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Preface  

 It is with immense pleasure and a great honor that we invite you to the 3rd EARSeL 

Workshop (Special Interest Group on Forestry Society in Krakow, Poland. The main objective 

of the Workshop accompanying the Young Scientist Days on Forestry (YSDoF) Conference 

held on Sept. 15-16, 2016 is to set up a common forum for the environment research community 

and professionals involved in the forestry sector. The EARSeL event focuses on operational 

techniques as well as developing methodologies and understanding in order to improve inventory 

methods, monitoring and management or protection practices used in the forests. In the next few 

days at the Workshop & YSDoF Conference we will share new ideas with the aim: 

¶ to demonstrate the potential of the new generation of platforms, sensors and software; 

¶ to present state of the art methods of geodata processing and integration; 

¶ to evaluate both, benefits and limitations of the new technologies and 

¶ to discuss future needs of forest related GeoInformation research sector and end-users. 

 The 3rd EARSeL Workshop & YSDoF are organized by the University of Agriculture in 

Krakow (Faculty of Forestry) in cooperation with: Jagiellonian University, IUFRO and Forest 

Research Institute in Warsaw. The Workshop is held under the patronage of Rector of the 

University of Agriculture in Krakow, Dean of the Forest Faculty and President of the Polish Space 

Agency.  

 The Workshop & YSDoF attracted numerous participants coming from many countries 

from different continents. The almost 130 presentations during Thematic Abstract Session and 12 

keynote speeches will discuss the wide spectrum of state of the art GeoInformation technology in 

current and exciting forestry applications.  

 The 3rd EARSeL Workshop SIG on Forestry will be accompanying by other events, 

including:  

¶ Young Scientist Days on Forestry (15-16 Sept. 2016); 

¶ Student Award - Best Student Paper; 

¶ GeoExpo (more than 10 exhibitors and presenters) and 

¶ Summer School ñAdvanced Geomatics in Modern Forestryò  (12-14. Sept. 2016; approx. 80 

participants). 

 The 3rd SIG on Forestry EARSeL Workshop and Young Scientist Days on Forestry 

would have not taken place without considerable support and advice from many colleagues, 

organizations, sponsors and auspices. Credit for the quality of the upcoming EARSeL events goes 

first and foremost to the invited speakers, lecturers, authors of abstracts, participants and exhibitors.  

 We want to express our thanks to the members of Scientific Committee for evaluating all 

of the submissions and for their effort put into preparation of very interesting and exciting 

programme. We are also grateful to the University of Agriculture in Krakow, EARSeL Secretariat 

and all members of the Organizing Committee and our volunteering students who have been 

helping with the preparation of the meeting for weeks. Our meeting could not have happened 

without a substantial support from our sponsors, partners and cooperation of the University, 

Faculty and Conference Centre authorities. We hope that the EARSeL events will contribute to the 

development and future successes in the field of Remote Sensing, serving as a useful resource for 

researches and professionals interested in forestry applications.  

On behalf of the Organizer Team 

                                                                                                         Piotr WňŨyk, Assoc. Prof. 

 

 

                                                                                               Chairman SIG on Forestry, EARSeL 
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President Rector Dean 

of the Polish Space Agency           of the University of Agriculture  

in Krakow 

of the Faculty of Forestry 

University of Agriculture in Krakow 

 

Scientific Committe: 

¶ Krzysztof Bňdkowski, Poland 

¶ Johannes Breidenbach, Norway 

¶ Tomas Bucha, Slovakia 

¶ Christian Ginzler, Switzerland 

¶ Joachim Hill, Germany 

¶ Juha Hyyppª, Finland 
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¶ Jacek Kozak, Poland 

¶ Stanisğaw LewiŒski, Poland 

¶ Monika L. Moskal, USA 

¶ Erik Naesset, Norway 

¶ H¬kan Olsson, Sweden 
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¶ Tomasz Zawiğa-NiedŦwiecki, IUFRO 

¶ Frantisek Zemek, Czech Republic 

Organizing Committee: 

¶ Piotr WňŨyk, Krakow, Poland - Chairman of the SIG on Forestry, EARSeL 

¶ Marta Szostak, Krakow, Poland 

¶ Katarzyna Ostapowicz, Krakow, Poland 

¶ Anna Zmarz, Warszawa, Poland 

¶ Paweğ Hawryğo, Krakow, Poland  

¶ Karolina Ziňba,Krakow, Poland 

¶ Krzysztof StereŒczak, Warsaw, Poland 

¶ Anna JarociŒska, Warsaw, Poland 

¶ Adrian Ochtyra, Warsaw, Poland 

¶ Megan O'Shea, Seattle, Washington, USA 
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Programme of 3rd EARSeL Workshop SIG on Forestry,  
September 15-16, 2016 

Venue: Conference Centre - University of Agricultural in Krakow  

Faculty of Forestry, al. 29 Listopada 46, Krakow 
 

  

Date: Wednesday, 14/Sep/2016  
 

4:30pm - 9:00pm REG-1: Registration 1 
Session Chair: Dr Barbara Czesak, University of Agriculture in Krakow, Poland 

Session Chair: Caileigh Shoot, University of Washington, United States of America Registration Desk 

 

7:00pm - 9:00pm 
 

3rd Workshop SIG on Forestry - Icebreaker 
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Megan Anne O'Shea, College of the Environment, University of 

Washington, United States of America 
GeoExpo - Main Hall 

  

 

 

Date: Thursday, 15/Sep/2016  
 

7:30am - 8:30am REG-2: Registration 2 
Session Chair: Caileigh Shoot, University of Washington, United States of America Registration Desk  

 

8:30am - 9:00am 
 

OC: Opening Ceremony 
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 
Main AULA - "A"   

 

9:00am - 10:00am 

 

PLS-1: Plenary session No 1 
Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 
Main AULA - "A"   

 

10:00am - 10:30am 
 

 

BR-1: Coffee break 1 Upper Hall 1  

 

10:30am - 11:30am 

 

TAS_1_A: Thematic Abstract Session 1 - Hyperspectral_1 
Session Chair: Dr Bogdan Zagajewski, University of Warsaw, Faculty of Geography 

and Regional Studies, Poland 

Session Chair: Dr Frantisek Zemek, Global change research institute, CAS, Czech 

Republic 

Main AULA - "A"   

10:30am - 11:30am TAS_1_B: Thematic Abstract Session 1 - ALS_1 
Session Chair: Prof. Erik NÞsset, Norwegian University of Life Sciences, Norway 

Session Chair: Dr Martin Isenburg , rapidlasso GmbH, Germany Lecture room 2 - "B"   

  

https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_date=2016-09-14&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=12&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=9&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_date=2016-09-15&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=12&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=13&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=17&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=39&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=5&mode=list
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10:30am - 11:30am TAS_1_C: Thematic Abstract Session 1 - UAV  
Session Chair: Dr Krzysztof StereŒczak, Forest Research Institute, Poland 

Session Chair: Dr G®za Kir§ly, University of West Hungary, Hungary Lecture room 3 - "C"  

 

11:30am - 12:00pm 
 

EXPO-1: GeoEXPO 1 
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Paweğ Hawryğo, University of Agriculture in Krakow, Poland GeoExpo - Main Hall  

 

12:00pm - 1:00pm 
 

 

BR-2: Lunch break 2 Upper Hall 1  

 

1:00pm - 1:30pm 

 

PLS-2: Plenary session No 2 
Session Chair: Dr Thomas Schneider, Technische Universitªt M¿nchen, Germany 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland Main AULA - "A"   

 

1:30pm - 2:30pm 

 

TAS_2_A: Thematic Abstract Session 2 - Hyperspectral_2 & Monitoring_1 
Session Chair: Prof. Joachim Hill , Trier University, Germany 

Session Chair: Dr Olga Brovkina, Global Change Research Institute, Czech Republic Main AULA - "A"   

 

1:30pm - 2:30pm 

 

TAS_2_B: Thematic Abstract Session 2 - ALS_2 & TLS  
Session Chair: Prof. Juha Hyyppª, Finnish Geospatial Research Institute, Finland 

Session Chair: Prof. Norbert Pfeifer , TU Wien, Austria Lecture room 2 - "B"   

 

1:30pm - 2:30pm 

 

TAS_2_C: Thematic Abstract Session 2 - Biomass 
Session Chair: Prof. Jaan Praks, Aalto University, Finland 

Session Chair: Dr Christian Joachim Thiel, Friedrich Schiller University, Germany Lecture room 3 - "C"  

 

2:30pm - 3:15pm 

 

SPON-S: Sponsor Session 
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 
Main AULA - "A"   

 

3:15pm - 3:30pm 

 

ST-A: Student Award 
Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 
Main AULA - "A"   

 

3:30pm - 4:00pm 
 

 

BR-3: Coffee break 3 Upper Hall 1  

 

4:00pm - 4:30pm 

 

PLS-3: Plenary session No 3 
Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 
Main AULA - "A"   

 

4:30pm - 5:30pm 

 

TAS_3 _A: Thematic Abstract Session 3 - Monitoring_2  
Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 

Session Chair: Prof. Iain Woodhouse, The University of Edinburgh, United Kingdom 
Main AULA - "A"   

  

https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=41&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=4&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=9&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=14&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=38&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=40&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=5&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=10&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=4&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=29&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=30&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=15&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=11&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
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4:30pm - 5:30pm 

 

TAS_3 _B: Thematic Abstract Session 3 - ALS_GEOBIA & Forest health 
Session Chair: Prof. Krzysztof Bňdkowski, University of Ğ·dŦ, Poland, Poland 

Session Chair: Filip H§jek, Forest Management Institute, Czech Republic Lecture room 2 - "B"   

 

 

4:30pm - 5:30pm 

 

 

TAS_3 _C: Thematic Abstract Session 3 - Image-Based-PointCloud & Forest 

inventory 
Session Chair: Dr Piotr Tompalski , University of British Columbia, Canada 

Session Chair: Dr Lars T. Waser, Swiss Federal Research Institute WSL, Switzerland 
Lecture room 3 - "C"  

  

 

5:30pm - 6:00pm 

 

PLS-4: Plenary session No 4 
Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

via Skype 

Main AULA - "A"   

 

8:00pm - 11:00pm 
 

DIN: Gala Dinner  
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 

Gala Dinner - 

Wierzynek  

 

  
 

Date: Friday, 16/Sep/2016  
 

7:30am - 9:00am REG-3: Registration 3 
Session Chair: Caileigh Shoot, University of Washington, United States of America 

Session Chair: Dr Barbara Czesak, University of Agriculture in Krakow, Poland Registration Desk  

 

9:00am - 10:00am 

 

PLS-5: Plenary session No 5 
Session Chair: Dr Bogdan Zagajewski, University of Warsaw, Faculty of Geography 

and Regional Studies, Poland 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 
Main AULA - "A"   

 

10:00am - 10:30am 
 

BR-4: Coffee Break 4 

Upper Hall 1  

10:00am - 11:30am GPS: General Poster Session (GPS) 
Session Chair: Dr Tomas Bucha, National Forest Centre, Slovak Republic 

Session Chair: Dr Krzysztof StereŒczak, Forest Research Institute, Poland Upper Hall 1  

 

11:30am - 12:00pm 
 

EXPO-2: GeoEXPO 2 
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Paweğ Hawryğo, University of Agriculture in Krakow, Poland GeoExpo - Main Hall  

12:00pm - 1:00pm  

BR-5: Lunch Break 5 Upper Hall 1  

https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=42&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=5&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=43&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=43&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=4&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=16&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=13&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=13&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_date=2016-09-16&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=12&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=37&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=9&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
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1:00pm - 3:00pm 

 

 

PLS-6: Plenary session No 6 
Session Chair: Dr Bogdan Zagajewski, University of Warsaw, Faculty of Geography 

and Regional Studies, Poland 

Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Main AULA - "A"   

  

 

 

3:00pm - 3:30pm 

 

 

BR-6: Coffee Break 6 

Upper Hall 1  

 

3:30pm - 4:15pm 

 

DISC_P: Discussion Panel 
Session Chair: Dr Martin Isenburg , rapidlasso GmbH, Germany 

Session Chair: Prof. L. Monika Moskal , University of Washington, United States of 

America 
Main AULA - "A"   

 

4:15pm - 4:30pm 
 

CLS: Closing Session 
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Prof. L. Monika Moskal , University of Washington, USA Main AULA - "A"   

 

 

Date: Saturday, 17/Sep/2016  
 

7:00am - 8:00pm 

TV-1: Technical Visit 1: Niepolomice Primeval Forest - Royal Salt Mine Wieliczka 
Session Chair: Dr Marta Szostak, University of Agriculture in Krakow, Poland 

Session Chair: Karolina Ziňba, University of Agriculture in Krakow, Poland 

Niepolomice Primeval Forest - Royal Salt Mine Wieliczka 

7:00am - 8:00pm 

 

TV-2: Technical Visit 2: Zakopane - Tatra National Park  
Session Chair: Prof. Piotr Wezyk, University of Agriculture in Krakow, Poland 

Session Chair: Adrian Ochtyra , University of Warsaw, Poland 

Zakopane - Tatra National Park 

 

 

 

 

https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=18&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=2&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_session=31&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_room=1&mode=list
https://www.conftool.net/EARSeL-WS-Forest-2016-Krakow/index.php?page=browseSessions&print=head&form_date=2016-09-17&mode=list
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Angela Lausch, Michael Fºrster ................................................................................................................. 22 
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Anastasia Krina, Nikos Koutsias ................................................................................................................. 23 
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Remote Sensing of Forests at ESA 

Frank Martin Seifert  

ESA, Italy; frank.martin.seifert@esa.int 

Keywords: Copernicus, Sentinel, REDD+ 

Forests applications in remote sensing have been a driver for development of new 

satellites and new techniques for decades. Based on service demonstrations the European 

Space Agency (ESA) developed within the COPERNICUS initiative with the European 

Commission the SENTINEL satellite family, guaranteeing systematic observations for the 

next decades. Sentinel-1A and -1B, two C-band Radar sensors launched in April 2014 and 

April 2016, and Sentinel-2A ï a multispectral optical sensor launched in June 2015, will 

contribute significantly to forest observations worldwide. Additionally BIOMASS as 

ESAôs 7th Earth Explorer mission, to measure forest biomass from space is scheduled for 

launch in 2021. 

Application development at ESA varies from local to global scale and from science 

to demonstration of operational services. Emphasis will be put on the United Framework 

Convention on Climate Change (UNFCCC) established process to reduce greenhouse gas 

emissions from deforestation and degradation (REDD) in developing countries. The 

Forestry Thematic Exploitation platform will be introduced as example of exploitation 

platform approaches proposed in the next EO Envelope Programme EOEP-5 to serve the 

research and service community. Critical issues like monitoring forest degradation, 

accuracy assessments, biomass estimation and the role of evolving technologies will be 

discussed. 
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New Possibilities for Forest Inventory Using Laser Scanning/Lidar 

Juha Hyyppª 

Finnish Geospatial Research Institute, NLS, Finland; juha.coelasr@gmail.com 

Keywords: Geospatial research 

Today, it can be seen, that many of the future remote sensing processes for forestry 

will be based on point cloud processing or on elevation models (3D techniques). These 

required forestry data can be provided by the lidar/laser scanning, photogrammetry and 

radar. These techniques have already been benchmarked at plot level using area-based 

approach e.g. in Yu et al. (2015), http://www.mdpi.com/2072-4292/7/12/15809. For the 

future, there are plenty of point cloud generation techniques available for derivation of 

forest information using area-based approach (ABA) from the air. However, ABA has also 

certain limitations, such as it requires large number of accurately measured field plots and 

species-specific forest inventory attributes and diameter distributions have poor prediction 

accuracy. In addition, seedling stands are not inventoried by ABA and those have to still be 

measured at the field. To optimize cutting, the stem-diameter distribution, stem form, and 

quality information must be measured as accurately as possible. Thus, from forest industry 

point of view, ABA is not providing accuracy level required for precision forestry wood 

procurement. 

Recently development of multispectral laser scanning technique is becoming 

attractive because it can provide not only dense point cloud but also spectral information. 

The study by Ahokas et al. (2016), http://www.int-arch-photogramm-remote-sens-spatial-

inf-sci.net/XLI-B3/155/2016/isprs-archives-XLI -B3-155-2016.pdf was a first contribution 

towards automatic single-sensor mapping by multispectral airborne laser scanning by 

showing that combined use of point cloud metrics and intensity features resulted in total 

accuracy of 93.5% for classification of three main boreal tree species (pine, spruce and 

birch). 

Conventionally, field sample has been measured using simple tools, such as 

calipers and clinometers, and the advancement of forest field inventories. This is slow and 

costly. Recently terrestrial point clouds have been provided by large number of sensors and 

technologies, i.e. Terrestrial Laser Scanning, Mobile Laser Scanning with and without 

SLAM, Terrestrial Photogrammetry, and even smart-phone embedded imaging and point 

cloud generation techniques. Short review of these mainly from the TLS point of view can 

be found from http://www.sciencedirect.com/science/article/pii/S0924271616000204, and 

in Hyyppª et al. (2015). International comparison of TLS methods in currently under 

progress by FGI http://www.eurosdr.net/research/project/project-benchmarking-terrestrial-

laser-scanning-forestry-applications as well as comparison related to test MLS, TLS and 

other technologies together for collecting terrestrial point clouds that would provide stem 

curve and 3D model of field reference trees. The presentation will talk about these 

technologies from multispectral Airborne Laser Scanning to terrestrial point clouds from 

various sensons and present state of art in laser-based remote sensing of forests and predict 

where the near-future practice and science is going. 
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Spectral Unmixing of Deciduous Forest Crown Components at Various 

Scales, Angles and Phenological Stages 
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The spatial and temporal distribution of forest biochemical and biophysical variables are 

essential inputs to process-orientated ecosystem models. Remote sensing, particularly imaging 

spectroscopy, has proven to be a promising tool to provide this information. In order to investigate 

in detail, what actually is observed by remote sensing, the present study determines the occurring 

crown component fractions in a forest ecosystem on a sub-pixel-basis. In this context, the potential 

of spectral unmixing to derive information on the distribution of the endmembers óleafô, óbarkô and 

ósoilô within a pixel is investigated. Close range spectral measurements of the canopy and its 

components were taken with an ASD FieldSpec instrument mounted to a crane measurement 

platform situated in a temperate deciduous forest in North-East Germany. Reference fractional 

abundances of the components were precisely determined from photographs taken simultaneously 

to the ASD measurements. Unlike most other studies, which only consider two components, 

mainly óleafô and ósoilô, this experimental setup facilitated the inclusion of the additional 

component óbarkô for the unmixing of forest crown components. Measurements from different 

stages of the phenological phases were used in this study. In the 2015 field campaign, data was 

collected on April 21st, June 5th, August 3rd and October 1st. Airborne HySpex data was collected 

simultaneously on the last three of these dates and on July 7th. Especially in summer, the dense 

foliation in this complex vegetation structure causes the problem of saturation effects, when 

applying broadband vegetation indices. This study illustrates that multiple endmember spectral 

mixture analysis (MESMA) can contribute to overcoming this challenge. The results indicate that 

the inclusion of an additional óbarkô endmember clearly improves the accuracy of the unmixing 

results. When only nadir viewing directions were taken into account, a mean absolute error of 7.9% 

could be achieved for the fractional occurrence of the óleafô endmember and 5.9% for the óbarkô 

endmember. In order to evaluate the results of this field-based study for remote sensing 

applications, a transfer to airborne and satellite-based imagery was carried out. All sensors used in 

this study were capable of unmixing crown components with a mean absolute error ranging 

between 3% and 21% for the nadir measurements. However, airborne and spaceborne sensors 

provide imagery that includes not only nadir viewing directions. Off-nadir viewing zenith angles up 

to 10Á are a common case for sensors with a large swath. This needs to be considered in image 

processing and the derivation of biophysical parameters. BRDF corrections account for 

illumination and viewing geometry as well as structural and optical properties of the surface, but 

commonly, they do not account for variations in the actual visibility of the canopy components at 

different observation angles. The crane measurement platform allowed for a very detailed view on 

the changing visibility of the occurring canopy components at different angles. 
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Canopy reflectance modeling in fire affected areas using in situ 

reflectance measurements acquired by a field spectroradiometer: 

Exploring the role of soil exposure. 
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The main objective of this study is the canopy reflectance modeling in fire affected 

areas based on in situ reflectance measurements using a field spectroradiometer with the 

interest to explore the role of soil exposure. Our study area is a recently burned area, in 

which, the spectral properties from a number of small patches within the fire perimeter 

were recorded. The patches reflect a gradient of fire intensity within the fire scar, from 

parts that were severely burnt to islets within the fire scar that were not burnt. Moreover, 

additional measurements took place closely outside of the burnt area. The acquisition of 

the spectral signature of these patches was obtained by means of a high resolution 

spectroradiometer (FieldSpec 4) and was repeated concurrently with the passage of 

Landsat satellite from the study area, every 16 days. Moreover, flights with Unmanned 

Aerial Vehicle (UAV) that was equipped with RGB and near-infrared cameras were 

performed the same days. The data acquired were implemented into Bi-directional 

Reflectance Distribution Function (BRDF) models, used to describe the way the light is 

scattered across the surface as a function of the illumination and the viewing angles, along 

with wavelength and the properties of the land surface and analyzed in order to evaluate 

the way in which differences in fire severity ïor eventually other environmental 

differences- influence the spectral properties of the Landsat satellite data inside the burned 

area. 
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Tree species classification in temperate forests using airborne 

hyperspectral data 
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The advantage of airborne hyperspectral data, except high spectral resolution, is the 

possibility of obtaining relatively high spatial resolution data, which allows us to analyse 

the individual tree crowns. Despite the fact that tree species identification is an important 

issue in forest management and many studies have explored this topic, it is still not 

common to use remote sensing techniques, especially hyperspectral, to classify forest in 

temperate zone because of their complexity. 

The aim of the study was to classify tree species of forests belonging to a temperate 

forest ecosystems, located in the Milicz forest district, Lower Silesia in Poland. There were 

group of 7 dominant tree species selected, which includes 3 coniferous species: the most 

Scotch pine (Pinus sylvestric), European larch (Larix decidua) and Norway spruce (Picea abies), rarely 

occur within the stands, and 4 deciduous species: English oak (Quercus robur), European beech 

(Fagus sylvatica), Silver birch (Betula pendula) and alder (Alnus sp.). 

Two airborne (HySpex VNIR-1800 and HySpex SWIR-384) imaging spectroscopy 

dataset with pixel sizes of 2.5 and 5 m were obtained in August 2015 to examine different 

method of classification. Data were radiometrically (HySpex RAD software), 

geometrically (PARGE software) and atmospherically (MODTRAN5 code, ATCOR4 

software) corrected. Normalized digital surface model (nDSM) derived from LiDAR data 

and Vegetation Indices were additionally used to create mask for non-forest area. In the 

first attempts, for the feature selection Minimum Noise Fraction (MNF) bands were tested. 

Support Vector Machines (SVM) classifier were used to avoid Hughesô phenomenon. The 

most heterogeneous line of datasets was classify as a first one.  

First result for classification of 7 tree species on 35 MNF bands shows overall 

accuracy value of 68% and Kappa value of 0.55. Continuing research and algorithm 

improvements are in progress. 

This work is a part of the project REMBIOFOR ñRemote sensing based assessment 

of woody biomass and carbon storage in forestsò, cofounded by the National Centre for 

Research and Development (NCBiR) within the program ĂNatural environment, 

agriculture and forestryò BIOSTRATEG, under the agreement no. 

BIOSTRATEG1/267755/4/NCBR/2015. 
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Scale dependent assessment of broadleaved-tree species reflectance 

derived from hyperspectral in-situ and airborne sensors at leaf and 

crown levels 

Henning Aberle, Collins Kukunda 
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Imaging and non-imaging spectroscopy are offering new insights and possibilities 

in remote sensing of forests. The link between new hyperspectral airborne and satellite 

sensors and the information gathered on the ground is crucial. Field data is widely used for 

sensor calibration and validation or the derivation and up-scaling of biophysical parameters 

such as nitrogen and chlorophyll content of the foliage. In that context, we are often facing 

several scaling issues arising from differences in the spatial and spectral resolution. Since 

hyperspectral data is characterized by a plethora of narrow bands containing redundant 

information, the application of data reduction techniques is common. This study deals with 

the spectral traits of trees and the derivation of the bands containing the key information 

for species discrimination at varying scales. It was carried out in an old-growth 

broadleaved forest of the Hainich in central Germany considering six main tree species. 

We used an exceptional set of simultaneous in-situ and remotely sensed reflectance records 

acquired at three different levels of leaves and crowns incorporating field 

spectroradiometer as well as hyperspectral airborne imagery. Furthermore, we examine the 

necessity of spectral information covering the full range of 400-2500 nm and the 

possibility of focusing only on specific sections. Our analyses include the determination of 

the minimum number of bands, which are needed to describe spectral response patterns. 

Additionally, we are investigating the influence of the scale of observation on the spectral 

response patterns of five tree species. At each scale of observation, a generalized additive 

modelling approach is used to approximate an average spectral response pattern across 

multiple scans. We iteratively sample the entire spectral range to reduce autocorrelations 

across bands and to arrive at a minimum number of bands required to approximate the 

spectral profile including all bands. A bootstrapping procedure is used to calculate 

confidence intervals around modeled spectral profiles elucidating differences brought 

about by changing the scale of observation and pairwise distance metrics are used to show 

(dis)similarity between the measured and modeled spectral profiles. Our expected results 

are important in highlighting scaling effects in remote sensing of forests and can help to 

improve sensor calibration and further application such as radiative transfer modelling or 

the understanding of related processes. 
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Species-level classification using airborne hyperspectral imagery 
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Forest monitoring with remote sensing method faces a complex problem, because 

vegetation of different age and species composition can exhibit significant spatial diversity 

within a relatively small area. Airborne hyperspectral imagery can produce multiple 

narrow and contiguous spectral bands of less than 10 nm with a high geometric resolution 

(0.5ï1 m). Hyperspectral imagery can be a suitable method for a detailed vegetation 

classification based on the dominant or subdominant genera or species. This paper 

investigates whether the combination of airborne hyperspectral imagery using feature 

extraction can discriminate among species and clones of trees. The study site was selected 

in Northern Hungary at the Fleiscmann Rudolf Research Institute (47o44ô19.20ò N, 

20o14ô04.01ò E), where nine different types of energy plants are tested for biomass 

production. Analysing biomass product two poplar (Populus sp.) clones, five willow (Salix sp.) 

clones, furthermore boxelder (Acer negundo) and narrow-leafed ash (Fraxinus angustifolia) are 

investigated in the study site. The trees examined have similar morphological traits due to 

limitation of detection. Aisa EAGLE II hyperspectral sensor was used produced images 

with 253 contiguous bands (400-1000 nm), a spectral sampling of 2.5nm bandwidth, with 

1m pixel size. The acquisition of data took place in good weather conditions and sun 

elevation in three different vegetation period (26/05/2011, 13/07/2011, 02/10/2011). 

Feature extraction (PCA, MNF) methods were applied to reduce the dimension of 

hyperspectral dataset. Traditional image classifier (Maximum Likelihood Classifier ï 

MLC) and machine learning algorithms (Support Vector Machine ï SVM, Random Forest 

ï RF) were applied on the training dataset. Image classification algorithms were run on 

each transformed (PCA, MNF) images separately and on their different combinations. We 

found the best classification results when using the first 6-15 bands of PCA, and the first 5-

10 bands of MNF, considering the image capture dates and the feature extraction 

procedure. Classification of images of three dates provided better outcomes with the 

application of MNF transformed data than PCA. Comparing the results of tree images, the 

accuracy was the best in the summer period (July). SVM on MNF-transformed dataset 

provided more accurate results (OA: 75.81%) than applied MLC (OA: 75.81%) and RF 

(OA: 69.18%) methods. Combination of the dataset of May and July produced higher 

classification accuracy using MLC (OA: 78.21%) than the other combinations. 
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Hyperspectral detection of phenological changes in coniferous and 

deciduous forest of UNESCO's World Heritage Bialowieza National Park 

Karolina Orğowska1,2, Adrian Ochtyra 1,2, Zbigniew Bochenek3, Dariusz Zi·ğkowski3, Bogdan 
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           Diversified pace of phenological growth in coniferous and deciduous tree species 

result from habitat preferences, climate and atmospheric conditions, access to nutrients, 

presence of competitors but most of all plant's physiological features. During one 

vegetative year certain changes in plant's physiology can be observed: increase and 

decrease in amount of chlorophyll as well as anthocyans, carothenoids and other pigments, 

modifications of cell structures or water demand. Though dynamic, this changes can be 

observed with a use of hyperspectral remote sensing analysis of narrow bands of 

electromagnetic spectrum. 

The aim of the research was to assess suitability of hyperspectral remote sensing 

methods in study of changes in coniferous and deciduous tree species phenology of the 

UNESCO's World Heritage Bialowieza National Park in Poland. The data were collected 

in 2014 and 2015 (taking into consideration strenuous atmospheric conditions - European 

drought of 2015). Each year three campaigns were conducted: at the beginning (May), 

during (July) and at the end of vegetative period (September). During the campaigns 

spectral reflectance curves were collected on 8 homogenous polygons for the following 

tree species - deciduous: hornbeam (Carpinus betulus), oak (Quercus robur), alder (Alnus glutinosa), birch 

(Betula pubescens) and coniferous: spruce (Picea abies) and pine (Pinus sylvestris). 

Spectral reflectance curves were used to calculate vegetation indices while 

chlorophyll content was applied to verify accuracy of collected data. Calculated vegetation 

indices were: general condition indices, narrowband condition indices, red 

edge/chlorophyll content, carotenoids and anthocyans content, water content, use of light 

in the process of photosynthesis as well as senescence/ripening index. The data were 

statistically analyzed using ANOVA and and Kruskal-Wallis ANOVA. The results showed 

which wavelengths and vegetation indices showed statistically significant changes. On the 

basis of this information, an assessment of forest phenological changes was made 

indicating that changes observed in case of deciduous species are more dynamic while in 

case of coniferous more stable. Remote sensing vegetation indices which reflected the best 

those changes were selected for further research. 

The research was conducted as a part of the Polish-Norwegian Research 

Programme of National Centre for Research and Development (NCBiR), project No.: 

POL-NOR/198571/83/2013: Ecosystem stress from the combined effects of winter climate 

change and air pollution ï how do the impacts differ between biomes? (WICLAP). 
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Tree species classification in Norway from airborne hyperspectral and 

airborne laser scanning data 
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This paper presents a research collaboration to develop more automated methods 

for forest inventory in Norway and Scandinavia. 

The current situation in the forest industry in Norway is difficult due to reduced 

timber prices and high labor cost. Currently forest inventory methods combine airborne 

laser scanning (ALS) data and manual photointerpretation using multispectral imagery 

(broad visual and near-infrared channels), but extensive field work is needed in addition. 

This makes forest inventory very expensive for large areas. 

In this perspective, more automated methods for forest inventory are needed. 

Specifically, we will focus on methods which combine data from simultaneously acquired 

airborne laser scanning and imaging spectrometer. The ALS data already provides 

information on vegetation height. The hyperspectral data may provide information on 

biophysical and biochemical parameters, and species composition. Combined, the two 

types of data have the potential of more accurate forest inventory with less fieldwork. 

Hyperspectral and ALS data were acquired simultaneously for a forest area in V¬ler 

municipality, Ïstfold County, Norway. Field work was conducted to identify examples of 

individual trees and small clusters of trees of one single species. Approximately 169 tree 

polygons were delineated using ALS data. 

A set of sample spectra based on in situ data was prepared for each of the three 

species pine, spruce and birch. The mean spectra were found for each tree species, by 

averaging over all the samples. From these data we identified three regions where the tree 

species may be differentiated: 544 nm (green), 674 nm (red) and 710 nm (red edge). We 

used the three bands from these regions to create two indices in order to separate the 

different tree species. Firstly, ALS data was used to create a mask, removing areas where 

the vegetation was lower than 1 meter. Secondly, thresholds on the green 544 nm band and 

on broadband NDVI were applied to remove shadows and areas without live vegetation. 

Finally, the two proposed indices were used to differentiate the tree species. The resulting 

tree species classification map has clusters of homogeneously classified pixels, 

corresponding to individual trees or groups of trees of the same species. Close inspection 

reveals some occasional misclassified pixels and/or pixels of a different class than the 

majority within a cluster. The pixel-based accuracies for each species are in the range 83-

86%. In photointerpretation of broadband multispectral images, it is a well-known problem 

that young spruce may be confused spectrally with birch, and old spruce with young pine. 

This indicates a potential to reduce the confusion between birch and spruce and between 

spruce and pine, by also considering the tree height in the classification method. The tree 

height, which is possible to derive from the ALS data, is a good proxy for tree age. 
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APEX 288 band hyperspectral airborne images and artificial neural networks were 

used to classify six dominant tree species of Karkonoski National Park, south-western 

Poland. Classified tree species were beech, spruce, pine, larch, alder and birch. APEX 

processing and correcting of data consisted of geometric, radiometric and atmospheric 

correction of raw image using DSM of KPN and MODTRAN 4 radiative transfer model. 

Corrected data were then delivered for further processing. APEX images were corrected by 

VITO. 

After initial inspection of band quality we decided to remove noisy bands and 

bands located in water vapor absorption range. After removal of unwanted spectral bands 

our dataset consisted of 222 bands. One of the important topics in remote sensing is 

information extraction. Rarely one would like to use whole available dataset for 

classification or other analysis. Oftentimes it is more sensible to select a subset of data for 

analysis which results in shorter classification times and faster workflow. In this work we 

attempted to select spectral bands that will give us highest classification accuracies but still 

allow our classification times to be relatively short. 222 spectral bands went thought PCA 

analysis to find out bands with highest information load. Each band had its information 

load assessed and was later sorted based on amount of information it held. Finally 40 most 

informative bands were selected for final classification. 

It this work we used feed forward multi-layered-perceptron with single hidden 

layer. To simulate such network we used R statistical program and one of R software 

ñpackagesò called nnet, developed at Oxford University. This package is dedicated tool for 

simulation and development of ANN in R software. In this work we present methods to 

determine best artificial neural network architecture (number of neurons in hidden layer) 

and impact of number of neurons in hidden layer on classification results. Because of the 

fact that supervised classifiers are sensitive to input data we decided to perform iterative 

accuracy assessment to verify our classification results and further strengthen our belief in 

final classification map. Final classification covering whole area of KPN achieved overall 

accuracy above 80% with all classes having producer accuracy no less than 70%. 
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Collecting reference samples from tree crowns is a very demanding and laborious 

task. Especially when professional tree climbers are necessary for gathering leaves, only a 

very limited amount of trees can be sampled in a given time or with a given budget. These 

may suffice to roughly validate a remote sensing-based map, but a robust regression model 

cannot be established on these data. In addition, the sampled trees will not necessarily 

display a large variation in the property of interest (e.g., leaf chlorophyll or water content). 

One possible solution is using transferable models established on larger datasets based on 

reference data from controlled environments, which allow an easier sampling compared to 

field studies conducted in full-grown forest trees. 

We planted 4 year old beech (Fagus sylvatica) seedlings into pots (60 trees in total, 3 

trees per pot) and conducted drought stress experiments on them over a three year period 

(2011-2013). Half of the pots were not watered over several weeks in summer while a 

control group was kept watered all the time. Regular reference measurements of leaf water 

content, leaf chlorophyll content and leaf reflectivity were conducted, and field imaging 

spectroscopy data was collected from a 3.8 m high platform using HySpex hyperspectral 

cameras. 

A field campaign with tree climbers was conducted in the late summer of 2015 

during a dry phase in a forest area prone to drought stress, the Donnersberg forest in 

Southwestern Germany. Leaf samples from the tops of the tree crowns were analysed 

comparably to the seedling samples. Airborne hyperspectral data was recorded at the same 

time as the field campaign. 

This study analyses transferability of regression models for leaf water and 

chlorophyll content from the seedlings to full-grown trees and from leaf level to canopy 

level. Index-based and partial least squares regression models were trained on spectra from 

the potted small trees and applied to leaf and airborne spectra from the Donnersberg 

region. Leaf spectra were up-scaled to canopy level using the geometric-optical radiative 

transfer model Inform in order to bridge the scale from leaf to airborne measurements. 
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Extracting reliable digital terrain models is an essential task for utilizing airborne 

laser scanning (ALS) data in various applications. The most widely utilized ground 

filtering algorithms only consider the spatial and structural information from geometric 

perspective of ALS data and perform with significant uncertainty in densely forested areas 

where not all laser shots can penetrate thick canopy to detect the true ground. In such 

circumstances, sparse ground returns are easily to be discarded as noise and, moreover, the 

fitted ground trend surface would be somewhere between the ground and main story or low 

vegetation layer. This reduces indirectly the accuracy of tree height estimation in forestry 

applications. The open question is, what should be the best practice to perform a 

reasonable ground filtering, when the true ground surface is under-sampled as a result of a 

very dense canopy? In the past decade, small footprint full waveform (FWF) ALS systems 

have been introduced to the market and are believed to provide more physical properties of 

the target surface. To gain accurate object separation, an appropriate relative/absolute 

radiometric calibration should be thus performed to mitigate influences from target-

independent factors (range, incidence angle, multiple returns, etc.), based on robust 

geometric preprocessing strategies. 

This contribution explores a FWF information optimized detection approach of 

introducing contributions from radiometry of ALS data in recognizing vegetation and 

ground signals to complement a spatial metric based filtering approach. The 

comprehensive metrics, based on ñwaveform functionsò, are proposed with a robust 

relative radiometric correction and extended by various mathematical formulations. The 

most contributive indicators are selected as operational parameters for further processing. 

To fuse the waveform metrics into the conventional filtering progress, geometrically based 

algorithms are implemented. They involve the metrics as auxiliary features for determining 

echo types and estimate their uncertainty as well. A quantitative uncertainty map is 

therefore generated as part of the terrain reconstruction. The results are verified and 

validated with manual interpretation and digital terrain models from manual filtering. 
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  Currently the application of high density LiDAR data in forestry mostly 

concentrates on biomass calculation or classification of the forest into single tree species. 

However, in ecological point of view the LiDAR data can be a suitable dataset to analyse 

the forest at community level. In this study we investigated how to extract ecological 

information from low point density ALS data based on biological field measurement 

survey. 

The study area is located in the Aggtelek karst region (Northeast Hungary) that is 

characterized with a complex topography and relief. The ecological field survey has been 

carried out in a 100 m regular grid. At each survey point (point of interest, POI) the 

surrounding circular area of 500 mĮ (area of interest, AOI) has been observed by 

ecologists: among others the dominant tree species and additionally forest physiognomy is 

described 

The workflow was the following: firstly a combined database has been created 

based on the ecological observations and the LiDAR data. For the AOIs the point cloud 

was extracted and within the AOIs the forest segment object is described by 5*5 m 

resolution cells. For each LiDAR data cell within the object, point distribution and vertical 

distribution based geometrical features are calculated and the 5 most important features 

were selected by Wilkôs Lambda coefficient. After that Combined Cluster Discriminant 

Analysis method (CCDA, Kov§cs et al., 2014) has been applied in order to determine the 

optimal number of groups and to handle the joint classes. Finally, Random Forest 

classification has been used to classify the dense forest region into characteristic tree 

assemblages classes. 

We conclude that with CCDA method it is possible to classify the dense forest 

region into forest segments using the derived geometrical features. According to the 

analysis of optimal number of the groups firstly pre classification based on forest 

physiognomic parameters is required. After that in the similar forest physiognomic 

segments with CCDA determined labels can be classified by Random Forest algorithm. 

This case study is successfully separated oak, downey oak, sessile oak and hornbeam 

dominant forest species region. 

Our study shows the potential of characteristic tree assemblages classification 

based on low point density data that allows reducing the amount of biological field work 

and able to extract more quantity-based ecological information concerning to the forest 

pattern. 
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Normalized Cut segmentation is an established approach for 3D delineation of single trees 

in ALS point clouds. However, overlapping crowns and branches of many close-by trees may cause 

over- and under-segmentation due to the difficulty of defining a single criterion for stopping the 

partitioning process. Normally, this criterion is based on an appropriate numerical value (Ncut 

threshold) without physical interpretation which depends to some extent on the plot characteristics 

and hence it is disadvantageous for diversified forest types. In this work, we investigate the 

stopping criterion based on the visual appearance of trees within the point clouds. The main idea is 

to detect tree crowns by fitting local quadric surfaces to candidate tree tops, and using this 

information to determine whether the currently processed point cluster represents a single tree or 

multiple trees. In the former case, the segmentation is stopped, otherwise the current cluster is split 

and the partitioning process continues iteratively.In our approach, we use the local maxima 

detection approach to find candidate peaks of trees. Then we apply the random sample consensus 

method to estimate the best fitting quadratic surface parameters for points around each local 

maximum. The signed distances between the fitted surface and local points are binned to form 

histogram features. These features provide a basis for classifying the neighborhood of each local 

maximum either as a true tree top or a false positive. After classification in a probabilistic manner, 

the spatial overlap ratios (proportion of shared volumes) between all pairs of positively classified 

candidate tree tops are calculated. Since it is difficult to analytically derive this quantity for general 

quadric surfaces, we apply Monte Carlo simulation. If a pair of fitted surfaces has an overlap below 

a threshold value rth, then it is decided that the current cluster contains more than one tree and the 

segmentation has to proceed. If no such pair is found, the stopping criterion is activated and the 

segmentation of the current cluster is terminated. In our tests we first focus on coniferous trees due 

to the well-defined crown shapes compared to deciduous trees. We prepared 100 point cloud 

clusters covering two scenarios of a single tree vs. multiple trees within the scene (with the 

proportion of 50%-50%). The multiple tree clusters are chosen from the erroneous results of 

normalized cut segmentation with the Ncut threshold stopping criterion, i.e. where the partitioning 

was stopped although the scene contained more than one tree. We utilized 40 of the 100 clusters for 

training an SVM as the tree top classifier by manually labeling the surfaces fitted to a subset of 

extracted local maxima. The remaining 60 clusters were processed according to the described 

pipeline, yielding 'stop' or 'continue' decisions for every test case. The overall accuracy of the 

proposed adaptive stopping criterion was 0.8, with a weighted Cohen's ə of 0.59. This suggests that 

the surface fitting approach shows promising results in the role of a graph cut stopping criterion. 

Ongoing experiments will be extended to deciduous trees as well. 
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With the constant increase of available airborne laser scanning (ALS) data from 

forests, it is becoming more and more important to quantify the uncertainty of the forest 

attributes estimated based on remote sensed data. The current approaches to the estimation 

of stand attributes using the so-called area-based approach (ABA) lack the means to do 

this. We propose a Bayesian approach to estimate stand attributes from ALS and aerial 

image data in the ABA framework. The solution of a Bayesian inference problem is a 

posterior probability density that describes the uncertainty in the estimate of the parameter 

of interest at plot level. From this probability density, various uncertainty statistics, such as 

posterior variances or credible intervals (CI) for the stand attributes on the plot can be 

readily computed. Application of the proposed approach is demonstrated in the example 

case of species-specific stem volume estimation. 

The data used in this study consist of 493 field measured sample plots located in 

Juuka, Finland. The study area contains typical managed Finnish boreal forest dominated 

by Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L.) Karst.), with a 

minority of deciduous trees, mainly Betula spp. The LiDAR data has a sampling density of 

0.6 echoes per square meter and a footprint of 60 cm at ground level. In addition, 

orthorectified multispectral aerial images were captured. From the ALS and aerial image 

data, a total of 82 different metrics were computed to be used in the ABA. 

To evaluate the feasibility of the Bayesian approach to estimating the species-

specific stem volumes, leave-one-out cross-validation was used. As a reference, k-nearest 

neighbors (kNN) method was used. The accuracies of the Bayesian maximum a posteriori 

(MAP) estimates for the species-specific and total volumes were close to those of the kNN 

estimates: The relative root mean square error (RMSE%) of the Bayesian MAP estimates 

was 37.94% for pine, 34.25% for spruce, 15.33% for the lumped deciduous species, and 

31.17% for the total volume, while the respective RMSE%s for the kNN method were 

34.95%, 31.26%, 12.53% and 40.52%. Most importantly, the Bayesian approach produced 

feasible uncertainty estimates for the volumes: The 95% credible intervals covered the 

field-measured value in 92.70% ï 96.55% of the cases, depending on the species. 

The Bayesian approach is flexible and allows for straightforward inclusion of prior 

and auxiliary information, for example from earlier forest inventories or from other remote 

sensing modalities. The information on the estimate uncertainties produced by the 

approach could be used, for example, for assessing risks in the operational decision making 

and for optimizing data collection strategies. Such information could also be used for 

estimating the uncertainty of the forest biomass and carbon stocks. 
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The assessment of the state of the Swiss protection forests at national level is based 

on Swiss National Forest Inventory (NFI) data. Individual sample points of the NFI 

represent 2 km2 of forest, but rarely recognise more than two adjacent phases in the small 

scale patch mosaics of forest development phases, which occur frequently in mountain 

forests. NFI data can be used to statistically determine what proportion of the Swiss 

protection forest area complies with the national protection forest management guidelines 

NaiS, but information on the spatial distribution of forest structures is missing. Airborne 

laserscanning can provide data to obtain this type of information.We tested a tree detection 

tool, named FINT (Find INdividual Trees), which calculates positions of dominant and co-

dominant trees in a rasterised Normalised Surface Model (NSM). FINT evaluates for each 

NSM cell with a height value larger than the defined minimum tree height, whether it is a 

local maximum (LM). Each cell is initially evaluated using a 3Ĭ3 cell mask. If the 

evaluated cell is a LM, the mask radius is enlarged with one cell, maintaining a circle-

shaped form. Then, the evaluation is repeated as long as either one of the neighbouring 

cells is higher than the centre cell in the mask, or the maximum mask radius of 15 cells is 

reached, or more than half of the analysed cells in the mask has heights below 1 m.The 

accuracy of tree detection is highly influenced by the smoothness of the input NSM, either 

determined by its resolution, or the applied smoothing filters, or a combination of the two. 

FINT has a tendency of high commission errors. Therefore, we tested if the use of a 

minimum tree distance model, based on sample trees from 2ô643 NFI sample plots, in 

combination with different gaussian filtered input NSMs improved the detection rates. In 

total, 27 validation plots of 25m x 25m from the eastern part of Switzerland (Graub¿nden) 

were available, in which 386 trees with a stem diameter at breast height (DBH) larger than 

12 cm were mapped, measured and described (x- and y-coordinates, species, DBH, tree 

height, height of the crown base). Mainly coniferous trees occupy these plots (87%; Picea 

abies, Pinus sylvestris, Abies alba and Larix decidua). The remaining 13% of broadleaved 

trees are mainly Fagus sylvatica. Aerial LiDAR data were obtained in August 2015 with a 

RIEGL LMS-Q 780 scanner and had a point density of approximately 12 points/m2. The 

minimum tree distance model uses mean stand height as input variable and differentiates 

between coniferous (CF) and broadleaved (BL) trees. The required data for tree type 

detection (CF / BL) in our study area had a resolution of 3 m and was obtained from 

automated analysis of remote sensing data using aerial photographs. 

The results show a significant decrease of the commission error. The RMSE 

between observed and detected stem numbers for all validation plots decreased from 1015 

to 178 stems per ha. Detailed statistical results of all analysis will be presented in Krakau. 
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Remote Sensing has the potential to provide key information for biomass/carbon 

stock evaluation, biodiversity preservation and forest management. Airborne Laser 

Scanning (ALS) can be efficiently used in forestry, providing 3-D information to get 

insight of forest structure. The aim of this study is to examine the use of ALS data 

combined with allometric relationships to assess Top Height, Stem Number, Basal Area 

and Volume of coniferous stands (Norway spruce and Douglas-fir) in the South of 

Belgium. Our approach is based on an Area-Based Approach (ABA), combined with an 

Individual Tree Approach (ITA), requiring a Local Maxima Detection (LMD) on the 

Canopy Height Model (CHM). The CHM is derived from a high density ALS dataset. 

Several metrics were computed from the CHM, the raw point cloud and the LMD to 

describe the density, the vertical and horizontal forest structure. 61 plots were measured 

within the ALS area to collect reference data for the models adjustment. Allometric 

relationships were developed with data of the Region Forest Inventory (RFI, 2892 

coniferous plots). Stand-level models were fitted to estimate directly the Dominant 

Diameter, the Basal Area, the Volume for the whole plot, based on the Top height and the 

stem number assessed from the LMD or by ABA. A tree level allometric model was 

developed to assess the individual diameter at breast height. Following the LMD, the tree-

level allometric model is used to compute the diameter of each tree based on its height, the 

top height and the number of stems of the plot. Stand Basal area and volume can be then 

computed by aggregation of the tree level data. The forest attributes estimations are refined 

by combining the ITA and ABA metrics for the top height and number of stems and by 

combining ABA metrics and Basal Area and Volume computed with individual local 

maxima. The quality of the fitted models was analyzed by a K-fold cross-validation (Root 

Mean Square Error (RMSE) and adjusted RĮ (adj-RĮ)). The combination of the ITA and the 

ABA gave the best results (top height RMSE = 1.0 m, RĮ-adj = 95 %; number of stems 

RMSE = 67, RĮ-adj = 87 % ; basal area RMSE = 4.2 mĮ/ha, RĮ-adj = 75 %), except for the 

volume (best results with ABA, RMSE = 51 mį/ha, RĮ-adj = 85 %). The stand-level 

allometries for Volume and Basal Area gave similar adj-RĮ but worse RMSE. The 

continuity of this work is the achievement of the continuous mapping of the forest 

attributes for each stand by applying the workflow to the whole area. As perspective, a 

similar approach could be implemented with other data sources as low density ALS data or 

photogrammetric CHM, more readily available at larger-scale. 
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  Deeper knowledge of stand structure can be detailed by back-projecting aerial 

pictures onto airborne laser scans (ALS), which is the most accurate technique for fusing 

high-resolution datasets (Valbuena et al. 2011). It usually assists in improving forest 

estimations by adding spectral information from optical sensors, especially when the 

spatial resolution of the imagery is high (Packal®n et al. 2009). Our results show that the 

integration of both datasets improves the estimation of forest structure attributes, such as 

the relative stem density, as the multispectral signal may incorporate canopy closure-

related shadowing conditions at plot-level. Also, wood volume and biomass prediction 

may be improved, including detailed components of the total biomass. Multivariate 

analysis of the relationships among stand structural variables and remotely sensed 

attributes (Lefsky et al. 2005), combined with non-parametric imputation methods (Hudak 

et al. 2008) may provide a deeper insight of those important ecological indicators and help 

in environmental management. We carried out a Canonical Correlation Analysis (CCA) to 

relate both multivariate data sets measured in a Scots pine forest. We found pairs of 

canonical variables providing statistically significant amounts of explained variance. As 

expected, indicators of stand development, i.e. height and volume, were associated with 

LIDAR elevation metrics. Also of high significance were tree size and stand density, 

representing the maturity of the stand. Interestingly, some LIDAR height metrics and red 

edge index-based multispectral metrics were related to Lorenz curve-derived attributes, 

which represent size heterogeneity within the stand. This association may be interpreted as 

an indicator of size variability, discriminating even-sized from uneven-sized stands, which 

also benefited from the multispectral information. We also found that the inclusion of 

aerial camera information may be beneficial for predicting certain components of the total 

biomass more than others. Thus, several red edge index metrics significantly explained the 

heterogeneity of the stand. Furthermore, CCA also may be used for predictive purposes, as 

it has become possible to model the relationships between the LiDAR remote sensing 

metrics and forest attributes with the most similar neighbor method. We may conclude that 

metrics from the optical sensor complemented information of LIDAR, and succeeded in 

describing the heterogeneous structure of the stand. 
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Shrubs are an important component of forested ecosystems around the globe. 

Fulfilling many ecological niches, shrubs act as anything from a source of food and habitat 

for wildlife, to an understory fuel in wildfire. Shrubs add vital carbon and nutrients to 

forests, and can be an indicator of forest health. Despite their importance, true shrub 

distributions are widely unknown across landscapes. In addition, mapping shrub locations 

in the field is arduous and virtually impossible to implement across entire landscapes. 

Thus, in order to protect and manage for shrubs, it is important that a method for mapping 

and quantifying shrubs across the landscape is developed. LiDAR has been proven to 

accurately measure upper canopy features when compared with field measurements, but 

has not been proven to be a viable method of measuring below-canopy features such as 

shrubs, despite it's ability to penetrate the forest canopy. This study will develop and 

evaluate a method for detection and prediction of shrub locations across a landscape using 

LiDAR-derived metrics as predictors in a RandomForest classification model. 

This study was performed on the 25.6 ha Yosemite Forest Dynamics Plot in 

Yosemite National Park. Medium-resolution (>25 points per square-meter) discrete-return 

LiDAR data was acquired in 2010; in 2011 field crews mapped and identified the species 

of all shrub patches >2 m^2. The LiDAR data was analyzed using FUSION, a LiDAR 

analysis toolkit developed by Robert J McGaughey of the US Forest Service, to 400+ 

metrics, including topographic metrics, from the LiDAR data. These metrics were input as 

predictors into a RandomForest model and used to detect and predict shrub locations; field 

measurements were used as training data for the model. With this method, we were able to 

achieve ~84% accuracy for prediction of shrub locations using topography metrics, ~75% 

accuracy for detection of shrub locations using LiDAR metrics, and ~79% accuracy using 

a combination of prediction and detection with LiDAR and Topography metrics.  
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Sustainable forest management requires accurate information on a range of forest 

stand attributes. This information, collected during forest inventories, is crucial for 

evaluating current and projected conditions of a forest, as well as being critical for 

assessing the consequences of management decisions. Herein we demonstrate methods of 

using ALS data to derive site productivity as well as methods to incorporate ALS-derived 

cell-level predictions of current stand attributes into existing growth and yield models. 

Predictions of site productivity require information on stand age. The presented methods 

incorporate two different sources of stand origin. In the first approach, existing forest 

inventory layers are used as auxiliary data, and then productivity models are used to derive 

revised site productivity metric. In the second approach, we demonstrate how a 

productivity model can be developed with time series of satellite images used to estimate 

stand age. Building upon enhanced forest productivity derived with ALS data, we show 

how point clouds can be used in projections of forest stand attributes. We demonstrate a 

novel approach to utilizing ALS-derived forest stand attributes to determine future growth 

and yield of six key attributes at a sub-stand (25 m grid cell) level of detail: dominant 

height, Lorey's mean height, quadratic mean diameter, basal area, whole stem volume, and 

trees per hectare. To do so, we utilize an existing forest growth model to generate a 

comprehensive database of yield curves (templates) for all possible combinations of 

dominant species, site index, age, and canopy cover. Then, for each of our six attributes, 

we demonstrate an approach to find the most appropriate matching yield curves from all 

possible templates, and subsequently demonstrate the projection of these six attributes at 

80 years of age. Results showed that ALS data can be used to augment site index 

estimation, especially in complex, heterogeneous forest stands, as it is able to accurately 

characterize stand heights. In areas that lack forest inventory data, estimates of forest 

productivity can be developed based on remote sensing data only, with stand age derived 

from time series of satellite images. The application of ALS data in growth and yield 

modeling allowed to increase the level of detail (cell instead of stand) and optimize the 

yield curve selection. 
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The tree stem curve describes the diameter and position at any height along a tree 

stem. It plays a vital role in many forest related studies and management applications, such 

as harvest operation or the estimation of biomass components. Field stem curve 

measurements are time and labor comsuming and often need to fell down the tree, thus 

exposes the stem to damage. Allometric curve functions, on the other hand, give the 

diameter at arbitrary height by species specific functions that were built based on the tree 

height and the diameter at breast height (DBH). However, the applicability of such 

functions is often limited, because they were developed from specific local morphological 

or climate conditions, and do not provide the position at any height along the tree stem. 

Terrestrial Laser scanning (TLS) has been proven to be an appropriate approach for 

automated stem curve retrieval [1]. It acquires accurate and dense 3D point cloud which 

provides the potential of reconstructing forest structures. The deficiencies of the 

employment of TLS in forests include limited terrain accessibility, area coverage, and 

visibility in top canopy layer. The Airborne Laser Scanning (ALS) well complements such 

deficiencies, whereas it only generates sparse points at individual tree level, thus is 

unsuitable for stem curve retrieval. 

Newly developed UAV-borne Laser Scanning (ULS) provides a unique opportunity 

for forest studies. The high density and accuracy of ULS data enable the modeling of 

individual tree with fine details up to branch level. In addition to its plot level coverage, it 

achieves a high level of completeness with respect to the top canopy layer. Therefore, it 

generates a high potential especially in exhaustive forest attributes estimations. 

This contribution explores the potential of automatically retrieving the stem curve 

from ULS data. The objective is to demonstrate the applicability of ULS data for automatic 

stem curve retrieval. An automatic point cloud processing chain will be presented. Stems 

are recognized from their spatial characteristics. A robust and self-adaptive cylinder 

inscribing and growing routine is employed. The achievable accurateness and 

completeness of the results will be shown and discussed for a concrete ULS data 

acquisition of an alluvial forest area (Neubacher Au, 48.2ÁN, 15.4ÁE). The study area is 

located at the lower course of the Pielach River (Lower Austria) near the confluence with 

the Danube River. The dominant trees are deciduous with heights up to 35 m. The ULS 

data were acquired in February 2015 under leaf-off conditions with the RIEGL VUX1-

UAV compact laser scanner system mounted on a RiCopter X8-array UAV platform. The 

mission parameters (flying altitude: 50 m a.g.l., flying speed: 8 m/s, measurement rate: 350 

kHz, large strip overlaps) not only led to an overall laser pulse density of approx. 4000 

points/m2 but also to a full 3D coverage of the captured trees with an almost constant linear 

3D point spacing of appox. 5 cm from the stem to the canopy level. 
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In the absence of satellite images obtained by techniques more efficient, records 

obtained with drones have become increasingly used in forestry, as performed precise 

measurements with low cost and a high spectral resolution. Using drones have many 

advantages in terms of knowledge of the dynamics of health and development of forest 

ecosystems to achieve sustainable management of forests. This study has tried to elaborate 

a simplified method for the determination of biometric characteristics of individual trees 

and stands of oak using images recorded on forests drone of Brasov in Romania. After 

analyzing images and data processing, the results on the heights of trees and their crowns 

diameter were analyzed in comparison with those obtained in the field by full inventory 

conducted in the same stands. Field measurements were carried out in the areas of constant 

sample placed in stands with different structures. Biometric characteristics determined on 

the ground have been integrated into regression models to estimate the diameter and 

volume of trees by their canopy crown diameter, measured on the images. The accuracy of 

measurements is directly influenced by the position of the trees in stands and their 

dimensions, by composition and density of stands. Also was created models of regression 

wich leads to determinations on images obtained with an accuracy of 79-93%, 

differentiated in relation to the structure stands. 
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High technology using portable Terrestrial Laser Scanner (TLS) and Unmanned 

Aerial Vehicle (UAV) based photogrammetry (Structure from Motion, SfM) provides 

much faster and cheaper way to acquire 3D data in forestry field. Precision forestry expects 

faster data acquisition, high frequent data archive, and good measurement accuracy. High 

technologies using TLS and UAV-SfM can fit their expectation. Our research especially 

focuses on forest disaster such as forest fire. The research site is located in Fort Smith in 

Canada and the targeted species is boreal forest. We took two different times of 3D data 

before and after the forest fire. Quick and accurate monitoring system is achieved by these 

technologies to detect the changes caused by forest fire. In the past study, rapid monitoring 

system using high resolution satellite radar images has been used to monitor tree structure 

change. But field validation technique has not been established well to prove the result of 

satellite based monitoring. We developed a new portable TLS (SICK LMS511) and used a 

cheap UAV system using DJI phantom quad copter to take the data efficiently and analyze 

3D data automatically. The limited 3D data coverage from TLS was compensated by the 

data taken from the sky using UAV system with GPS. Automatic fusion process has been 

developed and applied to match between two different coordinates. In this way, no 

coordinates of TLS 3D data were transferred to fit to the GPS coordinate of UAV-SfM 

data. After the data is matched, vertical data coverage between TLS and UAV-SfM was 

compared to see how detail structure of tree is captured by different 3D acquisition 

techniques and quantify the structural and biomass loss of forest fire between before and 

after forest fire. We demonstrate the technical capability of TLS and UAV-SfM to capture 

the form of trees and show the applicability to provide field validation data for high 

resolution satellite radar images (PALSAR 2 radar images).  
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In the Czech National Forest inventory (NFI2), remote sensing is utilised as a 

crucial support for field survey and to create the wall-to-wall maps which are then used to 

enhance the precision of selected NFI2 parameters. Forest Management Institute (FMI) 

receive the aerial imagery acquired in National imaging campaigns by the State 

Administration of Land Surveying and Cadastre (ĻĐZK). In the past, the campaigns 

covered 1/3 of the Czech territory every year. Since 2012 one half of the territory is 

covered every year. The imagery processed by image matching technique provide 

normalised digital surface model (nDSM) updated in 2 years period. The aim of the paper 

is to describe the nDSM processing in time series of 2003 - 2015 and show possible 

application in the Czech NFI. 

The automated extraction of forest stand heights from the aerial image stereo-pairs 

had been intensively tested at FMI from 2012, and became operational in 2013. The image 

matching is done in Czech software PhotopoL CORR. The point clouds are further 

processed (filtration, masking), normalised by subtracting elevation from the LIDAR-

based DTM, rasterised to target resolution of 2m/pixel and mosaicked into large blocks. 

The workflow initially developed for digital UltraCam data was recently applied also for 

archive analogue imagery from 2003 ï 2009. 

The time series of nDSM from 2003 ï 2015 represents the unique dataset with the 

range of forest change application, but requiring sophisticated and complex analysis 

approach in the same time. The classification of the nDSM change images enable to detect 

forest cut between the imaging dates. In this task, object-based image analysis procedure 

was developed using the height difference, spectral information from infrared ortophoto, 

contextual rules and morphological enhancement of output vector files. Clearcuts and 

thinning areas are thus identified and extracted in good spatial and thematic precision 

every 2 years. The results are primarily used to refine the timber cut estimates in NFI2. 

Furthermore, the output is utilised in the control system of wood on EU market (EUTR). 
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The close range and high resolution imagery from unmanned aerial vehicles 

(UAVs) or more precisely from unmanned aerial system (when the drone is controlled by 

the ground control station) represents interesting and challenging technology to be studied 

nowadays. The state-of-the-art results appear to be promising for many forestry related 

applications including stock estimation, species classification, health monitoring, disaster 

mapping and so oné 

In this work we evaluate possibility of assessment of horizontal structure of forest 

stands using a low altitude flying UAV with common optical camera acquiring photos to 

be processed by Structure From Motion algorithms for creation of 3D point clouds. These 

dense 3D point clouds are geo referenced by ground control points with known positions. 

The horizontal structure of the stand is assessed using known algorithms for individual tree 

delineation and compared with the structure measured in the ground. The technical 

solution its advantages and disadvantages are described together with the ergonomy of the 

ground versus remote sensing measurements. 
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The latest advances in computer systems and the parallel development of unmanned 

aerial vehicles (UAVs) enhanced the potential of direct measurements of crown 

architecture and in general their extensive use in forest inventory. In this work we used a 

method for the estimation of tree height and crown diameter, by using UAV high 

resolution imagery throughout photogrammetry and ñstructure from motionò. We 

reconstructed three-dimensional structures from two-dimensional image sequences by 

using two circular study areas, 25 meters of radius. The involved workflow, used canopy 

height models (CHMs) for the extraction of height, through smoothing processing of raster 

images, using local maxima approach at the positions of ground truth data and inverse 

watershed segmentation (IWS), for estimation of the crown diameters with the help of 

geographical information system analyses. Finally, we validate the accuracies of the two 

methods by testing their significance, which was also the aim of our work. For purpose of 

modelling we used linear regression approach. Results showed higher agreement between 

field and remote sensing data for height comparing to crown diameter, based on RMSE % 

ranging from (11.42 ï 12.62%) for height variable and (14.29 - 18.56%) for crown 

diameter. 
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  Within the field of forestry, forest road mapping and inventory plays an important role in 

management activities related to wood harvesting industry, sentiment and water run-off modelling, 

biodiversity distribution and ecological connectivity, recreation activities, future planning of forest 

road networks and wildfire protection and fire-fighting. 

Especially in countries of the Mediterranean Rim, knowledge at regional and national 

scales regarding the distribution and the characteristics of rural and forest road network is essential 

in order to ensure an effective emergency management and rapid response of the fire-fighting 

mechanism. Yet, the absence of accurate and updated geodatabases and the drawbacks related to 

the use of traditional cartographic methods arising from the forest environment settings, and the 

cost and efforts needed, as thousands of meters need to be surveyed per site, trigger the need for 

new data sources and innovative mapping approaches. 

Monitoring the condition of unpaved forest roads with unmanned aerial vehicle technology 

is an attractive option for substituting objective, laboursome surveys. 

The aim of our study was to develop a method for, and test the suitability of, the use of a 

low cost UAV system in monitoring forest road conditions and estimating road deficiencies that 

could induce constrains and delays in forest fighting vehicles mobilization. 

Although photogrammetric processing of UAV imagery can achieve accuracy of 1-2 

centimeters and dense point clouds, needs the establishment of control points. In the case of forest 

road networks, which are a linear features, there is a need for a great number of control points. On 

the other hand VHR satellite imagery can produce maps of large areas with minimal usage of 

control points, achieving accuracies of 25-50 centimeters. 

Our aim is to use orthoimages produced either by VHR satellite or aerial imagery as control 

information for the photogrammetric processing of UAV imagery. In that way we can achieve 

highly accurate 3d models (1-2 cm) of the roads with a geo-registration accuracy of 20-25 cm. 

Originally, through the use of a GEographic Object Based Image Analysis (GEOBIA) and very-

high spatial resolution satellite imagery, the forest transportation network was identified over a 

forested area in Northern Greece. Sample road transects were identified and through 

photogrammetric procedures digital 3D road surface models and orthoimages were produced from 

UAV imagery in order to identify the distress properties of ruts and depressions. Field based 

measurements were also used for calibrating and assessing the accuracy of the remote sensing 

measurements (depth and size of the elements).The proposed approach is cost efficient and has the 

potential to be operationally applied for forest managers and civil protection agencies, in order to 

monitor forest road condition during the fire-season and prioritize maintenance activities. The 

acquired UAV orthoimagery, together with the derived 3D models and condition measurements 

can be directly integrated into forest road geodatabases. 
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In the face of a changing climatic conditions, genetically predetermined plant 

processes such as phenology are no exemption to the strong influence of climate change. 

Consequently, the óhowô and the ówhenô autumn tree crown phenology occur is believed to 

have been altered over the years. Besides, despite the increasing suitability and application 

of relatively cost-effective UAV-based remote sensing in many fields of scientific study, 

there is currently a paucity of literature and application of UAV-based remotely sensed 

imagery for spatial and temporal stand-level phonological studies. The goal of this study 

was to assess the spatio-temporal patterns of autumn phenology within Sessile oak stands 

using UAV based images. There were four circular (R = 35 m) sample plots located in a 90 

year old Sessile oak stand. Every tree was then classified into one of three phenological 

phases, according to the dominating crown colour ï green, yellow or brown. A total of 450 

trees were classified. The study reveals that: (1) the autumn phenology of sessile oak 

observed from grouped phenological phases of green, yellow and brown tree crown 

colours have received a significant delay-shift in 2012 than in 2011 as most tree crowns in 

2012 were still green as at mid-autumn. (2) While all crowns with yellow phenological 

phase possessed a high tendency towards a spatially regular distribution pattern both in 

2011 and 2012, the brown phenological phase showed a rather random spatial distribution 

pattern, with green crowns characterized by random spatial pattern in 2011 but not 

completely random in 2012. Finally, (3) the manual classification of tree crowns into 

phenological phases was a good tool to recognize autumn phenology properties as the 

results obtained by different observers have had big agreement in 2011 and 2012 

respectively. Further studies is however obviously necessary to confirm its suitability for 

extensive temporal study. 
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In the last few years we observe a very dynamic development of the market for 

close range remote sensing data acquisition which include Unmanned Aerial Vehicles 

sector (UAV) called drones. They are often used for acquiring of geometric information for 

photogrammetry purposes or LULC changes based on radiometric information about the 

objects. On the drones can be assembled various types of sensors including the most 

popular digital cameras. To ensure the possibility of photogrammetric studies drones are 

equipped in good quality GNSS receivers and an IMU (Inertial Measurement Unit) 

consisting of high-precision gyroscopes and accelerometers. All these devices together 

form a system of INS (Inertial Navigation System) responsible for the registration of the 

trajectory of flight and navigation path planned strip. Outside RGB camera, another 

devices like: multispectral, hyper-spectral cameras, laser scanners and even probes for the 

measurement of pollutants can be set. Poster presented a pilot project using high-end 

copter Ibotix X6 (Ibot) equipped with a multispectral camera RedEdge (MicaSence; USA), 

together with its hardware (GPS and radiance meter) and software (ATLAS). Test area was 

a forest nursery in Nňdza (Forest District Rudy Raciborskie, RDLP Katowice). Tests were 

carried out on 27.05.2016 in good weather on the exposed areas of the seedlings with 

closed root system: pine, oak, beech and spruce differing in origin and date of sowing. 

MicaSense camera recorded the seedlings from about 30.0 m high at a speed of 2.0 m/sec 

and GSD 2 cm. The multi-spectral camera in addition to standard RGB have two important 

band responsible for the condition of the plant; RedEdge (717 nm) and NIR (840 nm). The 

pictures were taken at intervals of 1 sec with 12 bit radiometric resolution. On the basis of 

the ATLAS system they will be subjected to atmospheric correction and geometric along 

with generating orthomosaick's in different band compositions. On the basis of the signal 

value of each channel some vegetation indices' will be calculated (eg. NDVI) describing 

the condition of the plant. In the later part of the research the new method of DSM 

generation will be used based on image stereo-matching algorithms. The final step of 

research will be the GEOBIA classification of multispectral images supported by DSM 

model for the search for plants in a bad condition and distribution of different tree species. 

Repeated flights can provide detailed monitoring of the material over a large area with an 

indication of the diversity which may be affected by substrate soil, growing conditions and 

even the tree ecotype or nutrients. 
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