv University, Israel;
assafchen@gmail.com
One of the world's most vital needs is a stable supply of food and water.
Both food and water revolve around agriculture: being the world’s largest
fresh water user, and cardinal food supplier. In order to provide the
agricultural sector with the appropriate amount of water that will guaranty
its' sustainable function, it is important to estimate future agricultural water
needs. Therefore, it is important to understand the dynamics in agricultural
Land Use Land Cover (LULC) change. To better understand the rules that
govern change, it is necessary to investigate the past dynamics in agricultural
lands, connect these changes to the drivers and extrapolate future change
according to forecasted future reality thus allowing the application of
appropriate adaptation measures. In this research, detection of agricultural
lands in the semi-arid to arid northwestern Negev for the years 1972-2013
was executed, using 46 intra and inter-annual Landsat MSS Tm and ETM+
images. Classification results were compared to 3 reference LULC maps,
with overall accuracy of 86%. Using these findings, a correlation of
agricultural spread with water availability, irrigation infrastructure, road
infrastructure, soil type, and geographical parameters was conducted, along
with interviews with agricultural experts aiming to examine the farmer’s
decision making processes. These data were then translated into rules that
dictate agricultural expansion, and inserted into a high resolution spatially
explicit model using Cellular Automata and Agent Based techniques that
enable to predict the future development of agricultural areas, given different
scenarios of prevailing conditions. The model’s results show that agricultural
expansion in the northwestern Negev is highly dependent on water
availability and that the spatial expansion patterns are mostly influenced by
irrigation and road infrastructure positioning and placement. This model,
being highly encapsulated and object oriented in nature can be reused in
different settings with minimal adaptations.
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Session MON-6: Thermal Infrared Remote Sensing 1
Thermal infrared images – Which information can be
retrieved from this data?
Eberhard Parlow
University Basel, Switzerland; eberhard.parlow@unibas.ch
“This Abstract is for the Special Session on Remote Sensing in the Thermal
Infrared”. Since decades thermal infrared satellite imagery is used for
climate studies of various geo-systems. One of the first thermal infrared
investigation integrated day and night time imagery from the Heat Capacity
Mapping Mission (HCMM) in the early 80es. This data offered a spatial
resolution of 500 m and to the first time made it possible to analyse urban
structures and how surface temperatures are modified by land cover types.
With the launch of Landsat-TM-4 and Landsat-TM-5 urban climate studies
based on satellite thermal imagery increased and even today there is a great
number of investigations on the urban climate and/or the urban heat island
(UHI) effect using Landsat (TM/ETM/TIRS) or Aster thermal infrared data.
Most of these studies try to demonstrate the urban heat island by means of
the surface temperature distribution. But the essential question is, if this
simple approach is appropriate because it completely neglects the local
radiation and heat budget as well as the complex interferences between earth
surface and boundary layer atmosphere, which is responsible for air
temperature distribution etc. This paper tries to point out with two examples
(urban climate and surface temperatures along forested slopes in the Black
Forest region/Germany) that the simple relation between surface
temperatures and air temperatures is mostly not existing
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Resolution Enhancement of Thermal Images via
Multitemporal Fusion of Etherogeneous Data
Rita Montone1, Paolo Addesso1, Riccardo Garella1, Maurizio Longo1,
Rocco Restaino1, Gemine Vivone2
1
Università degli studi di Salerno, Italy; 2North Atlantic Treaty Organization
Science and Technology Organization Centre for Maritime Research and
Experimentation 19126 La Spezia, Italy; rmontone@unisa.it
Remotely sensed Land Surface Temperature (LST) is of major interest for a
variety of environmental and agricultural applications, providing accurate
estimates of geophysical features. The employment of thermal images for
said applications requires both high spatial resolution (HSR) and high
temporal rate (htr). The desirable conjunction of high spatial and temporal
resolutions results in conflicting requirements mainly due to sensor attributes.
Some of them are characterized by high temporal rate but coarse spatial
resolution (htr/LSR), others by low temporal rate but high spatial resolution
(ltr/HSR).
This problem can be eased through data fusion techniques that provide
improved synthetic images by taking advantage of data collected by multiple
sensors. Nowadays, with the growing of satellite missions devolved to the
Earth, the utilization of data from multiple sources is becoming more and
more interesting. For example, among the satellite sources we have sensors
placed on polar satellites (like MODIS and VIIRS) that are characterized by
a high spatial resolution, but very low revisiting period, and sensors placed
on geostationary platforms (like SEVIRI) which produce almost
continuously data, but with very poor spatial resolution.
In this perspective the paper proposes a method for combining thermal
image sequences with complementary features. In particular, SEVIRI data
(htr/LSR), MODIS data (ltr/HSR) and VIIRS data (ltr/HSR) are combined
by employing both deterministic and statistical approaches to achieve
enhanced thermal image sequences (htr/HSR). The problem is characterized
by several peculiar issues, as for example the necessity of suitably
coregistering the data, being they mounted on different platforms. Indeed,
the Spinning Enhanced Visible and Infrared Imager (SEVIRI) is a spectral
radiometer placed on a geostationary platform; MODerate-resolution
Imaging Spectroradiometer (MODIS) is a spectral radiometer placed on
board the Terra and Aqua polar orbiting satellites with a sun-synchronous
orbit; The VIIRS (Visible/Infrared Imager Radiometer Suite) instrument is a
scanning imaging radiometer on the polar-orbiting S-NPP satellite.
The paper proposes and investigates the use of several approaches to
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produce enhanced thermal image sequences from multisensor data, based on
a combination of deterministic interpolation, Bayesian estimation algorithms
and fusion rules.
Furthermore, sequential approaches are used for taking into account the
temporal correlation within successively acquired images as an additional
feature for image enhancement. Two different situations are analyzed: indeed
some applications require real time response, hence only account for past
observations; others allow for a certain delay and therefore capitalizes on the
simultaneous exploitation of all data collected within a given time interval.
Accordingly, the study analyses several different Bayesian approaches for
obtaining, at each instant, an enhanced thermal image, based on Forward,
Backward and Forward-Backward Smoother estimators.
The results are hence described of experiments carried out to test the
capability of the proposed algorithms in fusing thermal image sequences
acquired by the SEVIRI, MODIS and VIIRS sensors.
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Using TIR and SWIR Airborne Imaging Spectrometry to
Map Dominant Mineralogy in a Complex Alteration System
Babatunde Fagbohun, Christoph Hecker, Frank J.A. Van Ruitenbeek

University of Twente, The Netherlands; c.a.hecker@utwente.nl
Ore deposit formation is typically accompanied by hydrothermal alteration
of the host rock through which ore bearing fluids circulate. Spectral remote
sensing is an effective method for identification of hydrothermal alteration
assemblages and has been adopted by geologists in mineral exploration due
to its capability to cover large areas when compared with other conventional
mapping techniques. The SWIR wavelength range can help identify some
mineral groups, like hydrated minerals, carbonates and sulfates, while others
may be more clearly separable in the TIR wavelength range. With the recent
progress in TIR hyperspectral remote sensing it becomes imperative to
determine how minerals mapped with TIR can be linked to minerals mapped
using SWIR for better understanding of the distribution of alteration
minerals and alteration types.
In this study we use airborne hyperspectral TIR (SEBASS; 7.8-13.5 µm) and
SWIR (ProSpecTIR; 2.1-2.4 µm) data over a complex alteration system in
Yerington, Nevada. The so-called “Wavelength Mapping” approach is
applied to the individual datasets to determine the dominating mineral
absorption wavelength: a three point interpolation of the depth and position
of the absorption feature is used, and the depth and position information are
fused into one image. The output is a color-composite where the color is an
indication of the dominating absorption wavelength position and the
intensity a measure of the feature’s depth.
Applying the wavelength mapping technique to the two airborne datasets
highlights the dominant mineralogy in each of the datasets. With the help of
ground samples and a decision tree algorithm, the wavelength images are
then classified into mineral distribution images and clustered into mineral
assemblage zones. For validation, the results are compared to geologic and
mineralogic maps from traditional field geologic studies.
As an illustration of preliminary results, a subset of the images is shown in
Figure 1. It shows the dominating mineralogy in the SWIR (Fig 1 left) and
the TIR (Fig. 1 right). The SWIR imagery very clearly differentiates areas
with Al-hydroxyl minerals (e.g. sericite) in green hues from those dominated
by Mg-Fe-hydroxyl (e.g. epidote, chlorite) in orange and red. However, an
area of gypsum (blue box) and carbonate (magenta boxes) are not (or very
difficult) to differentiate in the SWIR from the groups mentioned earlier. The
TIR shows clear detection of areas with quartz (cyan), feldspars (green),
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carbonate (magenta), two types of garnets (orange and red) and gypsum
(blue). The SWIR also differentiates readily between different compositions
of carbonates (orange and red colors within magenta box) and of sericite
(different shades of green from NW to SE).
We would like to thank The Aerospace Corporation for the SEBASS and
Prospectir data collection as part of an Internal Research and Development
Grant awarded to Dean Riley when he was that The Aerospace Corporation.
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Risk of spontaneous combustion in Belgium mining waste
deposits
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1
ISSeP, Institut Scientifique de Service Public, 200 rue du Chéra, 4000
Liège, Belgium; 2Universiteit Gent, Krijgslaan 281 S8, 9000 gent, Belgium;
3
GIM, Geographic Information Management, Interleuvenlaan 5, 3001
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EU Directive 2006/21/EC requires Member States to identify closed mining
waste facilities potentially posing a serious threat to human health or the
environment. To comply with this Directive, the regional Authorities
supported by ISSeP provided an inventory of 50 coal mining tips with
potential risks among the 300 identified in Wallonia. However the
pre-selection protocol proposed by an Ad-hoc Group of the Technical
Adaptation Committee (TAC) of the Directive (Stanley et al., 2011 ) does
not currently take into account the risk of spontaneous combustion which is
particularly relevant in our region (Nyssen et al. 2011 ). This paper thus
proposes an analysis of a time series of ASTER images to derive surface
temperature products and identify temperature anomalies which can be
considered as potential indicators of spontaneous internal combustion.
While the pre-selection protocol considers several criteria, such as the
presence of pollutants, the stability of the source, and four types of pathways
and four receptors components, the link between stability and spontaneous
combustion wasn’t integrated by the EU directive TAC. However burning
coal tips and potential slides induced by the combustion represent a danger
for the population and infrastructures around the sites. During the
pre-selection, ISSeP already modified the protocol in order to better account
for some specific regional conditions but the combustion issue wasn’t yet
integrated in this first assessment. This study thus assesses the potential of
low resolution imagery to address this issue and refine the current Walloon
inventory.
Using 2011 imagery, Nyssen et al (2011) mapped the average temperature of
14 coal tips to detect susceptibility zones for debris detachment. New Aster
data from 2013 were used to update this analysis over the entire Walloon
mining region and assess the changes between the two dates. Until now, a
list of potential burning coal tips is provided by the administration based on
expert knowledge. The comparison of this list with remote sensing results
illustrates the relevance of this technology. However the detected anomalies
have to be checked with other tools offering a better resolution to confirm or
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reject the risk. While the resolution (90m for Aster thermal infrared channel)
doesn’t fit the regional administration requirements , the temperature
anomalies could be used as one indicator of risk in a multi-criteria model of
combustion and as a mean to target the field inspections by experts hence
improving the accuracy and cost-effectiveness of this process.
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Session TUE-1: LiDAR & RADAR Data Processing
An Open Source Ransac-Based Plug-In for Building Roof
Extraction From Lidar Point Clouds
Roberta Ravanelli, Andrea Nascetti, Mattia Crespi
University of Rome "La Sapienza", Italy; roberta.ravanelli@uniroma1.it
Nowadays airborne Light Detection and Ranging (LiDAR) technology plays
a major role in high resolution Digital Surface Models (DSMs) generation.
Raw LiDAR point clouds are characterized by a high vertical accuracy and
high point density, thus representing a valuable source of 3D information.
However, tasks such as extracting interest features from these LiDAR dense
and accurate 3D point clouds are not trivial, and appropriate algorithms are
required.
Especially, building extraction is essential for many applications, from 3D
city models reconstruction to decision support systems, from
telecommunication planning to disaster management. The aim of this work,
started within a Google Summer of Code 2014 project, was to extend the
capabilities of the Opticks free and open source software platform,
developing a Plug-In able to perform totally automatic extraction of
buildings flat roofs from LiDAR point clouds.
All the necessary steps for the roof extraction were implemented into
Opticks using the powerful classes and methods provided by this framework
and exploiting the OpenCV and Point Cloud Library (PCL) software
libraries potentialities.
The developed roof extraction methodology applies recursively the
RANSAC algorithm for every single building detected in the LiDAR point
cloud. Going into details, the Plug-In workflow consists in the following
steps: raw LiDAR data are first resampled over a regular grid using a nearest
neighbour interpolation method, in order to generate a raster DEM. Then
Watershed segmentation and connected components computer vision
algorithms are applied respectively to find and classify the DEM pixels
which potentially belong to buildings.
In particular, to improve the results of the segmentation process, the DEM
raster is first divided into a small rectangular tiles in order to adopt the
height mode value as starting Watershed threshold parameter. This approach
is particularly reliable for point clouds acquired in not very steeped areas
where the height mode is representative of the terrain height. Starting from
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the segmented raster and using connected components a complete object
classification is computed: a unique ID number is associated with each
identified object (i.e. buildings, trees, cars ...) and the corresponding 3D
point cloud is extracted.
Subsequently RANSAC algorithm is applied recursively: for each iteration
the best fitting plane is estimated and the outliers become the input data for
the next step. The process ends when 90% of the object 3D points is used
and consequently N fitting planes parameters (the four plane coefficients,
inliers percentage and 3D points coordinates) are returned. It is important to
underline that the used RANSAC threshold (the threshold for considering a
point as an inlier, i.e. for considering a point belonging to the plane) is the
same for all the objects, and has a value of 1.0 ft. Analysing the RANSAC
resulting planes parameters on one side, it is possible to identify the building
objects and extract the correct roof planes and on the other side it is possible
to reject all the objects that cannot be modelled through N planes.
The preliminary assessment results of the Plug-In were obtained using a
freely online available LiDAR point cloud (http://www.opentopography.org/)
of San Diego Marine Corps Recruit Depot facility. The test site is a flat area
of about 3 km2, characterized by an urban mixed morphology with both
small/large and isolated/connected buildings. The segmentation step detects
more than 200 different objects and about the 80% of the building is well
classified by the algorithm; the main problems are related to buildings
surrounded and covered by vegetation. As regards the roof extraction, 55%
of buildings roof is totally modelled, 25% is partially modelled and the
remaining 20% is not well reconstructed. The main issue to address in
further development is related to those buildings that have several roof
planes with low slopes. Concluding an Opticks free open source Plug-In able
to perform building roof segmentation from LiDAR point cloud was
developed and the preliminary results are encouraging.
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COSMO-SkyMed contribution in the polar regions
Maria Girolamo Daraio, Maria Libera Battagliere, Fabrizio Battazza,
Alessandro Coletta
Italian Space Agency, Italy; mariagirolamo.daraio@est.asi.it
The Polar Space Task Group (PSTG) has been established under the auspices
of the World Metereological Organization (WMO). The group mandate is to
provide coordination across Space Agencies to facilitate acquisition and
distribution of fundamental satellite datasets, and to support research and
applications in the cryosphere. ASI (the Italian Space Agency) participates to
the PSTG contributing with COSMO-SkyMed (CSK) constellation data
based on four mid-sized satellites equipped with Synthetic Aperture Radar
(SAR) operating at X-band. The constellation is fully operational starting
from 2011.
One of the objectives of the PSTG is to identify the appropriate set of
satellite measurements to address key science questions relevant to the
assessment of climate change impacts in the polar regions. There are also
pressing science questions about all aspects of floating ice and priorities vary
greatly depending on users and the applications.
Focusing on SAR capabilities, the general expectation in the ice community
is that multiple SAR frequencies, polarizations and incidence angles, along
with a higher frequency of repeat observations, will lead to greater
understanding of the physical processes involved. The swath width
requirement is generally to be as large as possible meeting the requirements
in terms of resolution, polarization and interferometry. Scientists are very
interested to use HH+HV and HH+VV polarizations. In order to better
harmonize the collection and utilization of different SAR data sets, the SAR
Coordination Working Group was formed as a sub-group of PSTG. Polar ice
sheets are recognized by the United Nations Framework Convention on
Climate Change and the WMO as an essential climate variable within the
Global Climate Observing System. In the north- and south-polar regions
repeated coverage of ice sheets has been performed using RADARSAT-2,
TerraSAR-X, Sentinel-1 and COSMO-SkyMed SAR data since 2010. The
CSK datasets acquired in recent years, in the context of PSTG, represent
relevant data for scientists and users all, to use in the study of polar
phenomena such as: melting ice, speed of glaciers surface, monitoring of the
polynya, mapping of the polar regions.
In order to support the recent needs coming from scientific community for
Ice Sheet application ASI has been reorganized and expanded a specific
background acquisition plan to monitor the cryosphere, in particular in
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Antarctica and Greenland. The plans concern high spatial and time
resolution interferometric acquisitions. The target sites are glaciers in
Antarctica and Greenland, in addition the complete mapping and repeated of
the Antarctic coast was planned too. In addition ASI has recently published
two Open Calls allowing the use of these data, after receiving positive
evaluations of the submitted projects. These calls are related to CSK data
exploitation for scientific purposes and development of new applications and
services. Whereas the cost and availability of satellite SAR data remain
major obstacles for some researchers, these initiatives is going to assign to
the selected projects a CSK data set free of charge. The aim of this paper is
to illustrate the contribution provided by ASI to the polar community
through COSMO-SkyMed data using the benefit of PSTG activity.
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SAR Amplitude Data Application to Centimeter
Displacements Detection
Paola Capaldo, Francesca Fratarcangeli, Andrea Nascetti, Mattia
Crespi
University of Rome "La Sapienza", Italy; paola.capaldo@uniroma1.it
The amplitude information of high resolution SAR imagery, acquired by the
last generation sensors as COSMO-SkyMed, TerraSAR-X and PAZ, could be
used for the monitoring deformation phenomena impacting the Earth surface
(e.g. landslides, subsidence, volcano deformations and glacier motions) and
infrastructures (e.g. buildings, dams, bridges). In addition to the high
amplitude resolution of images (up to 1 m on the ground in the SpotLight
mode), the capability to achieve positioning accuracies in a global reference
frame in the meter range and even better is possible thanks to the use of dual
frequency GPS receivers on board of satellite that allows to determinate the
orbit trajectory with the accuracy in the centimetre range.
The leading idea, described in this work, is to evaluate the positioning
accuracy of well identifiable and stable natural and man-made Persistent
Scatterers (PS’s) along the SAR line of sight using, indeed, only the
amplitude information.
In the main, SAR geolocation information are supplied within metadata,
without any need about information on the ground; to obtain accurate range
measurement it is necessary to correct and compensate the SAR signal
modelling the largest sources of ranging errors such as the signal
propagation delay of the electromagnetic waves in the troposphere and
ionosphere and the deformation of the Earth due to the gravitational force of
the Sun and the Moon, known as Solid Earth Tide.
Since the correction to ionospheric delay is smaller than the orbit accuracy
and in X-band its influence is in the order of few centimetres, it is negligible.
Whereas the tropospheric delay is close to 2 meters in zenith path, the
correction can be achieve using the geodetic networks such as satellite laser
ranging, GNSS and GPS that have high accuracy. The geodetic
measurements return zenith delays that are modelled by the mapping
function that taking in account of the image incidence angle. Regarding the
Solid Earth Tide, that amounts to around an half meter, the formulas in the
Earth Rotation Service Conventions can be used.
Some preliminary experiments, both using suitable corner reflectors
positioned by high precision GPS surveys and natural PS’s, were carried out
with stacks of TerraSAR-X SpotLight imagery by different research groups.
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For the farmer a slant-range measurements accuracy reached is about 10 cm
of bias and about 4 cm of standard deviation and for the latter accuracy
reached is about 29 cm of the bias and the same standard deviation.
Also the own methodology is tested on a stacks of TerraSAR-X SpotLight
imagery on Berlino area reaching an accuracy with a bias well below 10 cm
and a standard deviation of about 3 cm using natural PS’s.
The core of this work is the evaluation of the methodology to take advantage
of the SAR data features in order to monitoring deformation phenomena
using COSMO-SkyMed imagery.
The application of this method is ongoing, focusing on a stack of twenty
three COSMO-SkyMed StripMap images, acquired between September
2010 and September 2011, over the Corvara area (Bolzano – Northern Italy),
with an incidence angle of about 47 degree.
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Polarimetric SAR Image Classification Using Improved
Multiple-Component Model-Based Decomposition
1

Deliang Xiang1, Yifang Ban2
KTH Royal Institute of Technology, Sweden; 2KTH Royal Institute of
Technology, Sweden; deliang@kth.se

In this paper, we propose a new algorithm for urban land cover classification
using polarimetric SAR (PolSAR) data. This algorithm consists of three
parts. Firstly, the multiple-component model-based decomposition technique
is improved and the decomposition powers can be used to support the
classification of PolSAR data. On one hand, volume scattering power of
vegetation is enhanced while its double-bounce scattering power is reduced;
on the other hand, double-bounce scattering power of urban buildings is
enhanced and its volume scattering power decreases, leading to an
improvement in the classification accuracy, especially for urban areas.
Secondly, this classification strategy is carrying out on object-based level,
which can decrease the influence of speckle noise and speed up the
processing. Furthermore, various textural and spatial features are extracted to
improve classification accuracy. Finally, we apply a new supervised locally
linear embedding (S-LLE), a nonlinear dimensionality reduction method to
map the high dimensional polarimetric signatures into the most compact
low-dimensional structure for classification. The effectiveness of our
proposed method is demonstrated using the AIRSAR C-band PolSAR data
set over Long Beach, a city in Los Angeles County in Southern California,
compared with the Wishart supervised and LE-IF PolSAR classification
method proposed by Tu et al. Further investigation is also carried out on the
individual contribution of the three parts to urban land cover classification
using AIRSAR C-band data, and it indicates that all the three components
have important contribution to the final classification result.
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Iceberg tracking for ship routing
Gisela K. Carvajal Cortez, Anders Berg

Chalmers University of Technology, Sweden; gisela.carvajal@chalmers.se
The threat of icebergs can cause major detours of ship planned routes in
polar areas, adding extra delays and increasing fuel consumption. For this
reason it may be beneficial to incorporate iceberg drift models into near real
time ship routing. Here we use a model that implements the vertical
distribution of water currents and the Coriolis effect to predict the drift and
deterioration of icebergs. Input data include an iceberg concentration product
derived from satellite radar data and forecast data of ocean parameters.
Icebergs may be modeled with different shapes and sizes, though a standard
iceberg is used to predict the average motion of a set of icebergs. The output
constitutes a predicted iceberg risk or probability. The use of near-real-time
and forecast products aims to contribute to the near-real-time optimization of
ship routing in polar areas.
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Session TUE-2: UAVs & Airborne Hyperspectral
Remote Sensing
Contemporary Data Acquisition Technologies for Large
Scale Mapping
Chrysa Oikonomou, Ellie Stathopoulou, Andreas Georgopoulos
National Technical University of Athens, Greece; drag@central.ntua.gr
Unmanned aerial vehicles have seen a dynamic progress in the last five years.
Nowadays they are considered to be a challenge to conventional aerial
photography when it comes to large scale mapping of limited areas.
Considering the advancement of algorithms in conjunction to the increase of
available computing power this challenge should be further investigated. In
this paper a short review of the UAV technologies today is attempted.
Furthermore a thorough analysis and experimentation with different
algorithms is also conducted and presented. We use a rich optical and
thermal data set from both fixed wing and multi-rotor platforms over an
archaeological excavation with adverse height variations. Digital terrain
models and orthophotos have been produced. They are presented and
evaluated for their radiometric and metric qualities. In addition several
commercial software packages are evaluated along with an open source
freely available software all applying Structure from motion techniques.
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Remote sensing from multi-rotor UAVs
Michael Patrick Tuohy, Matthew Eric Irwin
Massey University, New Zealand; m.tuohy@massey.ac.nz
The Institute of Agriculture and Environment at Massey University has been
flying multi-rotor UAVs since 2011. Attached to these UAVs have been a
variety of sensors – radiometers, colour and colour infrared (CIR) cameras,
multispectral and hyperspectral cameras.
This paper records some of the more notable research that has been carried
out using this equipment and highlights some of the experiences, both good
and not so good. Early work was carried out in the high country tussock
lands of South Island, New Zealand, using a small quadrokopter carrying a
CIR camera. The pastures of North Island dairy and sheep farms have also
been favourite targets using the larger quad- and hexakopters with SLR
cameras and a multispectral camera in the gimbal.
The most recent acquisitions have been an octokopter and a Rikola
hyperspectral camera. Now we have the most stable platform and a camera
that can be programmed to produce imagery in almost any wavelengths we
choose between 500 and 900nm. Initially, this combination has been used on
dairy pastures but more interesting results have been found over native trees
and bushes.
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The use of APEX data to estimate vegetation condition of
non-forest communities in Karkonosze Mountains
Monika Kacprzyk1, Anna Jarocinska1, Bogdan Zagajewski1, Adrian
Ochtyra1,2, Adriana Marcinkowska-Ochtyra1, Lucie Kupkova3
1
University of Warsaw, Faculty of Geography and Regional Studies, Poland;
2
University of Warsaw, College of Inter-Faculty Individual Studies in
Mathematics and Natural Sciences; 3Charles University in Prague, Faculty
of Science, Czech Republic; ajarocinska@uw.edu.pl
Remote sensing tools can be used to analysing vegetation. Due to
non-contact character, these methods are particularly useful in areas that are
protected or hard to reach like mountains. In addition, mountain vegetation
has different structure and specific adaptation for the climate.
The aim of the study was to analyse the condition of mountain grasslands in
Karkonosze based on field measurements and APEX hyperspectral images.
The study area includes Karkonosze Mountains, located on Polish and Czech
border (with Karkonosze/Krkonoše National Park). The main test areas were
located near Velka Upa, Mala Upa, Pec pod Sněžkou, Śnieżka and Szrenica
Mountain. In the researches were studied non-forests communities. The
research area is diverse with different types of non-forest vegetation
communities: meadows ecosystems, alpine swards, dwarf shrubs and
synanthropic vegetation. There is visible anthropogenic impact on the
environment.
Two kinds of data were used in the analysis: hyperspectral images and
biophysical field measurements. First of all, during the field measurements
were collected biophysical parameters (Leaf Area Index, fraction of
Absorbed Photosynthetically Active Radiation, Chlorophyll Content lndex)
and values of spectral reflectance using ASD FieldSpec 3. The
measurements were done in August 2013 on 40 research polygons divided
into two classes: grasslands communities (33 polygons) and synanthropic
communities (7 polygons).
Secondly, APEX hyperspectral images after radiometric, geometric,
atmospheric and topographic correction with spectral reflectance 400 to
2500 nm were used. On APEX images were located field measurements
polygons, obtained spectral reflectance and basing on them were calculated
vegetation indices (mNDVI 705, CAI, NDNI, PRI, WBI, ARI1, TCARI).
Afterwards, were calculated relationships between values of biophysical
parameters acquired during field measurements and vegetation indices for
grasslands and synanthropic communities separately. Simultaneously, was
done classification Support Vector Machines to distinguish 3 classes:
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grasslands communities, synanthropic communities and others (background
of image, forests and anthropogenic areas).
Finally, were prepared maps of vegetation condition, distribution of
vegetation indices and biophysical parameters (LAI, CCI, fAPAR). Using
the maps of spatial distribution of vegetation indices and biophysical
variables was done Decision Tree classification of vegetation condition of
non-forest communities.
Based on the vegetation indices was estimated vegetation condition of
mountainous non-forest communities in Karkonosze and were defined
correlation between vegetation indices and biophysical parameters. The
results showed that the non-forest vegetation communities in research area
are in good condition. Condition and values of biophysical parameters were
better for synanthropic communities (average value of LAI is estimated at
5,16; fAPAR 0,93; WBI 1,00 and mNDVI 705 at 0,48).
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Non-forest vegetation communities classification based
APEX hyperspectral data
Adriana Marcinkowska-Ochtyra1, Bogdan Zagajewski1, Adrian
Ochtyra1,2, Edwin Raczko1, Anna Jarocińska1, Bronisław Wojtuń3
1
University of Warsaw, Faculty of Geography and Regional Studies, Poland;
2
University of Warsaw, College of Inter-Faculty Individual Studies in
Mathematics and Natural Sciences, Poland; 3Wrocław University, Faculty of
Biological Sciences, Department of Ecology, Biogeochemistry &
Environmental Protection, Poland; bogdan@uw.edu.pl
Mountain vegetation have specific adaptations to survive the harsh
conditions of life in variable habitats. Specific adaptations can be observed
as different relationships between leaf characteristics, such as green and red
pigment content, plant tissue structure, waxes, cuticles, etc. All of them have
a direct impact on reflectance which can be measured and quantified using
hyperspectral sensors. The application of remote sensing, especially
hyperspectral remote sensing techniques, allows for vegetation research and
mapping.
The aim of the study was to show the potential of APEX hyperspectral
remote sensing data for mapping non-forest mountain vegetation
communities. The research area covers the whole Karkonosze National Park
(M&B Reserve of the UNESCO) covered 55.8 km2 in Poland side. The
288-bands APEX data operating in the wavelength range 0.4-2.5 µm was
acquired on 10th September 2012 by DLR in the framework of the EUFAR
HyMountEcos project. The area of all flightlines covered the Czech and
Poland National Parks area and in Poland it was 31 APEX parts of images.
APEX data was corrected radiometrically, geometrically and
atmospherically at VITO’s, Centre for Remote Sensing and Earth
Observation Processes. After that the assessment of quality of bands was
lead and the reduce of dimensionality using MNF transformation was used.
For reference patterns of non-forest vegetation the vector map of its
distribution provided by the National Park were chosen. It contains 48 plant
communities and the main units include following types: meadows and
pastures (1 class), grasslands (5), idle lands (1), bog-springs, fens and bogs
(5), ruderal vegetation (8), rock and scree vegetation (5), springs (2),
subalpine tall-forbs (2), deciduous shrubs vegetation (1), subalpine dwarf
pine scrubs (3) heathlands (2) and forests (2 classes). The terrain recognition
was based on field walks with a Trimble GeoXT GPS receiver. It allowed to
create test and validation dominant polygons of all of classes of vegetation
communities to be selected, which were used in the Support Vector Machine
(SVM) and Stuttgart Neural Networks (SNNs) classification methods.
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The result is a post classification maps with statistics (total, user, producer
accuracies, kappa coefficient and error matrix). Assessment of the statistics
shows that almost all the classes were properly recognised, most of classes
were classified at more than 90% overall accuracy and they were often large
and spectrally homogenous vegetation communities, as e.g. communities
from Rhizocarpion alpicolae alliance and from Artemisietea vulgaris class.
The worst classified were complex and mixed communities and also very
small and difficult to find in the terrain (e.g. Peucedanum ostruthium).
The overall accuracies of classifications shows that hyperspectral images and
remote sensing methods can be support tools for the identification of the
dominant plant communities of mountain areas.
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Session TUE-3: Urban Remote Sensing - 2
Synergies of Sentinel-1A SAR and Sentinel-2A MSI Data for
Urban Ecosystem Mapping
Jan Haas and Yifang Ban
KTH, Royal Institute of Technology, Sweden; jhaas@kth.se
The objective of the study is to evaluate the potential use and synergetic
effects of novel ESA Sentinel-1A C-band SAR and Sentinel-2A MSI data for
mapping of ecologically important urban and peri-urban space. Spatial
resolutions between 5m and 20m provided by the Sentinel satellites
introduce a new relevant spatial scale in-between high- and medium
resolution data at which not only urban areas but also their important
hinterlands are expected to be effectively and efficiently mapped. The
drawbacks of medium-resolution data being unable to distinguish
ecologically important detailed land use and land cover classes in and for
urban areas could be overcome as well as the drawbacks of using
high-resolution data in analysing larger areas due to the amounts of data that
is need to be processed, thus failing to grasp the for the cities important
ecological function of urban hinterlands. The fusion of Sentinel-1A/-2A data
is anticipated to facilitate both the capture of ecologically relevant details but
at the same time also to enable large-scale urban analysis that draw
surrounding regional areas into consideration. The combined use of
Sentinel-1A SAR in Interferometric Wide Swath mode and simulated
Sentinel-2A MSI data is being evaluated in classification of an urban area
over Zürich, Switzerland. Acquisition of SAR images is planned during the
vegetation season to, in combination with the optical images, increase class
separabilities based on the differences in backscatter of different surface
vegetation types. After image acquisition, the SAR images will be
orthorectified to remove geometric distortions in form of terrain
displacements before being filtered to remove potential speckle. As the last
pre-processing step, the Sentinel-1 and 2 images will be co-registered and
resampled to match spatial resolutions. Only red, NIR and SWIR bands of
the Sentinel-2A image will be used in addition the SAR data in the
classification process to reduce data volume and improve classification
feasibility. Object-based classification will be performed using KTH-SEG
and a SVM classifier. Then Landscape metrics, a well-known concept in the
description and evaluation of a landscape’s ecological integrity, will be
calculated based on the classification output. The classification outcome
together with the landscape metrics analysis and proximity of ecologically
important space to built-up areas where urban dwellers reside is evaluated in
terms of ecosystem service supply and demand budgets based on the scheme
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first published by Burkhard et al. (2012). Final ecosystem service values are
thus derived not only through the presence or absence of green and blue
space but also in regard to patch characteristics and the proximity to
potential benefiters.
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Biotope mapping methodology for detailed studies of urban
green structure - the need for combined RS techniques and
stakeholder interactions
Helle Skånes
Stockholm University, Sweden
helle.skanes@natgeo.su.se
Today, biodiversity and ecosystem services in urban green structure is
becoming increasingly important. The Stockholm region is rapidly growing
and needs tools to do so in an ecologically sustainable way. Stockholm City
has an existing biotope map that was created already in 1999 and later
updated to 2009 year’s conditions using conventional air photo interpretation.
The map is frequently used in urban planning to highlight important
ecological structures and relationships in the landscape and is highly
appreciated as such, but is not optimal regarding the urban green structure to
be used in detailed planning and modern spatial analysis of species
distribution and networks. Species distribution and ecosystem services know
no administrative borders, leading to an increasing demand for semantically
coherent biotope data of the entire Stockholm County and other parts of
Sweden. Traditional methods of manual air photo interpretation have long
been the most reliable source of detailed landscape information but are not
fast or economic enough to cover such large areas in a feasible way.
Automatic methods on the other hand are rarely detailed enough to meet the
needs of nature conservation and urban planning. This is particularly true for
detailed information about vegetation and properties of open land. Today,
the need for detailed data is escalating as the methods for spatial analysis are
improving. The aim of this project is to develop a sound and economic
hybrid method that can provide biotope data on a detailed level using a
clever combination of remote sensing methods such as satellite, LiDAR, and
modern air photo interpretation in photogrammetric systems seamlessly
integrated with GIS. It is a balance act to get a detailed mapping that can
cover large areas to a feasible cost! Until recent years, there has neither been
technical prerequisites nor economic funding available for such an attempt.
The presentation will highlight the ongoing methodological development
along with providing examples from early tests in Sollentuna municipality
that has been pilot study area. The method starts from a detailed
classification from satellite imagery (CadasterENV provided by Metria). The
raster product of CadasterENV is then segmented using ancillary data to
produce initial vector data of various forest types to be further classified by
visual air photo interpretation in CIR high resolution (0.25-0.5 m) in
photogrammetric stereo environment (DAT/EM Summit Evolution). So far
in the project focus has mainly been on the delineation of open land biotopes
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and urban green structure types to enhance the study of ecological
permeability of the urban fabric. The project will thoroughly explore the
various methods and additional data for best functionality and optimization
of the work process! The project aims at collaborating with other RS projects
that might bring new and robust classifications and attributes to future
biotope mapping. Such projects could encompass work using RADAR, high
resolution satellite imagery and field based techniques that can be realized
within the coming year. This project also aims at bridging the capacity of
modern RS techniques with the aspirations from applied nature conservation
and stewardship.
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The use of AISA hyperspectral image to analyse trees
biophysical parameters on urban areas
Anna Jarocinska1, Bogdan Zagajewski1, Małgorzata Bialczak1, Adriana
Marcinkowska-Ochtyra1, Lukasz Slawik2
1
University of Warsaw, Faculty of Geography and Regional Studies, Poland;
2
MGGP Aero Sp. z o.o., Tarnow, Poland; ajarocinska@uw.edu.pl
Urban vegetation is an important part of the city. It is changing the
microclimate in the city, provides a great amount of oxygen and isolates
from the dust and the noise. It is also exposed to stress caused by many
factors like air pollution, higher temperatures, especially in the summer,
strong winds and soil salinisation during winter. Because of that it is
important to develop a method to monitor the plant communities and to
monitor the state of the plants.
The aim of the study was the possibility to use hyperspectral AISA data to
analyze trees in the city. The analyses were conducted in Bialystok city in
North-East Poland. The data were used to analyze the biophysical
parameters of trees: discoloration and defoliation and also to detect most
dominant tree species. Firstly, the hyperspectral image was acquired by
MGGP Aero aircraft on 3.08.2014 using AISA scanner (with 129 spectral
bands from 400 to 1000 nm) with 1 m spatial resolution. In the same time
field measurements were done – test and reference polygons with tree
species and values of discoloration and defoliation for chosen trees. The
atmospheric correction was conducted with at-surface reflectance
measurements using ASD FieldSpec 3 spectroradiometer. All object besides
the trees were masked. After that, the values of vegetation indices were
calculated to estimate vegetation condition and to find the correlation
between image and biophysical parameters. From the image were acquired
values of vegetation indices from the test polygons and were correlated with
the values of discoloration and defoliation. Using estimated regression
models the values of discoloration and defoliation were calculated for whole
trees on the image. To the classification, three tree species were chosen and
were classified using Support Vector Machines algorithm. The results were
tested using verification field polygons. The results showed that the
hyperspectral images are useful toll for vegetation analysis.
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Analysis of the Soil Sealing Enhancement project for Poland
Agnieszka Soszyńska1, Małgorzata Krowczyńska1, Piotr Pabjanek1,
Michał Miecznikowski1, Ewa Wilk1, Pavol Hurbánek2, Konštantín
Rosina3
1
University of Warsaw, Poland; 2Catholic University in Ružomberok,
Faculty of Education, Geography Department, Ružomberok, Slovakia;
3
Catholic University in Ružomberok, Faculty of Education, Geography
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agnieszka.soszynska@student.uw.edu.pl
The Soil Sealing Enhancement project was initiated in 2006 to create the
first European database on impervious surfaces within the actions of GMES
Fast Track Service on Land Monitoring (now: Copernicus). Satellite images
of 38 countries were classified to determine the soil sealing level in each
state.
Overall target accuracy of the final product should reach at least 85%. The
objective of this paper was to assess the overall accuracy of the Soil Sealing
Layer for Poland. The research was divided into two stages: accuracy
assessment for the whole territory of Poland, and detailed validation based
on the study of a smaller area, conducted on the case of Stara Miłosna
(Warsaw, Poland).
Accuracy results for the whole territory of Poland were obtained by a
comparison of the SSL data and a reference dataset created by random
sampling. 20 000 samples located all over Poland were classified into
intervals of soil sealing. Reference dataset and SSL dataset were compared
in a confusion matrix. Although the overall accuracy results fulfil the target
set by the authors of the project, with the value of 96%, a detailed analysis
has showed some weaknesses. Classification results overestimated the
imperviousness in built-up areas, and underestimated in those non-built-up.
Detailed analysis of Stara Milosna area has also shown that soil sealing area
was overestimated. Overall accuracy results were significantly lower, but in
80% of the samples misestimating did not exceed 10%.
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The dynamics of a city. Over 40 years of change in
Bucharest and its detection in multitemporal satellite
imagery.
Mihaela Aldea1, Florian Petrescu1, Eberhard Parlow2, Cristina
Iacoboaea1
1
Technical University of Civil Engineering, Romania; 2University Basel,
Switzerland; mihaela.n.aldea@gmail.com
Bucharest is the Romanian capital city, a city with a special dynamics over
time, peculiar in many ways. It went through some important periods of
changes, starting with the 40’s, extending over two quite significant
economical periods that influenced its urban growth. The years when the
decision that large masses of people, over 11 million, to be moved into high
density, newly built-up urban spaces, came into effect, coincided with the
years of the first recorded Landsat images that are available today. Taking
this opportunity, we studied the correlation between the dynamics of the
Bucharest city and the land use/land change patterns identified from satellite
imagery during various stages: the mentioned years of dramatic change; the
following period of transition and the opening to the rest of the world
economic order; the years following the entrance in the European Union, a
period of investments and growth (economic and in construction) and the
ultimately downturns at the end of the last decade. Our study will contribute
actively, with the case of our capital city, in assessing the degree of
reliability of the information obtained from analysing the patterns of land
use/land cover from remotely sensed imagery as it addresses the variability
of interpretation based on chronological documentation.
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Session TUE-4: Vegetation and Vegetation Dynamics
Estimation of gross primary production in a Mediterranean
tree-grass (dehesa) ecosystem from Landsat images
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Environmental Remote Sensing and Spectroscopy Laboratory (SpecLab),
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During last decade a great effort has been made to assess water and carbon
fluxes between biosphere and atmosphere at regional and global scale which
can help to understand implications of Climate Change. Vegetation plays a
key role in water and carbon cycles. The rate at which vegetation captures
and stores carbon as biomass, called Gross primary productivity (GPP), is
essential for monitoring carbon exchange.
Estimation of carbon fluxes from remote sensing images is usually based on
the assumption that GPP is related to the biochemical composition of plants,
which can be estimated from vegetation indices (VI) and photosynthetically
active radiation (PAR). Among other factors controlling GPP in terrestrial
ecosystems is the Land Surface Temperature (LST), which can be retrieved
from satellite thermal bands. Although products directly related to carbon
cycle, including GPP, are being generated from remote sensing data, their
successful integration with ground measurements in heterogeneous
ecosystems, such as Mediterranean wooded grasslands, had not been
achieved yet.
This study approaches GPP estimation in a tree-grass dehesa ecosystem from
a series of 25 Landsat-5 and Landsat-8 images acquired between June 2009
and September 2014. The study area near Majadas del Tiétar (Cáceres, Spain)
includes a flux tower operated by CEAM since 2003. The site’s
heterogeneous landcover is composed of 80% grass (pasture) and 20% tree
cover (Holm Oak trees).
Clear-sky images were atmospherically corrected by Fast Line-off-site
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Atmospheric Analysis of Hypercubes (FLAASH) algorithm. GPP estimation
was based on Vegetation Indices (VI) and Land Surface Temperature (LST)
assessed from satellite images, and potential PAR simulated by radiative
transfer code Modtran 5. GPP values derived from tower-measured fluxes by
CEAM team were used for model calibration.
Land Surface Temperature (LST) was retrieved from Landsat thermal bands
(band 6 and 10 for Landsat-5 and Landsat-8, respectively) using
Single-Channel algorithm (SC). Required emissivity was estimated using
NDVI thresholds method with soil emissivity adjusted for local conditions
during field campaigns. Atmospheric water content necessary for
atmospheric correction of optical bands and also as an input for LST
calculation was obtained from the National Centers for Environmental
Prediction (NCEP) Reanalysis database.
Predictive power of GPP models based solely on VI was moderate (r2 < 0.6).
Inclusion of LST improved the results obtaining r2 ≈ 0.75; and addition of
PAR increased r2 up to 0.82. The best results (r2 ≈ 0.9) were achieved by
models, which include a product of VI by PAR and LST.
We can conclude that GPP can be assessed from Landsat images with an
acceptable accuracy, especially when PAR estimations are available.
Otherwise, inclusion of LST significantly improves the results compared to
models based exclusively on VI indices. Thus, Landsat mission with two
satellites capable of revisiting the same spot in around a week and the
potential combination with future Sentinel 2 mission can be considered a
good source for long-time GPP monitoring.
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Remote sensing of primary production in the Sahel
Jonas Ardö
Lund University, Sweden; jonas.ardo@nateko.lu.se
Africa is an important part of the global carbon cycle. It is also a continent
facing potential problems due to increasing resource demand in combination
with climate change-induced changes in resource supply. Remote sensing is
suitable for assessment of primary production of vegetation. Using time
series of the enhanced vegetation index (EVI) from MODIS for 15 years
(2000-2014) was gross primary production (GPP, [g C m-2]) estimated for
the Sahel region with 500 x 500 meter spatial resolution and 8 day temporal
resolution. Linear regression, calibrated versus data from eddy covariance
flux measurements in Sahel, was used to estimate GPP after enhancing the
time series of EVI using TIMESAT. Net primary production (NPP) was
calculated through applying spatially distributed estimates of carbon use
efficiency (the NPP/GPP ratio) originating from a dynamic vegetation model
and from MOD17. The results describe the temporal and spatially variability
of NPP in the Sahel region during the 2000 to 2014 period. The suitability of
these data in representing the supply of resources in a supply – demand
analysis is discussed.
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Remote Sensing of vegetation dynamics over southern Africa
Olena Dubovyk1, Tobias Landmann2, Barend F. N. Erasmus3, Andreas
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The is a lack of understanding between spatio- temporal vegetation patterns
and rainfall dynamics in Southern Africa, even though this information is
essential for better understanding of ecosystem response to climatic
variability and human-induced land transformations. This study aimed at
assessment of vegetation dynamics across southern Africa using 14-years
(2000-2013) of medium spatial resolution (250-m) MODIS-EVI time series
data. For the interpretation of the vegetation dynamics, we analyzed
concurrently available TRMM time series data. Temporal changes in the
time series of key phenometrics including overall greenness, peak and timing
of annual greenness over the monitoring period and study region were
specifically assessed. In order to capture spatial vegetation dynamics over
time, we calculated trends in these phenometrics using a robust seasonal
trend analysis method. The results showed that in general the vegetation
development followed patterns of precipitation with clearly differentiated
winter and summer seasons. The earliest peak of greenness during
2000-2013 and across all vegetation biomes in the study region occured at
the end of January for the year 2000 and shifted to the mid of March in 2012.
Spatial patterns of long-term vegetation trends allowed mapping areas of (i)
decrease/increase in overall greenness, (ii) decrease/increase of peak
greenness, and (iii) shifts in timing of occurrence of peak greenness over the
14-year monitoring period. The results of the trend analysis of the mean
rainfall time series for 2000-2013 revealed significant trends only in 5% of
the analyzed pixels, while almost no significant trends were observed for
peak rainfall and its timing across the study region. Significant rainfall
trends were mostly located in the northern part of South Africa. This
indicates that the observed vegetation trends are rather attributed to land
transformations than climatic variability.The obtained information is useful
to guide selection of the field sites for detailed vegetation studies, to identify
areas of particular vegetation productivity decline as well as serve as an
input for a range of land surface models.
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Upland vegetation mapping in Ireland using Random
Forests with optical and radar satellite data
1

Brian Barrett1, Christoph Raab1, Fiona Cawkwell1, Stuart Green2
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Regular monitoring of upland vegetation covering extensive areas is
important for biodiversity conservation, land management, carbon storage
and within a European context, European Union (EU) policy compliance.
Approximately 19% of the area of the Republic of Ireland supports upland
habitats that have not been adequately described or their distribution
adequately mapped. These upland areas contain our largest expanse of
semi-natural habitats and provide many benefits to society – water supply,
climate regulation, maintenance of biodiversity, and provision of recreational
activities to name but a few. Despite this, the uplands are under increasing
pressure from a myriad of issues; grazing management, scrub encroachment,
diminished supports, ageing farming population and abandonment of land
that will lead to major landscape changes into the future. Inaccessibility and
scale of the uplands, along with constraints in time and finance, make
monitoring changes in vegetation covering large expanses difficult using
traditional field-based surveys. The use of Earth Observation (EO) data can
help overcome this problem and offers a real possibility to provide reliable,
high-quality and spatially explicit maps of habitat distribution at intervals
determined by management needs. The objective of this study is to describe
a method of identifying and mapping upland vegetation with optical
(AVNIR-2) and radar (PALSAR) satellite data using the Random Forest (RF)
algorithm. Radar data are sensitive to vegetation structure and surface
dielectric properties and in combination with optical data, can help improve
discrimination of habitats that are structurally different but spectrally similar.
The motivation for investigating the use of medium resolution data (10 –
20m spatial resolution) is due in part to the current and upcoming
availability of optical and radar satellite data at low or no cost at this
resolution (e.g. Sentinels-1/2 and ALOS-2). Intensive field survey data
collected at three study sites in Ireland as part of the National Parks Wildlife
Service (NPWS) funded survey of upland habitats was used in the
calibration and validation of the models. Eight different datasets were
analysed to compare the improvement (or deterioration) in classification
accuracy depending on the input variables. The overall accuracy values
among the datasets vary from 59.8 to 94.3% (with corresponding kappa
coefficients ranging from 0.54 to 0.94) across the three study locations. The
inclusion of ancillary datasets containing information on the soil and
elevation further improves the classification accuracies (between 5 and 27%,
depending on the input classification dataset). The classification results were

94

consistent across the three different study areas, confirming the
transferability of the approach under different environmental contexts.
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The main purpose of the project supported by ESA PECS program was to
develop an algorithm to assess and classify of vegetation condition using
remote sensing data acquired from three levels: satellite image Landsat OLI,
Airborne Laser Scanning (ALS) and hyperspectral and biometrical field data.
Studies were carried out in Tatra Mountains located in southern Poland on
highly protected areas of the M&B Tatra National Park which is enlisted on
UNESCO Reserves.
To conduct this project three types of data were used: field measurements,
Airborne Laser Scanning (2011) and Landsat OLI image from the 8th
September 2013. Field works were carried out in second half of August 2013.
During this part of project 120 polygons were measured in lower and upper
montane, subalpine and alpine zones. On each polygon were collected
following data: spectral characteristics (using ASD FieldSpec 3 JR
spectrometer), amount of photosynthetic active radiation (AccuPAR
ceptometer; in forest this measurement weren’t taken), Leaf Area Index
(LAI-2000 Plant Canopy Analyzer) and coordinates (Trimble GeoXT GPS
receiver). In forests instead of LAI-2000 Plant Canopy Analyzer the
hemispherical photographs were taken to obtain Leaf Area Index. Spectral
characteristics were used for calculation of vegetation indices as:
Normalized Difference Vegetation Index, Simple Ratio Index, Soil Adjusted
Vegetation Index, Optimized Soil-Adjusted Vegetation Index, Wide Dynamic
Range Vegetation Index, Atmospherically Resistant Vegetation Index, Green
Normalized Difference Vegetation Index, Enhanced Vegetation Index, Plant
Senescence Reflectance Index, Normalized Pigment Chlorophyll Ratio
Index, Visible Atmospherically Resistant Index, Normalized Difference
Infrared Index and Moisture Stress Index. The same VIs were also calculated
using atmospherically corrected Landsat OLI image. Atmospheric correction
was done using ATCOR 3 software. Values of VIs from both levels were
correlated to select those with highest correlation. Next, selected VIs derived
from Landsat OLI image were correlated with biophysical parameters as
APAR and LAI. This allowed to calculate maps of spatial distribution of
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those both parameters. Airborne Laser Scanning data were used to find out
gaps in forests.
Last step was to perform classification using Support Vector Machines
classifier and input consist of atmospherically corrected Landsat image,
maps of VIs and also LAI and APAR. Obtained results were characterized by
overall accuracy higher than 85 %. To assess the accuracy were used 40
polygons measured in field. Conducted analysis show that general condition
of Park is good, in case of forest appear places where it is possible to notice
poor condition. The reason of this is common problem with bark beetle.
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Classifications of the Vegetation Above the Tree-line in the
Krkonoše Mts. National Park Using Multispectral Data
Lucie Cervena, Renata Sucha, Lucie Jakesova, Lucie Kupkova
Charles University in Prague, Faculty of Science, Department of Applied
Geoinformatics and Cartography, Czech Republic;
lucie.cervena@natur.cuni.cz
Tundra ecosystems are among the most valuable environmental assets
worldwide. At the same time, tundra ecosystems are among the most
vulnerable ecosystems. Hence, sustainable management and preservation of
tundra is important, but requires comprehensive knowledge about vegetation
and land cover changes and their driving forces, which may depend on the
temporal or spatial scale of analysis.
The vegetation above tree-line in the Krkonoše Mts., Czech Republic (50°N,
15°E, altitude above 1350 m a.s.l.) is the unique ecosystem, southernmost
relict area of the arctic-alpine tundra in Europe which is characterized by
mosaic of subalpine meadows with Nardus stricta and Pinus mugo growths,
subalpine peat bog, Calluna vulgaris, rocks and another valuable vegetation
species.
This paper compares different multispectral data classifications of vegetation
above the tree-line in the Krkonoše Mts. National Park. Firstly, the
object-based classification using orthophoto with four spectral bands (blue,
green, red and near infrared) and spatial resolution of 12.5 cm was
performed. Using Example-based classification in ENVI software the overall
accuracy reached almost 80 % for 13 vegetation classes (Pinus Mugo,
Wetlands – peat bog, Wetlands – other, Calluna Vulgaris, Subalpine
Vaccinium vegetation, Nardus Stricta, Avenella Flexuosa, Species rich
grasslands, Calamagrostis Villosa, Molinia Caerulea, Deschampsia Cespitosa,
Subalpine tall grasslands, Norway Spruce) and 2 non-vegetation classes Water and Bare Land (e.g. stone seas). Secondly, the pixel-based
classifications of satellite multispectral data (Landsat 8 and WorldView-2)
were accomplished. Due to the worse spatial resolution of Landsat 8 (30 m),
the number of categories in the legend had to be reduced. The first results
show that using Landsat 8 data and Maximum Likelihood Classification it is
possible to obtain the overall accuracy around 70 % for 8 categories (Pinus
Mugo dense, Pinus Mugo sparse, Wetlands, Nardus Stricta, Calluna Vulgaris,
Green Grasses and Vaccinium Vegetation, Bare Land, Norway Spruce). It is
an important step to determine what information we can gain from the
Landsat data for further studies of vegetation above the tree-line changes
during the last decades in the area of interest.
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Session PL-3: Plenary Session 3 - Future Earth
The Contribution of Earth Observation to Future Earth:
Eventual Role of EARSeL
1

Mario Hernandez1, Thomas Elmqvist2
Future Earth, Mexico; 2Stockholm Resilience Centre, Stockholm University;
mariohernandezvaldes@gmail.com

The International Group of Funding Agencies for Global Change Research
(IGFA), has set up the “Future Earth” initiative. Bringing together and in
partnership with existing programmes on global environmental change,
Future Earth will be an international hub to coordinate new, interdisciplinary
approaches to research on three themes: Dynamic Planet, Global Sustainable
Development and Transformations towards Sustainability. It will also be a
platform for international engagement to ensure that knowledge is generated
in partnership with society and users of science and technology. Global
change research can also be addressed through examples from
local-to-global. Without question Earth Observation from space is a key
scientific and technological area, essential to assess, understand, monitor and
model Global Change.
The proposed keynote will describe what Future Earth is and its main current
initiatives, it will also address the essential role of remote sensing and the
need to share remote sensing derived results with other scientific disciplines.
Some potential suggestions for EARSeL will be mentioned.
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Supporting Future Earth and Post-2015 Agenda with
GlobeLand30
Jun Chen
National Geomatics Center of China, China, People's Republic of;
chenjun@nsdi.gov.cn
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Session TUE-5: Land Cover and Validation
CadasterENV Sweden(Land Cover mapping and
monitoring)
Camilla Jönsson, Mats Rosengren
Metria AB, Sweden; camilla.jonsson@metria.se
The objective of CadasterENV Sweden is to implement a multi-scale and
multi-purpose Land Cover mapping and monitoring system for large areas of
interest in Sweden, according to national user specifications. CadasterENV
is an initiative to create a national consensus for a multi-purpose LC
mapping system at national scale. The system will be comprised of two
components:
• a Land Cover (LC) mapping component based on HR (High Resolution)
and VHR (Very High Resolution) satellite data, and
• a Land Cover Change (LCC) alert component, based on HR satellite data.
The project is done in close cooperation with major LC actors in Sweden e.g.
Naturvårdsverket, SCB, Jordbruksverket and is funded by the Data User
Element program of the European Space Agency (ESA).
The main data sources have been SPOT-5 (HR) and Pleiades (VHR). The use
of HR data has been in preparation for the upcoming Sentinel-2 and time
series. Also LIDAR data have been an important data source within the
project as a complement to VHR EO-data.
The users have emphasized a need for a homogenous and nationwide LC
database, which can be updated, on a regular basis in a cost-effective manner.
The classes and attributes of the LC data model are primarily based on an
analysis of user requirements. The land cover classification scheme is a
hierarchal classification system.
Multi-temporal HR data are used together with the LC base map; in order to
stratify the different types of changes, select the appropriate change
detection tool and parameters for the selected types of land cover (stratum).
Different change detection methods are used in order to handle different
spectral change characteristics of a variety of land cover types. The ultimate
goal is to use the results to update the LC base map in a time- and costefficient way.
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The CadasterENV Sweden project constitutes the baseline platform for an
upcoming nation-wide LC mapping and monitoring in Sweden. The aim is
that the LC mapping and LCC Alert system will be fully integrated into a
national monitoring system to continuously update the LC/LU data in
Sweden.
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Integration of multiple spatial datasets in the development of
a temporal series of high-accuracy, high-resolution land use
maps
Ted Huffman1, Don Leckie2, Mark McGovern3, Morten Olesen1,
Melodie Green1, David Allen Hill2, Tamara Rounce1, James Churchill1,
Jiangui Liu1
1
2
Agriculture Canada; Natural Resources Canada; 3Environment Canada;
ted.huffman@agr.gc.ca
The development of accurate and reliable international reports and domestic
policies related to production and sustainability requires high-accuracy,
high-resolution and multi-temporal national resource maps. Although a
number of land cover and vegetation maps have been produced for Canada
over the past 30 years, spatial resolution varies from product to product,
classification accuracy generally remains at or below 82-86% and, since
modern maps are generally derived from satellite imagery, classification
focuses on land cover rather than the more economically-oriented land use.
The aim of this study was to integrate a wide variety of spatial datasets in
order to develop a series of nation-wide 30m land use maps covering the
period from 1990 to 2010, all at the same spatial resolution and all
categorized according to the 6 classes of the Intergovernmental Panel on
Climate Change (IPCC); Forest, Cropland, Grassland, Wetland, Settlement
and Otherland. The process involved carefully co-registering a variety of
raster and vector land cover, soil, topographic and cadastral maps and
generating output at each 30m pixel through a set of rules based on logic,
map accuracies, expert knowledge and visual image interpretation. A team of
mapping experts from the domains of forestry, environment, infrastructure
and agriculture developed the ruleset based on the premise of
‘preponderance of evidence’. The methodology incorporated the best data
available in each area, and thus relied on 5 or more inputs in some areas and
only 1 in others. A final step termed ‘discrepancy resolution’ resolved
apparent errors such as settlement or water becoming forest in a subsequent
year.
The project resulted in 3 maps; 1990, 2000 and 2010, all at 30m resolution.
Accuracy assessment based on field survey and visual interpretation of aerial
photos showed pixel-level accuracies of 84.1%, 87.0% and 93.1% for 1990,
2000 and 2010 respectively. Map accuracies of the output products surpassed
accuracies of all inputs, showing the synergistic effects of combining inputs,
and overall accuracies show a general improvement over the study period,
reflecting the greater variety and accuracy of more recent input products.
Land use change analysis at the pixel level showed results consistent with
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independent detailed studies of small areas. The maps provide the most
consistent and accurate temporal and spatially explicit land use information
available for Canada.
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Historical land cover change in Alberta and the effects of
government intervention on future landscape alteration
Kayla Dawne Stan, Arturo Sanchez-Azofeifa
University of Alberta, Canada; stan@ualberta.ca
With over $5 billion in trade revenue and covering 30% of the province’s
area, agriculture in Alberta is the second largest operation in Canada, making
it an important landscape component. Conversion of cropland is causing
fragmentation and pushing farmland frontiers into sensitive natural
ecosystems, in turn impacting biodiversity, conservation efforts, and the
economy of rural communities. The Edmonton to Calgary corridor contains
rich agricultural land and is experiencing high rates of alteration into urban
settlements.
Long-term land cover change (LCC) assessments have not been created for
the province’s agricultural belt despite rapid population growth and
urbanization in the region, with research instead focusing on the expansion
of the Athabasca oil sands. Data fusion has also not been utilized to predict
future landscape alteration. This study allows for the assessment of change in
the province over the next decade and the potential impact on fragmentation,
connectivity, and biodiversity by combining government policy with
historical rates of landscape alteration using the Dinamica Environment for
Geoprocessing Objects (EGO) platform.
Satellite imagery taken from Landsat was classified to create an LCC history
of the Edmonton to Calgary area. Bio-geophysical variables, used in
conjunction with the landscape maps, were utilized to develop a baseline
projection model in Dinamica EGO. This simulation model was validated at
84% within two pixels, which was sufficient for predicting future LCC in
Alberta based on government legislation. Current provincial environmental
policy has few restrictions or set guidelines for curbing urban expansion and
subsequent fragmentation of croplands and grasslands. This policy gap
provides an opportunity to explore the effects of implementing legislation,
compared to allowing unrestricted growth, over the next decade. Three
scenarios were developed: i) business as usual; ii) utilizing greenbelts around
urban areas to reduce sprawl, similar to ones established in England; and iii)
protecting the most valuable agricultural areas from alteration, similar to
policies in other parts of Canada. These scenarios presented potential rates
and locations of change if the government was to become involved in
protecting the landscape in the Edmonton to Calgary corridor.
Our results indicate that over the past 40 years, urban area has nearly
doubled in size, and there has been an increase in rural subdivisions.
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Farmland is targeted over grassland for conversion to developed land, and
Edmonton has experienced the largest increase in size of the major urban
centres. The amount of agricultural land has stayed consistent in the number
of hectares over the past 40 years, but as cities have encroached, farmland
has expanded into the surrounding grassland ecosystems. Without
government intervention, cities will continue to split existing farms on some
of the best agricultural land in Alberta which will, in turn, lead to
fragmentation and damage of the remaining natural landscapes. Policies can
be initiated to reduce sprawl, as in the greenbelt scenario, or to direct growth
to areas that are less advantageous both ecologically and economically, as in
the land suitability scenario.
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Validation of the Water Layer of Global Land Cover
Products Using GeoWiki & National Land Cover Maps
Yifang Ban1, Linda See2, Jan Haas1, Alexander Jacob, 1 Steffen Fritz2
1
KTH Royal Institute of Technology, Stockholm, Sweden
2
International Institute for Applied Systems Analysis, Austria
yifang@kth.se
A number of global land cover (GLC) products have been produced in
recently years at various resolutions. The reliability of these products was
often self-validated usually using fewer validation points, thus resulting in
higher accuracies. Therefore, independent validation is needed to cross
validate all major GLC products using large number of validation points.
The huge geographical area and large volume of data, however, pose
significant challenges for validation. Thus, effective methods for validation
of GLC products are desirable.
The overall objective of this research is to evaluate effective methods for
validation of Global Land Cover Products including GlobeLand30, FROM
GLC, MODIS 500, GLC2000, and GlobeCover. Two validation approaches
were evaluated: GEOWIKI and Comparison with National/Regional Land
Cover Maps. Geo-Wiki is a platform that provides citizens with the means to
engage in environmental monitoring of the earth by providing feedback on
existing spatial information overlaid on satellite imagery.
The Swedish
National CORINE land cover map was also used for validation. Instead of
kappa coefficient, Pontius’ Quantity and allocation disagreement were
adopted for accuracy assessment.
The results show that GeoWiki is an effective tool for validation of global
land cover products. Comparison with reliable national or regional land
cover products is a very good alternative for validation. Pontius’ quantity
disagreement and allocation disagreement are more meaningful for GLC
accuracy assessment than kappa coefficient.
Keywords:
Global Land Cover, Validation, CORINE, Quantity disagreement, allocation
disagreement
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Session TUE-6: Thermal Infrared Remote Sensing -2
Suitability of split window algorithms for AVHRR LST
processing using updated parameter sets
Corinne Myrtha Frey, Claudia Kuenzer
DLR, Germany; corinne.frey@dlr.de
In the context of the TIMELINE project, which deals with time series
processing of AVHRR data, a LST processor ‘SurfTemp’ is being developed
to estimate land surface temperatures (LST) from the thermal channels of
AVHRR. The SurfTemp processor aims to produce LST with highest
possible accuracy given the constraints of old data and missing information
about atmospheric composition in the past. Each pixel of the product shall be
accompanied by an uncertainty and an accuracy measure. This requirement
asks for a strict algorithm choice and method development. Many – but not
all - of the AVHRR sensors flying on NOAA satellites feature two thermal
channels, enabling the application of a split window algorithm to retrieve
LST. Six different split window formulations are being extensively tested, by
generating new parameter sets for each equation, selected atmospheric,
viewing, and surface conditions, and each AVHRR sensor. The parameter
generation is executed by least square minimization with simulated
brightness temperatures, which were provided by varying radiative transfer
model runs with MODTRAN using a precompiled atmospheric profile
database. The parameters are derived three fold: a) for four different view
angles, b) additionally for eight ranges of columnar water vapour, and c)
additionally for four ranges of surface temperatures, resulting in three
parameter sets for each formulation. Furthermore, the parameter sets are split
to daytime and nighttime conditions. The six split window formulations with
the newly generated parameters are then being compared in terms of a)
accuracy of the resulting LST – derived from comparison with other
simulated data – and b) the formulations sensitivity on their input parameter
(e.g. emissivity or columnar water vapor). The analysis of sensitivity is
considered as necessary, as the quality of additional input data besides the
AVHRR thermal channels into LST retrieval may form a critical limitation to
the accuracy of the final output product. The results are discussed in terms of
suitability of each of the formulations together with the new parameter sets
to time series processing of AHRR data.
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Inter-sensor comparison of lake surface temperatures
derived from MODIS, AVHRR and AATSR thermal bands
Sajid Pareeth1,2,3, Luca Delucchi1, Markus Metz1, Fabio Buzzi4, Barbara
Leoni5, Alessandro Ludovisi6, Giuseppe Morabito7, Nico Salmaso2,
Markus Neteler1
1
GIS and Remote Sensing unit, Department of Biodiversity and Molecular
Ecology, Research and Innovation Centre, Fondazione Edmund Mach,
Trento, Italy; 2Limnology and River Ecology unit, Department of
Sustainable Agro-Ecosystems and Bioresources, Research and Innovation
centre, Fondazione Edmund Mach, Trento, Italy; 3Department of Biology,
Chemistry and Pharmacy, Free University of Berlin, Germany; 4ARPA
Lombardia, Oggiono (LC), Italy; 5Department of Earth and Environmental
Sciences, University of Milan-Bicocca, Milan, Italy; 6Dipartimento di
Chimica, Biologia e Biotecnologie, University of Perugia, Perugia, Italy;
7
CNR - Istituto per lo Studio degli Ecosistemi, Pallanza (VB), Italy;
sajid.pareeth@fmach.it
Surface temperature of land and water bodies is an ecologically important
parameter and can be measured using remote sensing using data acquired in
the thermal infrared region. The most commonly used method for deriving
water temperature (for both inland and ocean water bodies) is the split
window technique. It considers the spectral bands at 10.2 – 11.5 µm (tb1)
and 11.5 – 12.5 µm (tb2). The increasing number of sensors which provide
these spectral bands at moderate spatial resolution (~1km) at a temporal
coverage of 1-3 days globally, attracts many researchers to rely on these data
sets in alternative to often scarce field data. The open data policy adopted by
different space agencies helped to maximize the usage of remotely sensing
data in climate and ecological research. In this study, we compare the
usability and sensitivity of three most commonly used sensors – MODIS,
AVHRR and AATSR on-board polar orbiting instruments in deriving Lake
Surface Water Temperature (LSWT) of big sub-Alpine lakes of Northern
Italy. The processing of the thermal bands (tb1 and tb2) differs across these
three sensors due to different carrier instruments, multiple level-1B data
source formats adopted by the respective agencies, differences in radiometric
calibration coefficients, errors originating from instrument decaying,
accuracy in geolocation sampling, acquisition times and the various external
factors like cloud coverage and the atmospheric profiles at the time of
acquisition. This demands different sensor based approaches in processing
these datasets. We developed sensor specific workflows using open source
geo-spatial tools to read and calibrate level-1B data, apply geo-correction
and used Planck's function to derive Brightness Temperature (BT) from the
radiances. LSWT was then derived using the Lake/sensor specific
coefficients provided by Hulley et.al (2011) using the split window
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algorithm. For this study, we are using day images (11 a.m. – 14 p.m.) from
these sensors for five overlapping years (2003 – 2008). Specifically, we used
MODIS data on-board the Terra satellite and AATSR sensor on-board
ENVISAT. For AVHRR, we used data from NOAA 16/18 instruments which
have afternoon overpasses. We compared the derived LSWT from these
sensors against the field data available for these lakes. We found that
MODIS and AVHRR offer higher accuracy in derived lake temperature with
observed RMSE between 1.0 to 1.5 K with less variability in case of zenith
angles less than 45º. While AATSR derived temperatures are comparable,
they show an average RMSE up to 2 K. The increased RMSE with AATSR
may occur due to the slightly off acquisition time compared to that of
respective field data. Another factors could be undetected sub-pixel size
clouds and further outliers due to mixed pixels along shorelines. We continue
to develop further techniques to successfully remove outliers from the
satellite observations in order to reduce the RMSE to an acceptable range
below 1 K. This study is significant in developing unified long term
temporal datasets of LSWT by combining multiple sensor data, and
analyzing long term trends in warming of sub-alpine lakes due to climate
change.
Hulley, G. C., Hook, S. J., and Schneider, P.: Optimized split-window
coefficients for deriving surface temperatures from in-land water bodies,
Remote Sens. Environ., 115, 3758–3769, 2011
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Downscaling MODIS Land Surface Temperature using
simulated Sentinel-2 imagery
Juan Manuel Sánchez1, Mar Bisquert1, Vicente Caselles2, Vicente
García-Santos2
1
Applied Physics Department, University of Castilla-La Mancha, Plz.
Manuel Meca s/n, 13400 Almadén-Ciudad Real.; 2Earth Physics and
Thermodynamics Department, University of Valencia, C/Dr. Moliner 50,
46100 Burjassot-Valencia.; juanmanuel.sanchez@uclm.es
The increasing interest of hydrological, climatic and meteorological models
in the different components of the surface energy balance has encouraged the
development of operational methods for estimating surface energy fluxes at a
regional scale from satellite images. The key input for many of these models
is the Land Surface Temperature (LST), and there is a traditional limitation,
in terms of spatial resolution, when applying these techniques to agricultural
areas where the crop fields are smaller than 1 ha. Medium-high resolution
sensors such as Landsat or ASTER can be used to retrieve fluxes at field
scale. However, due to the low revisit frequency of these satellites they are
not convenient for routine energy balance estimation. Others such as
AVHRR, MODIS or SEVIRI, present a higher temporal resolution but a
spatial resolution too coarse to discern individual fields. In order to solve this
problem, some disaggregation techniques have been proposed to downscale
the Thermal Infrared (TIR) data to the Visible-Near Infrared (VIS-NIR)
spatial resolution within a sensor. Beyond this, some recent works have also
explored the possibility to downscale TIR data from low resolution sensors
to the spatial scale of medium-high resolution sensors.
In this context, the objective of this work is to assess different approaches to
disaggregate coarse resolution thermal data obtained from the MODIS/Terra
sensor at 1 km to the fine spatial resolution of Sentinel-2 (10-20 m). With
this aim, a set of SPOT5 scenes, in the framework of the SPOT5 (take 5)
ESA/CNES call, will be used. Once changed its orbit, SPOT5 will provide
10-20 m spatial resolution images every 5 days, accomplishing Sentinel-2
features at this point. These simulated Sentinel-2 images will be used as the
basis to downscale MODIS LST in an agricultural area located in Barrax,
Albacete (Central Spain) (2º 5´W, 39º 4´N, 695 m a.s.l.). This is an attractive
site for the aim of this study due to the variety of crops and field patterns
within the area of 60 x 60 km2 covered. Moreover, Barrax is one of the
traditional ESA test sites, and has been formerly used by many international
programmes.
Results will be evaluated by comparing the disaggregated temperatures
derived from MODIS with ground measured data. A set of thermal
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radiometers will be deployed in separate small fields to test the potential of
the different disaggregation techniques to capture the LST heterogeneity
when applied to Sentinel-2. Concurrent Landsat overpasses will be also used
to assess the performance of the models.
Findings in this work will be also of interest for the preparatory activities for
the future exploitation of Sentinel-3 LST data since there will be a need to
downscale the 1-km pixel size for many applications.
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Thermal Infra-Red Band Calibration and LST Validation of
Landsat-7 ETM+ instrument using different atmospheric
profiles
Dražen Skoković, José Antonio Sobrino, Juan Carlos Jiménez-Muñoz,
Guillem Sòria, Yves Julien
University of Valencia (UVEG), Spain; drazen.skokovic@uv.es
Due to problems in the Thermal Infra-Red Sensor on-board Landsat 8
satellite, thermal data of Landsat 7 recover interest since it is the only source
of well calibrated, free and high resolution data. To contribute to the quality
of thermal data, a vicarious calibration of the Enhanced Thematic Mapper
(ETM+) instrument have been performed during years 2013 to 2015 over
two Spanish test sites. These areas (Barrax and Doñana) are included in the
framework of the CEOS-Spain project aimed to setting-up experimental
zones in Spain for calibration and validation purpose. Different atmospheric
profile datasets were used to better characterize the error due to atmospheric
correction: i) MODIS atmospheric product MOD07 version 5, ii) MOD07
version 6, and iii) National Center for Environmental Prediction (NCEP)
reanalysis data. The calibration results show a constant bias (radiance
observed by the instrument minus predicted at sensor radiance) between -0.5
K and -0.7 K depending on the atmospheric profile and test site considered,
with Root Mean Square Errors (RMSE) between 0.8 K and 1.1 K.
Land Surface Temperature (LST) was retrieved from the Single-Channel (SC)
algorithm developed by Jiménez-Muñoz et al. (2009) and also by inversion
of the Radiative Transfer Equation (RTE). LST with SC algorithm was
retrieved with the atmospheric parameters (τ, L↑, L↓) and with the
approximation of the atmospheric water vapour content. LST retrievals were
validated using in-situ measurements over the different test sites. Depending
on atmospheric dataset, validation results for SC algorithm show bias
(algorithm LST minus in-situ LST) values between 0.1 K and 1.0 K for
water vapour approximation and values between -0.4 K and -0.7 K using
atmospheric parameters. RMSE values ranged from 1.4 K to 2 K. For
recalibrated data, bias values for SC water vapour approximation are slightly
higher 0.6 K to 1.7 K while SC algorithm with atmospheric parameters
shows bias near to zero. Similar values as SC algorithm with atmospheric
parameters have been obtained with the RTE.
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Monitoring cultural heritage in Polar Regions - a remote
sensing study
Alma Elizabeth Thuestad1, Stine Barlindhaug1, Elin Rose Myrvoll1,
Anne Cathrine Flyen1, Hans Tømmervik2, Bernt Johansen3, Stian
Andre Solbø3
1
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Institute for Nature Research (NINA); 3Northern Research Institute
(NORUT); alma.thuestad@niku.no
Cultural heritage management in Polar Regions is an increasingly
challenging endeavor as management authorities face impacts from
environmental change as well as increasing human activity. “Cultural
Heritage in Polar Regions” (CULPOL) is an ongoing research project that
addresses the challenges of safeguarding and managing cultural heritage
sites and environments on Svalbard. This archipelago is an area where the
combined impact of environmental change and increasing human activity are
expected to become more apparent in the coming years. Tourism is a
growing industry in Svalbard and the remains of earlier human activity are
often the main attraction at Svalbard’s visitor sites. These sites and features
are, however, vulnerable to the effects of human use in addition to the
continual wear caused by Svalbard’s harsh climate conditions. Monitoring
programs based on remote sensing are generally viewed as a non-intrusive,
time- and cost-efficient means of monitoring. Remote sensing is today
extensively used for a wide range of surveying and monitoring purposes
within archaeology. Systematic monitoring will be crucial for keeping up
with the quantitative and qualitative changes taking place on Svalbard.
A focal point of CULPOL is to investigate cross-scale methodological
approaches to monitoring cultural heritage sites and environments. We use
high-resolution aerial photography, satellite imagery and UAS-borne sensors
to detect and map impacts of human activity and environmental change on a
selection of cultural heritage sites as well as on the vegetation cover in the
surrounding areas. Today there is a certain level of available basic
knowledge, allowing us to roughly grade the vulnerability of sites. However,
there is a thorough lack of site-specific data related to the management of
single locations or groups of similar locations. Thus we need to establish a
knowledge base regarding vulnerability and impact factors. We also need to
establish important parameters and indicators for monitoring both natural
and human effects on cultural heritage in Svalbard. During the summer of
2014 a thorough survey of seven chosen cultural heritage environments was
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conducted. The main purpose of the survey was to establish a knowledge
base for the most distinct degradation parameters in Svalbard; biological
degradation, natural hazards and human activity.
We are now in the process of analyzing and synthesizing the data, as well as
exploring possibilities for a greater emphasis on remote sensing in future
monitoring. We will present the project and some preliminary results. Our
focus will be on the possibilities and limitations, on assessing the viability of
remote sensing as a tool for monitoring cultural heritage. The aim is to
improve current methodology through answering questions regarding what
remote sensing can and cannot provide answers to concerning the current
and the expected long-term condition of cultural heritage assets in Svalbard.
Through the use of remote sensing tools we wish to contribute to a better and
more proactive management and protection of polar cultural landscapes,
cultural heritage sites and environments.
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Spatial modelling of Common Chimpanzees (Pan troglodytes
schweinifurthii) ecological niche in western Rwanda using
Remote Sensing and global environmental data
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In tropical mountainous forests of Africa, Chimpanzees as frugivorous
primates are among seeds dispersers. Their humanlike face, fingers and
behaviour have made them top tourist attractions and they have become
flagship animals of Nyungwe Forest National Park located in the
south-western part of Rwanda. However, they are facing many threats
varying from environmental conditions, such climate change and natural
hazards, to human-induced which lead to the fragmentation of their habitat
and the reduction of their number. For this reason, International Union for
Conservation of the Nature full name (IUCN) has recognized chimpanzees
as endangered species.
The objective of this research is to spatially model common chimpanzees'
ecological niche using Remote Sensing and global environmental data.
During this study, data consisting of chimpanzees' location and their
preferred diet were collected at three sites: Mayebe in the main Nyungwe
Forest National Park, Cyamudongo Forest Fragment and Gishwati forest
Reserve that are located in the western and southern parts of the country.
Environmental data consisting of temperature and precipitation were
downloaded from World Bioclim. Altitude was derived for a Shuttle Radar
Topography Mission (SRTM) Digital Elevation Model (DEM).
To derive land cover data, Landsat 7-ETM+ image of the study area was
used. All data were then pre-processed in ArcGIS to ensure that they have
the same spatial extent (projection, pixel size and boundaries). Species
location data were integrated with environmental variables (temperature,
precipitation, altitude and land cover) in MaxEnt Software for habitat
suitability analysis. 75% of the dataset was used to build the model while 25%
was used for model validation.
The results of the analysis showed that chimpanzees prefer high altitudes
with moderately low temperature and high precipitation, annual and
maximum precipitations being the most determinant of chimpanzees habitat
in the study area. In Rwanda, the Western part is suitable (0.5<p<0.86) for
chimpanzees while the eastern and central parts that are characterized by low
altitude, high temperature and low precipitation are less or not suitable at all
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(p<0.5). For nesting and fruits seeking purposes, chimpanzees prefer dense
canopy forest which is dominated by giant tree species such as Ficus sp.,
Casporea gumifera and Musanga leo-errerae. The suitability of the western
part for chimpanzees is due to the fact that climatic variables have favoured
food availability and created a safe microclimate.
This research confirmed the hypothesis that through Remote Sensing, global
environmental data can be used to accurately model chimpanzees ecological
niche in the western part of Rwanda. The current study recommends that
efforts for the conservation of chimpanzees in Rwanda should be
concentrated in the western part of the country. Special protection measures
should be taken for plant species especially Ficus sp., Casporea gumifera and
Musanga leo-errerae that form the highest proportion of diet sources for
chimpanzees.
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Emissivity is an intrinsic magnitude of Earth surfaces, which indicates the
capacity of a surface to emit radiation at different ranges of the
electromagnetic spectrum. In the Thermal InfraRed (TIR) range (8-14 µm)
the accurate knowledge of the emissivity is of prime importance to obtain
precise land surface temperatures, key magnitude in the surface-atmosphere
energy budget studies.
There exist several methods to retrieve the emissivity, based on
semi-empirical, multichannel or physical relation. However, sometimes it is
impossible to apply these techniques and it is needed to use a previous
measured or modeled emissivity value. The present study is focused on the
retrieval of TIR emissivity of a pure quartz sample by means of two different
theoretical models, based on the Mie algorithm. These models need as inputs
values, the size particle distribution and the complex refractive index. The
modeled emissivity of each model was calculated for three different
compactness corrections, proposed by several authors. Models results were
validated with emissivity laboratory measurements carried out with an F-TIR
spectrometer.
Results of the study showed that both models compared with laboratory
measurements; represent almost perfectly the spectral variability of the
quartz emissivity, including the fall of the emissivity at the so-called
reststrahlen spectral region (8-9 and 12-13 µm). The difference between
measured and modeled emissivity is small when compactness corrections are
applied on Mie parameters of the models. The angular decrease of the quartz
TIR emissivity fits also well with laboratory data, with mean differences
lower than 0.03 after applying compactness corrections. The main results of
this study suggested a promising use of these models on remote sensing
applications.

119

Windthrow change detection analysis (FastResponse)
Kathrin Einzmann1, Andreas Schmitt2, Oliver Bauer3, Markus
Immitzer1, Rudolf Seitz3, Andreas Müller2, Clement Atzberger1
1
University of Natural Resources and Life Sciences (BOKU), Vienna,
Austria; 2German Aerospace Center (DLR), Oberpfaffenhofen, Germany;
3
Bavarian State Institute of Forestry (LWF), Freising, Germany;
kathrin.einzmann@boku.ac.at
Project ,Fast Response’ - development of a remote sensing based fast
response system for handling calamities in forests - aims to allocate a
concept supporting the crisis management for areas in Bavaria and Austria
affected by windthrow on a remotely sensed basis. Fast decisions of forest
owners are required considering forest recreation, reasonable use of
technical and human resources as well as the stabilization of the timber
exchange. A quick detection of windthrow areas in forests is therefore of
highest interest.
Both active (radar) and passive (optical) satellite data are applied for
detecting windthrown areas. Being unaffected from illumination and weather
conditions radar data are utilized for a first estimation concerning the size
and location of highly damaged regions, within a few days after a storm. For
a more detailed analysis, optical very high resolution (VHR) data are used.
Combining data from different sensors helps to minimize the before and
after storm acquisition interval.
Part of the Fast Response project is a detailed change detection analysis
applying both optical and radar data. To test change detection algorithms as
well as sensor strengths and limits, a typical windthrow site was simulated
by logging a 2 ha spruce stand. The test site is located in West Austria and
was logged in fall 2014.
For VHR optical data, a change detection was carried out on one pre- and
one post clearance WorldView-2 scene. Different vegetation indices, e.g.
NDVI, FCI and WV-VI, were implemented and pixel- and object-based
change detection methods were tested. For approximating the logging date,
medium resolution Landsat 7 ETM + and Landsat 8 OLI data were analyzed.
Vegetation indices, e.g. NDVI, Tasseled Cap Transformation and
Disturbance Index, were applied for creating a time series.
Amongst the active sensors, the German TerraSAR-X system was selected to
acquire two pre- and two post-event images in dual-polarized Stripmap and
high resolution Spotlight mode respectively. The change in the total intensity
when combined to a multi-temporal data set and jointly enhanced delivered
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most promising and reliable results.
The performed change detection revealed comparable results for radar and
optical data analyses, additionally detecting five new clear-cut areas. The
extracted information of the change detection will be combined with GIS
data, forest maps and instructions and further be stored in a ,toolbox’, to
perform an automated change detection.
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Detection and density mapping of vegetation features in remotely sensed
imagery is complex, and largely reserved image classification experts. This
study presents the preliminary results of a biophysically oriented, and user
easy system for detecting and mapping the density of vegetation features. At
its core the system uses an orthogonal matrix transformation of spectral
end-members, and presents results as a density map of the vegetation feature
given by the user. The system automatically detect the spectral end-members
for 1) water, 2) dark soil, 3) light soil and 4) photosynthetic vegetation (PV).
These end-members can be detected either from reflectance corrected data,
or from uncorrected digital numbers (DN). The method for detecting
end-members from DN is simpler, and produces less accurate results. Using
the end-members the first vector of the orthogonal matrix is defined using
either water or dark soil as an offset, and then aligns to light soil. The second
transformation vector is orthogonal to the first, and aligns toward PV, the
third vector aligns to the vegetation feature defined by the user. The density
function for the mapped feature can either be extracted directly from the
third (feature) vector, or using a perpendicular or normalized difference
approach. Both the latter can use either the first (soil line) vector, or the PV
vector, in combination with the feature vector. The normalized difference
(ND) approach differs compared to traditional ND approaches by using a
trigonometric, scale preserving, rotation. This also allows the mapping of
density along each ND iso-line, and the density estimation considers both the
feature similarity and the feature density. Further, any other (conflicting)
feature entered by the user can be used for adjusting the ND index and
restricting the classification space. The system also has an optimization
routine, that can adjusts the spectral end-members (not the feature) within a
pre-defined statistical space to allow better separability between either
different features, or between a feature and the spectral end-members. If
several features are classified the third orthogonal vector is re-oriented to
reflect each separate feature, and each feature is classified using a different
classification space. Apart from the reduced input needs, the biophysical
orientation of the classification system allows a graphical presentation
relating the feature to the end-members (and conflicting features), easy to
interpret for thematic experts in vegetation (rather than image processing
experts). The graphical presentation is in 3D and also depicts the density
space of the mapped features. By default the classified map is presented in
the same color scheme as the graphical 3D presentation, facilitating the
interpretation of the results. The system is a combination of spectral
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unmixing and image classification, but by restricting the system to only use
3 spectral end-members for the orthogonal rotation (using dark soil or water
as offset). the system can unmix data from any optical sensor with four
bands or more. Features other than soil, PV and the mapped feature are then
placed in the space of these three end-members.
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Terrain has an essential role in modulating earth surface and atmospheric
procedures. In fact, the terrain representations plays a central role in snow
modelling. There are various spatial variability and complex relationships
between variables that control the snow distribution. Therefore, it is a
difficult task to find an adequate continuous function for modeling the snow
distribution.
The main objective of this research is to apply spatial modeling of wind
redistributed snow using terrain-based parameters. Accordingly, Digital
Elevation Model (DEM) and Digital Surface Model (DSM) data are
integrated with point-based meteorological data. Based on the influences of
topography, wind redistribution, and vegetation on snow accumulation, the
terrain was divided into three main zones, such as Forest zone, Lake Zone,
and Tundra zone. The tundra is also divided into three sub zones, Sink,
Source and zone influenced by the wind. In order to consider precise effects
of wind direction on snow accumulation, a new algorithm is presented based
on the neighborhood approach. Terrain analysis is used to derive parameters
that characterize the effects of wind on snow accumulation in the three major
zones. The parameters of each grid cell are derived, to determine the degree
of orographic windward and leeward for prevailing winds.
This terrain model was applied in the Multi-Layer Snow Accumulation
Model (MLSAM) in Shefferville located in the north of Quebec (Canada).
This area represents well the different type of zone.
The results are compatible with Landsat snow cover area images, as well as,
the data of the field measurement. In addition, it is compatible with closed
and open woodland, recent Burn, alpine Tundra, the wind-ward and leeward
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areas of the mountains.
The methods and data applied in this research are useful for testing
spatially-distributed snowmelt models, and developing new algorithms to
reflect the relationships between the factors for controlling the spatial
variability of snow water equivalence.
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Hyperspectral data provides useful information for many applications such
as classification and target detection, by utilizing the hundreds of continuous
and very narrow bands. Especially, change detection is one of the most
important and challenging task within the hyperspectral community. Change
detection method using hyperspectral data could provide more interpretable
information on the nature of the change, instead of identifying only changed
locations in the scene. In order to accurate change detection of landscape, it
is helpful to remove changes caused by differences of atmospheric
conditions, illumination and viewing angles, and co-registration errors
between multi-temporal data. Since sun angles and atmospheric conditions
are changed as the passing of time, identical objects have different albedo. In
many cases, illumination change effect such as shadow facts has been
considered one of the major problems, and it has significant effects on
high-spatial resolution imagery. The illumination factors could be mitigated
by spectral similarity measures because the approach is relatively insensitive
with the shadow and albedo effects.
This paper proposed an unsupervised change detection method to reduce the
illumination change effect for representing multiple changes at pixel level.
To this aim, the change vector analysis (CVA) based on spectral similarity
measures was adopted. CVA is bi-temporal method that consists of two
change components: 1) magnitude and 2) direction. The magnitude of
change is calculated by distance measure such as Euclidean distance (ED).
The direction of changes is generated using various similarity measures
including original and newly developed hybrid algorithms such as spectral
angle mapper (SAM), spectral correlation mapper (SCM), spectral
information divergence (SID), SAM-SID and SID-SCA. The measures have
distinct properties to identify shapes and magnitude differences. To find most
appropriate methods for change detection, we compared various
combinations and analyzed scatter plots between the measure images.
Optimal threshold value was obtained empirically based on Kappa
coefficient or overall accuracy. The advantage of this approach is to generate
a single image of change information. In addition, it is insensitive to
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illuminative variations caused by shadow, topography facts and noises.
The experiments were conducted using real hyperspectral images acquired
by CASI (Compact Airborne Spectrographic Imager) sensor under different
illumination conditions. The CASI images covered a small village in South
Korea, which contained artificially constructed areas composed of
camouflages and artificial turf. Before change detection analysis, geometric,
radiometric and atmospheric corrections of multi-temporal hyperspectral
images were conducted because largely errors of change detection were
produced by mis-registration. After pre-processing, we estimated the
changes of magnitude and direction by the distance and the similarity
measures, respectively. ED and angle based similarity measures such as
SAM and SAM-SID effectively identified changed regions in the study area.
The results showed that the measures of distance and spectral angle were
complementary information and increased the ability to identifying changed
areas.
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The Eastern Boundary Upwelling Systems (EBUSs) (California, Humboldt,
Canary and Benguela) are characterized by a very intense Upwelling activity
which is spatially and temporally highly variable. To understand this
variability, three sources of data can be used (oceanography cruises, remote
sensing and modelling).
The aim of this work is to model the Moroccan Upwelling Ecosystem by
using ROMS Model (Regional Ocean Modelling System) outputs with
temperature, salinity, speed of current , Chlorophyll a, Phytoplankton,
Zooplankton, Nitrate …(Penven et al., 2008).
The area of interest concerns the Moroccan Atlantic Coast
(15°N-37°N/28°W-5,5°W), it has a horizontal resolution of 1/4° and a
vertical resolution of 32 sigma-levels with increased resolution between the
surface and the thermocline. This simulation is run for 10 years with
monthly outputs.
The model results show that the upwelling is almost active a year around in
the south of Canary island, weaken in the North of Morocco and actively
occurred in summer in the center of Morocco between Canary Island and
Cap Ghir area. This results are extensively compared to monthly satellite
data in order to explain the spatial-temporal variability of this phenomenon.
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Around 70% of Africa’s surface area burns every year, being most fires in
Africa’s savannahs anthropogenic, provoked for reasons such as to clear
vegetation around villages, to clear areas for agriculture, or for hunting and
grazing. It is crucial to understand the role of fires for the promotion of
sustainable forest and biodiversity management, and for the reduction of
emissions from deforestation and degradation (REDD). It has been
suggested that managing fire regimes could lead to an increase in tree cover
and have a positive biodiversity impact. Additionally this would sequester
carbon from the atmosphere.
The Bateke Plateau is a landscape composed of grassland savannah
surrounded by tropical forest, situated in the centre of the Republic of Congo,
home of elephants and great apes. This area is burned frequently, with most
areas burning annually. A preliminary analysis found that most savannah
areas have been detected as burning by satellites at least once every 4 years,
with more frequent around roads and settlements. Previous research has
shown that fire intensity, in addition to fire frequency, has a big effect on tree
survival rates. In particular early season fires, or fires started earlier in the
day when temperatures are lower, have lower intensities and thus kill fewer
trees. This has led to a suggestion that a potential mechanism for carbon
sequestration and biodiversity conservation in the region could be a
management regime that encourages early season, early morning burning.
The aim of this study is to set up field experiments, use historical satellite
analyses, and potentially modelling approaches to quantify the relationships
between fire intensity/frequency, woody cover and aboveground biomass in
the Bateke landscape. The results will be immediately used to promote better
management of this area to enhance biodiversity and carbon storage, as well
as driving forward basic scientific research in this understudied ecosystem.
Field experiments are set up, by protecting some areas from burning, and
controlling the burning regime in other areas, including annual early and late
season burns. The survival and growth rates of trees and seedlings is
assessed. Satellite data analyses will be carried out using the 14 year archive
of MODIS data (2000-2014) to test for relationships between fire return time
and tree cover. Additionally, the large spatial extent of the resulting layers of
woody cover and past fire frequency/intensity will provide key inputs into
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the model DALEK3 (developed at the University of Edinburgh), a simple
pool-based carbon model which enables estimation of how these carbon
pools change under different fire return times and provides predictions of
carbon sequestration rates and total carbon stocks that could result from
different fire regimes.
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Prosopis is an invasive tree species which has globally colonized many arid
and semi-arid environments. It was introduced to East Africa for the
stabilization of dune systems and for providing fuel wood after prolonged
droughts in the 1970’s. In many dry lands in East Africa the species has
expanded rapidly and has become a challenge to control. The tree generally
colonizes deep soils with high water availability, whereas in later stages, its
thorny thickets can invade grasslands and rangelands. Abandoned or low
input farmland is also highly susceptible for invasion as Prosopis has
competitive advantages on nitrogen depleted soils. Furthermore, the species
is extremely drought tolerant.
In this study we used ground observations for defining typical conditions of
Prosopis invasion in Somaliland. We particularly looked at environmental
parameters favouring Prosopis invasions in terms of soil, geomorphology
and slopes. Field observations were also used to delineate training sites for a
supervised classification of Landsat 8 imagery covering the whole of
Somaliland. For the classification we used satellite images collected during
the driest season of the year, roughly coinciding with the month of March.
This maximises the spectral differences between the highly drought resistant
Prosopis and other species. In addition Prosopis tends to maintain a higher
canopy water content than native vegetation, when exposed to water stress.
This property is well captured by short wave infrared (SWIR) reflectance
during the dry season.
The results of our classification have been verified for two areas with very
high resolution (VHR) imagery and provide a map of the current invasion
for classes with mainly natural land cover and for agricultural areas. The
map is a starting product for understanding spatial distribution of Prosopis
across Somaliland. It is also used for future change detection and monitoring
of long term dynamics. For smaller areas and more detailed individual tree
level detection, we recommend the analysis of VHR imagery and the use of
Object Based Image Analysis (OBIA). This should be complemented by
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additional field work for training sample definition and selection of suitable
validation sites.
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Accurate and timely information about land cover and land use change in
urban areas is crucial for both monitoring the urban sprawl and informed
decision making. It is well recognized that near-real time information is
mainly derived from satellite data. However, access to satellite data is
sometimes constrained by high cost of high resolution satellite imagery
especially in low income countries. With the current technology and free
access to moderate resolution Landsat imagery, urban sprawl analysis is
possible world-wide. The objective of this research is to evaluate
multi-temporal Landsat images for monitoring land cover/land use
disaggregation in Sub-Saharan African cities where land cover morphology
is a complex mixture. The study was tested in Kigali, Rwanda. Landsat TM
and OLI-TIRS taken in 2000 and 2015 were respectively used. Geometric
correction and radiometric normalization were conducted first. Then
Normalized Difference Vegetation Index (NDVI) and texture analysis were
performed to be included in land cover classification. Using a support vector
machine classifier, the two images were separately classified into six land
cover classes including built-up area, parks, agricultural crops, bare fields,
forest and water bodies. Post-classification comparison and Change Vector
Analysis were performed for change detection analysis. Results were
validated using selected testing areas and accuracy assessment was
performed. Findings illustrated that Landsat imagery is promising for land
cover mapping in Kigali and the derived information is useful for monitoring
spatial-temporal urban sprawl. Given that Landsat data are free, countries
with low income can make use of them as grassroots and cost effective
method for urban information extraction. This information can be integrated
with existing data for urban land management.
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Due to lack of regional planning, rapid population growth and rural-urban
migration, the capital city of Ghana, Accra, has experienced an unplanned,
uncontrolled spreading of urban development (urban sprawl). Forests have
been cleared to make way for buildings, rivers have been filled to make land
available within the city to build and there is virtually no green space left
within the city. A lot of changes to the land cover and land use have taken
place over the years and it is with this background that an urban change
detection is being carried out to detect the magnitude of urban changes that
have occurred within the city of Accra between the period 2003 and 2014
using Landsat ETM images and the Change Vector Analysis Method.
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Manage Geospatial Big Data is a challenging task and each time a more
frequently task in ecosystem monitoring, due the accelerated increase and
accessibility of geographical technologies and archives. For this reason, this
research focus in the design and development of two reproducible processing
chains in open source software, using the High Performance Computing
approach for manage the volume, variety and velocity dimensions of two
cases of Geospatial Big Data. The first one, constitutes a large collection of
images of the Landsat satellites, which should be sequentially processed, in
order to prepare a time-series analysis of the regeneration process of
disturbed tropical forests in Ecuador. The second case constitutes a unique
complex database of different sources and types of Geospatial data, which
should be organized and harmonized to allow an exploratory statistical
analysis and pattern extraction of the drivers that influence the restoration
process of disturbed tropical forests in Ecuador. For this purpose, the design
of the processing chains are based in parallel computing for divide and
distribute small pieces of data between the processing units available.
Therefore, the design implemented allows the possibility to scale-up the
computing resources, if they are available. Our first results, applied to a
multi-core computer, showed that the design of the processing chain applied
to the large collection of images of the Landsat satellites is the only way to
manage the volume and velocity dimensions of Geospatial Big Data.
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Monitoring of vegetation cover, especially in mountain and protected areas,
is an important indicator of local and global changes, because it shows the
interactions of different abiotical components, which shouldn’t be
interrupted by anthropopressure.
The aim of the study was to simulate the reflectance of very diverse
mountain non-forest communities using Radiative Transfer Model. The
second aim was to check the possibility to invert the PROSAIL model to
retrieve biophysical chlorophyll content. Radiative Transfer Models are
physically based models which describe the interactions of radiation with the
object. Models are often applied to vegetation modelling. After successful
inversion of the model it is possible to retrieve biophysical variables.
The analyses were conducted in Karkonosze Mountains (Giant Mountains)
in the Krkonoše National Park in Czech Republic and in Karkonoski
National Park in Poland. Non-forest mountain heterogeneous communities
were analysed in the researches: meadows ecosystems (20 polygons), alpine
swards (8 polygons), synanthropic communities (7 polygons) and dwarf
shrubs (2 polygons).
In the study PROSAIL model was tested. PROSAIL was previously used to
model the grasslands biophysical variables quite successfully, but the
analysed ecosystems are more homogeneous.
During field measurements in August 2013 were collected reference
spectrum using ASD FieldSpec 3 and biophysical parameters as input
parameters to the model for 37 polygons. Also APEX images were acquired
with spectral reflectance 288 bands in range from 400 to 2500 nm. On APEX
images the radiometric, geometric, atmospheric and topographic correction
was done.
Then, PROSAIL model was used to simulate the spectrum on each polygon.
Parameterisation was done based on acquired biophysical parameters. Then
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simulated spectral reflectance was compared with reference spectrum. The
accuracy was tested based on two different dataset: firstly, using reference
spectrum from field measurements and secondly, using spectral reflectance
acquired from APEX images for each polygon. To check the accuracy were
calculated RMSE values for whole spectrum 400-2500 nm and at specific
ranges: 400-600, 400-800, 800-1500 and 1500-2500 nm. The next step was
to invert the model using look-up table method to estimate chlorophyll
content. Also in this step the verification was done.
The results showed that the PROSAIL model can be used for simulation
reflectance of mountains non-forest communities, but it is necessary to make
adjustments in the model. Quite small errors in modelling were noticed in
visible light (both ranges 400-600 and 400-800 nm), the biggest in the near
infrared. Proposed parameterization makes possible to retrieve chlorophyll
content, but also the errors are quite high. Analysed plant communities are
very diverse, with different structure and density cover, which probably is
the reason of the results.
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"Poster Contribution"
Urban climate has been investigated and monitored over years and gains
more importance due to the increasing number of people living in an urban
environment worldwide. In the context of global climate change and the
increasing number of extreme events, such as deadly heat waves, expected
for the future, the understanding of dynamics and processes of urban climate
is a crucial topic in climate sciences. In this study, the urban climate of
Bucharest was analysed and modelled in different scales using different
approaches. The mesoscale urban climate was investigated using data from
the recently launched Landsat 8 satellite. Thereby, a land surface analysis
map was created with a multi-temporal approach using regions of interests
and a maximum likelihood classifier. To evaluate connections between the
NDVI and the land surface temperature with the land surface cover, the
produced map was segmented and the classes were treated separately. In a
second step, the 3D micro climate model ENVI-met was used to model the
influences of urban development in downtown Bucharest on the local urban
climate. Thereby, the constructional changes occurred in the city centre after
a big earthquake in 1977 were modelled using old Corona images. As a third
scenario, a possible future state with lower vegetation cover was developed.
To quantify the significance of the urban development and the modification
of the urban climate to human health, the predicted mean vote as a measure
for thermal comfort was computed and analysed. The mesoscale analysis
showed the appearance of a primary surface urban heat island and
connections between the land cover and the land surface temperature, as well
as between the vegetation cover and the land surface temperature. The
microclimate modelling showed differences in the vertical temperature
distribution and the wind field during the different scenarios. Thereby, the
nocturnal cooling in the canopy layer was most apparent in the former state
scenario. Comparison of the thermal comfort within the city between the
former state, the current state and the fictional future state showed an
increasing heat stress in most parts of the investigation area due to the
constructional changes, and especially in case of the fictional scenario with
cleared vegetation cover.
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European grasslands are important habitats for both socio-economic and
ecological reasons, however they have been rapidly decreasing in Europe in
the past 50 years, mostly as a result of agricultural abandonment and
intensification. Most of the research on this topic has dealt with grasslands in
Central and Western Europe, while Eastern European countries are still
poorly studied. On the other hand, especially high rates of land use and cover
changes in agricultural areas were observed in the former socialist countries
in Central and Eastern Europe after the collapse of socialism in the early
1990'.
The variability in grassland changes among countries and administrative
regions in Eastern and Central Europe suggests that differences in
socioeconomic conditions and management practices during and after the
socialist era have strongly influenced land use and cover changes. Such
broad-scale political disturbances are rare, but give us a great opportunity to
study landscape changes where two different political, economic and social
systems have occupied the same territory in a relatively short time period.
Because of complexity of drivers influencing landscape change, the analysis
of land cover changes in cultural landscapes requires a consideration of
human impacts as well as bio-physical characteristics. Therefore this
research takes on a mixed-methods approach and combines remote sensing
with qualitative analysis and quantitative data modelling in the analysis of
land cover change in the selected region of Northern Croatia. Firstly, the
physical changes of the land cover and land use change in the region are
analysed via Landsat satellite images through remote sensing. The resulting
analysis is used to quantify the changes in landscape during the 1991 to 2011.
Secondly, the relationships between the observed changes in the forest cover
and the factors influencing it were investigated through multiple regression
analysis. The third part of the study consists of a detailed questionnaire
survey conducted in 262 households within three administrative units in the
region.
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Many factors affect the quality of life, one of them being the diminishing
quality of the air. The fall in the green space area of the public use domain,
such as the public parks, and the situation of the green belts of the Bucharest
city, contribute to the issue of air quality quite significantly. There are
specific regulations that provide for the areas of green space necessary for
every person, but their spatial arrangement is not always uniformly
distributed nor correlated with the population densities. Moreover, the green
spaces contracted over the last decades due to the intensification of the
built-up space. To address this, we used multitemporal analysis of remotely
sensed imagery as a good possibility to assess the area of the vegetation at
certain periods in time by determining the changes in the vegetation cover.
This quantitative assessment of green spaces will probably be of influence in
the introduction of future green space provisions related to the field of urban
planning.
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Hyperspectral sensors offer fine spectral resolutions less than 10 nm
typically in the visible to shortwave infrared and thermal wavelength region.
This continuous spectrum allows to identify materials of the earth by their
reflectance for detailed analysis of remote sensing data. Due to the physical
limitation of sensor system, spatial resolution of a remote sensing data
becomes lower as its spectral resolution becomes higher, so hyperspectral
image usually have lower spatial resolution than panchromatic and
multispectral images. Therefore, image fusion techniques of hyperspectral
image with additional image having higher spatial resolution are studied to
enhance the performance of hyperspectral image analysis. A number of
hyperspectral fusion algorithms adopted spectral unmixing technique, which
estimates the materials, called endmembers, in a hyperspectral image and the
fraction of each endmembers, within a pixel. Recently, nonnegative matrix
factorization (NMF) has been studied in various field, such as text mining
and spectral unmixing techniques, for its low complexity and ability to easily
include physical constraints based on the non-negativity property, and many
studies introduced fusion, classification, and target detection techniques
using hyperspectral images based on NMF.
In this study, we constructed and evaluated different combinations of
equations for the constrained version of NMF (CNMF) to optimize the
spectral characteristics of hyperspectral images and the spatial information
of multispectral images on the fusion results. We rearranged equations in
different ways in iteration process based on coupled NMF to set the CNMF
equation models and apply them to hyperspectral and multispectral images
datasets. The results in this study were evaluated by comparing qualitative
measurements for quality analysis, such as cross correlation (CC) and
spectral angle mapper (SAM). The equation models of NMF were tested
using Compact Airborne Spectrographic Imager (CASI) hyperspectral
images with various spatial and spectral resolutions. The CASI images were
taken from South Korea. The radiance values of the collected CASI images
were converted to reflectance values, and image registration and empirical
calibration between the images were performed with data with higher spatial
resolution. The fusion results of the equation model could represent the
spectral characteristics of hyperspectral images and enhance the spatial
resolution as multispectral images although hyperspectral and multispectral
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images were collected from different sensors.
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Satellite soil moisture (SSM) products derived from space borne microwave
data are increasingly being used for a wide range of applications (agro
meteorology, hydrology, disaster management, etc.). Validation with in-situ
data is a crucial step in the assessment of the accuracy of the soil moisture
retrievals from satellite data and therefore of the applicability in various
domains. An adequate in–situ network is required for the collection of soil
moisture data. In Romania, soil moisture data is available from the
agro-meteorological network with a temporal resolution of 10 days.
Validation requires hourly in-situ measurements from a dense network,
whose nodes locations are established after a careful analysis of the proposed
site in terms of soil type, land cover, etc. In the framework of the Romanian
Space Agency funded ASSIMO project (Assessment of Satellite Derived
Soil Moisture Products over Romania), the National Meteorological
Administration is equipping 20 of its automatic weather stations with soil
moisture & temperature sensors and will soon deploy 30 mobile stations as
the in-situ data collection component of the Romanian Soil Moisture
Network (RSMN). The design and implementation of the RSMN are
discussed together with the planned configuration for the validation of
SMOS soil moisture products.
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Satellite based biophysical parameters information for assessment of climate
and anthropogenic impacts on forest vegetation for sustainable management
needs have to meet particularly high quality requirements. In addition
multiple national and international commitments for reporting on forest
resources such as the Montréal Process or the Kyoto Protocol, are leading to
an increasing demand for expanded information within the framework of
forest land cover/use. Forest vegetation and climate interact through a series
of complex feedbacks, which are not very well understood. The patterns of
forest vegetation are largely determined by temperature, precipitation, solar
irradiance, soil conditions and carbon dioxide (CO2) concentration.
Vegetation impacts climate directly through moisture, energy, and
momentum exchanges with the atmosphere and indirectly through
biogeochemical processes that alter atmospheric CO2 concentration.
Changes in forest vegetation land cover/use alter the surface albedo and
radiation fluxes, leading to a local temperature change and eventually a
vegetation response. Forest vegetation-climate feedback regimes are
designated based on the temporal correlations between the vegetation and
the surface temperature and precipitation. The different feedback regimes are
linked to the relative importance of vegetation and soil moisture in
determining land-atmosphere interactions. Forest vegetation phenology
constitutes an efficient bio-indicator of impacts of climate and anthropogenic
changes and a key parameter for understanding and modeling
vegetation-climate interactions. Climate variability and anthropogenic
stressors have a great impact on the forest vegetation biophysical parameters
dynamics. Satellite remote sensing is a very suited tool to assess the main
phenological events based on tracking significant changes on temporal
trajectories of Normalized Difference Vegetation Index (NDVI), Land
Surface Temperature (LST) and land surface albedo, which are key
biophysical variables for studying land surface processes and
surface-atmosphere interactions. The aim of this paper was to investigate
their pattern dynamics due to the impact of anthropogenic and climate
variations on a periurban forest Cernica-Branesti, placed to the
North-Eastern part of Bucharest city, Romania. The forest vegetation
analysis was based on derived biogeophysical parameters from time-series
satellite remote sensing MODIS Terra/Aqua and NOAA AVHRR data and
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in-situ monitoring ground data (as air temperature, aerosols distribution,
relative humidity, etc.) over 1984–2014 period. Have been analyzed also
other biogeophysical effects of forest land cover change particularly changes
in the surface moisture budget leading to shifts in the ratio of latent and
sensible heat fluxes and changes in rate of land surface temperature and
precipitation.
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The spectral properties of vegetation are influenced by various factors. One
of the very important external factors is the water in the environment,
including precipitation. The aim of the study was to analyse the relationship
between the amounts of precipitation and commonly used vegetation indices
calculated from Landsat images. All analysis were conducted on natural
areas – forests and meadows. The study area was located in Poland in two
areas: Tatras National Park which is located in high mountains and
Bialowieza Forest – is considered to be the best preserved natural forest of
European low-lands (both are the M&B Reserves). The images of Landsat
were chosen: 18 from Bialowieza Forest (from 1986 to 2013) and 16 from
Tatra Mountains (from 1987 to 2013). Images were atmospherically
corrected using ATCOR software and for each image were calculated
vegetation indices. To the analysis were chosen 4 meteorological stations:
three in Tatra Mountains and one in the center of Bialowieza Forest. To the
analyses was chosen precipitation amount in each year in vegetation season
from 1986 to 2013. The amount of precipitation were analysed before the
day of acquisition of images (10, 20, 30, 40, 50 and 60 days before).
Secondly, the deviation from the long-term average was analysed. The
values of vegetation indices calculated from the chosen pixels located
maximum 5 km from the meteorological station were correlated with the
values of precipitation. The relationship between vegetation indices and
precipitation is ambiguous. Impact for grasslands is stronger than for forests.
The most sensitive indices are MSI and NDII. The relationships are stronger
for water deficits (especially for grasslands). Other factors (e.g. large area
disturbances, phenology) probably have bigger influence than precipitation
in temperate zone.
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Environmental Impact Assessment (EIA) is a formal procedure which aims
to highlight, quantify and minimize the impact of a project to the natural and
the man-made environment before the final decision for the implementation
of the project is made. Typical projects with significant environmental effect
are motorways, airports, dams etc. Environmental Impact Assessment
follow-up (EIA Followup) is the procedure to quantify the impact of the
project during and after its construction, a procedure which benefits from
regular acquisition of aerial images of the area of the project. The iterative
collection of images demands repetition of the process of the geometric
correction of the images (georeferencing and orthorectification) as well as
collection of the necessary ground control information and DTM, making the
process time consuming and expensive. Additionally the construction
changes severely the topographic details of the area and it is not always easy
to identify and collect reliable ground control points.
This paper exploits existing plans and maps used and/or produced during the
study of an interchange in order to introduce a ground independent, and
therefore fast, geometric correction of aerial images of interchanges.
Assuming that the interchange is built according to the study, the
georeferencing of the aerial image can be done using the axes and/or the
edges of the ramps of the interchange as ground control linear features. The
edges are always available on the image, in contrast to points which may or
may not be available. In the case that the interchange is not built according
to the study, an infrequent but not impossible situation, the georeferencing of
the image can be done using the axes/edges of existing roads of the broader
area of the interchange, which were not affected by the construction. The 3D
coordinates of the ramps are taken from the study of the interchange while
the 3D coordinates of existing roads are taken from the topographic map
used for the study. The orthorectification of the aerial images can then be
done using the DEM which was also used for the study, modified to take into
account the elevation of the surface of the ramps provided by the study.
The proposed process is applied to the geometric correction of real aerial
images that illustrate a trumpet interchange between the a motorway and a
national road. The layouts of the interchange (horizontal alignment and
profiles) are used as source of ground control information in order to
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compute the orientation of the images. The topographic maps of scale 1:500
which were used for the design of the layouts are used as source of elevation
information in order to orthorectify the images. Results and problems are
discussed and issues for further research are presented.
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The COSMO-SkyMed (COnstellation of small Satellites for the
Mediterranean basin Observation) constellation consists of four Low Earth
Orbit (LEO) mid-sized satellites, each equipped with a multi-mode,
high-resolution and polarimetric X-band Synthetic Aperture Radar (SAR)
that allows to acquire images of the Earth surface during night and day and
regardless of weather conditions. The COSMO-SkyMed satellites were
stepwise deployed from June 2007 to November 2010 and the system is fully
operational starting from 2011, building up the largest Italian environmental
laboratory in Space System for Earth Observation, commissioned and
funded by Italian Government.
The experience gained from the previous SAR satellite missions (ERS,
ENVISAT RADARSAT-1) has proved the importance to build up a data
archive devoted both to scientific and commercial users. The availability of a
such data archive has indeed made possible the development and the
fulfilment of new applications an add-value products without the limitation
of waiting for the time required for the data acquisition. The access to a
“reference” data archive for large areas of the Earth has proved to be of
primary importance for Emergency Response applications, as well.
The COSMO-SkyMed constellation represents a unique instrument able to
perform a systematic acquisition able to guarantee measuring continuity to
be needed for the population of a substantial data archive. The
COSMO-SkyMed Background Mission allows to create this archive for
future applications, without undermining in any way other acquisition
opportunities, since it is subordinated to higher priority acquisitions. The
Background Mission allows to maximize the use of the COSMO-SkyMed
system and populate the archive using continuous, low priority data
acquisitions. The COSMO-SkyMed Background Mission is intended to
guarantee the availability of reference datasets for future mapping projects,
emergency mapping and change detection applications. Data collected are
stored and made available when required. The acquisition plan is kept as
simple as possible so that it can be exploited with low priority modality.
This paper aims to give an overview about the selection and the development
of operational scenarios for the utilization of COSMO–SkyMed system in
the definition of the Background Mission, highlighting the proven usefulness
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and benefits of such kind of archive. The objectives of the Background
Mission, the considerations about the current status and its implementation
on a global scale will be presented, as well.
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The classical Condition Based Management activities consist of periodically
measures on physical characteristics of a system (e.g. temperatures, fluid
levels, etc.). This type of analysis is performed on the COSMO-SkyMed
Space Segment, but a Trend Analysis is also required for the Ground and
ILS&OPS Segments, especially in the operational phase. So a different
process has been defined to periodically check the status of overall System
and to maintain it in an efficient operational status.
COSMO-SkyMed is an Earth Observation space program jointly managed
by the Italian Space Agency (ASI) and It-MoD (Ministery of Defence).
In the framework of the current programmatic phase concerning the
operational management of the constellation, a set of qualified teams was
introduced in order to perform technical, operational and engineering
activities on the system. Moreover some tailored information flows were
developed by ASI, It-MoD and Industrial staff in order to continuously
guarantee the performances and the availability of the system and to identify
potential enhancements and changes for the optimization of the overall
cost/benefit ratio and the increase of the performances with respect to the
original specification.
To support this operational management phase a Trend Analysis system has
been introduced. In fact the main aim of Trend Analysis techniques is to
support the decision making process to analyse the system status and
consequently:
- Maintain the system fully-operative identifying particular patterns
suggesting some corrective actions to avoid faults;
- Grant the nominal behaviour of the system identifying some hidden
degradation trends needing to be corrected;
- Ensure that the system continues to meet the users’ needs, that can evolve.
Most of these activities are identified as “Conditional Based Management”
(CBM).
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A classical CBM system is based on periodical measures performed on
physical characteristics (e.g. temperature, fluid levels, etc.). Depending on
their results some corrective actions are planned on system components.
Most of the measures performed periodically on the COSMO-SkyMed Space
Segment are used for the CBM and are very important to check the status of
the satellites and to plan preventive actions.
However most of the Ground and ILS&OPS (Integrated Logistic Support
and Operations) Segments subsystems, except the antennas, are not suitable
for the classical CBM. So the Trend Analysis activity on these two Segments
has to analyse circumstances that cannot be preliminarily defined and that
can be solved or mitigated only with not preliminary defined recovery
actions.
In most cases the periodical analysis is only used to identify recurrent
anomalies suggesting that something could not work in a nominal way. It is
mainly based on the periodical collection and review of the Trouble Tickets
that can suggest analysing more in depth some ambiguous behaviour. They
define a valuable (but not only) source of data on the behaviour of the
system which helps to identify the variables to be monitored, using specific
method of aggregation.
This further analysis has to be designed in detail and specifically to every
case. The results of this in-depth analysis are used to locate the problem and
consequently plan all mitigation or corrective actions.
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Since the development of the satellite technology, mankind has a desire to
get the information about Earth. In order to provide this, communication
satellites, meteorological satellites and remote sensing satellites designed
and launched by several countries. Researches on Earth resources using
satellite images start with launch of LANDSAT-1, which is the first Earth
observation satellite, by USA in 1972. In 40 years’ time, many remote
sensing satellites had launched with technological developments after
LANDSAT-1 satellite has been launched. In spite of the fact that, sensors,
which lie inside the satellite, have been improved in time, they are developed
in two types due to physical and technological limits. One type gives high
spectral resolution images, while other gives high spatial resolution images.
Spectral resolution is expressed as the electromagnetic (EM) wavelength
spectrum sensed by a (optical RS satellite) sensor. Determination of spectral
resolution quantity (whether high or low) depends on the recorded interval of
EM wavelength spectrum within with inverse proportion. Small intervals
mean high spectral resolution, while larger intervals mean lower. According
to the spectral distribution and number of spectral intervals, these types of
images are classified as Multispectral (MS) or Hyperspectral (HS). MS
satellites have three to six spectral bands from visible & near-infrared region,
while HS typically collect 200 or more spectral bands. Contrary, passive RS
satellites also provide single spectral (monochromatic) or broad band (a so
called “Panchromatic” [Pan]) image with higher spatial resolution meaning
of having sharper details and provide more spatial information.
Optical RS satellites (such as Landsat, SPOT, etc.) acquire Pan images (for
better spatial resolution) and MS images (for better spectral resolution) as
co-registered when observing a specific territory. Therefore, it is possible to
have an image that has not only high spatial resolution, but also high spectral
resolution by means of using image fusion methods. Satellite image fusion is
a process of merging co-registered higher spectral resolution image with
higher spatial resolution image, in order to obtain a final image that has both
high spatial and spectral resolution together. According to community, the
process is called as pansharpening.
As mentioned above, today’s new generation RS satellites supply imagery
with better spatial and spectral resolutions than their predecessors. However,
the tradeoff, between having higher spectral resolution and higher spatial
resolution still remains. Hence, the proposed pansharpening methods, by the
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community, are always dealing about two main constraints of keeping the
spectral info for MS image with minimum spectral distortion and enhancing
spatial details of MS image bands with Pan image.
Beyond traditional modulation based and component substitution based
methods, the object of this project is to examine multiresolution analysis
(MRA) pansharpening methods which consist of 2D Discrete Wavelet
Transform (DWT) based substitution, addition and coefficient
decomposition concepts for Very High Resolution (VHR) images and
investigate the change of several parameters like histogram stretching,
wavelet kernels and decomposition scales, including with novel approaches.
The algorithms were applied to Pléiades (Airbus Defence & Space) VHR
coregistered satellite image couples that were acquired simultaneously. In
addition, the methods were compared by the fusion quality assessment
methods that are mostly used by the community which are Spectral Angle
Mapper (SAM), Root Mean Square Error (RMSE), Relative Average
Spectral Error (RASE), Erreur Relative Adimensionelle de Synthése
(ERGAS), Correlation Coefficient (CC), Universal Image Quality Index
(UIQI) and Hybrid Quality with No Reference (HQNR). Under each metric,
each algorithm was ranked and the best competitors were identified.
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Results of the survey on classification of APEX hyperspectral airborne
imagery to classify roofing coverage in the area of Karpacz, Poland are the
subject of the presentation. APEX imagery were acquired during the flight
over Karkonosze National Park on 10 September 2012 as a part of
HyMountEcos project within EUFAR (European Facility For Airborne
Research).
APEX imagery are characterised by high spectral resolution (288 bands in
the range of 250-2500 nm) and pixel size amounted to 1.75 m. Due to the
hyperspectral imagery high spectral resolution, it was possible to
discrimiminate the dominant type of roof coverings. Survey method
involved the acquisition of reference spectral curve data of typical roof
coverings in Poland during laboratory work. Field work data were gathered
in order to verify the postclassification data.
Mapping of roof coverings of Karpacz areas was performed during field
survey conducted in 2012; street view was used as complementary data.
Verification and reference polygons were established on the basis of
information gathered. Reference data, acquired through field work, were
used for the accuracy assessment of the classification. Detailed results of
classification are presented.
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The aim of the study was an assessment of theWorldView-2 satellite images
of high-mountain meadows condition analysis. High resolution images were
used for monitoring of trampled vegetation of the Tatras (UNESCO M&B
Reserve and National Park). Research polygons were located in buffer zone
(up to 6 meters) along trails in the highest parts of alpine and subalpine
meadows, where tourists seasonally damage plants. As the reference patterns
the same meadows, but located in second buffer zones (form 6 to 15 meters),
were selected.
WV2 images were geometrically and atmospherically corrected and used to
calculate vegetation indices: NDVI, SAVI, OSAVI, ARVI, GNDVI, EVI,
PSRI, TCARI, MCARI, TVI, WARI, NCPI, CRI1 (carotenoid content),
ARI2 (anthocyanin content). As a validation data ASD FieldSpec,
fluorescence, chlorophyll measurements were used. Was correlated values
obtained from field measurements with those acquired from the image WV-2.
The maximum differences of NDVI between the buffers were equal 0.2,
minimum 0.05.The differences between indices values of analysed and
reference zones were statistically significant (statistical significance of 0.05)
for NDVI, ARVI, GNDVI, EVI, PSRI, TCARI, MCARI values. The
differences for indices ARI2, CRI1 are within the limits of 0.001-0.002
however, the difference is still statistically significant on the level of 0.05.
Differentiated value of indicators of the trail follows a worse state of
vegetation. Trampling alpine grasslands causes solifluction and following
erosion processes. The lower value of the index near the trail can be also
related to the diverse response from one pixel (signal comes from the trail
and from the vegetation). High-resolution imaging can be used to monitor
and analyze the state of vegetation as well as surfaces and areas where the
vegetation is disappearing as a result of trampling.
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Monitoring lakes properties is an important issue, because of the pollution.
Traditional measurements are time-consuming and that is also expensive.
This is a reason, why remote sensing techniques are very useful in water
monitoring.
Aim of the presentation is an analysis of confluence of two major Polish
lowland rivers Bug and Narew in the artificial Zegrze Reservoir using two
methods. Bug discharging to the reservoir deposit large volumes of
sediments transported as a bedload and in water column. Water flow at the
confluence of the rivers is controlled by the discharge and suspended
sediments concentration. Structure of the velocity field has been obtained
from two-dimensional hydrodynamic model CCHE2D. Geometry of the
channel has been measured by echo-sounding, and boundary conditions are
known from hydrological observations. The results of model are displayed in
the form of velocity vector map and suspended sediment scalar values. It is
relatively easy to verify the results of model calculations or the velocity field,
but sediment concentration pattern is difficult to evaluate.
As the comparison to the model results the AISA hyperspectral image was
acquired by MGGP Aero aircraft on 5/08/2013 and then geometrically and
radiometrically corrected. The atmospheric correction was conducted with
at-surface reflectance measurements using ASD FieldSpec 3
spectroradiometer. Than were calculated hyperspectral indices to estimate
water parameters: Secchi Disk Depth (SSD), Turbidity, chlorophyll-a content,
Total Suspended Solids (TSS), Dissolved Organic Matter (DOM), Total
Phosphorus (TP), phytoplankton. Apart from that were calculated vegetation
indices (like Red Edge Normalized Difference Vegetation Index) to estimate
chlorophyll content. The acquired maps of spatial distribution of water
properties were compared with field measurements of water properties.
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The 3D-2D projective transformation between the 3D object space and the
2D reference system of satellite images is computed through the
georeferencing process. Ground Control Points (GCPs) are normally used
for the georeferencing of the images (indirect georeferencing). Orbital
metadata that accompany state-of-the-art satellite images may be used either
alone (direct georeferening) or in conjuction with GCPs (integrated
georefencing). In all cases Check Points (CPs) are used in order to evaluate
the accuracy of the georeferencing.
The accuracy of high resolution photogrammetric products is thus influenced
by i) the accuracy of the GCPs in the case of indirect georeferencing, ii) the
accuracy of the orbital metadata in the case of direct georeferencing and iii)
the accuracy of the transformation between the geodetic reference system of
the GCPs (usually the national system) and the global reference frame (used
for the orbital metadata) in the case of integrated georeferencing.
This study focuses on the fact that GCPs and CPs are mostly measured in the
national reference systems while orbital data are measured in a global
reference system such as WGS84/ITRS. Usually, one set of transformation
parameters is being used to transform from the national system to
WGS84/ITRS. However, the internal accuracy of national geodetic networks
established by conventional triangulation methods several decades ago is
limited to a few meters. Thus, a country-wide similarity transformation
between national and global system cannot offer sufficient accuracy. This
study outlines the geodetic background of transformations between national
and global reference systems. Furthermore, it presents expected
transformation errors for several countries, based on published data
concerning the internal accuracy of national trigonometric networks.
Finally, data from Greece is analyzed to show the impact of the coordinate
transformation. More specifically, a number of points were identified on
high resolution satellite optical and SAR images and then they were
measured in-situ with GPS technology. The GPS solutions were referenced i)
to the local Greek Geodetic Reference System 87 (GGRS87), ii) to the
European Terrestrial Reference System (ETRS) and, finally, iii) to a
realization of the International Terrestrial Reference System (ITRS).
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Comparative evaluation and discussion of the results is performed.
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Digital maps are becoming a new standard of presenting environmental,
economical and social space. Their advantage over analogue versions derives
from easier ways of editing, storage and higher accessibility to such
materials. The article presents a preparation methodology of
geomorphological map (SE area of Poland) in general scale 1:300 000.
Available cartographic materials, satellite imagery, DTM Aster of 30 m
spatial resolution and, for selected areas, DTM from LPIS were applied in
the project. The materials were used to discern landforms determined by
tectonic structures, plates and monoclines undergoing denudation, as well as
forms of glacial, fluvial and eolic genesis - both erosional and
accumulational. Analysis of obtainable documents allowed for a visual
interpretation and refining of landform borders using geoinformation tools
(ArcGIS and ENVI). The result is a digital geomorphological map with an
interactive database of distinguished landforms.
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Time Series of Wetland Monitoring Using an Unmanned
Aerial Vehicle (UAV)
Andreas Christian Müller, Esther Amler, Fridah Kirimi, Gunter Menz
University of Bonn, Germany, Germany; amuelle1@uni-bonn.de
For the project “GlobE - Wetlands in East Africa” (www.wetlands-africa.de),
UAV flight campaigns were carried out in May and September 2014 as well
as in February 2015 in Ifakara, Tanzania.
The UAV in use is a fixed wing, autonomous flying device with a RGB
Nikon Lumix digital camera pre-installed. Optionally the RGB can be
replaced by an infrared (IR) digital camera. By flying the same area twice
with the different sensors within a short time span, a high resolution
vegetation index ortophoto can be produced. Due to repeated flights in wet
and dry seasons, a time series analysis can be conducted to validate results
from a multitemporal satellite data analysis (e.g. available RapidEye and
MODIS datasets).
The repeated flights have several working aims that are
- to develop a time series of high resolution ortophotos of the Ifakara
floodplain wetland study area that can feed into hydrological modeling and
validation of a multitemporal satellite data analysis,
- to test the ability of combining RGB with infrared scenes to extract spatial
information about vegetation vigour and state of flooding over time,
- to precisely delineate boundaries of the wetland at the state of flooding in
May (wet season) and September 2014 (dry season), as well in February
2015 (dry season) and
- to map land cover of an exemplary floodplain upland-wetland transect and
to analyse temporal changes between the seasons.
On a poster at the EARSeL Symposiom in Stockholm we want to present the
results of the previous field campaigns and critically reflect the performance
of the UAV, usability of results and further opportunities to explore with the
device.
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Session TUE-8: EARSeL Council Meeting
Meeting for elected Concil Memebers of EARSeL
No contributions were assigned to this session.
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Session PL-4: Plenary Session 4 - Forestry Remote
Sensing in Sweden
Forestry Remote Sensing in Sweden
Håkan Olsson
SLU, Sweden; Hakan.Olsson@slu.se
Half the Swedish land area, or 22 million hectares, is forest land which is
managed for the production of timber and pulpwood. Information about the
forest resource has traditionally been collected by field surveys and visual air
photo interpretation. These methods are still important, but the operational
use of digital remote sensing has increased rapidly during the last 15 years.
The Swedish Forest Agency is since year 2000 mapping about 50000
clear-felled areas yearly, using optical satellite data. The Swedish University
of Agricultural Sciences (SLU) has also every 5’th year since year 2000
made a nationwide forest attribute map with 25 m grid cells, trained with
National Forest Inventory (NFI) plots. The nationwide satellite data products
have provided a useful overview for authorities and researchers. The
practical foresters have however not transferred to using computer based
estimates until such products were equally accurate as the traditional forest
maps made by field surveys and photo interpretation. This breakthrough has
come with laser scanning. The Swedish national land survey did between
year 2009 and 2014 laser scanned all land area in Sweden, (except for the
mountain areas in north-west which is presently being scanned). Most large
forest companies have used this national scanning for producing forest data
bases over their holdings. In addition the Swedish Forest Agency together
with SLU has produced a nationwide raster data base with forest attributes
for 12.5 m pixels. This database is now freely available from the website of
the forest agency (www.skogsstyrelsen.se). The estimated variables are stem
volume, above ground tree biomass, basal area, basal area weighted tree
height and mean stem diameter. The estimates have been trained with 11000
National Forest Inventory plots, and the obtained accuracies are as good as,
or better than, with traditional manual forest mapping methods. It should
however be noted that some important variables not can be reliably
estimated with conventional one-time laser scanning, examples are tree
species and site index. It has for all the above mentioned techniques (change
detection, large area estimation using satellite data, and estimation using
airborne laser scanning), taken 20 years from the first successful tests of
methods to present day full operational use. This long lead time towards
operational use motivates a closer look into today’s research. Issues that
presently are studied in forestry remote sensing in Sweden include:
estimation of forest data with 3D canopy data from multi view angle images
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from optical sensors carried by UAV’s, aircrafts, or satellites, as well as
radargrammetry or InSAR data from radar satellites. Furthermore the
possibilities for improved ground data collection using terrestrial and mobile
laser scanners, ground based photogrammetry, or data from harvesters, are
studied. Finally we have started to develop data assimilation schemes where
the increasing flow of digital data are used for continuously updating forest
data bases using kalman filtering and bayesian statistics.
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Session WED-1: Forestry Remote Sensing - 2
Analysis of tree height growth with TanDEM-X data
Henrik J. Persson, Johan E.S. Fransson

Swedish University of Agricultural Sciences, Sweden;
henrik.persson@slu.se
Forest tree height is one of the most important tree variables to measure in
order to accurately estimate the above-ground biomass and stem volume,
which is crucial for improving our understanding of the carbon flux and the
global warming. Moreover, the change of forest tree height is vital for site
index estimation and the tree height is a crucial parameter for grading the
risk of storm hazards. This makes the tree height important in the planning
of forest managements. Most studies have so far neglected tree height
growth – even when the time period studied has covered several years [1,2].
In the current study, the tree height growth is studied for a time period of
four vegetation seasons, by evaluating annual TanDEM-X data from the
Swedish test site Remningstorp. As reference data, both airborne laser
scanning (ALS) data and field measures are used. The tree height growth is
expressed species wise, in terms of site index.This is the first tree height
growth study (known to the authors) based on remotely sensed data in
Sweden and despite an expected large spread around the function, it still
indicates a possible proof of concept.
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The current role of SAR interferometry for mapping and
forest biomass assessment in the Brazilian Amazon
environment
João Roberto Santos, Fabio Furlan Gama, Lenio Soares Galvão,
Camila Valeria de Jesus Silva, Jose Claudio Mura
National Institute for Space Research - INPE, Brazil; jroberto@dsr.inpe.br
Images obtained from orbital radar systems operating in tropical regions are
a reliable source of information in studies of forest mapping and carbon
emission and reabsorption, especially under cloud cover conditions. This
article discusses the current state of the use of interferometric radar attribute
through the analysis of two Brazilian Amazon case studies: (1) the
characterization of land use and land cover using the interferometric
coherence from Cosmo-Skymed images; (2) the above ground biomass
(AGB) estimates of tropical succession chronosequence using the
interferometric coherence from the TanDEM/TerraSAR-X mission combined
with the full polarimetric PALSAR/ALOS (L-band) attributes. In the first
case the study area is located in Humaita region(South of the Amazonas
State). Based on the Cosmo-SkyMed images, Himage mode and HH
sub-mode with 1 day revisit, the interferometric coherence was generated.
These data were classified by Maximum Likelihood ICM technique. Results
showed an increase in the classification accuracy of 30% to separate five
thematic classes (primary forest, wooded savanna, grass and shrub savanna,
burned areas), using the combination of the radiometric attribute (σHH) and
the interferometric coherence (kappa = 0.83). In the second case, the site
under investigation was located in the Tapajós region (Northwestern of the
Pará State). Multivariate regression was used to obtain the relationship
between integrated the interferometric coherence from TanDEM-X, the
polarimetric attributes from the PALSAR (L-band) images and the forest
biomass content acquired during the field survey. The successional
chronosequence in three stages of natural regrowth (initial, intermediate and
advanced) was established from the previous analysis of floristic-structural
data. Results showed that the relationship between PALSAR attributes and
AGB was statistically significant (p < 0.001). Attributes like the “volumetric
scattering” (Pv) and “anisotropy” (A) were important to explain the biomass
content of this chronosequence (R²adjusted = 0.67; RMSE = 32.29 Mg.ha-1).
By adding the interferometric coherence (γi) derived from the TanDEM-X
into the biomass regression modeling, better results were obtained
(R²adjusted = 0.75; RMSE = 28.78Mg.ha-1), improving in ~11% in the
model performance in the stock density prediction. The interferometric
attribute from X-band, showed a significant capability to improve the
thematic mapping of forest landscape. It also presented a better performance
for the modeling of stock density in the Amazon region, due to its sensitivity
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to the vertical structure forest changes.
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Interferometric and Polarimetric observations of winter
forests
Ian Anthony Brown, Dimitra Panagiotopoulou
Stockholm University, Sweden; ian.brown@natgeo.su.se
Interferometric and Polarimetric observations of northern forests are made at
two test sites in northern Scandinavia.
Time series of bistatic stripmap (SM) single polarization (Sp) imaging mode
from Tandem-X were processed and interferometric products were generated.
Data is free of temporal decorrelation and atmospheric effects. All the
acquisitions presented high degree of coherency (γ>0.7), providing a good
quality of interferometric products.
The aim of this study was to investigate the sensitivity of interferometric
phase to spatiotemporal variations of snow covered terrain, by analysing the
spatiotemporal stability of interferometric heights and by defining the
principal contributors of the variation. Interferometric performance
evaluated by means of absolute and relative height error. Absolute height
error was estimated by comparing interferometric digital elevation models
(DEMs) against the national DEM data from the Norwegian Mapping
Authority. Relative vertical height error computed for successively acquired
InSAR DSM acquisitions with same acquisition configuration. The achieved
absolute and relative vertical accuracy complied with the requirements.
Interferometric coherence and backscattering signal, were analysed for
sensitivity to the height of ambiguity, local incidence angle, snow depth and
landcover type. Flat forested and non-forested areas with slopes less than
20%, were analysed. Forested areas were divided into broad - leafed and
needle-leafed plots. In addition, field measured data of Diameter at Breast
Height, collected from 18 forested stands. Spatio-temporal patterns were
analysed to evaluate the importance of environmental effects such as surface
moisture, snow depth and temperature. The obtained coherency over
non-forested areas showed no significant dependency on the height of
ambiguity and thereby on baseline. In contrast, forested areas where the
magnitude of interferometric coherence showed a downward trend with
increasing height of ambiguity. Although, small variations exhibited in the
interferometric coherence and backscattering over non-forested areas where
snowfall or snow parameters have changed, it can not be directly associated
with snow depth.
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Multi-Temporal Pixel Trajectories of SAR Backscatter and
Coherence in Tropical Forests
Elsa Carla De Grandi1, Edward Mitchard1, Dirk Hoekman2, Astrid
Verhegghen3, Francesco Holecz4, Paula Nieto Quintano1
1
School of GeoSciences, University of Edinburgh, United Kingdom;
2
Wageningen University; 3Joint Research Center; 4Sarmap;
E.De-Grandi@sms.ed.ac.uk
Forest cover dynamics and disturbance can be tracked using a pixel based
time-series analysis of multi-temporal Interferometric Synthetic Aperture
Radar (InSAR) backscatter and coherence data. In particular, derived
features from pixel trajectories in time can be a powerful tool to map
changes in tropical forest, where deforestation and forest degradation occur
driven by a series of processes such as fire, selective logging, subsistence
agriculture and complete clearance of forest due to large scale deforestation.
The research presents results from tropical forest environments: Deng Deng
National Park (Cameroon), the Ngombe Logging Concession (Republic of
Congo) and Sungai Wain Protection Forest (South Kalimantan). Several
SAR data with different frequency and resolution were tested including
ENVISAT ASAR (C-band), ALOS PALSAR (L-band) and TanDEM-X (Xband). Furthermore, the analysis was undertaken on both TanDEM-X
backscatter and coherence at HH polarization. Multi-temporal coherence was
employed due to its sensitivity to the upper canopy volume, which causes
decorrelation as a function of the amount of vegetation (e.g. disturbance
event).
A pixel trajectory is defined as a set of values of all resolution elements
(backscatter or coherence) at the same row and column position in the stack
of images. The stack is generated by multi-resolution analysis (MRA) at a
number of spatial resolutions, enabling analysis in the combined time and
space domains. Analysis of the trajectories over an area by means of a set of
parameters (features) that characterize its time evolution can give insight on
the nature and changes of landcover. The following set of trajectory features
was computed: running ratios with respect to a baseline year, linear fitting
(trend), coefficient of determination (goodness of fit), dispersion around
trend, maximum change relative to mean (swing), statistics of first derivative
(variance, kurtosis).
These features are designed to detect in each pixel trajectory the presence of
a linear trend, the stationary of the distribution around the linear regression,
the occurrence of intermittent events, and the dynamic range of the changes.
Several tests were undertaken. Visual interpretation shows that the running
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ratio highlights areas of forest disturbance. Moreover, the visibility of
logging roads is enhanced compared to backscatter only imagery. Therefore,
the possibility for feature extraction and segmentation is envisaged.
Trajectory features detect and characterize areas of change at a given spatial
resolution. The reasons for the changes are due to a variety of causes such as
the change in landcover due to natural or anthropogenic disturbance and
environmental conditions. In terms of class discrimination, the areas of bare
soil and sparse vegetation such as forest savannah are more clearly
delineated compared to backscatter imagery. The thread between the
observed features and their underlying drivers must be per force established
by calling into play inference guided by ancillary knowledge about the
ecosystem dynamics and the possible factors of disturbance. Results will be
reported showing how multi-temporal features from SAR backscatter and
coherence observations enable, in different thematic contexts, the detection
of landcover changes and the determination of the landscape evolution in
time.
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Session WED-2: Image Processing: Optical Data
Evaluation of multi-temporal and multi-sensor atmospheric
correction strategies for land cover accounting and
monitoring in Ireland
Christoph Raab1, Brian Barrett1, Fiona Cawkwell1, Stuart Green2
University College Cork, School of Geography & Archaeology, Ireland;
2
Teagasc, Irish Agriculture and Food Development Authority, Ireland;
christoph.raab@ucc.ie

1

Accurate atmospheric correction is one of the most important pre-processing
steps for studies of multi-temporal land cover mapping using optical satellite
data. Model-based surface reflectance predictions (e.g. 6S-Second
Simulation of Satellite Signal in the Solar Spectrum) are highly dependent
on the adjustment of aerosol optical thickness (AOT) derived visibility data.
For regions with no or insufficient spatial and temporal coverage of
meteorological ground measurements, daily MODIS derived AOT data a
valuable alternative, especially with regard to the dynamic of atmosphere
conditions. In this study, four different atmospheric correction strategies
were assessed based on change in standard deviation and machine learning
land cover classification accuracies. Three Landsat 8 (2013) and two
RapidEye (2010, 2014) scenes are tested over an agricultural area in
south-east Ireland. The MODTRAN 5® correction model implemented in
ERDAS IMAGINE® and ATCOR-IDL® were compared with results from
the 6S algorithm (implemented in GRASS GIS) and newly available Landsat
8 Surface Reflectance (L8SR 0.2.0) data. Visibility calculated from daily
spatial averaged TERRA-MODIS estimates (1 x 1 degree Aerosol Product)
and terrain information derived from a NextMap 5m DEM covering the
study site served as input for the atmospheric and topographic correction. In
almost all cases the standard deviation of the raw data is reduced after
incorporation of terrain correction compared to the atmospheric corrected
data. The provisional Landsat 8 Surface Reflectance product tends to
increase the dispersion (ranging from 0.1 to7.5), whereas ATCOR-IDL
decreases the standard deviation consistently (ranging from -0.3 to -26.7).
The 6S implementation showed a tendency of increasing the variation in the
data, especially for the RapidEye data. Random Forests (RF), Support Vector
Machines (SVM) and Extremely Randomised Trees (ERT) were evaluated
for a multi-temporal Landsat 8 land cover classification of eight classes. The
initial classification revealed overall accuracies ranging from ≥ 88.9 % (with
kappa coefficient of 0.86) up to 91.0 % (with kappa coefficient of 0.89), with
no major difference between the tested correction strategies. The results
indicate that especially the MODIS based correction methods are able to
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decrease the standard deviation and are therefore an appropriate approach to
approximate the top of canopy reflectance.
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Unsupervised Classification of Satellite Images using KHM
Algorithm and Cluster Validity Index
Habib Mahi1, Nezha Farhi1, Kaouter Labed2
Centre des Techniques Spatiales, Algeria; 2Faculty of Mathematics and
Computer Science Mohamed Boudiaf University, Algeria;
hmahi@cts.asal.dz

1

In remote sensing applications, the unsupervised classification, also called
clustering is an important task, which aims to partition the image into
homogeneous clusters. In general, each cluster corresponds to a land cover
type. The most commonly used algorithms in remote sensing are the
K-Means (KM) and ISODATA (Iterative Self-Organizing Data Analysis
Technique). Their popularity is mainly due to their simplicity and scalability,
indeed, the user must specify only the number of classes in the image.
However, it is difficult to have a priori information about the number of
clusters in satellite images; so, it is necessary to determine this value
automatically. On other hand, the KM algorithm and similarly the ISODATA
algorithm work best for images with clusters which are spherical and that
have the same variance. This is often not true for remotely sensed data,
which are elongated with a larger variability, such as forest for example.
In this paper, we propose a new clustering method based on the junction of
K-harmonic means (KHM) clustering algorithm and cluster validity index in
order to classify satellite images. The choice of the KHM algorithm is
motivated by its insensitivity to the initialization of the centers unlike KM
and ISODATA. In addition, cluster validity index is introduced to determine
the optimal number of clusters in the data studied. Five cluster validity
indices were compared in this work namely, DB index, DB* index, XB
index, PBMF index and WB-index and one of them is selected.
The adopted methodology consists to varying the number of clusters K from
Kmin to Kmax, and then we compute the selected cluster validity index for
each K for the result obtained using the KHM algorithm. The clustered
image corresponding to the minimum value of the selected cluster validity
index is presented as a best classification.
The Experimental results and comparison with both K-means (KM) and
fuzzy C-means (FCM) algorithms confirm the effectiveness of the proposed
methodology.
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Pansharpening by Rolling Guidance Filter
Mario Lillo-Saavedra1, Consuelo Gonzalo-Martin2, Angel
Garcia-Pedrero2
1
Universidad de Concepcion, Chile; 2Universidad Politécnica de Madrid;
mariolillo@icloud.com
In remote sensing, pansharpening aims at combination of low-resolution
multispectral image with a high-resolution panchromatic image to create a
high-resolution multispectral image. The spectral and spatial quality of the
source images must be preserved to be useful in remote sensing tasks (e.g.
feature extraction, segmentation, classification).
Many pansharpening algorithms are available today, most of them based on
different types of transforms. In particular the Wavelet à trous (WAT)
method is a widely used algorithm. This approach implies a redundant
details injection, and consequently a low spatial quality of the fused image.
Considering that images contain many levels of important structures and
edges, the pansharpening algorithm based on filtering process must consider
the effective scale-aware filter that can remove different levels of details in
any input images; as well as the effectiveness, low computational cost and
easy implementation.
Rolling Guidance Filter (RGF) is a new framework to filter images with the
complete control of detail smoothing under a scale measure. The method is
simple in implementation, easy to understand, fully extensible to
accommodate various data operations, and fast to produce results, reason
why it is a good alternative to be used for pansharpening. In this work, we
propose a new pansharpening methodology based on RGF applied to a
Worldview-2 image. The main steps of the methodology are: i)
Preprocessing data, ii) Filtering data, iii) Data conditioning and iv)
Integration data. The method performance is evaluated by the ERGAS
(spectral quality) and SERGAS (spatial quality) indexes. The results prove
the capability of the proposed RGF method as a powerful tool for obtaining
pans harped images because in addition of the strengths mentioned it
preserve the edges better than WAT method.
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Session WED-3: General Assembly for EARSeL Members

No contributions were assigned to this session.
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Session PL-5: Plenary Session 5 - The Swedish EO
Program & Multitemporal Analysis (Symposium &
Workshop Joint Session)
The Swedish Earth Observation Program
Olle Norberg
Swedish National Space Board, Sweden; Olle.Norberg@snsb.se
Keynote
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Multitemporal Analysis of Vegetation Dynamics in Different
Climate Regions
Lars Eklundh
Lund University, Sweden; lars.eklundh@nateko.lu.se
Earth orbiting satellites provide information on global vegetation dynamics
with a spatial and temporal resolution that no other observation systems can
match. The useful data generated by these satellites help us investigate and
understand interactions and feedbacks between the climate system and the
ecosystems. Based on satellite data we can tackle a number of urgent global
issues related to vegetation, e.g. estimation of carbon uptake by vegetation;
deforestation and forest degradation; monitoring of disturbances due to
drought or insect attacks; changing growing seasons; and vegetation change
in sensitive regions, like the world’s drylands and the Arctic. The ability to
address these and many other pressing issues is improved by continued
development of both the global data collection infrastructure and new
exciting developments in remote sensing science.
Optimal use of satellite time-series data for dynamic vegetation monitoring
requires proper understanding and use of the remotely sensed signals. Global
time-series of NDVI data from NOAA and MODIS sensors are of
tremendous importance for understanding global change processes. Using
these data, both long-term trends and short-term variations have been
observed in sensitive geographical areas. However, accurate vegetation
modeling also requires data that more directly relate to vegetation
biophysical processes, e.g. albedo, fractional absorbed photosynthetically
active radiation (fAPAR), and leaf area index (LAI). Though radiative
transfer modeling is normally required to derive these, also physically based
vegetation indices can be useful. An example is the recently developed plant
phenology index (PPI), which is linear with LAI and relates strongly to gross
primary productivity (GPP). Use of these data demonstrates interactions
between the climate system and the vegetation seasonality.
It is also necessary to continue developing methods for efficient time-series
processing. Traditionally, linear regression has dominated for mapping
trends in satellite data; however, new and more efficient algorithms have
recently been developed. One of these is DBEST, which can be used for
estimation of non-linear vegetation variations based on time-series
segmentation. It is also important to continue developing efficient and
accurate data smoothing algorithms that can handle data with biased noise
and long data gaps. This will be particularly important for managing large
volumes of time-series data produced by Sentinel-2, Venus, and other new
sensor systems. Novel data smoothing methods, e.g. combining the spatial
and temporal domains, will offer new and efficient data processing solutions.
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Session WED-4: Oceans, Coastal Zones & Inland
Waters
Estimating Phosphorus in rivers of Central Sweden using
Landsat TM data
Marcus Karl Zaine Andersson
Stockholm University, Sweden; marcus.andersson@natgeo.su.se
ABSTRACT: Phosphorus flowing via rivers into the Baltic Sea is a major
source of nutrients, and in some cases the limiting factor for the growth of
algae which causes the phenomenon known as eutrophication. Remote
sensing of phosphorus, here using Landsat TM-data, can help to give a better
understanding of the process of eutrophication. Since Landsat TM-data is
used, this could form a basis for further spatio-temporal analysis in the Baltic
Sea region. A method originally described and previously applied for the
Quantang River (China) is here transferred and applied to three different
rivers flowing into the Baltic Sea. The results show that by measuring the
proxy variables of Secchi Depth and Chloryphyll-a the remote sensing
model is able to explain 41% of the variance in total phosphorus for the
rivers Dalälven, Norrström and Gavleån (Sweden) without any consideration
taken to CDOM, turbidity or other local features.
The study is based upon a multiple regression model that uses three proxies
for total phosphorus.
1. Secchi Depth, here modeled as the ratio between TM band 1 and TM band
3
2. Chlorophyll-a, here modelled as the ratio between TM band 3 and TM
band 2
3. The reflectance in wavelengths 0.45 – 0.52 µm (TM band 1)
The results are validated against water chemistry data as provided by SLU
where the total phosphorus is measured for different catchments at different
intervals.
Keywords: Remote Sensing, Phosphorus, Eutrophication, Rivers, Baltic Sea
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Deriving river networks for the Nossob and Auob Rivers in
the Kalahari Desert from the SRTM DEM and Landsat 8
imagery
Harold Louw Weepener1,2, Adriaan van Niekerk2
1
ARC-Institute for Soil, Climate and Water, Private Bag X79, Pretoria, 0001,
South Africa; 2Department of Geography and Environmental Studies,
Stellenbosch University, Private Bag X1, Matieland 7602, South Africa;
weepenerh@arc.agric.za
The catchment area upstream of the confluence of the Nossob and Auob
Rivers intersects three countries namely Namibia, South Africa and
Botswana. Most of the catchment receives between 150 mm and 300 mm of
annual rainfall with the exception of the western part in Namibia, which
receive between 300 mm and 450 mm rainfall annually. The rivers in the part
of the catchment that falls in the Kalahari Desert do not have tributaries. This
is mainly due to the low rainfall, the relatively flat terrain and presence of
sand dunes. Small streams do occur in dune streets, but often terminates in
interdune depressions or in the numerous pans in the area. The large rivers
are, however, well defined with wide sand beds, often deeply carved into the
landscape which indicates that there were previously significantly more
water flow than is currently the case. In contrast, the upper reaches of the
catchment have dense drainage networks including several dams. These
variations complicate the development of an accurate and representative
drainage network for the catchment. This study demonstrates how river lines
can be derived from a digital elevation model (DEM) to provide a consistent
dataset in a highly variable catchment spanning three different countries. A
hydrologically-improved DEM covering southern Africa was created for this
purpose. The Shuttle Radar Topography Mission (SRTM) DEM was used as
basis and voids were filled using the ASTER Global DEM. The resulting
DEM contained 4 203 626 sinks (areas surrounded by higher elevation
values) which was undesirable for flow path generation. To overcome this
limitation, the DEM was hydrologically improved by applying an automated
impact reduction algorithm that evaluates the impact of sink filling and
channel carving and applies the most appropriate method. Using this
technique, flow paths were by applying a flow accumulation threshold of
100. However, flow paths could not directly be interpreted as stream lines as
the drainage density in the study area varies considerably. The landscape was
consequently stratified according to drainage density (DD) and taking into
consideration areas that are homogeneous in terms of environmental
conditions (e.g. precipitation, landcover, soils and terrain). Two parameters
that showed a high correlation with DD were the Arenosols soil group and
mountainous areas. Particular characteristics of Arenosols are low reserves
of weatherable minerals and low silt-clay ratios. The mountainous, derived
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from the SRTM DEM, had a high DD while Arenosols had a low DD. All
other areas were ranked according to rainfall and vegetation with sparser
vegetation and higher rainfall areas resulting in higher DD. These
relationships were used to generate a potential DD layer which was, along
with Strahler stream order, used to select streams Visual interpretation of
Landsat 8 imagery was used to verify and modify the selection to produce
the final drainage network.
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Using inherent properties of seawater absorption for
estimation of natural admixtures concentration from data of
optical passive remote sensing of sea surface
Vera Rostovtseva
P.P.Shirshov Institute of Oceanology RAS, Russian Federation;
vera@ocean.ru
One of the most informative optical characteristics of the seawater that can
be obtained by passive remote sensing is sea radiance coefficient spectrum.
However, it is strongly affected by weather conditions and needs some
calibration.
It was shown that practically all the spectra of sea radiance coefficient have
some generic peculiarities regardless of the type of sea waters. These
peculiarities can be explained by the spectrum of pure sea water absorption.
Taking this into account a new calibration method was developed. In the
spectrum of pure sea water absorption in the visible some narrow spectral
bands were selected where water absorption changes far more rapidly than
absorption in the neighboring bands and the optical properties (absorption
and scattering) of the main sea water admixtures. That causes some typical
peculiarities in the appropriate places of the sea radiance spectrum using
which the spectrum of seawater absorption can be retrieved. After that taking
into account the specific spectra of the main natural sea water admixtures it
is possible to estimate their concentrations.
The efficiency of the suggested method was demonstrated for the spectra of
sea radiance coefficient obtained at the north-east coast of the Black Sea
with the portative spectrophotometer AVANTES from board a ship. Because
of the Black Sea confined nature and strong interactions with the continent,
its optical water properties differ from the open ocean water properties and
often exhibit significant regional peculiarities especially in the areas of
mixing with river waters. The obtained concentration estimates were
compared to the values obtained in water samples taken during the same
measurement cycle.
Thus, the suggested method enables to get sea radiance coefficient spectra
and water absorption spectra of the aquatorium under investigation for wide
range of the weather and measurement conditions. The obtained spectra can
be successfully processed to estimate concentration of the three natural sea
water admixtures – phytoplankton pigments, “yellow substance” and
suspended matter. Using it for optical remote sensing from board a ship
enables to get some necessary data during ground truth measurements. It is
also necessary for exploring the sea areas which are too close to the coastal
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line or cannot be seen from satellites because of cloudiness.
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Session WED-5: Multitemporal Analysis and
Change Detection (Symposium and Temporal
Analysis Workshop Joint Session)
Multitemporal Remote Sensing for Monitoring, Reporting
and Forecasting Ecological Conditions of the Appalachian
Environment
Yeqiao Wang
University of Rhode Island, United States of America; yqwang@uri.edu
The Appalachian Trail traverses along the high elevation ridges of the
Appalachian Mountains in the eastern United States, extending about 3,676
kilometers across 14 states, from Springer Mountain in Northern Georgia to
Mount Katahdin in central Maine. The north-south alignment and high
elevation setting of the Appalachian Trail provide an ideal barometer for
early detection of undesirable changes in natural resources, from
development encroachment to climate change and the effects on phenology,
forest conditions and landscape characteristics. This paper presents a study
that is to: 1. develop a comprehensive set of seamless indicator data layers
consistent with the Appalachian Trail environmental “Vital Signs”; 2.
establish a ground monitoring system to complement remote sensing
observations; 3. assess historical and current ecosystem conditions and
forecast trends; and 4. develop an Internet-based implementation and
dissemination system for data visualization, sharing, and management to
facilitate collaboration and promote public understanding of the environment.
The study employed multiple remote sensing data products provided by the
Terrestrial Observation and Prediction Systems (TOPS) for monitoring of
phenology and climate change, forest condition and landscape dynamics of
the study area. The data products include MODIS Land Cover Dynamics
(MOD12Q2), Land Cover Type (MOD12Q1), Vegetation Indices
(MOD13A2), Leaf Area Index FPAR (MOD15A2), NDVI (MOD13Q1);
Global Inventory Modeling & Mapping Studies (GIMMS) NDVI; North
American Carbon Program (NACP) modeled productivity data (GPP, NPP,
NEP); Surface Observation and Gridding System (SOGS) Metrological Data;
among others. The study revealed a regional pattern of landscape dynamics
and revealed the trends and variations of land surface phenology along the
Appalachians in different ecoregion provinces and sections. The
metrological data revealed the variation and trend of changing temperatures
and precipitations in the past decades. The extracted information and
revealed patterns help understand the changing Appalachian environment.
By integrating time series seamless remote sensing data and modeling
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products that link climate models (e.g., through TOPS) and ecological
models (e.g., habitat suitability) with in situ observations (e.g., USFS Forest
Inventory and Analysis data), the study creates a coherent framework for
data integration, monitoring, reporting and forecasting to improve the
understanding of the Appalachian environment for natural resource
management and biodiversity conservation.

184

Using multi-scale change detection analysis to inform
conservation practices in Kruger National Park, South
Africa
Paul Aplin1, Hannah O'Regan1,2, Christopher Marston1, David
Wilkinson3
1
University of Nottingham, United Kingdom; 2Evolutionary Studies Institute,
University of the Witwatersrand, South Africa; 3Liverpool John Moores
University, United Kingdom; paul.aplin@nottingham.ac.uk
Monitoring land cover change over time is invaluable for informing
environmental management and conservation practices. In Kruger National
Park (KNP), South Africa, changes to vegetation distributions are of
particular interest, and these are affected by both natural (e.g. climatic and
biotic) and anthropogenic (e.g. artificial water resource) influences. Land
cover monitoring is typically conducted using remote sensing, and standard
approaches tend to use relatively coarse spatial resolution satellite sensor
imagery such as 30m resolution Landsat Operational Land Imager data. This
scale of observation can limit the accuracy of output land cover maps, and
can also constrain the thematic detail (i.e. number and nature of land cover
classes). Also, accurate land cover classification relies on corresponding
reference (e.g. field) data, and this is both expensive to obtain and historical
data are scarce. Here, we present accurate and detailed information of land
cover (especially, vegetation) change in southern KNP from 2002 to 2014,
using a combination of medium (Landsat) and fine resolution (e.g. 4m
QuickBird) imagery, supplemented by intensive field survey data.
Specifically, we compare differences in canopy cover across these different
scales of observation. This comparative analysis answers two key questions
– what thematic information is lost when using medium resolution imagery,
and how has land cover changed over the last decade? The analysis directly
addresses prevailing management concerns in KNP such as the hypothesized
‘scrubbing up’ of the Skukuza thickets in the recent past.
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Object-based trend analysis of land use change within a
wildlife corridor in India
Rutherford Vance Platt, Monica Vini Ogra
Gettysburg College, United States of America; rplatt@gettysburg.edu
Located in the foothills of the Indian Himalaya, Rajaji National Park was
established largely to protect and enhance the habitat of the Asian elephant
(elephas maximus) and tiger (Panthera tigris). In 2002 the Van Gujjars,
indigenous forest pastoralists, were voluntarily resettled from Chilla Wildlife
Sanctuary in Rajaji National Park to Gaindikhata, a nearby area where they
were granted land for agriculture. In this study we used a variety of remote
sensing approaches to identify changes in land cover associated with the
resettlements. The goal of this research is to assess whether the resettlements
can be considered a ‘win-win’ from a land systems science perspective. Our
methods were as follows:
1. Use object-based image analysis (OBIA) to develop accurate land cover
classifications pre-resettlement based on VHR and Landsat imagery. In
OBIA, imagery is first segmented into homogeneous objects (polygons) and
then classified based on spectral response, texture, geometry and context.
Many studies have found that OBIA yields higher classification accuracy
than pixel-based methods for land cover classification and change detection.
2. Based on the OBIA, identify the pre-resettlement land cover classes of
‘recovery objects’ (objects in Chilla Sanctuary where settlements were
removed), ‘agricultural use objects’ (objects representing agricultural
expansion in Gaindikhata), ‘non-agricultural use objects’ (the area of grazing
and biomass collection within 1 km of ‘agricultural use objects’) and
‘reference objects’ (the remaining objects in the landscape).
3. Using trend analysis of Landsat imagery, assess the gradual and abrupt
changes in vegetation that took place in ‘recovery’, ‘agricultural use’,
‘non-agricultural use’, and ‘reference’ objects post-resettlement. To conduct
the trend analysis we used BFAST (Breaks For Additive Season and Trend),
which decomposes a time series (in this case NDVI derived from Landsat 5
and 7, 1998-2014) into trend, seasonal, and remainder components. BFAST
also identifies breaks in the seasonal components that can be linked back to
disturbances or land cover changes.
We found that the OBIA classification yielded high average class accuracies,
and we were able to make class distinctions that would have been difficult to
make using a traditional pixel-based approach. Pre-resettlement, the
‘recovery areas’ were classified as mixed forest and riparian vegetation. In
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contrast, the ‘use areas’ were classified primarily as grass dominated, brush
dominated, and plantation forest, and were located relatively far away from
riparian areas. Following the resettlement, the trend analysis showed a
sudden change in the seasonal variation of NDVI in areas converted to
agriculture. Areas neighboring the new agricultural land experienced sudden
decreases in NDVI (suggestive of discrete disturbances) at a higher rate than
the same land cover types elsewhere. At the same time, these neighboring
areas experienced a gradual overall increase in NDVI which could be caused
by an expansion of leafy invasive shrubs such as Lantana in areas heavily
used for biomass collection. The ‘recovery areas’ also experienced a gradual
increase in NDVI, but we lacked evidence to connect this to the resettlement.
Our findings support the claim that the resettlement has shifted pressure
from more ecologically valuable to less ecologically valuable land cover
types, and suggest that to some degree forest use pressure has shifted to the
Gaindikhata landscape. The study employs a novel synthesis of OBIA and
trend analysis that could be applied to land change studies more broadly.
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Change Detection and Multi-Temporal Analysis of Gully
Erosion in the Tsitsa River Catchment, South Africa, using
eCognition Software
Simone Norah Pretorius1,3, Harold L Weepener1, Jacobus J Le Roux2,
Paul D Sumner3
1
Agricultural Research Council- Institute for Soil, Climate and Water,
Private Bag X79, Pretoria, 0001, South Africa; 2University of the Free State,
Department of Geography, University of the Free State, Bloemfontein, 9300,
South Africa; 3University of Pretoria, Department of Geography,
Geoinformatics and Meteorology, University of Pretoria, Pretoria, 0002,
South Africa; simone.pretorius7@gmail.com
The Department of Water and Sanitation is planning a water resource
development in the Mzimvubu River Catchment, Eastern Cape, South Africa.
The Mzimvubu River is on record, the only large river network in South
Africa without a dam. The proposed dam site falls within the catchment area
of the Tsitsa River, a tributary of the Mzimvubu river. Land use is dominated
by rural, subsistence farming including cattle grazing. Previous studies
conducted in the catchment highlighted the erosive nature of the soils which
have resulted in widespread soil erosion and gully formation. Sediment
produced from this erosion will ultimately reduce the capacity and life span
of the dam which is a major concern for planners and managers of the
Mzimvubu dam project. Thus, it is important to determine the extent of gully
erosion in order to mitigate its effects and improve the dam design. Previous
studies conducted in 2007 mapped gully erosion across South Africa using
manual digitising techniques in a GIS environment. These techniques were
time-consuming and contained human error and bias. This study aimed to
explore the use of Object based image analysis in particular eCognition
Software to classify gully erosion on a large catchment scale. Using SPOT 5
images from 2007 and 2012 in eCognition a time series analysis of gully
formation was conducted. The normalised difference vegetation index and
the modified normalised difference water index layers were calculated in
eCognition. A ruleset was developed using object brightness values from
each layer as well as their relationship to neighbouring objects and texture.
The gullies classified in eCognition from SPOT 5 2012 images were used to
create an updated gully location map of the dam catchment area. The results
were compared with the results of the same ruleset conducted on 2007 SPOT
5 images in order to determine changes in gully sizes and highlight new
gully development. The use of eCognition removed the human error
component and proved to be considerably less laborious. Results of the
eCognition analysis were compared with results from the manual digitisation
and an accuracy assessment was carried out. eCognition was unable to
separate gullies from unpaved roads which are numerous in the dam
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catchment area. This was solved using a digitised road network in a GIS.
The study could be improved upon by using higher resolution imagery such
as aerial photographs, Quickbird, Geo-eye-1 or Ikonos. Future studies could
also make use of LiDAR data to extract gullies using depth. The results of
this study could assist engineers and managers of the dam project in
mitigating and monitoring the effects of gullies on the sediment yield in the
catchment.
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A Novel Approach for Object-based Change Detection Using
Multitemporal High Resolution SAR Images
Osama Yousif, Yifang Ban
Royal Institute of Technology KTH, Sweden; osama.yousif@abe.kth.se
Change detection using multitemporal remote sensing imagery plays a
central role in many fields of applications. Examples include but are not
limited to deforestation, flooding and wetland mapping , urban development,
and disaster monitoring and damage assessment. The wide spread of remote
sensing change detection technique can be ascribed to images’ low cost,
large geographic coverage, and availability with a wide range of spatial,
spectral, and temporal resolutions. Change detection using moderate
resolution SAR images (e.g., ERS-2 and ENVISAT ASAR) is often
conducted using the pixel-based logic. Recent technological developments
allow for design and launch of several advanced SAR systems (e.g.,
RADARSAT-2, COSMO-SkyMed, and TerraSAR-X) capable of producing
images with very high spatial resolution. For high spatial resolution images
pixel-based approaches often lead to the creation of a noisy change map. In
this research, change detection is proposed using an object-based paradigm.
Segmentation subdivides the image into meaningful homogeneous objects
based not only on the spectral property, but possibly on the shape, texture,
and size properties. To avoid the creation of sliver polygons, most
object-based change detection studies adopt multidate images segmentation
strategy. This technique produces image objects that are spectrally and
temporally homogeneous. Since the objects geometric extent is fixed
temporally, this segmentation strategy also helps simplifying change image
generation using objects’ mean intensities. Multitemporal images
comparison is then carried out using existing mathematical operations (e.g.,
ratioing and differencing). The strong intensity variations within an object,
the consequence of high spatial resolution, combined with SAR speckle
effect corrupt the estimation of its mean intensity, and consequently, affect
the robustness of the estimated change image. A change quantification
approach is proposed to take into account the peculiarities of high spatial
resolution SAR images—that is, SAR speckle and the associated strong
intensity variation. By descending to the pixel level, a new representation of
change information, i.e. the change signal, is provided. With this
representation, change quantification boils down to measuring the roughness
of the change signal. Two techniques to assess the intensity of change at the
object-level, based on Fourier and Wavelet transforms of the change signal,
are proposed. Their main advantages lie in their ability to capture the
dominant change behavior of the object, while being insusceptible to
irrelevant disturbances. The proposed change image generation approach is
examined using a multitemporal dataset that consists of a pair TerraSAR-X
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images acquired over Shanghai in 2008 and 2011, respectively. Qualitative
and quantitative analysis of the results demonstrates the superior
discrimination power of the proposed change variables compared with the
commonly used methods with conventional mathematical operators.
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New Methods for Time Series Processing of Image Data in
Timesat
Zhanzhang Cai1, Lars Eklundh1, Per Jönsson2
Department of Physical Geography and Ecosystem Science, Lund
University, Sweden; 2Group for Materials Science and Applied Mathematics,
Malmö University, Sweden; zhanzhang.cai@nateko.lu.se
1

Time-series of high-spatial resolution remote sensing data from satellites like
Landsat and Sentinel-2 demand new and computationally efficient methods
for information extraction. An existing software package, TIMESAT, has
been extensively used for processing data from AVHRR, MODIS, MERIS,
and other high-temporal resolution data. However, TIMESAT has so far not
been well adapted to high-spatial resolution data and needs to be updated in
several respects. Currently, in order to reduce the influence of noise,
TIMESAT fits smooth mathematical functions (least-squares fitted
asymmetric Gaussian and double logistic functions, and Savitzky-Golay
filtering) to time-series of satellite data. It then extracts phenological metrics
(beginning and end of the growing season, length of the season, amplitude,
integrated value, asymmetry of the season etc.) for each image pixel and
growing season. The program fits functions to the upper envelope of the data
in order to handle negatively biased noise. It also weights each observation
in accordance with data quality labels, such as the MODIS QA flags. The
package has been widely applied for data smoothing and extraction of land
surface phenology and vegetation productivity during the last ten years.
Current improvements of TIMESAT to enable analysis of high spatial
resolution data include handling of data with unequal time steps.
Furthermore, since these data contain long missing periods, new gap-filling
methods are underway. We also develop new and accurate fitting algorithms,
which improve on the current methods, and which integrate the temporal and
the spatial domains. To enable processing of large data amounts, all
algorithms are implemented for parallel processing. To evaluate the new
methods we test the algorithms against calibration data from a network of
field measurements.
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Session THU-1: Disaster Management
Dot Cloud, a Geospatial collaborative platform for Kalideos
and the Recovery Observatory
Arnaud Sellé, Jérôme Gaspéri, Alain Giros, Richard Moreno

CNES, France; arnaud.selle@cnes.fr
Introduction
Throughout the past decade, the world has seen an unprecedented number of
disasters, which are growing both in number and severity. These catastrophes
are on an impressive scale and have widespread and long-lasting impacts as
the deadly tsunami of 2004, the Haiti earthquake of 2010 and the Japanese
tsunami of 2011. Recovery after such disasters costs billions of dollars and
lasts several years.
The International Charter Space and Major Disasters has clearly
demonstrated the interest of using satellite Earth Observation data during the
weeks following disasters. However, the large volumes of data collected
during the response phase are rarely available to the end users supporting the
long term recovery.
A debut platform, KalHaiti, created by CNES after the devastating Haiti
earthquake of January 2010 and cofounded by the French National Research
Agency, has yielded a first set of lessons learned and has led to the creation
of the Recovery Observatory with the main objective of facilitating satellite
data access to support recovery from a catastrophic event.
This project is now endorsed by the Disaster Risk Management group of the
CEOS.
Objective
“Dot Cloud” platform aims to offer a collaborative access to geospatial
databases, as well as to develop networks of users and allow participation of
partners who can provide value-added products and services.
The targeted users will be International Organizations (either governmental
like WB or NGOs like the Red Cross) with a major stake in supporting
recovery efforts, coupled with Local Authorities, Local Organizations and
volunteers. But the flexibility of the solution will make it usable for
scientists communities in the frame of the CNES Kalideos project.
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Typical data that will be made available will be EO products provided by
agencies (HR and VHR imagery optical and radar, airborne data). But it is
obvious that the Observatory can only be successful if relationships are
established to enable the generation of data from the community. Therefore,
the infrastructure will ease on a large variety of data provided and uploaded
by end users, such as geolocalized pictures, reports, short messages,
feedbacks, in situ data, ground references, etc.
Features
The main features of the Dot Cloud Platform are oriented to Communities
animation, multidirectional exchanges within user groups (each user acting
as a “peer”, “supplier” and “consumer”), easy handling of processing, and
versatile data management.
Upon triggering of a Recovery Observatory instance, a data repository will
be accessible online and will allow data visualization and interaction. Users
will be able to build a context definition, to create and share information &
documents on a given context in order to work in a collaborative way with
other partners and to access to these data sources from standard GIS
applications.
Map contexts will be exportable for an offline use on the field with
synchronization with the repository when network is reachable.
This EARSel contribution will present the solution being developed, based
on a tight integration of COTS : Drupal + Acquia Commons for the content
management in a “social business community website” and Mapshup +
RESTO2 for a cartographic EO search engine with access to Geospatial web
services.

Contribution of satellite data to the development of a
downstream emergency response service for flood and
related risks in Romania
Gheorghe Stancalie, Vasile Craciunescu, Anisora Irimescu
National Meteorological Administration, Romania;
gheorghe.stancalie@meteoromania.ro
The climate change scenarios for Romania anticipate an increase of the
extreme meteorological phenomena like floods, landslides and droughts.
These scenarios, together with the concentration of population in vulnerable
urban areas suggest that preventive and protective actions should be taken at

194

the same time with thorough preparation for disaster response.
In Romania, there are over one million hectares of floodplain and more than
900,000 people living in areas with high risk of flooding, while more than
90,000 households have a high risk to flooding.
The paper presents the downstream emergency response service for flood
and related risks in Romania, based on satellite remote sensing and other
geo-information capacities.
The service is based on complex, accurate and updated reference GIS
geodatabases, containing different information layers such as land use/land
cover, roads, rivers, water basins, administrative boundaries, digital
elevation models, archive optical and synthetic aperture radar satellite
imagery, in-situ data and auxiliary data.
The service is targeted to develop an interoperable framework for the
management of the available geo-information using cutting-edge techniques
and satellite data in order to provide, in a fast manner, high quality and
accurate spatial products.
An appropriate methodology was developed and tested, in order to process
the raw data (satellite optical or radar, with medium and high range spatial
resolution), to rapid mapping of flooding extent and finally integrate the
information related to hydro-meteorological events into useful, standardized,
cartographic products.
The web-based service provides value-added products for each flood related
disaster management phase (preparedness /prevention, emergency response
and recovery) to more effectively support the central and local authorities in
making decisions in developing, implementing and monitoring policies.
The service is able to provide customized flood mapping products (near-real
time flood mapping, maximum flood extend mapping, flooded area
classification, flood evolution mapping, damage assessment maps) tailored
to specific users and featuring near-real time delivery.
The results were obtained in the framework of the GEODIM project
(“Platform for Geoinformation in Support of Disaster Management”)
financed by the Romanian National R&D Program 2012 – 2016.
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Application of Thermal Remote Sensing to the Indonesian
Lusi Eruption
Stefania Amici1, David Pieri2, Adriano Mazzini3, Alwi Husein4,
Giovanni Romeo1
1
Istituto Nazionale di Geofisica e Vulcanologia, Italy; 2Jet Propulsion
Laboratory, United States; 3CEED, University of Oslo, Norway; 4Badan
Penanggulangan Lumpur Sidoarjo, Indonesia; stefania.amici@ingv.it
Lusi (contraction of Lumpur Sidoarjo), is a relatively recent sediment-hosted
geothermal system located in the Sidoarjo Regency in East Java, Indonesia.
The eruption started on May 29, 2006 in the middle of a highly populated
area. Economic losses due to the disaster have been estimated to be more
than $4 billion UDS and 60,000 people had to be evacuated from their
flooded homes. The volcano is still active and numerous surveys are
routinely carried out to provide a better understanding of the Lusi plumbing
system.
Geothermal systems are typically studied using geochemical and
geophysical approaches. Although thermal infrared remote sensing has been
used to monitor thermal anomalies, and for lava flow characterization of
volcanoes, it has seldom been applied applied for the study of geothermal
systems. The main reasons for this have been the spatial resolution
limitations of available l thermal satellite data (90-100m/pixel), and very
high cost of airborne operated system.
In this work we provide the first remotely sensed thermal characterization of
Lusi volcano at moderate (90m/px) spatial resolution. We accessed and
processed a large collection of L2 Surface Radiance TIR ASTER images
(AST_09 product) acquired over the period 2006 to 2014. . During
November 2014, we carried out multidisciplinary fieldwork as part of the
LUSI LAB project (CEED, University of Oslo). During the survey we also
used the five ASTER thermal infra-red (TIR) bands (acquired either during
the day or night time) between 8 and 12 µm spectral range. For this study
nighttime cloud-free data have been converted to kinetic temperature, by
inversion of Plank function, in order to provide an estimate of the hot spot
kinetic temperature. In order to The temperature has been calculated for
ASTER Band 13 (10µm). An emissivity value of 0.98 has been derived by
using direct in situ measured reflectance. We provide the first time series of
the thermal behaviour of the Lusi crater thermal behaviour. Minimum values
are present in 2008, 2010, 2013 and 2014. A Pearson correlation of the
temperature (average over year between 2008-2014) against the number of
cracks appeared during the investigated period of time, has been
implemented resulting in a 0.72 correlation.
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Anomalous Land Surface Temperature detected from
time-series satellite data as precursor of strong earthquake
MARIA ZORAN, ROXANA SAVASTRU, DAN SAVASTRU
National Institute of R&D for Optoelectronics, Romania; maria@dnt.ro
Earthquake science has entered a new era with the development of
space-based technologies to measure surface geophysical parameters and
deformation at the boundaries of tectonic plates and large faults. According
to classical earthquake theory, small earthquakes should continue to grow
into large earthquakes until they spread all along the fault line. The
mechanical processes of earthquake preparation are always accompanied by
deformations, afterwards complex short- or long term precursory phenomena
can appear. Seismic events are associated with ongoing deformation along
the main active geologic faults. Satellite data proved the ability to identify
and monitor the specific variations at ground surface associated with
approaching severe earthquakes which appear several days or weeks before
the seismic shock over the seismically active areas. Satellite time-series data,
coupled with ground based observations where available, can enable
scientists to survey pre-earthquake signals in the areas of strong tectonic
activity. Cumulative stress energy in seismic active regions under operating
tectonic force manifests various earthquakes’ precursors. Space-time
anomalies of Earth’s emitted radiation (thermal infrared in spectral range
measured from satellite months to weeks before the occurrence of
earthquakes, radon in underground water and soil, etc.), and electromagnetic
anomalies are considered as pre-seismic signals. As earthquake preparing is
a transient dynamic process accompanied with energy transfer and material
movements, which are responsible of thermal radiation state change on the
ground, it is possible to monitor the thermal radiation state on the ground
from thermal infrared satellite data. This energy transformation may result in
enhanced transient thermal infrared (TIR) emission, which can be detected
through satellites equipped with thermal sensors like AVHRR (NOAA),
MODIS (Terra/Aqua). The received satellite infrared information is, however,
likely influenced by many kinds of factors. Therefore, the first problem that
needs to be solved is to extract information associated with tectonic activities
and eliminate effects of non-tectonic factors. In order to implement an
efficient and robust system for earthquake prediction, the precise anomaly
detection in a nonlinear time series of earthquake precursors seems to be a
critical issue. This paper presents observations made using time series
MODIS and AVHRR satellite data to derive land surface temperature (LST)
parameter for some strong and moderate seismic events recorded in Vrancea
tectonic active region situated beneath the Southern Carpathian Arc in
Romania, which is one of the most active intracontinental seismic areas in
Europe. The region is characterized by a high rate of occurrence of large
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earthquakes in a narrow focal volume. This study investigated: the March,
4th, with moment magnitude Mw = 7.4, H = 94 km; and October 27th 2004
earthquake, with moment magnitude Mw =5.9 and epicenter depth of H =96
km. Starting with almost one week prior to a moderate or strong earthquake
a transient thermal infrared rise in LST of several Celsius degrees (oC)
values higher than the normal have been recorded around epicentral areas,
function of the magnitude and focal depth, which disappeared after the main
shock.
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Monitoring Flooding Damages Caused by Mining Activities
Virginia E. Garcia Millan, Kian Pakzad
EFTAS, Germany; virgindia_81@yahoo.es
Coal and steel mining has long been one of the most important economic
activities in Germany, particularly in the Ruhr Valley. According to the
Directive 2006/21/EC article 13, mining companies are responsible for the
environmental impacts derived from their activities and must implement
compensatory measurements. In the case of mine galleries, ground removal
during the extraction of the mineral provoke permanent changes in ground
compacting. Even after mine closure, the surface above the galleries may
experience ground movements and subsidence. In some extreme cases, the
galleries can collapse or reach groundwater level, with the consequent
emergence of a flooded area in surface. The objective of the present study is
to locate mine-related flooding using remote sensing techniques. Moreover,
the challenge of this study is to distinguish natural or human-made water
masses from mine-related flooded areas; not only delimiting water masses.
Since 2000, water emergence in several locations has been reported in the
vicinity of the Prosper-Haniel mine (North-Rhein Westfalia, Germany) by
local forestry authorities, related to surface subsidence. At present, some
flooded areas that are known to be due to mine activities were located on
field.
A temporal series of nine cloud-free RapidEye dataset between April 2009
and September 2012 was acquired. Water bodies were delimited by selecting
the pixels of the scene that present the lowest albedo values (in the case of
RapidEye data, the mean of bands 4 and 5). The threshold to separate water
masses (lower albedo values) from the rest of targets in the scene was
defined as the local minima between lower and upper albedo values, in the
histogram. This threshold is scene-dependent and varies from one image to
another, being independent of differences between images, such as
illumination or weather conditions. Water bodies were masked using this
automatically calculated threshold. This method does not require training
data and the validation proved to select water masses with a good accuracy
(over 70%). The low albedo masks were summed up in order to detect water
bodies that experienced changes in the studied time frame. Water masses
correspond to all values different to zero. Water masses which did not
experience changes in the given time frame, independently of their nature
(natural or human-made; rivers, ports, lakes, etc.) present the maximum
value (in our case, value: 9) and can be discarded. Water masses that
changed (including mine-related flooded areas) are represented in the
intermediate values. The result of this exploration can be evaluated by
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experts in order to decide which are potential flooded areas and discard other
processes (i.e. enlargement of a port).
In this study we are proposing simple and semi-automatic methods to locate
potential mine-related flooded areas that can be implemented in a spatial
data infrastructure (SDI) with a user-friendly geoportal in order to be used by
mining and environmental institutions. The tool is intended to support the
evaluation of damages derived from mining activities and provide spatial
and temporal information for their management at a landscape level.
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Session THU-2: Hyperspectral Remote Sensing and
New Instruments
Spaceborne Hyperspectral Remote Sensing of Mineral
Deposit Sites in Namibia
Christian Mielke1,2, Nina Boesche1,2, Christian Rogass1, Karl Segl1,
Maximilian Brell1,2, Uwe Altenberger2
1
GFZ Potsdam, Germany; 2Institut fuer Erd und Umweltwissenschaften,
Universitaet Potsdam; christian.mielke@gfz-potsdam.de
Namibia with its mineral wealth and geologic diversity is a unique field
laboratory for the development and calibration of new algorithms and
geological applications for the German Environmental Mapping and
Analysis Program (EnMAP), a hyperspectral satellite mission. Large areas of
Namibia have been covered by airborne hyperspectral surveys, mostly using
HyMAP as the main sensor in these campaigns. Here we present two
examples where EnMAP data has been simulated from HyMAP data using
the EnMAP End-to-End-Simulation tool. With the help of the simulated
EnMAP data it is now possible to test and verify applications, such as the
EnMAP Geological Mapper (EnGeoMAP) on EnMAP data and to compare
the results to data from EO-1 Hyperion, the only operational spaceborne
hyperspectral sensor today, covering the full solar reflective range from the
visible up to the short wave infrared. EnGeoMAP is an expert system for
material identification and characterization from imaging spectroscopy data
that can seamlessly be used with reflectance data from any imaging
spectrometer. The user can control EnGeoMAP via simple text files, where
important information for the expert system is stored e.g. paths to the
spectral library file that should be used for the material identification, path to
the user created feature database and lowest acceptable fit value. A second
version of EnGeoMAP uses the geometric hull feature definition system that
automatically extracts absorption features from the spectral library and the
unknown image spectrum for material identification. This version of
EnGeoMAP does not need a feature database, as the features from the library
are extracted “on the fly”. User input in form of a command file includes for
example customizable minimum acceptable feature depths for the visible and
near infrared part up until 1000 nm and for the short wave infrared from
1000 – 2500 nm. Results from the EnGeoMAP expert system and from the
automated EnGeoMAP will be shown and discussed for EnMAP and
Hyperion data.
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Processing chain for 3D hyperspectral object modelling
using a single Full Frame Imaging Spectrometer –
applications for virtual outcrop exploration of Rare Earth
Element and Base Metal deposits
Christian Rogass1, Nina Boesche1, Christian Mielke1, Maximilian Brell1,
Rainer Graser2, Rene Michels2
1
Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences,
Germany; 2Cubert GmbH; rogass@gfz-potsdam.de
Imaging spectrometers offer a large variety of applications and mostly utilize
either the push broom or the whisk broom line scanning principle. Contrary
to the line scanners full frame imaging spectrometer such as the Cubert
UHD-185 require neither a moving object nor a moving acquisition system
to acquire hyperspectral images. This strongly benefits any post-processing
to retrieve geocoded at-surface-reflectance, because the acquisition geometry
and illumination remains invariant during the data takes. This is valid for any
acquisition and concurrently enables photogrammetric applications.
In this work a processing chain is proposed that utilizes photogrammetry and
remote sensing principles for the retrieval of three-dimensional geocoded
at-surface reflectance from hyperspectral videos. The videos were acquired
with the full frame imaging spectrometer Cubert UHD-185 that operates in
the visible and near infrared wavelength range. It has been developed for
virtual outcrop mineral analyses and has been successfully tested in front of
Rare Earth Elements and Iron bearing outcrops in Norway.
The proposed approach combines an adapted spatial reference panel
normalization for reflectance retrieval with textured Poisson meshes of
densely reconstructed point clouds using the structure-from-motion
technique. The chain is currently optimized for near-field analyses, but it is
not limited for a broader set of applications from other carriers such as
drones.
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Rare Earth Elements are relevant for a broad set of industrial products and
applications. Modern exploration techniques for the detection of Rare Earth
Elements (REE) deposits become more and more important. Approaches that
follow the principles of imaging spectroscopy provide such capacities for
fast and extensive exploration that can range from samples up to regions.
In this work an approach for the hyperspectral characterization of
Carbonatitic Rare Earth Deposits is presented that works from the close up
to the far range. It has been tested for acquisitions in the laboratory, in front
of outcrops, from airborne and spaceborne carriers such as EO-1 Hyperion
or simulated EnMAP. It comprises an adapted spectral sharpening approach,
image SNR tailored multi-scene averaging, knowledge based absorption
depth classification and outlier removal.
For a selected number of test sites in northern Namibia the performance of
the proposed approach has been evaluated. For this, the results of in situ
handheld X-Ray Fluorescence analyses were complemented with those
derived from more complex geochemical analyses in the laboratory. In
consequence, the here proposed algorithm is able to robustly detect Rare
Earth Deposits from space, whereas the reliability appears to be a function of
the acquisition conditions and the sensor SNR. Both inspected spaceborne
hyperspectral imager – the current EO-1 Hyperion and the future EnMAP –
allowed a robust REE detection from space.
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Vegetation and Environment New Micro Satellite (VENμS) is a joint venture
of the Israeli and French space agencies (ISA and CNES, respectively) for
developing, producing, launching, and operating a new space system for
scientific and technological missions. The scientific mission is aimed at
acquiring images for scientific studies dealing with monitoring, analysis, and
modeling of land surface functioning under the influences of environmental
factors as well as human activities. For this purpose the satellite was
designed for high spatial resolution (5.3 m), for high spectral resolution (12
spectral bands in the visible and near infrared wavelengths), as well as for
high temporal resolution (2 days revisit time). The satellite's orbit is a near
polar sun-synchronous one at 720 km height with the ability to be tilted up to
30 degree along and across track. However, each site will be observed under
a constant view angle. The system will cross the equator at around 10:30 AM.
The satellite will provide images of about 150 predefined sites of interest all
around the world to the scientific community.
VENμS technological mission is aimed at validating the Israeli Hall Effect
Thruster (IHET), namely qualification of the IHET thruster for low altitude
station keeping and evaluation of the IHET performances in space.
VENμS is planned to be launched during 2016. The scientific mission is
designed to last two and a half years (30 months) in order to observe two
vegetation cycles in both hemispheres. The scientific mission is expected to
end about 33 months after launch (so-called VM1 period). At the end of this
period, the technological mission will begin. The altitude of the spacecraft
will be lowered from 720 km to about 410 km. The change of the orbit will
take about six months (VM2 period). The 410 km orbit will then be kept
during one year, from about 38th month to 50th month after launch (VM3
period). Imaging operation is expected to continue also during the
technological mission. Due to orbit change, the swath will be reduced to
about 15 km, while the ground resolution will increase to about 3 m.

204

