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Welcome to Zurich 
 
The University of Zurich and the Workshop Organizing Committee would like to 
welcome you to Zurich to participate in the 10th Workshop of the EARSeL Special 
Interest Group on Imaging Spectroscopy (SIG-IS).  
 
With this workshop, the EARSeL SIG-IS series celebrates its 20th birthday. After 
almost 20 years, the 10th workshop comes back to its roots at the University of 
Zurich where the first meeting took place at the Remote Sensing Laboratories (RSL) 
in 1998.  
 
EARSeL’s Special Interest Group on Imaging Spectroscopy aims at encouraging 
interdisciplinary discussions among specialists working with innovative Earth 
Observation methods and technologies. 
Imaging spectroscopy is increasingly finding its way into transdisciplinary research 
aiming to integrate state-of-the-art methods and data analysis concepts in response 
to today’s key environmental and societal challenges.  
Besides the discussion of advanced technologies for spectroscopy data processing 
and analysis, as well as next generation platforms and sensors, the workshop 
particularly addresses integrated approaches in Earth System Science using 
spectroscopy across all spheres, including the anthroposphere. 
 
Please enjoy the keynotes, the topical keynote sessions, the presentations, posters 
and exhibition booths. Besides, we hope you will also find the time to visit the 
beautiful city of Zurich. 
 
We wish to thank the conference sponsors, scientific committee, student volunteers, 
and members of the organizing committee for all their efforts to make this workshop 
a success. 
 
Enjoy! 
 
Mathias Kneubühler and Alexander Damm 
Co-chairs 10th EARSeL SIG-IS Workshop 
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Venue 
 
The 10th EARSeL SIG-IS Workshop will be held at the University of Zurich, Irchel 
Campus. With 26’000 students, the University of Zurich is Switzerland’s largest 
university. The workshop is organized by the Remote Sensing Laboratories (RSL) at 
the Department of Geography. 
 
The university’s Irchel Campus is pleasantly situated in one of the largest public parks 
in Zurich in close vicinity to the city centre. Public transport from the city centre 
(Zurich main station) is provided by the Zurich Tram routes 10 and 14 to the 
Milchbuck hub. From the hub, it is a pleasant 10 minutes walk through the public 
park to the EARSeL workshop location at the campus. Tram route 10 directly 
connects Zurich Airport and the city centre, with a tram stop at Milchbuck hub in 
vicinity to the University of Zurich Irchel Campus. 
 
 

 
© Universität Zürich, Manfred Richter 

  

http://www.zvv.ch/zvv/en/home.html
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Organizing Committee 
 

 Mathias Kneubühler, University of Zurich, Switzerland 

 Sandra Altorfer, University of Zurich, Switzerland 

 Heide Bierbrauer, EARSeL Secretariat, Münster, Germany 

 Alexander Damm, University of Zurich, Switzerland 

 Andreas Hueni, University of Zurich, Switzerland 

 Daniel Kükenbrink, University of Zurich, Switzerland 

 Klaus-Ulrich Komp, EARSeL Chairman, Münster, Germany 

 Andreas Müller, DLR Oberpfaffenhofen, Germany 

 Michael Schaepman, University of Zurich, Switzerland 

 Martin Schlerf, Luxembourg Institute of Science and Technology (LIST), 
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 Devis Tuia, University of Zurich, Switzerland 
 
 

Scientific Committee 
 Fabrizia Buongiorno, National Institute of Geophysics and Vulcanology (INGV), 

Rome Italy 

 Sabine Chabrillat, Helmholtz Centre Potsdam (GFZ), Germany 

 Jocelyn Chanussot, INP – Grenoble Institute of Technology, France 

 Robert Green, Jet Propulsion Laboratory (JPL), Pasadena, USA 

 Uta Heiden, German Aerospace Center (DLR), Oberpfaffenhofen, Germany 

 Philip Lewis, University College London (UCL), United Kingdom 

 Alasdair McArthur, University of Edinburgh, United Kingdom 

 José Moreno, University of Valencia, Spain 

 Antonio Plaza, University of Extremadura, Spain 

 Uwe Rascher, Forschungszentrum Jülich, Germany 

 Micol Rossini, Università degli Studi di Milano-Bicocca, Milano, Italy 

 Gabriela Schaepman-Strub, University of Zurich, Switzerland 

 Sebastian Schmidtlein, Karlsruhe Institute of Technology (KIT), Germany 

 Susan Ustin, University of California Davis, USA 
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Workshop Topics 
 
Advanced methods for spectroscopy calibration, data processing and archiving  

- Sensor calibration and product validation 
- Software systems for imaging spectroscopy 

 - Big data and data mining  
- Inversion schemes and data assimilation 

 - In-situ, field and laboratory spectroscopy 
 - Atmospheric compensation techniques 
 - Spectral databases and information systems 
 - Very high resolution spectroscopy 
 - Statistical and computational methods for data analysis 
 
Integrated approaches in Earth System Science using spectroscopy 

- Combined use of Earth Observation technologies (LiDAR, SAR, etc. and 
spectroscopy) 

- Forward and inverse modeling of spheres 
- Sphere specific analysis methods (atmosphere, biosphere, hydrosphere, 

pedosphere, anthroposphere) 
- Ecosystem processes and functions in vegetated ecosystems, soils, snow 

and ice, atmosphere, coastal and inland waters, urban areas 
- Scaling, interactions and feedback mechanisms between and across spheres 
- Transdisciplinary applications using Ecosystem Services (ESS) 
- Spectroscopy in the context of societal challenges (water scarcity, food 

security, biodiversity loss, etc.) 
 
Next generation platforms and sensors 

- Spectroscopy from ground, drone, air- and spaceborne platforms 
- Visible, near-, mid- and thermal infrared spectral and multi-angular spectral 

measurements 
- Emerging concepts, technologies and missions 
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Map	of	Location	
	

	

University*of*Zurich*Irchel*Campus
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Practical Information 
 
Registration Desk 

 Tuesday, 18 April 2017: 09:00 – 16:00 

 Wednesday 19 April to Friday 21 April 2017: 08:00 – 16:00 
 

Poster 
Please put up your poster on Wednesday morning. Posters will remain on the boards 
for the entire workshop. We have dedicated poster sessions from Wednesday to 
Friday at 12:30 – 14:00 where you should be around. 
 
Oral Presentation 
Please upload your presentation to the computer in the respective seminar room 
before the start of your session (in the morning before 08:30 or during coffee/lunch 
breaks). Personal laptops cannot be used. 
Oral presentations last 12 minutes, plus 3 minutes for discussion and changeover to 
the next speaker. Keynote presentations last 30 minutes, including 5 minutes for 
discussion and changeover to the next speaker. 
 
Internet Access 

 Free WiFi access is available to all workshop participants using the following 
link:  http://t.uzh.ch/coa Event-ID: 17EARSeL2370 

 Besides, eduroam is also available on the university campus. 
 
EARSeL SIG-IS Workshop Website 
http://www.earsel.org/SIG/IS/workshops/10-IS-Workshop/ 
 
Sponsors 
The organizing committee would like to thank those organizations who have 
sponsored the workshop, either directly through financial support to the meeting or 
indirectly through supporting the duties of the organizing committee members to 
prepare the workshop. For the key financial sponsors full page advertisements may 
be found in this programme. 
 
 

http://t.uzh.ch/coa
http://www.earsel.org/SIG/IS/workshops/10-IS-Workshop/
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Pre-Workshop Tutorials 
The pre-workshop tutorials are scheduled on Tuesday, 18 April 2017 between 10:00-
17:00. See the workshop reception for details. 
 
Workshop Sessions Seminar Rooms 
The workshop sessions take place in the following seminar rooms on the University 
of Zurich Irchel campus: 

 Y (Irchel Campus) 15 (Building) G (Floor) 60 (Seminar Room): Y-15-G-60 

 Y (Irchel Campus) 16 (Building) G (Floor) 15 (Seminar Room): Y-16-G-15 

 Y (Irchel Campus) 16 (Building) G (Floor) 05 (Seminar Room): Y-16-G-05 

 Y (Irchel Campus) 03 (Building) G (Floor) 85 (Seminar Room): Y-03-G-85 

 Y (Irchel Campus) 03 (Building) G (Floor) 95 (Seminar Room): Y-03-G-95 
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Social Events 
 
Wednesday, 19 April 2017, 19:00 – 21:00:  
Ice Breaker, Main Hall University of Zurich (“Lichthof”), Irchel Campus 
 
Thursday, 20 April 2017: 18:00 – 23:30: 
Workshop Dinner at Restaurant Pantanal, Zoo Zurich 

 17:30:   Departure by bus from Irchel Campus, Taxi rank (D-Floor) 

 18:00:   Arrival at Zoo Zurich main entrance 

 18:15 – 20:00: Guided Tours / Drinks and Snacks 

 20:00 – 23:30: Workshop Dinner 

 23:30:  Departure by bus to Irchel Campus, Taxi rank (D-Floor) 
 
If you wish to arrive at Zurich Zoo main entrance individually, you may take tram 
route 9 at Universität Irchel (tram stop, direction Triemli), and change at Zürich, 
ETH/Universitätsspital (tram stop) to tram route 6 (direction Zoo), which will take 
you to Zoo Zurich. Allow at least 30 minutes for travel. Be at the Zoo main entrance 
by 18:00 latest.
 

 



	

	 	

High Resolution Solutions for  
 Remote Sensing 

For a quote, call 1-978-687-1833 or  
email sales@spectralevolution.com. 
For more information, visit www.spectralevolution.com. 

SR-6500—Enhanced  
Spectral Resolution 

►1.5nm @ 700nm (FWHM) 
►3.0nm @ 1500nm (FWHM) 
►3.8nm @ 2100nm (FWHM) 

Kaolinite scan feature close-up.  
Top – SR-6500 
Bottom—standard field spectrometer 

Field Portable Solution: 
PSR+ for Remote Sensing 
and Soil Analysis 
►High resolution/high sensitivity 
►Rugged/reliable—no moving optical parts 
►EZ-ID sample identification software—extensive clay     
     and mineral library —allows you to build a custom library 

Talc scan feature close-up.  
Top– SR-6500 
Bottom—standard field spectrometer 

Reflectance values  
removed for comparison 

Reflectance 
values  
removed for 
comparison 
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Harris Geospatial Solutions has more than 30 years’ experience developing scientifically proven 
solutions using cutting-edge technology. Today, organizations from across industries use our in-depth 
knowledge of advanced geospatial analytics, machine learning, and remotely sensed data to make 
better decisions. 
ENVI 
ENVI is the image analysis software of choice for remote sensing scientists, image analysts and GIS 
professionals to extract accurate and meaningful information from all kinds of data. ENVI is designed 
to be used by anyone that relies on imagery and data to make decisions, delivering the same expert-
level results across the board, regardless of prior experience with imagery. Originally, ENVI was 
developed for advanced hyperspectral image processing. The continuous refinement of its spectral 
mapping capabilities make ENVI standard for research and image scientists worldwide. ENVI is fully 
integrated with ArcGIS from Esri, and ENVI analytics can be executed from within any ArcGIS 
environment and results can be accessed directly from ArcMap or via ArcGIS Online.  
ENVI Analytics at Scale 
Deploying ENVI image and data analytic capabilities through our Geospatial Services Framework (GSF) 
takes advantage of existing investments in server and enterprise technology and enables the use of 
light weight, browser-based clients and apps to access ENVI analytics. Geospatial Services Framework 
(GSF) is elastic and easily scales up or down to meet demands and is cloud and data agnostic. This 
means GSF easily installs within existing infrastructure and takes advantage of the data assets an 
organization has already invested in. GSF uses the full power of cloud and enterprise architecture and 
can quickly run automated analytics on existing data stores or new and incoming data.  
ENVI in the Cloud 
Using a convenient subscription model, ENVI in the Cloud offers the full desktop experience of ENVI 
and IDL through a web browser. This service enables organizations to quickly get up and running 
while saving time and money on IT support and infrastructure. The full ENVI desktop software, as well 
as atmospheric correction, photogrammetry, and feature extraction modules are available on a 
monthly basis. Users simply login to virtual instances of ENVI or IDL and can start working right away. 
Subscriptions also include storage, making it possible to upload project data or access CloudEO’s data 
services. 
IDL 
IDL is the trusted scientific-programming language used to extract meaningful visualizations from 
complex numerical data. IDL allows ENVI users to create batch processes for common tasks, 
customize menu items, add proprietary algorithms, and integrate other code with their geospatial 
analysis.  
ENVI SARscape 
ENVI SARscape is used to process and analyze SAR data acquired from all existing spaceborne and 
selected airborne platforms, taking the data from hard-to-interpret numbers and turning it into to 
meaningful, contextual information. SARscape generates products and offers the option to integrate 
this information with other geospatial products.  
Custom Services Group  
Leverage our expertise in remote sensing and geospatial analytics along with proven machine learning 
technology to jump start a business or solve a challenging problem.  At Harris we look at machine 
learning as an enabling technology to help solve real-world customer problems. To that end, we have 
developed a highly-tuned process, relying less on the volume of label data and more on reliable 
training models and high-performance computing, that allows us to solve those problems quicker and 
more cost effectively than ever before. Harris’ machine learning technologies excel at automated 
object recognition, obtaining near-ceiling performance on Pan, RGB, MSI, HSI, SAR, LiDAR, and 
derived point cloud data sets. 
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ASD Inc., a PANalytical company is recognized worldwide for providing high performance analytical 
instrumentation solutions to industrial and scientific markets. The ASD Inc. team solves real-world 
natural resource materials measurement problems. 

Incorporated in 1990 as Analytical Spectral Devices, Inc., ASD is based in Boulder, Colorado. It is 
now a PANalytical company, and a part of Spectris.  
ASD was established to address a fundamental need of earth science researchers for a robust, high-
performance, portable instrument that could be used in field work. 

It continues to design, manufacture, and sell sophisticated Near-Infrared (VNIR/SWIR) spectroscopy 
instruments, solutions and applications expertise for materials measurement and researches. 

Responding to this need, two renowned remote sensing scientists, Dr. Alexander F. H. Goetz, Director 
of the Center for the Study of Earth from Space (CSES), and Dr. Brian Curtiss, a senior scientist at CSES, 
designed and produced the Personal Spectrometer II (PSII), the world's first truly portable, rugged, 
research-grade spectroradiometer. 

The PSII was quickly embraced by fellow scientists around the world as a practical and necessary tool 
to do their work. Subsequent generations of portable field instruments, trademarked under the name 
FieldSpec® , earned ASD world-wide recognition as the number one portable instrumentation supplier 
for remote sensing scientists and field researchers. Today, the FieldSpec 4 and FieldSpec HandHeld 2 
instrument families provide researchers with a complete suite of instruments for all of their field 
work needs. 

ASD successfully expanded beyond its origins in the scientific markets, into industrial manufacturing 
markets, by providing instrumentation solutions for the real-time measurement of non-homogenous 
materials in manufacturing and quality control environments. ASD's industrial instrument lines now 
include QualitySpec® for on-line and near-line process control, LabSpec® for material inspection and 
identification in the field and lab, and TerraSpec® for mining exploration and production. 

ASD's legacy is one of innovation and leadership in addressing customers' needs —providing the 
latest technologies combined with the highest standards of quality and service. We continue to 
provide customers with value enhancing solutions to their materials measurement needs by 
offering the following resources: 

 Instrumentation for field, near-line, and on-line materials measurements 

 Applications expertise supplied by our SummitCAL Solutions Team, our scientists, and 
engineers 

 Service and support for installations, and post-sales support worldwide 

 Global presence: ASD has instruments in over 60 countries and a distribution network 
encompassing six continents 

Evidence of our success can be seen in the timeline of major milestones in ASD's history. 

See more at: http://www.asdi.com 

https://www.asdi.com/products/fieldspec-spectroradiometers
https://www.asdi.com/products/fieldspec-spectroradiometers/handheld-2-portable-spectroradiometer
https://www.asdi.com/products/QualitySpec
https://www.asdi.com/products/LabSpec
https://www.asdi.com/products/TerraSpec
https://www.asdi.com/service-and-support/summitcal
https://www.asdi.com/contact-us/representative-network
https://www.asdi.com/about-us/milestones


	

	

	

www.rese-apps.com

Remote Sensing Software

ATCOR ® -
Atmospheric & Topographic Correction
Physical inversion to surface reflectance quantities for
optical and infrared satellite sensors and airborne systems.

PARGE ® -
Geocoding and Orthorectification
Direct geocoding of line scanner imagery to digital elevation
models, optimized for imaging spectroscopy.

MODO -
Modtran® for Remote Sensing Research
Radiative transfer modeling and sensitivity analyses for optical
and thermal systems.

Langeggweg 3
CH-9500 Wil
Switzerland

ReSe Applications
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info@rese.ch
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The MODTRAN® trademark is being used with the express permission of the owner,
the United States of America, as represented by the United States Air Force.
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Programme Overview 

 

     Date: Wednesday, 19/Apr/2017  

8:00am 
-  

9:00am 

REG-1: Registration 
Location: UZH Irchel Campus 

9:00am 
-  

9:30am 

OP: Greetings 
Location: Y-15-G-60 

Müller, Andreas: Greetings from the EARSeL SIG Imaging Spectroscopy Chair (5’) 

Schyns, Jean-Christophe: Greetings from the EARSeL Bureau (5’) 

Schaepman, Michael E.: Greetings from the Dean of the Faculty of Science (15’) 

9:30am 
-  

10:00am 

KN-1: Keynote 1: On the Dimensionality of Earth’s Upwelling VSWIR Light Field 
Location: Y-15-G-60 

Speaker: Thompson, David Ray 

10:00am 
-  

10:30am 

CB-1: Coffee Break 1 

10:30am 
-  

11:30am 

TKS1: Topical Keynote Session 1: Blending physical modelling and machine learning: new frontiers in spectroscopy data processing 
Location: Y-15-G-60 
Chair: Jochem Verrelst 

11:30am 
-  

12:30pm 

TKS1_Disc: Plenary Discussion Topical Keynote 1 
Location: Y-15-G-60 
Chair: Jochem Verrelst 
Chair: Jose Luis Gomez-Dans 
Chair: Gustau Camps-Valls 

12:30pm 
-  

1:00pm 

A1-P-BDV: Posters - 
Vegetation Structure and 

Function as Essential 
Biodiversity Variables: 
from the Visible to 

Thermal 
Location: Gallery 

A2-P-SCM: Posters - 
Statistical and 

Computational Methods 
for Data Analysis 
Location: Gallery 

C1-P-SOC: Posters - 
Spectroscopy in the 

Context of Societal 
Challenges 
Location: Gallery 

C2-P-ATM: Posters - 
Athmospheric 

Compensation Techniques 
Location: Gallery 

C3-P-FIM: Posters - 
Forward and Inverse 

Modelling of Spheres 
Location: Gallery 

1:00pm 
-  

2:00pm 

LB-1: Lunch & Poster Session 1 

2:00pm 
-  

2:15pm 

GP: Group Photo 

2:15pm 
-  

3:15pm 

A1-O-BDV-1: Vegetation 
Structure and Function as 

Essential Biodiversity 
Variables: from the Visible 
to Thermal (Special 

Session) 
Location: Y-16-G-05 
Chair: Andrew Skidmore 
Chair: Roshanak Darvishzadeh 

A2-O-SCM-1: Statistical 
and Computational 

Methods for Data Analysis 
Location: Y-03-G-85 
Chair: Devis Tuia 
Chair: Anna Brook 

A3-O-TIR-1: Challenges 
and Applications in 

Thermal Infrared Imaging 
Spectroscopy (Special 
Session) 
Location: Y-16-G-15 
Chair: Christoph Andreas 
Hecker 
Chair: Sabine Chabrillat 

    

3:15pm 
-  

4:15pm 

B1-O-BDV-2: Vegetation 
Structure and Function as 
Essential Biodiversity 

Variables: from the Visible 
to Thermal (Special 
Session) 
Location: Y-16-G-05 
Chair: Roshanak Darvishzadeh 
Chair: Andrew Skidmore 

B2-O-SCM-2: Statistical 
and Computational 
Methods for Data Analysis 
Location: Y-03-G-85 
Chair: Mireille Olwen 
Guillaume 
Chair: Derek Michael Rogge 

B3-O-TIR-2: Challenges 
and Applications in 
Thermal Infrared Imaging 

Spectroscopy (Special 
Session) 
Location: Y-16-G-15 
Chair: Christoph Andreas 
Hecker 
Chair: Thomas Udelhoven 

    

4:15pm 
-  

4:45pm 

CB-2: Coffee Break 2 

4:45pm 
-  

6:00pm 

C1-O-SOC: Spectroscopy 
in the Context of Societal 
Challenges 
Location: Y-16-G-05 
Chair: Hannes Feilhauer 
Chair: Pedro J. Leitão 

C2-O-ATM: Athmospheric 
Compensation Techniques 
Location: Y-03-G-85 
Chair: Daniel Schläpfer 
Chair: Gerrit Kuhlmann 

C3-O-FIM: Forward and 
Inverse Modelling of 
Spheres 
Location: Y-16-G-15 
Chair: Gabriela Schaepman-
Strub 
Chair: Matti Mõttus 

    

7:00pm 
-  

9:00pm 

IB: Icebreaker 
Location: Main Hall UZH Irchel Campus 
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     Date: Thursday, 20/Apr/2017  

8:00am 
-  

8:30am 

REG-2: Registration 
Location: UZH Irchel Campus 

8:30am 
-  

9:00am 

KN-2: Keynote 2: Remote Sensing of Terrestrial Ecosystems and the Development of a Predictive Science of the Biosphere 
Location: Y-15-G-60 

Speaker: Moorcroft, Paul 

9:00am 
-  

10:00am 

TKS2: Topical Keynote Session 2: Imaging spectroscopy from unmanned aerial systems (UAS): Recent advances in technology and 
applications 
Location: Y-15-G-60 
Chair: Pablo J. Zarco-Tejada 

10:00am 
-  

11:00am 

TKS2_Disc: Plenary Discussion Topical Keynote 2 
Location: Y-15-G-60 
Chair: Pablo J. Zarco-Tejada 
Chair: Arko Lucieer 
Chair: Helge Aasen 
Chair: Lammert Kooistra 

11:00am 
-  

11:30am 

CB-3: Coffee Break 3 

11:30am 
-  

12:30pm 

D1-O-SAAB: Sphere 
Specific Analysis Methods 

- Atmosphere/Biosphere 
Location: Y-16-G-05 
Chair: Lammert Kooistra 
Chair: Felix C Seidel 

D2-O-SOI-1: Soil 
Spectroscopy from Soil 

Spectral Libraries to 
Spatial Mapping from 
Space (Special Session) 
Location: Y-16-G-15 
Chair: Sabine Chabrillat 
Chair: Johanna Wetterlind 

D3-O-CAL-1: Sensor 
Calibration and Product 

Validation 
Location: Y-03-G-85 
Chair: Andreas Hueni 
Chair: Helge Aasen 

    

12:30pm 
-  

1:00pm 

D1-P-SAAB: Posters - 

Sphere Specific Analysis 
Methods - 
Atmosphere/Biosphere 
Location: Gallery 

D2-P-SOI: Posters - Soil 

Spectroscopy from Soil 
Spectral Libraries to 
Spatial Mapping from 

Space 
Location: Gallery 

D3-P-CAL: Posters - 

Sensor Calibration and 
Product Validation 
Location: Gallery 

F1-P-SAP: Posters - 

Sphere Specific Analysis 
Methods - Pedosphere 
Location: Gallery 

G2-P-FUS: Posters - 

Fusion of Earth 
Observation  
Technologies 
Location: Gallery 

1:00pm 
-  

2:00pm 

LB-2: Lunch & Poster Session 2 

2:00pm 
-  

3:00pm 

E1-O-SAH: Sphere 
Specific Analysis Methods 
- Hydrosphere 
Location: Y-16-G-05 
Chair: Claudia Giardino 
Chair: Hariharasudhan V 

Gomathisankaraprasad 

E2-O-SOI-2: Soil 
Spectroscopy from Soil 
Spectral Libraries to 

Spatial Mapping from 
Space (Special Session) 
Location: Y-16-G-15 
Chair: Eyal Ben Dor 
Chair: Johanna Wetterlind 

E3-O-CAL-2: Sensor 
Calibration and Product 
Validation (Special 

Session) 
Location: Y-03-G-85 
Chair: Helge Aasen 
Chair: Andreas Hueni 

    

3:00pm 
-  

4:00pm 

F1-O-SAP: Sphere Specific 

Analysis Methods - 
Pedosphere 
Location: Y-16-G-05 
Chair: Véronique Carrère 
Chair: Veronika Kopačková 

F2-O-INV: Applications of 

Spectral Invariants 
(Special Session) 
Location: Y-16-G-15 
Chair: Miina Rautiainen 
Chair: Yuri Knyazikhin 

F3-O-FRM-1: Imaging 

Spectroscopy with 
Snapshot and Frame-
Based Sensors - from 

Sensor Calibration to Data 
Product Generation 
(Special Session) 
Location: Y-03-G-85 
Chair: András Jung 
Chair: Helge Aasen 

F4-O-COM-1: Combined 

Observational Modelling 
Approaches for Advanced 
Earth Science 

Applications (Special 
Session) 
Location: Y-03-G-95 
Chair: Alexander Damm 
Chair: Michael E. Schaepman 

  

4:00pm 
-  

4:30pm 

CB-4: Coffee Break 4 

4:30pm 
-  

5:30pm 

G1-O-SAU: Sphere 
Specific Analysis Methods 
- Urban 
Location: Y-16-G-05 
Chair: Frantisek Zemek 
Chair: Akpona Okujeni 

G2-O-FUS: Fusion of Earth 
Observation Technologies 
Location: Y-16-G-15 
Chair: Stefanie Holzwarth 
Chair: Henning Buddenbaum 

G3-O-FRM-2: Imaging 
Spectroscopy with 
Snapshot and Frame-

Based Sensors - from 
Sensor Calibration to Data 
Product Generation 

(Special Session) 
Location: Y-03-G-85 
Chair: Helge Aasen 
Chair: András Jung 

G4-O-COM-2: Combined 
Observational Modelling 
Approaches for Advanced 

Earth Science 
Applications (Special 
Session) 
Location: Y-03-G-95 
Chair: Michael E. Schaepman 
Chair: Alexander Damm 

  

5:30pm 
-  

11:30pm 

WD: Workshop Dinner 
Location: Restaurant Pantanal Zurich Zoo 
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     Date: Friday, 21/Apr/2017  

8:00am 
-  

8:30am 

REG-3: Registration 
Location: UZH Irchel Campus 

8:30am 
-  

9:00am 

KN-3: Keynote 3: Hyperspectral imaging from Space: European achievements and plans for ocean, land and atmospheric applications 
Location: Y-15-G-60 

Speaker: Meynart, Roland 

9:10am 
-  

10:10am 

H1-O-VEG: Vegetation Classification and 
Traits Retrieval 
Location: Y-16-G-15 
Chair: Jan Clevers 
Chair: Lucie Homolova 

H2-O-LAB-1: In-situ, Field and Laboratory 
Spectroscopy 
Location: Y-16-G-05 
Chair: Alasdair Mac Arthur 
Chair: Miriam Machwitz 

H3-O-FUT-1: Science and Applications 
Enabled by Global Coverage Imaging 
Spectroscopy - Future Technologies, 

Missions and Emerging Concepts (Special 
Session) 
Location: Y-15-G-60 
Chair: Robert O Green 
Chair: Michael E. Schaepman 

10:10am 
-  

10:30am 

CB-5: Coffee Break 5 

10:30am 
-  

11:30am 

J1-O-FLU-1: Remote Sensing of Vegetation 
Fluorescence (Special Session) 
Location: Y-16-G-15 
Chair: Jose Moreno 
Chair: Alexander Damm 
Chair: Elizabeth M. Middleton 

J2-O-LAB-2: In-situ, Field and Laboratory 
Spectroscopy 
Location: Y-16-G-05 
Chair: Daniel Doktor 
Chair: Michael Denk 

J3-O-FUT-2: Science and Applications 
Enabled by Global Coverage Imaging 

Spectroscopy - Future Technologies, 
Missions and Emerging Concepts (Special 
Session) 
Location: Y-15-G-60 
Chair: Luis Guanter 
Chair: David Ray Thompson 

11:30am 
-  

12:30pm 

K1-O-FLU-2: Remote Sensing of Vegetation 
Fluorescence (Special Session) 
Location: Y-16-G-15 
Chair: Alexander Damm 
Chair: Uwe Rascher 

K2-O-MAP: Towards Universal Mapping 
Models - Enhancing the Spatial and Temporal 
Transferability of Empirical and Physical 

Models (Special Session) 
Location: Y-16-G-05 
Chair: Sebastian van der Linden 
Chair: Jochem Verrelst 
Chair: Akpona Okujeni 

K3-O-PLA-1: Spectroscopy from Ground, 
Drone, Air- and Spaceborne Platforms 
Location: Y-15-G-60 
Chair: Richard Gloaguen 
Chair: Thomas Jarmer 

12:30pm 
-  

1:00pm 

H1-P-VEG: Posters - Vegetation 

Classification and Traits Retrieval 
Location: Gallery 

H2-P-LAB: Posters - In-situ, Field and 

Laboratory Spectroscopy 
Location: Gallery 

J1-P-FLU: Posters - Remote Sensing of 

Vegetation Fluorescence 
Location: Gallery 

K2-P-MAP: Posters - Towards Universal 
Mapping Models - Enhancing the Spatial and 
Temporal Transferability of Empirical and 

Physical Models 
Location: Gallery 

L1-P-EPF: Posters - Ecosystem Processes 
and Functions 
Location: Gallery 

L2-P-SDB: Posters - Spectral Data Bases  
and Information Systems 
Location: Gallery 

L3-P-PLA: Posters - Spectroscopy from 
Ground, Drone, Air- and Spaceborne 

Platforms 
Location: Gallery 

    

1:00pm 
-  

2:00pm 

LB-3: Lunch & Poster Session 3 

2:00pm 
-  

3:00pm 

L1-O-EPF: Ecosystem Processes and 
Functions 
Location: Y-16-G-15 
Chair: Thomas Painter 
Chair: Anna Jarocinska 

L2-O-SDB: Spectral Data Bases and 
Information Systems 
Location: Y-16-G-05 
Chair: Andreas Hueni 
Chair: Philip A Townsend 

L3-O-PLA-2: Spectroscopy from Ground, 
Drone, Air- and Spaceborne Platforms 
Location: Y-15-G-60 
Chair: Zbynek Malenovsky 
Chair: Martin Bachmann 

3:15pm 
-  

4:15pm 

CS: Closing Session 
Location: Y-15-G-60 
Chair: Andreas Müller 
Chair: Andreas Hueni 

4:15pm 
-  

4:45pm 

CB-6: Farewell Coffee Break 
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Detailed	Programme	and	Abstracts	
	
	
Date: Tuesday, 18/Apr/2017  

10:00am - 5:00pm TUT-1: Tutorial 1: Introduction to Programming the Spectral Information 
System SPECCHIO 
Session Chair: Andreas Hueni 
Session Chair: Helge Aasen 

Y-25-H-86  

10:00am - 5:00pm TUT-2: Tutorial 2: Radiometric Processing of Imaging Spectroscopy Data 
using ATCOR-4 
Session Chair: Daniel Schläpfer Y-25-J-10  

10:00am - 5:00pm TUT-3: Tutorial 3: Introduction to ARTMO for optimizing and automating 
mapping of vegetation properties 
Session Chair: Jochem Verrelst Y-25-J-09  

10:00am - 5:00pm TUT-4: Tutorial 4: Nonlinear Unmixing for Imaging Spectroscopy 
Session Chair: Paul D Gader 
Session Chair: Rob Heylen Y-25-H-79  



10th	EARSeL	SIG	Imaging	Spectroscopy	Workshop	|	19	-21	April	2017,	Zurich,	Switzerland	
	

	

19	

Date: Wednesday, 19/Apr/2017  

8:00am - 9:00am REG-1: Registration 
UZH Irchel 
Campus  

9:00am - 9:30am OP: Greetings 
Session Chair: Mathias Kneubühler 
Session Chair: Alexander Damm 
Müller, Andreas: Greetings from the EARSeL SIG Imaging Spectroscopy Chair (5’) 
Schyns, Jean-Christophe: Greetings from the EARSeL Bureau (5’) 
Schaepman, Michael E.: Greetings from the Dean of the Faculty of Science (15’) 

Y-15-G-60  

9:30am - 10:00am KN-1: Keynote 1: On the Dimensionality of Earth’s Upwelling VSWIR Light 
Field 
Speaker: Thompson, David Ray Y-15-G-60  

  9:30am - 10:00am 

On the Dimensionality of Earth’s Upwelling VSWIR Light Field 
David Ray Thompson1, Joseph Boardman2, Robert Green1, Michael Eastwood1 
1Jet Propulsion Laboratory, California Institute of Technology; 2Analytical Imaging and 
Geophysics LLC, Boulder CO.; david.r.thompson@jpl.nasa.gov 
We report on the first multi-region, multi-year statistical survey of the dimensionality of Earth’s 
upwelling Visible-Shortwave Infrared (VSWIR) light field. The intrinsic dimensionality 
quantifies the diversity in Earth’s radiometric properties. This investigation analyzes spectra 
from a wide-area 2013 and 2014 campaign in California by NASA’s “Classic” Airborne Visible 
Near Infrared Spectrometer (AVIRIS-C) as a precursor to future global missions. AVIRIS-C 
acquired over 2.5 billion spectra, with a large latitudinal and elevation range over coastal, 
terrestrial, and urban scenes. It overflew terrain spanning elevations from sea level to 3 km 
that included nearly all MODIS land cover types. The analysis exploits a robust estimate of 
noise based on the spectral uniformity of the AVIRIS-C whiskbroom instrument design. We 
find that the spectral diversity of terrestrial natural scenes is significantly lower than for urban 
scenes. Dimensionality for the dataset as a whole is greater than 40, underscoring the value 
of imaging spectroscopy to fully measure the Earth’s upwelling radiation in the VSWIR range. 
  

10:00am - 10:30am CB-1: Coffee Break 1 
  

10:30am - 11:30am TKS1: Topical Keynote Session 1: Blending physical modelling and machine 
learning: new frontiers in spectroscopy data processing 
Session Chair: Jochem Verrelst Y-15-G-60  

  

Emulation of Radiative Transfer Models: New Opportunities for Spectroscopy 
Data Processing 
Jochem Verrelst1, Neus Sabater1, Juan Pablo Rivera1,2, Jordi Muñoz-Marí1, Jorge 
Vicent1, Gustau Camps-Valls1, Jose Moreno1 
1Image Proccessing Laboratory (IPL), University of Valencia, Spain; 2Departamento de 
Oceanografía Física, CICESE, 22860 Ensenada, Mexico; jochem.verrelst@uv.es 
Physically-based radiative transfer models (RTMs) help understand the interactions of 
radiation with vegetation and atmosphere. When it comes to vegetation analysis, RTMs have 
found a wide range of applications to model, study and understand light interception by plant 
canopies and the interpretation of vegetation reflectance in terms of biophysical 
characteristics. A diversity of canopy RTMs have been developed over the last three decades 
with varying degrees of complexity. Gradual improvement in RTMs accuracy, yet in complexity 
too, have diversified RTMs from simple turbid medium RTMs towards advanced Monte Carlo 
RTMs that allow for explicit 3D representations of complex canopy architectures. This 
evolution has resulted in an increase in the computational requirements to run the model, 
which bears implications towards practical applications. In general, RTMs can be categorized 
as either (1) ’economically invertible’ (or computationally cheap); or as (2) ’non-economically 
invertible’ models (or computationally expensive). 
While advanced RTMs allow for more realistic representations of reality, a major bottleneck 
using computationally expensive RTMs is that they are impractical in routine processing such 
as retrieval (inversion) applications. In order to bypass their computational burden, a 
computationally effective technique has been proposed by only using a limited number of 
computer code runs. The idea is approximating the original deterministic model by a surrogate 
machine learning model with low computation time, also referred to as a meta-model or 
emulator. Once an accurate emulator is developed, it can approximate the original model - 
and this at a tiny fraction of the original speed - and be readily applied in tedious processing 
applications. Although longer known in computer sciences, emulation is very new in optical 
remote sensing science and especially in imaging spectroscopy. For instance, existing 
emulator software packages deliver only one output, i.e. only one spectral band. With the 
purpose of being able to emulate the RTM full spectral outputs, we have refined this technique 
by making use of dimensionality reduction methods that enable reconstructing the full spectral 
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shape. Pioneering studies showed promising results in emulating various RTM outputs 
including reflectance, radiance and sun-induced chlorophyll fluorescence (SIF) emissions. 
Processing time accelerated in the order of several hundreds, while the loss in accuracy is 
minimal for the majority of simulations. Accordingly, once having an accurate emulator 
developed, it opens opportunities for rapid processing of all kinds of RTM-based applications 
such as retrieval, sensitivity analysis and scene generation. 
This presentation will demonstrate possibilities offered by RTM emulation to the benefit of 
efficient spectroscopy data processing. Multiple machine learning algorithms will be evaluated 
on their accuracy and processing speed to function as an emulator in approximating RTMs. 
Accurate RTM-like emulators will then be applied in the following spectroscopy applications: 
(1) global sensitivity analysis of canopy and atmosphere RTMs, (2) imaging spectroscopy 
scene rendering as would be observed by a sensor, and (3) retrieval of input variables 
(mapping) through numerical inversion against an hyperspectral image. For each of these 
applications - thanks to its tremendous gain in processing speed - emulation makes possible 
to exploit advanced RTMs to the fullest. 

 
Pragmatic Data Assimilation Approaches to Land Surface State Estimation 
Jose Luis Gomez-Dans, Philip Lewis 
National Centre for Earth Observation/University College London, United Kingdom; j.gomez-
dans@ucl.ac.uk 
The development of new sensors is gaining pace, resulting in an increased volume of data at 
ever higher temporal, spatial and spectral resolutions. Simultaneously, a requirement for 
information on the state of the land surface at ever higher temporal and spatial resolution, but 
also over a large set of different parameters and on global scales, has emerged from a 
number of areas such as monitoring climate change, agriculture or biodiversity. All of these 
applications are complex and multi-faceted, and this raises the need to have parameters that 
are both uncertainty quantified, as well as consistent. 
To meet these requiements, methods that are both robust and efficient are required to 
interpret the incoming data. Methods that rely on physical models that describe how the data 
is generated are generally believed to be robust, but they have two important shortcomings: (i) 
ill-posedness and (ii) computational complexity. To some extent, the first problem is solved by 
deploying a set of prior parameters that simplify the inverse problem. These can come from 
experts, but increasingly there is a marked need to use models that encompass the temporal 
and spatial dynamics of the land surface. To this end, data assimilation (DA) techiniques have 
been successfully used. These methods tend to be computationally complex, a trait that is 
exacerbated by the increasing data volumes. 
In this talk, we will explore the use of fast statistical surrogate functions ("emulators") to 
approximate complex physical models. The concept of an emulator will be developed and 
demonstrated for a number of different models of radiative transfer commonly used in EO 
applications. We will also show how some of the properties of emulators can be used to 
produce practical retrieval systems from heterogeneous EO data. In particular, examples of 
using DA techniques to provide retrievals from top-of-atmosphere data will be presented, 
showing in particular the potential for combining information across different observational 
domains, calculations of uncertainty and general efficiency. 

 
Latent Force Models for Model-Data Integration in Vegetation Monitoring 
Luca Martino1, David Luengo2, Gustau Camps-Valls1 
1Universitat de València, Spain; 2Universidad Politécnica de Madrid, Spain; gcamps@uv.es 
Statistical approximations to model inversion and bio-geo-physical parameter retrieval exploit 
the nonlinear feature relations with advanced non-parametric modelling. In recent years, 
Gaussian Process Regression (GPR) have excelled in these tasks. GPR are based on solid 
Bayesian statistics, are efficient and accurate, and provide interesting advantages over 
competing machine learning approaches such as confidence intervals for the predictions and 
feature (band) ranking that facilitate model understanding. 
Despite the success of GPR in this domain, some particular problems are foreseen. First, 
GPR models have been so far applied in static fashion, without encoding the relevant 
temporal information conveyed by phenological cycles of vegetation. Second, the few time-
based covariances available nowadays are mere parametrizations encoding ad hoc simple 
features such as trend and periodicity, hence no richer relations are learned from the data in a 
nonparametric way. Third, few attempts of multi-output and structured GPR models are 
available, which hampers adoption of these models in real EO problems. On top of this, we 
should note that very often the EO time series show uneven sampling because of the 
acquisition artifacts and the presence of clouds. The latter is typically solved by parametric 
gap filling interpolation, which alters the time series structure by oversmoothing the series, 
thus producing unrealistic results. Last but not least, GPR are data-driven approaches that 
cannot account and respect the physical relations encoded in solid well-understood 
mechanistic models, such as in radiative transfer models. 
In this talk, we will introduce a latent force model (LFM) for GPR modelling that addresses all 
the previous problems simultaneously. The model uses Gaussian processes and smoothing 
kernels encoding ordinary differential equations to blend data driven modelling and physical 
model of the system. The LFM presented here performs multi-output structured regression, 
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adapts to the signal characteristics, is able to cope with missing data in the time series, and 
provides explicit latent functions that allow system analysis and evaluation. The theoretical 
developments will be guided by the challenging problems of estimating biophysical 
parameters at both local and global planetary scales. 
  

11:30am - 12:30pm TKS1_Disc: Plenary Discussion Topical Keynote 1 
Session Chair: Jochem Verrelst 
Session Chair: Jose Luis Gomez-Dans 
Session Chair: Gustau Camps-Valls Y-15-G-60  

12:30pm - 1:00pm A1-P-BDV: Posters - Vegetation Structure and Function as Essential 
Biodiversity Variables: from the Visible to Thermal Gallery  

  

Mapping Individual Tree Species Based On Species-specific Traits Derived 
From Airborne LiDAR Data 
Yifang Shi1, Tiejun Wang1, Andrew Skidmore1, Marco Heurich2 
1ITC, University of Twente, The Netherlands; 2Bavarian Forest National Park, 94481 
Grafenau, Germany; shiyifang529@gmail.com 
Trees are the foundation species for the biodiversity of forests. Quantification of tree species 
diversity is an important aspect as it provides resources as well as the habitat for many 
species. From ecological point of view, each tree species has its own specific characteristics 
which may be able to differentiate themselves from others. In recent years, small-footprint full-
waveform airborne laser scanning has become readily available and established for 
describing forest inventory attributes, which, in particularly, provide a range of features related 
mainly to the structure of individual trees. Different from most studies which followed data-
driven approaches and pursued an optimization of classification accuracy, this study is based 
on an improved understanding of the ecology of tree species and targets on finding out the 
species-specific traits which better described the discrimination of different tree species. In 
this study, 29 traits related to geometric and radiometric information as well as the statistics of 
waveform features were derived from airborne LiDAR data for individual tree species 
mapping. The importance of different traits for tree species classification was discussed in 
both leaf-on and leaf-off condition. The results demonstrated that individual tree species may 
successfully be discriminated by species-specific traits derived from airborne LiDAR data. The 
study highlights the potential of small-footprint full-waveform LiDAR data for tree species 
mapping at the individual tree level in a natural forest. 

 
Retrieving Vegetation Canopy Water Content using Thermal Hyperspectral 
Data (8-14 µm) 
Elnaz Neinavaz, Andrew K. Skidmore, Roshanak Darvishzadeh, Thomas A. Groen 
Faculty of Geo-Information Science and Earth Observation (ITC), University of Twente, 
Netherlands, The; e.neinavaz@utwente.nl 
Vegetation water content indicators such as fuel moisture content (FMC, %, mass-based) and 
equivalent water thickness (EWT, g cm-2, area based) play pivotal roles in the modelling of a 
fire risk as well as an assessment of terrestrial ecosystem status. FMC is extremely correlated 
with risk of wildfire whereas, the fire occurrence is one of the essential biodiversity variables 
which is proposed for monitoring of ecosystem function using satellite data. Additionally, some 
of the most important biochemical processes in vegetation such as photosynthesis and 
evaporation are restricted by vegetation water content. Although prediction of these variables 
has been investigated over visible-near infrared, short wave infrared (i.e. 0.3-1.0 µm, 1.0-2.5 
µm respectively) and thermal (TIR, 8-14 µm) regions with varying degree of success, to our 
knowledge their prediction at canopy level in the TIR part of the electromagnetic spectrum 
have not yet been investigated. Therefore, the application of hyperspectral TIR data for 
predicting FMC and EWT variables at canopy level is explored here. The emissivity spectra 
over TIR domain is measured for four plant species (Azalea japonica, Buxus sempervirens, 
Euonymus japonicus, and Ficus benjamina) under controlled laboratory conditions, using a 
portable MIDAC Fourier transform infrared spectrometer. EWT, FMC, and their corresponding 
canopy emissivity measurements are assessed by destructive sampling of the leaves. Leaf 
area, as well as fresh and dry mass of the harvested leaves, is determined for all four species. 
Artificial neural networks, using 279 wavebands as an input network, are utilized to retrieve 
the two variables of interest. Unexpectedly, our finding demonstrated that the FMC, as a 
mass-based variable, more accurately retrieved at canopy level. This is contrary to previous 
findings using multispectral and hyperspectral data. 

 
Effects of (Ips typographus, L.) green attack on leaf properties 
Haidi Jamal Abdullah1, Roshanak Darvishzadeh1, Andrew K. Skidmore1, Thomas A. 
Groen1, Marco Heurich2 
1ITC- University of Twente, Netherlands, The; 2Bavarian Forest National Park, 94481 
Grafenau, Germany; h.j.abdullah@utwente.nl 
The increasing number of severe bark beetle outbreaks in coniferous forests of Europe over 
the last few decades has led to extensive economic losses to the forest industry. Beside the 
economic losses, the outbreak of bark beetle has resulted in significant ecological changes, 
regarding forest structure and composition, wildlife habitats, and it has also caused the 
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degradation of large areas of the forests. Therefore, this lead to an increased research 
interest to understand the dynamics and to improve management of (Ips typographus, L.) 
outbreaks. Early detection of infestation (the so-called “green attack”) is important to a forester 
who wants to minimise economic loss and preclude a mass outbreak due to this threat. The 
green attack is the initial stage of bark beetle infestation when the leaves remain green and do 
not change colour, so this stage is not detectable by human eye. Although it is expected that 
bark beetle infestation at green attack stage (when trees have no visual stress symptoms) 
affect foliar biochemical properties, it is not known how. Therefore, in this study, we have 
investigated the early detection of bark beetle green attack by examining foliar biochemical 
(chlorophyll and nitrogen concentration) and spectral properties ( 400 – 2000nm). An 
extensive field survey was conducted in the Bavarian Forest National Park (BFNP), Germany, 
in the early summer of 2015 to collect leaf samples from 120 healthy and newly infested trees. 
The spectra of the leaf samples were measured using an ASD FieldSpec3 equipped with an 
integrating sphere. We found that biochemical composition (chlorophyll and nitrogen) were 
statistically lower within freshly infested foliage than healthy ones. In addition, Our result 
demonstrated that the retrieval accuracy of foliar chlorophyll and nitrogen concentration, 
utilising partial least squares regression model, decreases when the foliage is infested by bark 
beetle at the stage of the green attack. 

 
Canopy Foliar Nitrogen Retrieved From Airborne Hyperspectral Imagery By 
Correcting for Canopy Structure Effects 
Zhihui Wang1,2, Andrew K. Skidmore1, Tiejun Wang1, Roshanak Darvishzadeh1, Uta 
Heiden3, Marco Heurich4, Hooman Latifi5, John Hearne2 
1Faculty of Geo-Information Science and Earth Observation (ITC), University of Twente, The 
Netherlands; 2School of Mathematical and Geospatial Sciences, RMIT University, Australia; 
3Department of Land Surface, German Remote Sensing Data Center (DFD), German 
Aerospace Center (DLR), Germany; 4Bavarian Forest National Park, Germany; 5Department 
of Remote Sensing in Cooperation with German Aerospace Center, University of Würzburg, 
Germany; r.darvish@utwente.nl 
Foliar nitrogen is a critical factor in physiological processes and relates to key canopy traits, 
and has recently been proposed as one of the key essential biodiversity variables (EBVs) for 
satellite monitoring of progress towards the Aichi Biodiversity Targets. A statistical relationship 
between canopy mass-based foliar nitrogen concentration (%N) and canopy bidirectional 
reflectance factor (BRF) has been repeatedly demonstrated. However, the interaction 
between leaf properties and canopy structure confounds the estimation of foliar nitrogen. Most 
remote sensing studies on nitrogen neglect the canopy structural contribution to the 
relationship between BRF and leaf properties. The canopy scattering coefficient (the ratio of 
BRF and the directional area scattering factor, DASF) has recently been suggested for 
estimating %N as it suppresses the canopy structural effects on BRF. However, estimation of 
%N using the scattering coefficient has not yet been investigated for longer spectral 
wavelengths (>855 nm). We retrieved the canopy scattering coefficient for wavelengths 
between 400 and 2500 nm from airborne hyperspectral imagery, and then applied a 
continuous wavelet analysis (CWA) to the scattering coefficient in order to estimate %N. 
Predictions of %N were also made using partial least squares regression (PLSR). We found 
that %N can be accurately retrieved using CWA (R2 = 0.65, RMSE = 0.33) when four wavelet 
features are combined, with CWA yielding a more accurate estimation than PLSR (R2 = 0.47, 
RMSE = 0.41). We also found that the wavelet features most sensitive to %N variation in the 
visible region relate to chlorophyll absorption, while wavelet features in the shortwave infrared 
regions relate to protein and dry matter absorption. Our results confirm that %N can be 
retrieved using the scattering coefficient after correcting for canopy structural effect. With the 
aid of high-fidelity airborne or upcoming space-borne hyperspectral imagery, large-scale foliar 
nitrogen maps can be generated to improve the modeling of ecosystem processes as well as 
ecosystem-climate feedbacks. 

 
Impact of Canopy Position on Leaf Spectral Properties and Functional Traits 
Tawanda Gara, Roshanak Darvishzadeh, Andrew K. Skidmore, Tiejun Wang 
University of Twente, Netherlands, The; t.w.gara@utwente.nl 
The vertical distribution of leaf traits concentration across the canopy profile indicate 
strategies that plants employ to optimize on critical metabolic processes. The vertical 
distribution in leaf traits is an attempt to maintain a balance between Rubisco‐limited rate of 
carboxylation and electron transport limited rate of carboxylation. This fundamental 
mechanism results in patent effects on leaf morphological, chemical as well as physiological 
traits across the canopy vertical profile. In light of this background, set out to test whether leaf 
spectral properties track variability in leaf traits across the canopy profile. We further 
examined whether leaves can be successfully classified to their respective canopy position 
using leaf optical properties. Leaf samples were randomly sampled from three canopy 
positions i.e. upper, middle and lower canopy layers for each plant. Leaf directional 
hemispherical reflectance from 350 to 2500 nm for each sample were measured using an 
ASD FieldSpec‐3 Pro FR coupled with an Integrating Sphere. Following leaf spectral 
properties measurement: chlorophyll, nitrogen, carbon, effective water thickness and specific 
leaf area were measured for each sample. Oneway analysis of variance (ANOVA) with 
canopy position as a fixed factor was used to determine differences in mean leaf spectral 
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reflectance. We also used partial least squares‐discriminatory analysis (PLS‐DA) to test 
whether, spectral reflectance properties of leaves can be successfully used to classify leaves 
into their respective canopy positions. We observed that leaf spectral reflectance significantly 
(P ≤ 0.05) shifted to longer wavelengths in the 'red edge' spectrum (685 ‐ 701 nm) in the order 
of lower > middle > upper. We also found that nitrogen, chlorophyll, carbon, and effective 
water thickness were higher in the upper canopy leaves compared with lower shaded leaves. 
Specific leaf area, on the other hand, decreased from upper to lower canopy leaves. We also 
observed that wavebands in the VIS (400‐ 760) and SWIR (centered around 1380 and 1930 
and 2130 nm respectively) regions of the electromagnetic spectrum demonstrated a high 
potential for discriminating leaf position with an overall accuracy of 77%. Overall our study 
shows that canopy position has a significant impact on leaf spectral properties of an individual 
plant’s traits. Moreover, understanding the heterogeneity in leaf traits across the canopy 
vertical profile may further increase accuracy in canopy reflectance modelling and subsequent 
trait retrieval. 
  

12:30pm - 1:00pm A2-P-SCM: Posters - Statistical and Computational Methods for Data Analysis 
Gallery  

  

Comparing the Effect of Preprocessing Transformations on Methods of Land-
Use Classification Derived From Spectral Soil Measurements 
Offer Rozenstein1, Tarin Paz Kagan2, Christoph Salbach3, Arnon Karnieli4 
1McGill University, Montreal, Canada.; 2Carnegie Institution for Science, Stanford, CA, USA.; 
3Helmholtz Centre for Environmental Research UFZ Permoserstr. 15 D-04318 Leipzig, 
Germany.; 4Ben-Gurion Univeristy of the Negev, Israel.; karnieli@bgu.ac.il 
Advanced classifiers, e.g., Partial Least Squares Discriminant Analysis (PLS-DA) and 
Random Forests (RF), have been recently used to model reflectance spectral data in general, 
and of soil properties in particular, since their spectra are multivariate and highly collinear. 
Pre-processing transformations (PPTs) can improve the classification accuracy by increasing 
the variability between classes while decreasing the variability within classes. Such PPTs are 
common practice prior to a PLS-DA, but are rarely used for RF. The objectives of this paper 
are twofold: to compare the performances of PLS-DA and RF for modeling the spectral 
reflectance of soil in changed land-uses with different treatments and to compare the effects 
of nine different PPTs on the prediction accuracy of each of these classification methods. 
Differences in six physical, biological, and chemical soil properties of changed land-uses from 
the northern Negev Desert in Israel were evaluated. Significant differences were found 
between soil properties used to classify land-uses and treatments. Depending on the dataset, 
different PPTs improved the classification accuracy by 11-24% and 32-42% for PLS-DA and 
RF, respectively, in comparison to the spectra without PPT. Out of the PPTs tested, the 
Generalized Least Squares Weighting (GLSW) based transformations were found to be the 
most effective for most classifications using both PLS-DA and RF. Our results show that both 
PLS-DA and RF are suitable classifiers for spectral data, provided that an appropriate PPT is 
applied.  

 
Evaluation Of Discriminative And Generative Classification Models For Tree 
Species Classification In The Hunsrück-Hochwald National Park Using 
Hyperspectral Airborne Data 
Barbara Paschmionka, Henning Buddenbaum, Erik Haß, Joachim Hill 
Universität Trier, Germany; paschmionka@uni-trier.de 
The objective of this work was the evaluation of four selected classification models of 
discriminative (AdaBoost, Random Forest and Support Vector Machines) and generative 
(Gaussian Maximum Likelihood) nature regarding their suitability for tree species classification 
from airborne hyperspectral data. The identification of tree species using hyperspectral 
imagery is still considered a difficult task as the spectral response patterns within the 
coniferous and deciduous tree species is very similar. In order to increase separability, two 
scenes from different phenological stages (acquired in May 2014 and August 2016) were 
stacked and used as classification input in the procedure. Field observation data were 
provided by the federal state forest administration system. Spectral reference information was 
extracted from more than 1,000 reference points. The classification setup has been 
implemented to ensure a comparative and transparent analysis of each of the classification 
performances in a bootstrap environment. 
Two of the most popular techniques for constructing an ensemble of individual classifiers are 
bagging and boosting. Among the family of boosting algorithms, the AdaBoost (“adaptive 
boosting”) has been applied successfully in classification tasks from numerous real-world 
applications, but is yet less used in forest classification using satellite imagery. The Random 
Forest (RF) algorithm is using the bagging technique and has also proven itself in numerous 
studies on classification. However, its potential is not fully explored for analyzing remotely 
sensed images in the context of tree species classification. Support Vector Machines (SVM) 
nowadays are considered as a must-try in machine learning applications. Due to its striking 
success in a number of fields covering face detection, text categorization, bioinformatics and 
more, there has consequently been a significant increase in remote sensing classification and 
regression problems using SVMs in recent years. Although discriminative classification 
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algorithms are increasingly used and have been successfully tested regarding their application 
to tree species identification, the generative Gaussian Maximum Likelihood (GML) concept 
still is regarded as an efficient classifier as long as the conceptual requirements are fulfilled. 
Therefore, the GML concept is one of the most commonly used method. 
According to the No Free Lunch Theorem, there is no classification model to favor in general 
for any given classification problem. However, in this study the specific problem of classifying 
the dominant tree species within the Hunsrück-Hochwald National Park was investigated, for 
which it can be stated that all discriminative classification models outperformed the generative 
model. Considering all examined factors, such as classification accuracy and parameterization 
effort, AdaBoost was found to yield highest accuracies and precision as well as the most 
comfortable implementation procedure and can therefore be named as the most suitable 
classification model for the given application. 

 
DL1KNN Graph for Semi-supervised Classification with Hyperspectral Data 
Chunmei Zhang1, Junyan Wang1, Yunbing Zhang2, Samia Boukir3 
1Beifang University of Nationalities, China, People's Republic of; 2chinasoft international co. 
ltd, China, People's Republic of; 3Bordeaux INP/Bordeaux Montaigne, France; 
chunmei66@hotmail.com 
DL1 Graph for Semi-supervised Classification with Hyperspectral Data 
The classification of hyperspectral image with a paucity of labeled samples is a challenging 
task. To cope with this problem, the graph-based semi-supervised classification has attracted 
an increasing amount of interest recently. 
Conventionally, these methods usually model an entire dataset as a graph, and then utilize 
the structure information extracted by the graph to help with the classification of unlabeled 
data. Graph-based semi-supervised learning, directly or indirectly makes use of manifold 
hypothesis to constructs a graph structure with all the training instances (marked or 
unmarked) as the nodes of the graph and the similarity of the nodes as (weighted) edges of 
the graph. Then, the objective functions are defined and optimized. Eventually the decision 
functions as the regularization are smoothed on the graph to obtain the optimal model 
parameters. So, the performance of graph-based semi-supervised classification methods 
highly depends on the constructed graphs. Therefore, how to construct a framework to build a 
good structure of graph is the key for successful classifications. 
Conceptually, a good graph should reveal the intrinsic complexity of the data (through local 
linear relationships), and also capture the whole structures of the data globally. Traditional 
methods (such as k nearest neighbors) mainly rely on pair-wise Euclidean distances and 
construct the graph by a family of overlapped local patches. Such kinds of graphs can only 
capture local structures without figuring the whole structures of data globally. graph is a good 
solution to overcome the weakness by solving an L1 optimSparseization problem. Such kinds 
of sparse graphs can capture the global structures of data by choosing the sparsest 
representation for each sample from all the linear combinations of other samples. However, 
the local space details of the data structure are still ignored. 
To improve the structure of the graph, we propose a new kind of graph framework to construct 
a composite graph. Our graph construction method contains two steps. Sparse representation 
() is employed firstly to build the probability matrix by estimating if a pairwise pixels belonging 
to the same class, and this probability matrix is integrated into graph to form a discriminant 
graph, it’s called graph. Then, the graph is combined with a graph in proportion. This structure 
of graph can reveal the intrinsic complexity of the data with capturing certain global structures 
by the sparse representation and capturing local space structures by KNN. 
We select popular graph-based semi-supervised learning framework, Gaussian Harmonic 
Function (GHF) to compare the effectiveness of different graphs. The proposed semi-
supervised classification method has an explicit multiclass classification function and strong 
discriminative information. As a result, it has efficient and effective classification ability. 
Experiments on Indiana Pines hyperspectral data show that our proposed method 
outperforms state of the art. 

 
Multi-scale 3D Gabor Features Fusion by NMKL For Hyperspectral 
Classification 
Huan Liu, Yanfeng Gu 
Harbin Institute of Technology, China, People's Republic of; guyf@hit.edu.cn 
Hyperspectral image (HSI) classification is a common technique used in some applications, 
such as agriculture, mineralogy, and environmental sciences, urban planning, and so on. To 
solve the Hughes phenomenon of hyperspectral data, support vector machine (SVM) has 
been introduced for hyperspectral image (HSI) classification, which exhibits low sensitivity to 
high dimensionality. Based on SVM, multiple kernel learning (MKL) methods derive to mine 
more discriminative information for HSI classification, such as composite kernel learning 
(CKL), based-rule MKL (RBMKL), representative MKL (RMKL), and nonlinear MKL (NMKL) 
etc. In addition, some spectral–spatial-based classifiers have provided significant advantages 
in terms of improving performance. 3D Gabor filters make joint use of spatial and spectra 
information of HSI information by extracting spectral/spatial components with different 
orientations and scales. However, there are a lot of redundant information in 3D-Gabor 
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feature, which cannot enhance discriminative ability and be bad for HSI classification. Some 
authors focus to design a feature selection process that selects the Gabor features that 
emphasize the most significant spectral/spatial differences among a set of classes.  
In this paper, we propose a framework based on NMKL to fuse multi-scale 3D Gabor features. 
Base kernels with stronger distinguish ability are created by using 3D-Gabor features. In order 
to make full use of the information contained in multi-scale kernels, non-linear combination of 
base kernels is adopted in this paper. In addition, it is obvious that the adjacent scale features 
have more stronger relationship than others. For this reason, we only consider the two 
adjacent scale 3D-Gabor feature to nonlinearly combine. There are three main steps for this 
method. The first step is to construct multi-scale Gabor feature as base kernels. The second 
step is that the adjacent scale Gabor base kernels are nonlinearly combined and all the 
combined new base kernels are summated to form a multiple kernel structure. The last step is 
to solve nonlinear combination coefficients by gradient descent. At last, the problem can be 
solved by standard SVM tool. The contribution of the proposed method is that fusing multi-
scale 3D-Gabor features by NMKL without process of parameters selection. And the proposed 
method take the connection between adjacent scale 3D-Gabor, motivated by difference-of-
Gaussian (DOG), which can enhance the discrimination among different object categories. 
The proposed method will be tested on typical hyperspectral image dataset and compare with 
state-of-the-art MKL methods.  

 
Spatial-Spectral Classification of Hyperspectral Image Using Multiscale 
Morphological Superpixels 
Tianzhu Liu1, Yanfeng Gu2 
1Harbin Institute of Technology, China, People's Republic of; 2Harbin Institute of Technology, 
China, People's Republic of; guyf@hit.edu.cn 
With the development of hyperspectral sensors, nowadays we can easily acquire large 
amount of hyperspectral images (HSIs) with very high spatial resolution, which has led to a 
better identification of relatively small structures. Owing to the high spatial resolution, there are 
much less mixed pixels in the hyperspectral images, and the boundaries between these 
categories are more clear. However, the high spatial resolution also leads to complex and fine 
geometrical structures and high intra class variability, which make the classification results 
very “noisy”. Superpixel has recently become very popular dealing with hyperspectral image 
classification task because of its self-adaptation. Each superpixel in hyperspectral image is a 
local region whose size and shape can be adaptively adjusted according to local structures, in 
which the pixels are spectral similar to each other. In this paper, we propose a multiscale 
morphological superpixel (Multiscale-MSP) method to extract the spectral and spatial features. 
In our approach, multiscale extended morphological profiles (EMPs) are first obtained by 
processing the original HSI with different scales of morphological structures elements (SEs). 
After that, SLIC segmentation method is performed on each opening, closing and original HSI 
to acquire the multiscale-MSP, then mean filtering and weighted average filtering are utilized 
to extract the spatial features within and among MSPs. Subsequently, base kernels are 
obtained from the spatial features extracted from each opening, closing and original HSI. At 
last, nonlinear multiple kernel learning is used to obtain the optimal kernel to incorporated into 
the SVM. The contribution of the proposed method is that, segmentation based on the 
multiscale EMPs makes the edges of the obtained superpixels different, which contain more 
abundant spatial information and then lead to a better performace. Experiments will be 
conducted on three widely used real HSIs and compare with several well-known classification 
methods. 

 
Simulated Annealing Feature Selection for the Assessment of Winter Wheat 
Plant Parameters from Hyperspectral Reflectance Measurements 
Martin Kanning, Bastian Siegmann, Thomas Jarmer 
University of Osnabrueck, Germany; makanning@uos.de 
Continuous reflectance signals from hyperspectral measurements are providing very detailed 
information about the observed target and therefore have great potential for parameter 
retrieval from various objects. However, this high level of detail, does accompany with some 
major constraints. Due to the narrow bandwidth of the signal, the spectral information is highly 
correlated and often suffering from overfitting in predictive modelling. 
Simulated Annealing (SA) is a feature selection method, which is wrapped around any 
predictive modelling process to reduce the number of predictors to an ideal minimum and 
therefore can help to diminish the before mentioned constraints. SA is based on controlled 
annealing processes in metallurgy, where the final stability of the object is strongly dependent 
on an ideal distribution of the metal atoms. This is achieved by careful temporary heating to 
re-enable atom movement until the desired optimum is reached. Transferred to statistics, with 
considerate parameter tuning, this method avoids being stuck within local minima during the 
search for the ideal parameter combination in predictive modelling. 
In this study a large dataset of winter wheat hyperspectral field measurements acquired in 
different locations covering several pehnological stages of plant development were examined 
regarding their predictive power for corresponding Leaf Area Index (LAI) and Chlorophyll (Chl) 
content measurements using Partial Least-Squares Regression (PLSR). For comparison, the 
predictive modelling was conducted with and without SA feature selection. As a result, the 
PLSR input wavelengths were drastically reduced when SA was performed, without a 
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decrease in model quality (R² = 0.80). To validate the significance of the selected bands LAI 
and Chl were predicted for an independent hyperspectral image dataset using all spectral 
bands on the one hand, and using only the selected wavebands on the other hand. The 
results confirmed that there was no significant drop in prediction performance using the data 
set with the reduced number of spectral bands. Based on these findings, it can be concluded 
that SA feature selection enables the development of robust prediction models for the retrieval 
of plant parameters from hyperspectral data. 

 
EnMAP-Box 3.0 - concept for a QGIS-Python toolbox for imaging 
spectroscopy data processing 
Andreas Rabe, Benjamin Jakimow, Matthias Held, Akpona Okujeni, Pedro Leitão, 
Patrick Hostert, Sebastian van der Linden 
Humboldt University Berlin, Germany; benjamin.jakimow@geo.hu-berlin.de 
The EnMAP-Box is designed to process imaging spectroscopy data and particularly 
developed to handle data from the upcoming EnMAP (Environmental Mapping and Analysis 
Program) sensor. It serves as a platform for sharing and distributing algorithms and methods 
among scientists and potential end-users. The EnMAP-Box is currently transferred into a 
python based plug-in for the free- and open source geographic information system QGIS. The 
two main goals are to provide (i) state-of-the-art applications for the processing of high 
dimensional spectral and temporal remote sensing data and (ii) a graphical user interface 
(GUI) that enhances the GIS oriented visualization capabilities in QGIS by applications for 
visualization and exploration of multi-band remote sensing data. 
The EnMAP-Box application programming interface (API) allows for a comfortable 
development and integration of new methods. The EnMAP-Box itself is programmed in Python 
and can be integrated into QGIS via the standardised QGIS plugin mechanism. This allows 
interacting with other software commonly used in remote-sensing packages, like Orfeo toolbox 
or GDAL. Recent work on the application programming interface focuses on implementing a 
high-level abstraction API (EnMAP API) for defining domain specific workflows. High-level 
data types like Image, Classifier, Classification and others, can easily be chained together via 
Operators like Classifer.fit(), Classifier.predict() and others. Creating for example a land cover 
map using a Random Forest classifier, evaluating its performance and opening an HTML-
based accuracy report requires only for lines of code 
User of this high-level interface do not need to care about the details of file formats, memory 
efficient image data i/o or distributed processing. In the background we build on top of the 
GDAL library for image data and metadata handling. With the help of the EnMAP API we build 
a comprehensive set of applications accessible as high-level Operators for programmers, but 
also made available via the QGIS Processing Toolbox and Model Builder interface for more 
applied users. 
The EnMAP-Box GUI provides a multi-frame viewer for the simultaneously exploration of 
spectral images and vector data, spectral libraries or models created with the EnMAP-Box 
API, e.g. for support vector classification. The GUI is highly interoperable with that of QGIS 
and optimized to interacts between both. This, for example, allows drag and drop raster and 
vector layers or to share visualisation preferences. 
In our presentation, we illustrate the novelty and the power of this new version of the EnMAP-
Box and highlight substantial recent changes towards more flexible and effective processing 
by integrating an EnMAP focused plugin into QGIS. 

 
Tree Species Classification with Hyperspectral Data and Artificial Training 
Samples 
Michele Dalponte1, Lorenzo Frizzera1, Hans Ole Ørka2, Terje Gobakken2, Erik Næsset2, 
Damiano Gianelle1 
1Dept. of Sustainable Agro-ecosystems and bioresources, Research and Innovation Centre, 
Fondazione Edmund Mach, Italy; 2Dept. of Ecology and Natural Resource Management, 
Norwegian University of Life Sciences; michele.dalponte@fmach.it 
A problem that frequently occurs in tree species classification with remote sensing data is that 
minority species are badly classified due to the reduced number of training samples available. 
For minority species usually few trees are located in the study areas, and thus it is difficult to 
add more samples in the reference data. The goal of this work is to propose a method to 
improve minority species classification generating artificial training samples starting from the 
available field data.  
Three dataset were considered in this study, two located in Norway (i.e. Hadeland and Våler) 
and one in Italy (i.e. Pellizzano). For all the three datasets airborne LiDAR and hyperspectral 
data, and field data with accurate tree positions were available. Hyperspectral data were 
acquired in the VNIR spectrum with 72, 80 and 65 bands, respectively. Hadeland and Våler 
datasets are characterized by three classes (i.e. Spruce, Pine, and Broadleaves), while 
Pellizzano by ten classes.  
First of all, individual tree crowns (ITCs) were delineated on the LiDAR data using the R library 
itcSegment. ITCs were than matched with the field data. One third of the matched ITCs was 
used in the training phase and one third in the test phase. From each ITC hyperspectral pixels 
with NDVI higher than 0.5 were extracted and labeled with the class of the corresponding ITC. 
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Starting from the labeled pixels of the training set, the R package synthpop was used to 
generate an artificial population of hyperspectral pixel values for each class. The number of 
artificial samples added to each class varied from a minimum of 500 to a maximum of 20000 
with steps of 500. These artificial pixels were added to the ones of the training set, and a 
support vector machine (SVM) classifier was trained with the new training set. The 
classification accuracy was validated at tree level on the test set. The tree level classification 
was done using a majority voting among the predicted pixels labels inside each tree. 
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Weed detection by means of ASD spectroscopy and a new multispectral 
camera for drones. 
Pablo Salvador1, Héctor Baza2, José Luis Díez3, Julia Sanz1, Miguel García1, Diego 
Gómez1, Doroteo Baza2, María Serrano3, José Luis Casanova1 
1LATUV, Spain; 2ECOGEO Consultoría Medioambiental S.L.U.; 3DEAGRO Desarrollo y 
Asesoramiento Agronómico S.L.; miguel@latuv.uva.es 
Middle sized drones have being experiencing an exponential development lately and their 
different uses grow every day. In this project, we have developed an agricultural application by 
means of a multispectral sensor which meets certain requirements of size, weight and 
consumption, providing an appropriate quality to cover a great range of applications by 
images measured in electromagnetic spectral ranges. So that, they are comparable to those 
ones obtained by different satellite platforms and hyper spectral field sensors. The 
development of this camera has included from the design (with 3D impression technology) to 
the radiometric calibration. The whole design relies on free hardware and software which 
makes it flexible in order to adapt it among different platforms and applications. 
The first aim of this development has been weed mapping on alfalfa field, affected by 
echinochloa, chenopodium and amaranthus. The workflow consists of analysing their spectral 
signatures by means of the FieldSpec3 ASD to obtain information to separate weed and soil 
from alfalfa. Afterwards, convenient multispectral camera filters have been implemented, thus 
it measures on the spectral bands where maximum differences are found, and the map is 
configured. 
The separability among all targets has been possible, although there is still room to improve 
results. Future scopes may focus on other regions or weed types, as well as analyse the 
separability of different phenological stages in plants. 

 
Reuse Of Reservoir Sediments For Sediment Management - A Feasibility 
Study Based On Spectroscopy 
Arlena Brosinsky1,2, Pedro Medeiros3, Thayslan de Carvalho3, Alipio Leao4, Adunias 
Teixeira4, Saskia Foerster2 
1University of Potsdam, Institute of Earth and Environmental Science, Potsdam, Germany; 
2GFZ German Research Centre for Geosciences, Remote Sensing Section, Potsdam, 
Germany; 3Federal Institute of Education, Science and Technology of Ceará (IFCE), 
Maracanaú, Brazil; 4Federal University of Ceará (UFC), Fortaleza, Brazil; 
arlena.brosinsky@uni-potsdam.de 
The semiarid North East of Brazil is characterized by a high spatial, seasonal and inter-annual 
variability of rainfall with pronounced wet and dry seasons. For the dry season, water supply is 
ensured by the construction of surface reservoirs of various sizes, ranging from fifty thousand 
up to six billion cubic meters. In the Brazilian state of Ceará, 90 % of the water demand is 
covered from more than 7000 of such reservoirs (> 5 ha, FUNCEME). However, in recent 
years, water quality has been observed to decrease due to eutrophication as well as storage 
capacity due to siltation. 
This study assesses the possibilities to excavate sediments enriched in nutrients from 
mesotrophic to eutrophic reservoirs and reuse them for soil improvement in local small scale 
agriculture. Therefore, three study catchments were chosen in South, Central and North 
Ceará. In each catchment, sediment samples were collected from five reservoirs, respectively, 
that have fallen dry in the end of the dry season, and from surface soils in the surrounding 
area. Geochemical laboratory analyses as well as in-situ and laboratory spectral 
measurements were performed to assess a) what the geochemical properties of reservoir 
sediment and surrounding soils are, and b) whether spectroscopy can be used to replace or 
complement costly geochemical analyses. In a pilot study involving 46 samples from two 
reservoirs, it was found that carbon and nitrogen as well as particle size can be modelled with 
high accuracy from high resolution lab spectra. 
Future analyses shall answer the questions whether c) nutrient rich sediments extracted from 
reservoirs would improve the quality of soils in the region, d) reuse of reservoir sediments 
would be cost efficient, and e) Hyperion satellite data would allow a transfer of in-situ 
established models and thus characterization of larger areas. To answer c) and d), sediment 
will be excavated from selected reservoirs and applied in controlled growth experiments. 
A successful implementation of the proposed sediment management would combine the 
benefits of removing nutrients and excess material from reservoirs, thus improving water 
quality and extending reservoir life expectancy, with fertilization and structural improvements 
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of surrounding (agricultural) soils. Thereby, the dry condition of reservoirs is expected to keep 
sediment excavation costs low and therefore reuse of sediments to pay for the process. 

 
Hyperspectral Biomonitoring of Urban Trees as Indication for Air Quality 
Jolien Verhelst1, Dimitri Dauwe2, Luis Alonso3, Shari Van Wittenberghe3, Jochem 
Verrelst3, Roland Valcke2, Roeland Samson1 
1University of Antwerp, Belgium; 2University of Hasselt, Belgium; 3University of Valencia, 
Spain; jochem.verrelst@uv.es 
In urban areas the exceedances of air quality target values commonly occur and pose serious 
health risks. As conventional air pollution monitoring stations only provide coarse-scale spatial 
information on exposure to pollutants, alternative monitoring techniques with high spatial 
resolution are necessary. A possibility is biomonitoring of local urban vegetation. Although 
plants are known to have mitigation strategies to survive in urban areas, pollution can induce 
stress in tree leaves altering the morphological and physiological characteristics of the leaves. 
The changes in these characteristics are likely to be detected in leaf radiative transfer 
measurements. In this study the potential of hyperspectral leaf reflectance and chlorophyll 
fluorescence as an indicator for air quality is explored. 
In total 56 plane trees (Platanus x. acerifolia) were selected in Antwerp (Belgium) and in 
Valencia (Spain), spatially distributed over different pollution classes: at high traffic roads, in 
residential areas and in urban parks. Furthermore, four orange trees (Citrus aurantium ) were 
selected in Valencia as evergreen species to understand temporal variation over different 
growing seasons. The major selection criteria for these urban trees are their abundance in the 
study area, contrast in leaf characteristics, tree eco-physiological and architectural 
characteristics and a positive experience and bio-indicator potential gained in previous 
projects. 
On eight leaves per tree, passive hyperspectral measurements were performed using the 
FluoWat leaf clip coupled to an ASD spectroradiometer. Additionally chlorophyll fluorescence 
was actively measured using fluorescence images (Fluorescence Imaging System FIS, 
developed at the university of Hasselt, Belgium), the Plant efficiency analyser (PEA) and 
Pulse Amplitude Modulation (PAM). Following biochemical leaf characteristics were 
measured: specific leaf area, leaf water content, chlorophyll content and nitrogen content. 
These structural leaf parameters help to interpret the leaf spectra. To study structural changes 
of palisade- and sponge parenchyma induced by traffic air pollution and inter-canopy 
variation, leaf cross-section coupes were made. Saturation Isothermal Remanent 
Magnetization (SIRM), a magnetic leaf biomonitoring approach, was used to map the 
background pollution at each tree location. 
The first results illustrate that hyperspectral reflectance and chlorophyll fluorescence can be 
used to distinguish air quality variation on a local scale. When each tree becomes a 
monitoring station, air quality can be mapped in detail with high spatial resolution. 
  

12:30pm - 1:00pm C2-P-ATM: Posters - Athmospheric Compensation Techniques 
Gallery  

  

An Automated Procedure for Reducing Atmospheric Features in 
Hyperspectral Longwave Infrared (LWIR) Images 
Shahar Weksler, Gila Notesco, Eyal Ben-Dor 
Remote Sensing Laboratory, Department of Geography, Tel Aviv University, Israel; 
bendor@post.tau.ac.il 
Minerals which are featureless in the visible, near-infrared and shortwave-infrared regions, 
e.g., quartz and feldspars, have a unique fingerprint in the longwave infrared (LWIR) region 
(8–12 µm). Accordingly, this region adds spectral information to the optical region. Airborne 
hyperspectral remote-sensing data in the LWIR region are important to improve mineral 
identification and quantification. The at-sensor radiance of a pixel in a LWIR image represents 
the surface emissivity, which is similar during day and night, and the atmospheric contribution, 
which is expressed differently during day and night, that is, daytime contribution mirroring the 
night-time contribution to the radiance. Based on this, an automated procedure, which locates 
pixels with high variance between day and night spectra and are therefore indicative of 
atmospheric contribution, was developed. The average day or night spectrum of these 
indicative pixels was applied as a gain factor spectrum to the entire day or night image, 
respectively, reducing the atmospheric contribution and emphasizing the surface spectral 
features, represented by emissivity, of each pixel in the image. The procedure was applied to 
Specim's AiasOWL data that were acquired over four different areas, and enabled effective 
reduction of the atmospheric features in the data sets. The resulting approximated emissivity 
images were then used to validate the method by quantifying the quartz content in a pixel- 
based process. The results were compared to ground measurements, demonstrating the 
potential of the LWIR spectral range as a powerful tool for identifying minerals and mapping 
their distribution in the surface. 

 
Hyperspectral Airborne Data For Carbonate Geological Mapping In A 
Vegetated Mountainous Area: An Atmospheric Correction Approach 
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Jorge Buzzi1, Elisenda Costa2,3, Asuncion Riaza1, Oscar Fernandez3, David García-
Sellés2, Anna Tardà4, Vicenç Palà4, Josep Anton Muñoz2 
1Instituto Geológico y Minero de España, Spain; 2GEOMODELS Institut de Recerca, 
Barcelona, spain; 3Repsol Exploración, Madrid, Spain; 4Institut Cartografic i Geologic de 
Catalunya, Barcelona, Spain; a.riaza@igme.es 
Carbonate are typical targets for oil exploration, outcropping often in large areas with 
minimum spectral differences between geological units. The typical carbonate spectral 
absorptions in 2.2 µm and 2.3 µm, are excluded from the wavelength range of AISA Eagle II. 
AISA Eagle II hyperspectral data are processed in flight lines of 1024 swath pixels in the 
visible to near-infrared wavelength range (0.40 to 0.97 µm). The spatial resolution is 1m and a 
total of 128 channels with a spectral resolution of 4.8 nm. 
The area of study is a carbonate rocky mountain densely vegetated covered by variably 
dense trees and bushes. Vegetation is spectrally dominant in the first steps of image 
processing orientated to the extraction of geological information. Illumination effects due to 
slope geometry and shade, and mixed influence for soil-vegetation spectral mixtures 
associated to sparse trees and bushes are spectrally outstanding at early image processing 
stages. Masking vegetation and shade effects is prior to any geological analysis using 
hyperspectral image processing. 
Carbonate units occur in mountain slopes, with small areas of ridges of rock outcrops and 
wide fans of loose material. The background soil shows a uniform spectral response without 
spectral distinguishing features. Different geological units differ only by overall reflectance. 
Instead, limestone rocky outcrops display spectral responses with typical iron oxide 
absorptions that distinguish them apart from loose carbonate material. 
Trying to enhance spectral differences in the visible wavelength range among carbonate 
geological units, an atmospheric correction using field spectra from geologically selected 
targets in a limestone quarry was performed. This way, it was possible to map apart 
lithologically similar detrital units dominated by carbonate in a river plain. The limy river bottom 
displays spectra with a straight line in the visible wavelength range due to abundant organic 
matter and small grain size. The spectra of the upper terraces record absorption features 
related to iron oxide contents similar to the rock outcrops in ridges on mountain areas. 
The use of field spectra in geologically selected targets improves the mapping capability of 
hyperspectral imagery in areas with geological units with a homogeneous spectral response. 
The spectral response of iron oxide coatings on the weathered rock surface in the visible 
wavelength range acts as a spectrally distinguishing parameter in wavelength ranges where 
the spectral diagnostic features of carbonate are absent. 

 
On the Use of Spectral Shape Parameter for Improved Aerosol Estimation in 
Remote Sensing of Marine and Inland Waters 
Rakesh Kumar Singh, Palanisamy Shanmugam 
Ocean Optics and Imaging Laboratory, Department of Ocean Engineering, Indian Institute of 
Technology Madras, Chennai-600036, India; rakeshkstp@gmail.com 
In ocean colour remote sensing, the radiance values measured by a satellite sensor contain a 
significant contribution from scattering by air molecules (Rayleigh scattering) and aerosol 
particles (Aerosol scattering). The standard aerosol correction method (GW94) for ocean 
colour data estimates aerosol radiance with acceptable accuracy for clear oceanic waters with 
negligible radiance in near-infrared (NIR) region of the spectrum. However, in inland waters 
and coastal oceans, this method overestimates aerosol radiance and degrades the data 
quality owing to the enhanced NIR radiance contributed by the presence of particulate matters 
in the water column. The present study aims to modify the standard aerosol correction by 
including a factor to correct the radiance level in the NIR bands and then extrapolate to the 
visible bands. The correction factor is devised on the basis of the spectral shape of the 
radiance spectrum which is dependent on the type and concentration of the constituents 
present in the water column, thereby, reducing the use of ancillary information and making the 
correction method more independent of simultaneous measurements of the atmospheric 
properties which are questionable in reality. The performance of the modified algorithm is 
compared with the standard GW94 as well as other methods based on GW94. Results show a 
significant improvement in coastal and inland waters while maintaining the performance in 
clear oceanic waters similar to GW94. The present study provides a better estimation of 
water-leaving radiance in clear as well as optically complex coastal, estuarine, and inland 
waters. 

 
Automatic estimation of the minimum DN value when converting Landsat 
time series to surface reflectance values using the DOS image-based 
atmospheric correction methods 
Nikos Koutsias, Gianni Boris Pezzatti 
WSL Swiss Federal Institute for Forest, Snow and Landscape Research, Switzerland; 
nkoutsia@upatras.gr 
The Landsat series has a long history of data capture starting with the launch on 23/07/1972 
of the Landsat 1, provided with the Multi-Spectral Scanner - MSS (originally known as Earth 
Resources Technology Satellite [ERTS]) on board. Landsat 8 (OLI- Operational Land Imager 
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and TIRS- Thermal Infrared Sensor), launched on February 11th 2013, is the last release of 
this mission. The huge historical archive of the Earth’s surface at continental scale created by 
Landsat satellites since 1972 can be now used for example to reconstruct past vegetation 
changes. Currently, the archived Landsat images are available to public at no cost from the 
United States Geological Survey (USGS) and the European Space Agency (ESA). However, 
these images need to be atmospherically corrected and adjusted to minimize the effect of the 
scattering and absorption by gases and aerosols found in the atmosphere. USGS delivers 
atmospherically corrected Landsat images, however there are many cases (e.g. space 
limitations) where this is not a solution and the analyst should apply on the fly the methods to 
correct the data. The atmospheric correction can be done either using physically-based 
methods, which require in situ measurements of atmospheric optical properties at the time of 
image acquisition, or using image-based atmospheric correction approaches, as for instance 
the DOS (Dark Object Subtraction) family, which assumes the existence of dark objects that 
their radiances received at the satellite are due to atmospheric scattering. 
In this case the minimum DN value in the histogram from the entire scene is thus attributed to 
the effect of the atmosphere and is subtracted from all the pixels. However, due to several 
reasons the “absolute minimum value” of the histogram within each spectral channel does not 
always correspond to the real “minimum value” created by the effect of the atmosphere. 
Therefore, the analyst should revise this value manually and make a decision on the “true 
minimum” histogram value. When the time series consists of hundreds or thousands of 
satellite images then the minimum DN value in each histogram cannot be estimated manually 
by human interference but only by automatic techniques. The estimation of the minimum DN 
values can be implemented for example by using the cumulative 0.01% threshold value (the 
sum of all the pixels with digital counts lower or equal to this value is equal to the 0.01% of all 
the pixels), or alternatively the minimum DN value can be selected as the darkest DN with a 
least a thousand pixels for the entire image. However in certain circumstances these 
algorithms also show limitations that cannot guarantee the accurate estimation of the true 
minimum histogram value. 
In this work we propose a further refinement of these algorithms so that the estimation of the 
true minimum value is not scene-dependent nor influenced by various accidental causes as 
for instance severe cloud cover or image artifacts. 
  

12:30pm - 1:00pm C3-P-FIM: Posters - Forward and Inverse Modelling of Spheres 
Gallery  

  

Using the Directional Leaf Reflectance Model PROCOSINE to Derive Leaf 
Traits from Field Imaging Spectroscopy 
Henning Buddenbaum, Joachim Hill 
Environmental Remote Sensing and Geoinformatics, University of Trier, Germany; 
buddenbaum@uni-trier.de 
In an experiment for studying the effects of drought stress on the reflectance signal of beech 
trees, young plants in pots were regularly observed with imaging spectroscopy from a 3.8 m 
high platform, accompanied by reference measurements of leaf chlorophyll content, leaf water 
content, leaf reflectance, and soil water content. Over several weeks, hyperspectral images in 
millimetre resolution were recorded using a HySpex VNIR-1600 and a HySpex SWIR-320m-e 
camera mounted on a rotation stage on the platform. 
We used the model PROCOSINE, recently published by Jay et al., to derive leaf traits from 
the near-range hyperspectral images. PROCOSINE is a combination of the COSINE (ClOse-
range Spectral ImagiNg of lEaves) model with the PROSPECT-5b model that models 
directional effects on the reflectance signal, expressed as angles of incident radiation, light 
incident angle, and a specular term. 
The hyperspectral images were inverted on a pixel-by-pixel basis using a trust-region 
reflective algorithm implemented in the Matlab function lsqcurvefit.m, resulting in maps of the 
PROSPECT parameters like leaf chlorophyll and water content, and of the COSINE 
parameters. 
The maps show the effects of drought stress in a very detailed way, but also some 
weaknesses of the approach become apparent: The model is not designed to deal with 
shaded leaves or with multiple scattering, so image regions with shadow and regions where 
several leaves are stacked show implausible results. 
We compared the PROCOSINE inversion to PROSAIL inversion results. The maps are 
similar, but PROSAIL inversion takes considerably longer computation times, and the 
PROSAIL maps also display problems at shaded areas and leaf stacks. 
Reference: 
Jay, S., Bendoula, R., Hadoux, X., Féret, J.-B. and Gorretta, N., 2016. A physically-based 
model for retrieving foliar biochemistry and leaf orientation using close-range imaging 
spectroscopy. Remote Sens. Environ., 177: 220-236. 

 
Simulating Trees Reflectance in Primary Forest Using Radiative Transfer 
Models 
Anna Jarocinska1, Alicja Rynkiewicz1, Bogdan Zagajewski1, Adrian Ochtyra1,2, Adriana 
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Marcinkowska-Ochtyra1, Krzysztof Stereńczak3, Aneta Modzelewska3 
1University of Warsaw, Faculty of Geography and Regional Studies; 2University of Warsaw, 
College of Inter-Faculty Individual Studies in Mathematics and Natural Sciences; 3Forest 
Research Institute, Department of Information Technology and Modelling; 
ajarocinska@uw.edu.pl 
Monitoring of vegetation cover, especially on protected areas, is an important indicator of local 
and global changes, because it shows interactions of different abiotical components, which 
shouldn’t be interrupted by anthropopressure. 
Bialowieza forest is partly protected natural forest and holds Bialowieza National Park (BNP) 
which is Biosphere Reserve and World Heritage Site since 1979. This area is the last remnant 
lowland primeval forest of mixed temperate deciduous and coniferous ecosystem. Mainly 
occurred type of the forest is Galio silvatici-Carpinetum and it occupies 47% of all forest 
space. Coniferous forest covers 37% and deciduous and mixed forest covers 14.5% of the 
forest. In all stands older than 100 years no forest management is carried out as well. The 
forest is quite diverse and the trees are different in age. In the study were analysed trees from 
10 species: birch, oak, hornbeam, ash, maple, alder, linden, elm, pine and spruce. 
The aim of the study was to check the possibility to use Radiative Transfer Model to simulate 
the reflectance of different tree species from Bialowieza Forest. Radiative Transfer Models are 
physically based models which describe the interactions of radiation with the object. In the 
study PROSPECT and SAIL were used, which are commonly used models to simulate the 
reflectance and to retrieve biophysical parameter on leaf and canopy level. 
During field measurements gathered from 1st till 5th July 2015 were identified tree species 
and measured chlorophyll content using CCM-300 Chlorophyll Content Meter as an input 
parameter to the PROSPECT and PROSAIL model. Also were acquired spectrum using ASD 
FieldSpec 4 for each measured tree and for objects spectrally stable and flat like concrete. 
The HySpex images were acquired on 2nd and 4th July 2015 with spatial resolution 2.5 m for 
VNIR image and 5 m for SWIR image. The images have 451 bands spectral reflectance in 
range from 400 to 2500 nm. On images radiometric, geometric and atmospheric correction 
was done, the images were resampled to 5 meters resolution. The correction was verified 
using spectral reflectance from field measurements. 
For each field reference polygon tree or group of trees were identified on the image and the 
spectrum was collected. PROSPECT on leaf level and PROSAIL on canopy level was used to 
simulate the spectrum for each polygon. The version in Python – PyProSAIL, was used. 
Parametrization was done based on acquired biophysical parameters and literature. Then 
simulated spectral reflectance were compared with field reference spectrum for PROSPECT 
mode and HySpex spectrum for PROSAIL model. To check the accuracy were calculated 
RMSE values for whole spectrum 400-2500 nm and at specific ranges: 400-600, 400-800, 
800-1500 and 1500-2500 nm. 
The results showed that the PROSAIL model can be used for simulation reflectance trees in 
natural forest (average RMSE for 400-2500 nm was equal 0.041), whereas big errors were 
noticed for PROSPECT (RMSE equal 0.101). The highest errors were in infrared. The 
parameters were different for each tree species. The differences were noticed between 
coniferous and deciduous trees and between species. 

 
Seasonal courses of vegetation spectra as input in forest albedo and FAPAR 
simulations 
Aarne Hovi, Miina Rautiainen 
Aalto University, Finland; aarne.hovi@aalto.fi 
Satellites continuously monitor albedo and fraction of absorbed photosynthetically active 
radiation (FAPAR), which are key components in determining energy balance and productivity 
of forest ecosystems. However, coarse resolution satellite products can neither capture the 
fine-scale variations in forest structure, nor explain the reasons behind variation in albedo and 
FAPAR. Radiative transfer models are important tools in this respect. We modeled time series 
of albedo and FAPAR over growing season for 20 forest field plots in the boreal zone in 
Finland (61°50’ N, 24°17’ E). In this unique dataset, canopy gap fractions and the spectra of 
forest floor were monitored throughout the growing season. In addition, spectra of the foliage 
were monitored in a nearby area another year. With these data we illustrate how the albedo 
and FAPAR of the canopy components, i.e. forest floor and foliage, develop over growing 
season. Using a forest radiation budget model based on the concept of photon recollision 
probability (PARAS model), we then show how these individual components compose the 
forest albedo and FAPAR. The modeled results are compared against albedo and FAPAR 
derived from MODIS satellite products. Finally, implications for forest management and 
climate change are discussed. 

 
Modelling of the Reflectance Properties of Oceanic Bubbles 
V G Hariharasudhan, Palanisamy Shanmugam 
Department of Ocean Engineering, Indian Institute of Technology Madras, India; 
hariinstru88@gmail.com 
Modelling of Gordon parameter for bubble population in offshore and coastal waters has 
important applications in ocean colour remote sensing. The Gordon parameter is proportional 
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to the diffuse reflectance which contributes directly to the remote sensing reflectance of 
bubble population. It is defined as the ratio of bubble backscattering to the sum of bubble 
absorption and backscattering (bb/(a+bb)). This study focuses on the estimation of bubble 
backscattering and bubble absorption as a function of radius. The size range considered for 
this study varies from 1 to 300 µm. The size distribution of bubble population is dependent on 
the bubble mean radius of a given water type. The bubble mean radius is calculated as a 
numerical solution of the Rayleigh-Plesset equation. The reflectance pattern of bubble clouds 
changes in response to variations in the geometric and optical properties of bubbles as well as 
the background optical properties of water. The estimation of Gordon parameter will lead to a 
better understanding of the reflectance pattern of the bubble cloud in the near surface layer 
and identifying the errors introduced in ocean colour interpretation. 

 
Comparison of Optimized Settings for Physical Leaf Area Index Derivation 
from Multiple Earth Observation Sensors in Alpine Grassland 
Sarah Asam1, Claudia Notarnicola1, Georg Niedrist2 
1Institute for Applied Remote Sensing, EURAC Research, Italy; 2Institute for Alpine 
Environment, EURAC Research, Italy; sarah.asam@eurac.edu 
The Leaf Area Index (LAI) is a key parameter controlling biophysical exchange processes in 
the vegetation canopy. With the increasing number of multispectral imaging systems, 
opportunities for improved high spatial and temporal resolution LAI estimates are provided 
through a joint use of these different sensors, especially in complex terrain such as the Alps. 
Automated LAI derivation from remote sensing data is only feasible based on physical 
modeling, as it is independent from field measurement. Optimal settings of the radiation 
transfer model (RTM) and the inversion procedure can however vary between sensors due to 
different spatial and spectral resolution properties, which potentially inhibits the transferability 
of algorithms between sensors and thus the applicability in sensor constellations and fusion 
approaches. The objective of this study is therefore to derive grassland LAI form multiple earth 
observation sensors and to quantify differences in algorithm settings and LAI estimation 
accuracies, as well as to identify common factors that determine the quality of LAI derivation. 
To this aim, LAI is derived for heterogeneous alpine grasslands in South Tyrol (Italy) using the 
inverted RTM PROSAIL (Jacquemoud et al., 2009) from four sensors: RapidEye (5 m 
resolution; 5 bands), Sentinel 2: (20 m resolution; 10 bands), Landsat 8 (30 m resolution; 6 
bands) and MODIS c6 (231 m resolution, 2 bands). The data have been recorded during the 
vegetation periods of 2015 and 2016, and dates for which at least two high-resolution 
acquisitions are available are identified as suitable case studies. In situ LAI, which is used as 
training and validation data, has been recorded daily at 14 stations during the vegetation 
periods of 2015 and 2016 using fraction of absorbed photosynthetically active radiation 
(fAPAR) sensors. All data were collected or acquired within the MONALISA project. 
LAI is derived from the different remote sensing data sets using the PROSAIL model and a 
look-up table (LUT) inversion approach as implemented in the ARTMO toolbox (Verrelst et al. 
2011). The model is parameterized based on field measurements of LAI, chlorophyll, water, 
and dry matter contents, as well as based on literature values. In a first step, sensor specific 
LUTs are tested, taking into account the different spectral sensitivities as well as noise levels 
of the sensors. The inversion is optimized for each sensor by varying the parameterization, 
cost function, and number of model results used in a multiple solution sample. The 
combination of these regularization strategies achieving the highest accuracies is determined 
for each sensor. From comparing these settings and the respective accuracies, the sensor 
dependency of the LAI derivation procedure is the analyzed. Further, through applying the 
same optimization procedure to a mixed training data set, the change in algorithm 
performance when using a generalized approach is assessed. 

 
Upscaling Two-sided Leaf Optical Properties in Forest Reflectance Model 
Petr Lukeš1, Eva Neuwirthová2, Růžena Janoutová1, Lucie Homolová1, Zuzana 
Lhotáková2, Jana Albrechtová2 
1Global Change Research Institute, Academy of Sciences of the Czech Republic; 
2Department of Experimental Plant Biology, Faculty of Science, Charles University in Prague; 
lukes.p@czechglobe.cz 
Forest reflectance models are valuable tools for theoretical studies on radiative transfer in 
vegetation. This allows to study the complex effects of canopy structure and leaf-level optical 
properties on top-of-canopy reflectance. Importantly, inversion of the model simulations 
against remotely sensed data may be used to yield vegetation quantitative parameters without 
the need of in-situ data. Retrieval of forest leaf-level chlorophyll content, leaf area index and 
fraction of photosynthetically active radiation absorbed by canopies is typically performed on 
both global and local scales. However, to achieve good retrieval accuracies, forest reflectance 
simulations must be in close agreement with remotely observed reflectances. This can be 
achieved by careful selection of forest reflectance model and all its input parameters. 
Leaf optical properties are the key input parameters in forward simulations of canopy-level 
reflectance. They hold an information on leaf biochemical (chlorophyll and carotenoid content, 
water content) and structural (leaf thickness, distribution of pigments within a leaf) properties. 
Whereas leaf biochemicals typically absorb radiation in specific wavelength(s), leaf internal 
structural parameters are driving factor of differences between leaf adaxial (upper-side) and 
abaxial (lower-side) optical properties. Leaf biochemistry effects are well understood and are 
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successfully modelled in contemporary leaf-level radiative transfer models, e.g. PROSPECT-
5. However, up to now, leaf internal structure and its effect on two-sided leaf optical properties 
has been largely neglected in remote sensing applications, assuming equal leaf optical 
properties on both leaf sides. This is however great simplification which may lead to significant 
discrepancies between modelled and observed forest reflectance, and ultimately, in 
decreased performance of the inversion of forest parameters. 
In this study, we test the performance of Dorsiventral Leaf Radiative Transfer Model (DLM) for 
the simulations of two sided leaf optical properties. Model performance is tested on leaf 
samples of six tree species (Populus tremula, Salix caprea, Betula pendula, Alnus glutinosa, 
Alnus incana) of different inner leaf structures (fraction of air spaces, thickness palisade and 
spongy parenchyma) and two-sided leaf optical properties. In the first step, we compared the 
performance of DLM model against PROSPECT-5 and study the link between structural 
parameters of both models. Next, by coupling measured two-sided leaf optical properties with 
laboratory analysis of its internal structures, we were able to validate forward DLM model 
simulations and its assumptions of leaf structural effects on two-sided leaf optical properties. 
Finally, two-sided leaf optical properties (DLM model simulations) were further upscaled to 
canopy level using Discrete Anisotropic Radiative Transfer model (DART). We run the series 
of sensitivity analyses to quantify the effect of leaf optical properties parameterization in the 
model (i.e. equal optical properties on both sides, double-sided optical properties) on forest 
reflectance, both in nadir and off-nadir observation geometries. By doing this, we were able to 
quantify the influence of (neglecting) two-sided leaf optical properties on forest reflectance 
simulations and quantitative parameter inversion for different tree species. 
  

1:00pm - 2:00pm LB-1: Lunch & Poster Session 1 
  

2:00pm - 2:15pm GP: Group Photo 
  

2:15pm - 3:15pm A1-O-BDV-1: Vegetation Structure and Function as Essential Biodiversity 
Variables: from the Visible to Thermal (Special Session) 
Session Chair: Andrew Skidmore 
Session Chair: Roshanak Darvishzadeh 

Y-16-G-05  

  2:15pm - 2:30pm 

Multiscale Mapping of Species Diversity under Changed Land Use Using 
Imaging Spectroscopy 
Tarin Paz-Kagan, Tamir Caras, Moshe Shachak, Arnon Karnieli 
Ben Gurion University, Israel; karnieli@bgu.ac.il 
Land-use changes are one of the most important factors causing environmental 
transformations and species diversity alterations. The aim of the current study was to develop 
a geoinformatics-based framework that maps alpha and beta diversity indices in two sites in 
Israel with different land uses, i.e., fruit orchards, planted groves, and unmanaged groves. The 
framework comprises four scaling steps: (1) classification of a tree species distribution (SD) 
map using imaging spectroscopy (IS) at a pixel size of 1 m; (2) estimation of local species 
richness by calculating the alpha diversity index for 30-m grid cells; (3) calculation of 
betadiversity for different land-use categories and sub-categories at different sizes; and (4) 
calculation of the betadiversity difference between the two sites. The SD was classified based 
on a hyperspectral image with 448 bands within the 380–2500 nm spectral range and a 
spatial resolution of 1 m. Twenty-three tree species were classified with high overall accuracy 
values of 82.57 and 86.93% for the two sites. Significantly high values of the alpha index 
characterize the unmanaged land use and the lowest values were calculated for the 
agricultural land use. In addition, high values of alpha indices were found at the borders 
between the polygons of different land-use categories and sub-categories related to the 
“edge-effect” phenomenon, characterizing either species shift between neighboring plant 
categories or the establishment of invasive species. The beta index, calculated for 58 
polygons, has a significantly lower value in the agricultural land use. No significant differences 
were found between the unmanaged grove and the planted grove. The framework of this 
study succeeded in quantifying land-use change effects on species distributions, evenness, 
and richness. IS and spatial statistics techniques offer an opportunity to study tree species 
diversity attributes with a multiscale approach that is useful for managing land use, especially 
under increasing environmental changes. 

 
2:30pm - 2:45pm 

Upscaling Biodiversity Variables Using Image Spectroscopy 
Andrew Skidmore 
University of Twente – ITC, Netherlands, The; a.k.skidmore@utwente.nl 
Policy and scientific networks including IPBES, CBD, space agencies and GEOSS seek 
consensus around which essential biodiversity variables could form the basis of a global 
monitoring program for biodiversity. Most essential climate variables (ECVs) can be retrieved 
directly or indirectly from remotely sensed data. However, a number of the proposed essential 
biodiversity variables are challenging to derive from remote sensing. In this presentation, 
candidate EBVs as suggested by specialists at GEOBON meetings are analysed. Some 
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candidate remote sensing derived essential biodiversity variables such as land cover (e.g. 
plant functional types) have been used as a proxy for other candidate EBVs, including 
ecosystem extent, species occurrence, cover (biomass, LAI, plant height) and leaf nitrogen 
content. This can lead to confused thinking as well as correlated response or (dependent) 
variables, with consequent multicollinearity in ‘higher level’ biodiversity indicators. The 
multicollinearity may cause estimates of higher level biodiversity indicators to become 
unstable. As a consequence, the accuracy of the final biodiversity indicators may not be 
sufficient, or an image analyst will need to manually ‘tune’ a result to improve its accuracy at a 
local level. As an example, the retrieval of plant functional types from hyperspectral remote 
sensing using empirical as well as radiative transfer models is described. The degree of 
specificity of a model to local conditions will limit its applicability to other regions - in other 
words in order to generalize a physical (RTM) or empirical model to other areas requires 
knowledge of the model behaviour as well as localised in situ data for validation and 
calibration. The generalization of physical models is a problem particularly where plant 
species heterogeneity limits accuracy. A possible solution to the problem of transferability and 
upscaling of both empirical and physical model approaches for essential biodiversity variables 
is to add data driven models to radiative transfer models, using a data assimilation technique. 
This approach is termed DARES-EBV: Data Assimilation by Remote Sensing for Essential 
Biodiversity Variables. 

 
2:45pm - 3:00pm 

Infrared Spectroscopic Determination of Leaf Traits 
Maria Buitrago, Andrew Skidmore, Thomas A. Groen, Christoph A. Hecker 
University of Twente, Netherlands, The; m.f.buitragoacevedo@utwente.nl 
Plant traits are features that characterise and differentiate between species. From these, 
certain leaf traits, such as broadleaf or coniferous, have been used to characterise the whole 
plant, especially when assessing large areas of vegetation. Leaf traits do not only differentiate 
species but also provide information on plant health. Conventional methods of measuring leaf 
traits, especially at the molecular level (e.g. water, lignin, and cellulose content), are often 
expensive and time-consuming. Spectroscopic methods allowing the estimation of leaf traits 
through empirical models are becoming a tool for accurate estimations of leaf traits. 
This study identifies the most important bands in the infrared related to biochemical and 
morphological leaf traits. We generated regression models for eleven leaf traits (including 
organic and morphological traits), using an optimisation method of partial least squares 
regression models. 
This study used spectroscopic data with 6612 bands from the short to the long wave infrared 
(1.4-16.0µm) from 20 plant species including herbaceous, woody, temperate and tropical 
plants. Fourteen leaf traits were measured in each fresh leaf, including chemical (e.g., leaf 
water content, nitrogen, cellulose) and morphological (e.g., leaf area and leaf thickness) traits. 
Optimized partial least squares regression models were fitted for each leaf trait with a few 
bands (4-10) as explanatory variables. For these remaining bands, we identified a 
physiological explanation. From the original pool of leaf traits, cuticle thickness, bundle area 
and stomata size resulted in R-squared values lower than 70%. These traits were therefore 
not further considered in the analysis. Eleven leaf traits resulted in optimized models with high 
R-squared values. The models selected bands from the SWIR where the leaf spectra have 
features correlated to lignin and cellulose content, which account on average for 28% of the 
fresh weight of the leaves. The biochemical traits have high R-squares when using the whole 
spectra (6612 bands) and also in optimized models with five to seven bands. The selected 
bands match with known molecular bonds of the molecules analysed (water, lignin, cellulose 
and nitrogen bearing molecules, such as proteins). Morphological leaf traits models have in 
general good R-squares, especially leaf thickness which has a high correlation with most 
bands of the SWIR (1.4-2.5 µm) and a specific feature at 7.38µm.  

 
Red Edge for Quantifying Wetland Leaf Area Index 
Roshanak Darvishzadeh, Tiejun Wang, Andrew K. Skidmore 
University of Twente, Faculty of ITC, Netherlands, The; r.darvish@utwente.nl 
Vegetation is a fundamental component of wetland ecosystems. Wetland vegetation 
biophysical parameters, such as leaf area index (LAI), are important inputs to ecosystem 
models hence their accurate and quantitative estimations are essential. The goal of the 
present study was to evaluate the impact of the red edge bands from high resolution satellite 
data in estimating LAI for a wetland ecosystem. Sentinel-2 images were acquired in July 2016 
for the National Park of Schiermonnikoog in the northern part of the Netherlands. In situ 
measurements of LAI and a number of other variables were performed during a field 
campaign concomitant with the time of image acquisition. Inversion of the widely used canopy 
radiative transfer model: PROSAIL as well as the popular partial least square regression 
analysis were investigated for LAI estimation. To assess the performance of the models and 
analyze the suitability of the spectral data and models, the normalized RMSE and R2 between 
independent in situ measurements and estimated LAI were used. Our result demonstrated 
that although the inclusion of spectral information derived from the red edge bands resulted in 
higher accuracy for LAI estimation in both models, the added value of all red edge bands was 
not equal. The red edge bands located in longer wavelengths appeared to be more effective 
for predicting LAI than the red edge bands closer to the visible region. Since wetland has 
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usually high humidity, water vapor may influence spectral data in shorter wavelengths and 
deteriorate the LAI and reflectance relations in these bands. Our findings underline the 
importance of careful selection of red edge bands in studying various plant traits and endorse 
the potential of a new generation of multispectral sensors such as Sentinel-2, with 
purposefully located bands in red edge region.  
  

2:15pm - 3:15pm A2-O-SCM-1: Statistical and Computational Methods for Data Analysis 
Session Chair: Devis Tuia 
Session Chair: Anna Brook Y-03-G-85  

  2:30pm - 2:45pm 

Mineral mapping from Chang'E 1 data 
Andrea Marinoni, Paolo Gamba 
Università di Pavia, Italy; andrea.marinoni@unipv.it 
This abstract presents a detailed application of two recently developed methodologies for non-
linear unmixing, applied to the Inference Imaging Spectrometer (IIM) sensor on board of the 
Chinese Chang'E-1 mission. 
Thanks to the moon Mapping project, jointly sponsored by the Italian Space Agency and the 
Center of Space Exploration (COSE), the p-linear mixing (p-LMM, [1]) model and the p' 
harmonic mixing model (p'-HMM [2]), developed by the team at the University of Pavia, has 
been applied to data from the first Chinese exploration mission to the Moon. The rationale for 
using non-linear unmixing models is the intimate mixture characterizing the materials on the 
Moon surface, and the multi-path and multi-reflection phenomena occurring on its rugged 
surface, especially at the rather coarse spatial resolution (200 m) of the IIM sensor. 
Two test areas have been considered, namely the landing site of the Apollo 17 mission, where 
additional information from US probes is available, and a second - much wider - area, 
selected by COSE as one of the possible landing sites for future Moon operations. In fact, a 
thorough mapping of major elements such as Fe, Ti, Mg, Al, Ca, and Si plays a key-role in 
understanding the origin and evolution of the Moon, as well as in identifying the crustal 
heterogeneity of lunar highlands and searching high alumina basalts. Specifically, mineral 
map extractions using p-LMM and p'-HMM have been considered and compared with 
available data on the first site in order to find the most suitable non-linear model. Then, the 
same parameters have been applied to the larger second test site, and results compared with 
those obtained by means of the modified partial least squares regression (PLSR) 
methodology [3]. 
Results show that the proposed approach is able to obtain results consistent with those 
obtained by the previous works without requesting a priori knowledge of the chemical 
composition of the Moon surface, just the spectra of the materials to be considered. The new 
maps ensure by definition the sum-to-one constraint of the material abundances, which is one 
of the issues affecting the results in [3]. 
[1] A. Marinoni, and P. Gamba, “A Novel Approach for Efficient p-linear Hyperspectral 
Unmixing”, IEEE J. of Selected Topics in Signal Processing, vol. 9, no. 6, pp. 1156-1168, 
2015. 
[2] A. Marinoni, A. Plaza, P. Gamba, “Harmonic Mixture Modeling for Efficient Nonlinear 
Hyperspectral Unmixing”, IEEE Journal of Selected Topics in Applied Earth Observations and 
Remote Sensing, vol. 9, no. 9, pp. 4247-4256, 2016. 
[3] Y. Wu, Major elements and Mg# of the Moon: Results from Chang’E-1 
Interference Imaging Spectrometer (IIM) data, Geochimica et Cosmochimica Acta, Volume 93, 
Issue 1, 2012, Pages 214-234 

 
2:45pm - 3:00pm 

Inland Notches Microtopography and Minerology 
Atzmon Ben-Binyamin1, Anna Brook1, Nurit Shtober-Zisu2 
1Spectroscopy and Remote Sensing Laboratory, University of Haifa, Israel; 2Geomorphology 
Laboratory, University of Haifa, Israel; abrook@geo.haifa.ac.il 
Inland notches are well known phenomenon in Israel and can be found mostly along the 
mountainous backbone, developed in hard limestone or dolomite rocks within the 
Mediterranean climate zone and up to the desert fringe. LiDAR technology presents an 
opportunity to study the fine scale rock surface within the notch and its texture patterns. Micro-
topography plays an important role for modelling geomorphology dynamics, resulting in 
improved estimates for micro stream lines network and topographic erosion as well as mineral 
accumulation or deposition. Clearly, dissolution occurs whenever rock and solvent meet; thus 
water and moisture’s crucial role in the decay of carbonate rocks results in texture and 
roughness variability. Study aims is to generate high resolution normalized DEM models using 
a terrestrial LiDAR, redefining the texture and roughness within the notch while assessing 
weathering processes caused by water. Plan curvature is the second derivative of slope taken 
perpendicular to its direction. It influences convergence and divergence of flow and it 
emphasizes the ridges and valleys across the surface. Concaved classified areas were tested 
against positive planar curvature areas to distinguish them as unique areas based on their 
texture co-occurrence measures (GLCM). Overall negative curvature pixels show poor 
separability, in both TD and JM, while classes of curvature degree describe a positive trend 
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showing medium to high concavity as unique areas. Study aims to link classified areas as the 
basic micro infrastructure for water flow, potential runoff flow and further accumulation of 
minerals. On the other hand, positive values of Plan curvature present the convexity of rock 
surface to imply diverging flow, thus describing the watershed line within the micro-
topography. GLCM texture measures also map distinct areas within the notch. Middle section 
of the notch has uniform texture neighborhood with relatively low mean elevation values (high 
values for homogeneity and energy). Bottom cavity of notch reveals a more chaotic texture, 
highlighting the spatial disorder with relatively high mean values. Entropy calculates how 
random the roughness values are, and as such, high values of this measure, mainly at the 
cavity’s bottom, suggest a potentially rapid erosion or disposition dynamics. 
Point measurements in notch were taken horizontally and vertically using ASD Fieldspec pro 
(Analytical Spectral Devices, Boulder, CO) with a spectral range of 0.35-2.5 µm, and spectral 
resolution of 10nm2. Spectral measurements taken in situ were reconstructed as an N 
dimensional 40x42 matrix. Each pixel within the matrix represent 10 samples mean with 
N=198 bands. Measurements taken were classified and constructed to spectral endmembers 
representing the notch's cavity. Classification of endmembers was made with the manipulation 
of MNF and PPI to extract final cavity’s endmembers. spectral features were compared with 
various well characterized resampled mineral spectral libraries for identification of the forming 
minerals. 

 
3:00pm - 3:15pm 

Class-Separability-Guided Multiple Kernel Learning for Heterogeneous 
Features Fusion and Classification 
Qingwang Wang, Yanfeng Gu 
Harbin Institute of Technology, China, People's Republic of; 786120585@qq.com 
Diverse earth observation technologies allow to measure different information attributes of 
objects on the earth from space and airborne platforms, such as, from spectral characteristics 
in multispectral and hyperspectral images (HSIs), to height information in Light Detection And 
Ranging (LiDAR) data. These heterogeneous data sources can be combined/fused to improve 
classification of the materials on the area of investigation. Multiple kernel learning (MKL) 
provides a flexible framework to fuse different sources of information in a very natural way. 
The complementary and relevant information contained in the multisource remote sensing 
data can be fused and utilized by taking into account the basic kernels construction and 
optimizing configuration in MKL. In this paper, a novel MKL model is proposed to integrate 
heterogeneous features from spectral image and LiDAR data. In the proposed MKL model, 
the basic kernels are constructed by inputting each heterogeneous feature or feature subset 
into a kernel network composed of different types of kernel function. And the parameters (i.e., 
weight coefficients of basic kernels) of MKL model is solved based on maximizing a class 
separability criterion in reproduction kernel Hilbert space. Maximizing a class separability 
criterion is oriented and conducive to classification. It is interesting to note that the proposed 
MKL algorithm can give rise to a closed-form solution without requiring to solve any 
optimization problem, which alleviates the time-consuming limitation of MKL and keeps 
excellent classification performance. The improvement in computational efficiency will help to 
bring the MKL to the practical applications. Experiments are conducted on real data set. The 
corresponding experimental results demonstrate that the proposed algorithm can achieve the 
competitive performance for joint classification of spectral image and LiDAR data, compared 
with several state-of-the-art algorithms. 
  

2:15pm - 3:15pm A3-O-TIR-1: Challenges and Applications in Thermal Infrared Imaging 
Spectroscopy (Special Session) 
Session Chair: Christoph Andreas Hecker 
Session Chair: Sabine Chabrillat 

Y-16-G-15  

  2:15pm - 2:30pm 

HyTES, ECOSTRESS and HyspIRI – Imaging Spectroscopy and Broad Band 
Imaging in the Thermal Infrared 
Simon John Hook, Glynn Hulley, Kerry Cawse-Nicholson 
NASA/JPL, United States of America; simon.j.hook@jpl.nasa.gov 
In 2007 the US National Research Council Earth Science Decadal Survey recommended 
launching the Hyperspectral Infrared Imager (HyspIRI). HyspIRI is a global mission designed 
to address a critical set of questions on how the surface of the earth is responding to natural 
and human-induced changes. The HyspIRI mission includes two instruments: a visible 
shortwave infrared (VSWIR) imaging spectrometer operating between 0.38 and 2.5 µm at a 
spatial scale of 30 m with a swath width of 185 km and a thermal infrared (TIR) multispectral 
scanner operating between 4 and 12 µm at a spatial scale of 60 m with a swath width of 600 
km. The VSWIR and TIR instruments have revisit times of 16 and 5 days, respectively. The 
launch date for HyspIRI is in the 2024+ timeframe. As part of the risk reduction activities for 
the TIR instrument a space-ready Prototype HyspIRI Thermal Infrared Radiometer (PHyTIR) 
was developed in the laboratory for hardware risk reduction and an airborne Hyperspectral 
Thermal Emission Spectrometer (HyTES) for science risk reduction. In 2014 the ECOsystem 
Spaceborne Thermal Radiometer Experiment on Space Station (ECOSTRESS) was selected 
as part of the NASA Earth Ventures Instrument program. ECOSTRESS will use PHyTIR to 
address critical science questions. ECOSTRESS will have 5 TIR spectral bands, a spatial 
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resolution of 68m x 38m (crosstrack x downtrack) and a revisit of every few days at varying 
times of day from the International Space Station (ISS). HyTES is an airborne instrument with 
256 spectral bands in the TIR and pixel sizes of 2-30 m depending on flight altitude. HyTES is 
one of the few hyperspectral thermal infrared imaging spectrometers. HyTES currently flies on 
a Twin Otter and is being tested on an ER2. This presentation will describe these sensors as 
well as some more specific applications with HyTES such as mineral mapping and gas leak 
detection. 

 
2:30pm - 2:45pm 

Detection and Identification of Hazmat in Water Using Thermal Hyperspectral 
and Spectropolarimetric Imaging 
Michal Shimoni 
Signal and Image Centre (SIC-RMA), Belgium; mshimoni@elec.rma.ac.be 
Remote sensing detection and measurement of hazmat (i.e. HazMat; hazardous chemicals) is 
becoming more important and is receiving much greater emphasis within environmental, 
military and security communities. The choice of the detection technique depends on the 
agent being sought, expected background interferences, and the required ranges. Most 
species can be detected and quantified due to their unique spectral properties in the thermal 
InfraRed wavelength regions. With tens to hundreds of spectral bands, thermal hyperspectral 
sensors pose an advantage over traditional open-path sensors in their ability to detect and 
quantify chemical molecular absorption and concentration along a large area of interest. Novel 
spectropolarimetric imaging provides complementary polarimetric information in large spectral 
dimension. In the spectropolarimetric system, each material is characterized by a unique 
deterministic polarimetric spectrum that can serve as a spectropolarimetric fingerprint. This 
means that one can measure the similarity between two polarimetric spectra using different 
distance measures as used to be done in hyperspectral imaging. 
This research addresses the detection of hazmat in the environment of water. Specifically, it 
reviews the detection of five pollutants: benzene, crude oil, methanol, methyl salicylate and 
toluene (tuluol) in tap and sea water environments using thermal hyperspectral and 
spectropoloraimteric imaging. The studied chemicals have different velocities and they were 
measured at various concentrations using two imaging systems. The detection of the hazmat 
in the hyperspectral imaging was obtained using three different spectral based methods; the 
Generalized Likelihood Ratio Test (GLRT), the Orthogonal Subspace Projection (OSP) and 
the Constrained Energy Minimization (CEM). A comparative analysis shows that the three 
methods have low detection capacities at low concentration and in turbulent water condition 
(i.e. by waves). However, by using the spectropolarimetric spectrum, it was easy to distinguish 
the hazmat even at low concentration. 
Following the obtained results, we develop a detection method based on combined spectral 
and spectropolarimetric spectrum. This pioneer technical combination is outperformed other 
spectral methods and it allows improving confidence in chemical identification.  

 
2:45pm - 3:00pm 

The influence of geologic sample surfaces on TIR spectroscopy 
Evelien Rost1, Christopher Andreas Hecker1, Freek D. van der Meer1, Martin C. 
Schodlok2 
1University of Twente, Netherlands, The; 2Federal Institute for Geosciences and Natural 
Resources (BGR) Geozentrum Hannover, Germany; e.rost@utwente.nl 
Thermal infrared (TIR) spectroscopy of rock samples and drill core is a promising method to 
quickly and reliably measure and analyze big datasets. To successfully apply TIR 
spectroscopy to determine rock composition, it is important that the measured TIR spectra 
accurately represent the true sample composition. However, preliminary spectroscopic results 
suggest that preparation methods of the sample surface influence the resulting TIR spectra. 
The aim of this research is to study and quantify the effects of sample preparation and sample 
cleaning on the measured spectra, and quantify their effects on the projected sample 
composition. To determine how differences in surface roughness of the sample influence the 
resulting spectrum , different drill core preparation methods (e.g. saw, split and polish) and 
different cleaning methods (e.g. wash, air dry etc.) are applied to three different types of rocks 
namely, a pure quartz sandstone, a quartz sandstone that also contains kaolinite, and a fine 
grained gabbro. To eliminate influence of sample heterogeneity, the selected samples have a 
small mineral variation, homogeneous mineral distribution and a small grain size compared to 
the sample spot of the instrument. The TIR measurements where conducted on the Bruker 
Vertex 70 FTIR spectrometer, which is a non-imaging reflectance spectroscopy system with 
an external integrating sphere which allows for measurements in directional hemispherical 
reflectance (DHR). In addition to TIR measurements, other analytical methods such as SEM 
and morphology scanning for surface analysis, and XRF and optical microscopy for 
crystallographic information where conducted as well. The results of the study show the range 
of deterioration per influencing factor, which is translated into a standard sample preparation 
procedure for rocks and drill cores, ensuring consistent and correct TIR spectra. 

 
3:00pm - 3:15pm 
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Experimental Temperature-Emissivity Separation for Inclined Surfaces 
Christoph Charles Borel-Donohue, Dalton Souza Rosario 
US Army Research Laboratory, United States of America; 
christoph.c.boreldonohue.civ@mail.mil 
The working assumption for current temperature-emissivity separation algorithms is that the 
surface is oriented horizontally. This assumption allows the modeling of the reflected 
downwelling radiance using simple radiative transfer models under clear sky conditions for 
nadir pointing sensors. A partial cloudy sky can be modeled by assuming a mixture of clear 
and clouds. In practice however airborne hyperspectral data is often taken from the side which 
increases the reflected environmental radiance. In this paper we describe results of the 
analysis of diurnal Fourier Transform spectrometry data taken at a wooded area in the 
Northeast of the United States with the long-wave hyper-spectral camera from Telops under 
different weather conditions. The first part of the paper discusses the processing from raw 
data to calibrated radiance and emissivity data. Data was taken during several months under 
different weather conditions every 6 minutes from a 65m high tower of surrogate tank. The 
second part discusses analysis and TES from spectral measurements from the inclined 
surfaces of the surrogate tanks and the sky calibration target which measured the 
downwelling radiance from the sky. The third part discusses the observed changes in 
apparent temperature and emissivity due to the inclined surfaces. Resulting retrieved 
cloudyness fractions will be compared with measured cloud cover fractions for opaque and 
thin clouds. Environmental effects such as diurnal and seasonal atmospheric and temperature 
changes and the effect of cloud cover on the data. The effect of environmental conditions on 
the temperature-emissivity separation will be discussed. 
  

3:15pm - 4:15pm B1-O-BDV-2: Vegetation Structure and Function as Essential Biodiversity 
Variables: from the Visible to Thermal (Special Session) 
Session Chair: Roshanak Darvishzadeh 
Session Chair: Andrew Skidmore 

Y-16-G-05  

  3:15pm - 3:30pm 

Classification Of Tree Species Based On Longwave Hyperspectral Data From 
Leaves, a case study for a tropical dry forest 
Dominica Harrison, Benoit Rivard, Arturo Sanchez-Azofeifa 
University of Alberta, Canada; benoit.rivard@ualberta.ca 
Remote sensing of the environment has utilized the visible, near and short-wave infrared (IR) 
regions of the electromagnetic (EM) spectrum to characterize vegetation health, vigor and 
distribution. However, relatively little research has focused on the use of the long-wave 
infrared (8.5 µm -12.5 µm) region for studies of vegetation. In a leading investigation by 
Ribeiro da Luz and Crowley (2007; 2010) leaves from tree species were collected and 
identified from their longwave spectral signatures acquired with a bench top spectrometer. 
This investigation attempts to improve and expand on these findings through the use of a 
portable Fourier Transform IR spectrometer (FTIR; Agilent ExoScan 4100) for in-situ leaf 
measurements in a high diversity environment, a tropical dry forest in Costa Rica. The LWIR 
spectral signature of leaves from twenty-six tree species were collected in the wet seasons 
(May through December) of 2013-2014. A spectral library of leaf compounds contributed by 
Ribeiro De Luz (2013) was then used to identify spectral features observed in leaf spectra. 
Cellulose, cutin, lignin, oleanolic acid and xylan (matrix glycans) explained most of the 
features observed for the species of this study. Species were then grouped (eight groups) 
based on spectral similarities and similarities in the compounds driving their spectra. During 
this analysis a continuous wavelet transformation (CWT) was applied to all spectra to 
minimize noise and amplitude variations attributable to non-compositional effects. Three 
classifier techniques were used for the discrimination of trees species: Principal Component 
Analysis, Linear Discriminant Analysis (LDA) and Random Forest boot strapping analysis. The 
groupings established based on a visual assessment of spectral similarity and based on 
compounds attributable to the observed features were corroborated by RGB combinations of 
principal components. LDA's classifiers were conducted for each group to identify each 
species within a group. The random forest was used as a classifier for all species sampled 
regardless of grouping resulting in an 11% out of bag error rate. Cell wall and cuticular 
compounds drive the longwave infrared spectral signature of tree leaves and from this 
knowledge the twenty-six tropical species of this study were classified with spectra obtained 
from an in-situ spectrometer. This investigation expanded on the work conducted by Ribeiro 
da Luz and Crowley (2006; 2007; 2010) through the addition of increased species diversity, it 
widened the identification of spectral features associated with internal leaf compounds and 
demonstrated the applicability of species discrimination. Future work could be extended to 
airborne longwave imaging spectroscopy measurements for landscape scale species 
distribution and ecosystem monitoring. 

 
3:30pm - 3:45pm 

Water Stress Detection In Potato Plants Using Leaf Temperature, Emissivity, 
And Reflectance 
Max Gerhards1, Gilles Rock2, Martin Schlerf1, Thomas Udelhoven2 
1LIST - Luxembourg Institute of Science and Technology, Luxembourg; 2Uni Trier, FB VI, 
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Umweltfernerkundung und Geoinformatik; max.gerhards@list.lu 
Water stress is one of the most critical abiotic stressors limiting crop development. The main 
imaging and non-imaging remote sensing based techniques for the detection of plant stress 
(water stress and other types of stress) are thermography, visible (VIS), near- and shortwave 
infrared (NIR/SWIR) reflectance, and fluorescence. Just very recently, in addition to 
broadband thermography, narrowband (hyperspectral) thermal imaging has become available, 
which even facilitates the retrieval of spectral emissivity as an additional measure of plant 
stress. It is, however, still unclear at what stage plant stress is detectable with the various 
techniques. 
During summer 2014 a water treatment experiment was run on 60 potato plants (Solanum 
tuberosum L. Cilena) with one half of the plants watered and the other half stressed. Crop 
response was measured using broadband and hyperspectral thermal cameras and a 
VNIR/SWIR spectrometer. Stomatal conductance was measured using a leaf porometer. 
Various measures and indices were computed and analysed for their sensitivity towards water 
stress (Crop Water Stress Index (CWSI), Moisture Stress Index (MSI), Photochemical 
Reflectance Index (PRI), and spectral emissivity, amongst others). 
The results show that water stress as measured through stomatal conductance started on day 
2 after watering was stopped. The fastest reacting, i.e., starting on day 7, indices were 
temperature based measures (e.g., CWSI) and NIR/SWIR reflectance based indices related to 
plant water content (e.g., MSI). Spectral emissivity reacted equally fast. Contrarily, visual 
indices (e.g., PRI) either did not respond at all or responded in an inconsistent manner. This 
experiment shows that pre-visual water stress detection is feasible using indices depicting leaf 
temperature, leaf water content and spectral emissivity. 

 
3:45pm - 4:00pm 

Airborne Imaging Spectroscopy of a Temperate Forest Reveals Scale-
Dependent Functional Diversity Patterns 
Fabian D Schneider1, Felix Morsdorf1, Bernhard Schmid1, Owen L Petchey1, Andreas 
Hueni1, David Schimel2, Michael E Schaepman1 
1University of Zurich, Switzerland; 2NASA Jet Propulsion Laboratory, CA, USA; fabian-
daniel.schneider@geo.uzh.ch 
Functional diversity of forests is an important aspect of biodiversity. It is determined by the 
spatial distribution of functional traits, which is driven by community assembly processes and 
structure. Measuring functional traits in forests in a continuous and consistent way is 
particularly difficult due to the complexity of in-situ measurements and geo-referencing. New 
imaging spectroscopy measurements overcome these limitations allowing to map 
physiological traits on broad spatial scales. We derived leaf chlorophyll, carotenoids and leaf 
water content at the level of individual trees over 900 ha of temperate mixed forest. The 
selected traits are functionally important because they are indicating the photosynthetic 
potential of trees, leaf longevity and protection, and tree water and drought stress. 
Based on the spatial distribution of traits, we mapped functional diversity with its components 
richness, divergence, and evenness at a range of scales. We found higher functional diversity 
on southern slopes of the forest. This is mainly driven by the occurrence of disturbance areas 
and the mixture of deciduous broadleaf and evergreen coniferous trees. On northern slopes, 
the dominance of beech trees and the absence of disturbance leads to lower diversity. 
Comparing physiological to morphological traits derived from airborne laser scanning shows 
that diversity patterns generally agree, but physiological traits are more strongly influenced by 
the composition of plant functional types. By mapping diversity at scales of individual trees to 
whole communities we demonstrate the potential of assessing functional diversity from space, 
providing a unique case study for potential spaceborne biodiversity missions. 

 
4:00pm - 4:15pm 

Remotely Sensed Intraspecific Genetic And Phylogenetic Variation Of A 
Temperate Forest 
Carla Guillen-Escriba1, Fabian D. Schneider1, Andy Tedder2, Eri Yamasaki2, Ang Cheng 
Choon2, Felix Morsdorf1, Kentaro K. Shimizu2, Bernhard Schmid2, Michael Schaepman1 
1Department of Geography, Remote Sensing Laboratories, University of Zurich, Zurich, 
Switzerland; 2Institute of Evolutionary Biology and Environmental Studies, Evolutionary and 
Ecological Genomics, University of Zurich, Zurich, Switzerland; carla.guillen@geo.uzh.ch 
Functional trait diversity (TD), that is the diversity of functional traits in a given community 
(Díaz and Cabido 2001; Cadotte et al. 2011, Cardinale et al. 2012), is one of the most 
commonly used metrics for the assessment of forest diversity. Some studies have found 
evidence of a strong link between the TD and the phylogenetic composition of a community 
(Petchey and Gaston, 2002a; Cadotte et al. 2009), but very little is known about the link 
between these two with the genetic structure. To understand these interactions detailed 
observations are needed. Traditional in-situ approaches have provided very useful data, but 
are usually spatially constrained (Duro et al. 2007), hence exhibit limited possibilities to be 
extrapolated to larger scales (Pereira et al. 2013). With the advent of emerging remote 
sensing methods for functional traits mapping at regional to global scales, the gap of missing 
trait distribution at larger scales is to be filled (Jetz et al., 2016). Our aim is to map functional 
trait variation to differentiate vegetation types and species at different phylogenetic distances 
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as well as to map spatially distributed intraspecific genetic variation. To this end we propose 
using remote sensing data in combination with in-situ sampling at different spatial and 
temporal scales. 
Our study area is a 9-hectare mixed temperate forest plot located on the south-facing slope of 
the Lägern Mountain, Switzerland. We use a multi-scale methodology with a unique dataset: 
airborne imaging spectroscopy and laser scanning data was acquired for the whole Lägern 
mountain in July 2016 and 2010 respectively, phylogeny of the species was constructed using 
DNA barcode data and intraspecific genetic variation information is available for the four most 
dominant species. Biochemical and architectural plant traits were retrieved by using canopy 
spectra and point clouds from airborne imaging spectroscopy and laser scanning data 
respectively. Additionally, trait responses along environmental gradients were detected at 
intraspecific level to attribute sources of functional trait diversity within species. 
First results show that by using a cluster of three RS-derived biochemical traits (relative 
content of chlorophyll, carotenoid and leaf water content) phylogenetic distance presents a 
strong positive correlation with trait distance of R2= 0.74. Furthermore we observe a clear 
separation of conifers and deciduous trees in the NIR region of species median reflectances. 
Partitioning of total functional trait variation in between and within species variation reveals 
differences between biochemical and structural traits. Biochemical traits show higher 
percentage of between species variation, which may be caused by a higher genetic influence 
on trait variation, whereas structural traits may be more driven by environmental plasticity 
increasing within species variation.  
  

3:15pm - 4:15pm B2-O-SCM-2: Statistical and Computational Methods for Data Analysis 
Session Chair: Mireille Olwen Guillaume 
Session Chair: Derek Michael Rogge Y-03-G-85  

  3:15pm - 3:30pm 

Comparison Of Lithological Mapping Results From Airborne Hyperspectral 
VNIR-SWIR, LWIR And Combined Data 
Derek Michael Rogge1, Jilu Feng2, Benoit Rivard2 
1DLR, Germany; 2University of Alberta, Canada; derek.rogge@dlr.de 
Regional lithological mapping in Northern regions is costly and challenging owing to poor 
accessibility and a short working season. Remote sensing is particularly suited to assist in 
mapping of expansive regions and airborne imaging systems are becoming more readily 
available and can be used in support of regional mapping and mineral exploration. This study 
investigates using AISA SWIR and Sebass LWIR (2 and 4 m spatial resolution, respectively) 
data independently and in combination to produce detailed lithologic maps in a subarctic 
region (Cape Smith Belt, Nunavik, Canada) where regionally metamorphosed lower 
greenschist mafic, ultramafic and sedimentary rocks are exposed in the presence of lichen 
coatings. We make use of continuous wavelet analysis (CWA) to improve the radiometric 
quality of the imagery through the minimization of random noise and the enhancement of 
spectral features, the minimization of residual errors in the ISAC radiometric correction and 
target temperature estimation in the case of the LWIR data, the minimization of line to line 
residual calibration effects that lead to inconsistencies in data mosaics, and the reduction in 
variability of the spectral continuum introduced by variable illumination and topography. The 
use of CWA also provides a platform to directly combine the wavelet scale spectral profiles of 
the SWIR and LWIR after applying a scalar correction factor to the LWIR such that the 
dynamic range of two data sets have equal weight. This is possible using CWA as the 
datasets are normalized to a zero mean allowing spectra from different spectral regions to be 
adjoined. 
Lithologic maps are generated using an iterative spectral unmixing approach with image 
spectral endmembers extracted from the SWIR and LWIR imagery based on locations defined 
from previous work of the study area and field mapping information. Unmixing results of the 
independent SWIR and LWIR data, and the combined data show clear benefits to using the 
CWA combined imagery. The analysis showed SWIR and LWIR imagery highlight similar 
regions and spatial distributions for the three ultramafic units (dunite, peridotite, pyroxenite). 
However, significant differences are observed for quartz-rich sediments, with the SWIR 
overestimating the distribution of these rocks whereas the LWIR provided more consistent 
results compared with existing maps. Both SWIR and LWIR imagery were impacted by the 
pervasive lichen coatings on the mafic rocks (basalts and gabbros) although the SWIR 
provided better results than the LWIR. Limitations observed for the independent data sets 
were removed using the combined wavelet scale spectral data resulting in all geologically 
meaningful units mapped correctly in comparison with existing geological maps. In combining 
the SWIR and LWIR data, we achieved an overall improved mapping capability and generated 
a clean and continuous map for all 9 geologically meaningful units. The final combined 
thematic map illustrates the value of applying spectral unmixing methods on the combined 
wavelet power spectral imagery. 

 
3:30pm - 3:45pm 

Hyperspectral Super-Resolution with Convolutional Neural Networks 
Charis Lanaras, Silvano Galliani, Emmanuel Baltsavias, Konrad Schindler 
Photogrammetry and Remote Sensing, ETH Zurich, Switzerland; 
charis.lanaras@geod.baug.ethz.ch 
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This work focuses on the tradeoff that exists between high spectral (hyperspectral) and high 
geometrical (multispectral) resolution images. Hyperspectral super-resolution addresses this 
problem, by integrating information from a low resolution hyperspectral image and a 
multispectral image into a product of both high spatial and high spectral resolution. The 
detailed spectral resolution is useful for many earth system sciences including mapping and 
vegetation studies, but the current systems deliver a lower spatial resolution than multispectral 
sensors. An increasing number of work, including previous own work, has dealt with this 
problem using physical model based solutions. Here, we introduce a data driven machine 
learning approach to solve hyperspectral super resolution. In this work, we use an off-the-shelf 
Convolutional Neural Network that learns the spectra of real images to be able to optimally 
upsample a low resolution hyperspectral image to high spatial resolution given a multispectral 
image. The architecture of the network consists of fully connected layers for which we learn 
the weights from training data. The training data are supplied as image patches of the input 
images (simulated or real) and the ground truth values (of the true hyperspectral image). The 
training data must cover most of the variation that the data are expected to have, e.g in 
remote sensing variable multi–spatial, –spectral, –temporal instances must be observed. To 
prove the power of the CNNs we use a second network, in which as input we only supply the 
multispectral image (in true resolution) and learn the spectra of the image without the low 
resolution hyperspectral image. The network is learning the spatial characteristics of different 
objects in the scene and is able to provide a hyperspectral image. We call this second process 
blind hyperspectral super resolution. To evaluate the proposed method, we use the close 
range hyperspectral images from the CAVE database and remote sensing images from the 
EO-1 satellite from the Hyperion and ALI sensors. To be able to make an objective 
comparison evaluation we use semi-synthetic data by simulating the observations and in the 
case of EO-1 we also test the performance of the blind super-resolution with the real data. 
The experiments with the two datasets show that the proposed approach delivers improved 
hyperspectral super-resolution compared to state-of-the-art super resolution methods, 
whereby the blind approach is a bit inferior to the "regular" CNN. The main weaknesses of this 
approach are the much larger amount of training data which is needed compared to a pure 
physical model method and the time which is required for training. We conclude that we are 
able to solve the super resolution problem using machine learning, by learning the material 
spectra from the images, even in the blind hyperspectral super resolution case. 

 
3:45pm - 4:00pm 

Generation and Validation of Abundance Map Reference Data for Imaging 
Spectroscopy Unmixing 
McKay Williams, John Kerekes, Jan van Aardt 
Rochester Institute of Technology, United States of America; kerekes@cis.rit.edu 
The lack of reference data (ground truth) maps for imagery products is a stubborn obstacle 
that can impede the progress of the remote sensing imaging spectroscopy community. 
Traditional methods of generating reference data include field surveys and imagery analysis; 
however, both of these methods are prohibitively labor intensive and are prone to various 
sources of error. Not surprisingly, researchers have often re-used the same reference data 
products such as Cuprite (USA), Indian Pines (USA), and Pavia (Italy) for decades. In addition 
to the labor required to produce a reference data map, reference data itself should be 
validated in order to characterize uncertainty and error. We have been unable to find 
published validation reports for even the most widely used reference data maps. The situation 
is even more tenuous in the subfield of spectral unmixing, where each pixel is allowed to 
consist of a fraction, or abundance, of multiple ground cover classes. Since typical reference 
data summarize ground cover at the whole pixel level, they are not adequate for quantitative 
assessment of spectral unmixing algorithms. Our previous work proposed a new method to 
produce large scale abundance map reference data (AMRD). This technique, called remotely 
sensed reference data (RSRD), generates AMRD by collecting fine scale and coarse scale 
imaging spectrometer data for the same spatial extent. Standard classification and unmixing 
algorithms are implemented on the fine scale imagery to produce abundance maps. The pixel 
grid of the coarse scale imagery then is overlaid on the fine scale abundance maps and fine 
scale information within each coarse pixel is aggregated, resulting in fractional estimates of 
ground cover for the coarse scale imagery. The RSRD method is demonstrated in this 
research using NEON (1m GSD) and AVIRIS (15m GSD) imaging spectrometer data collected 
over California in 2013 and results for three scenes will be presented at the conference. In 
addition to producing AMRD, we have also undertaken extensive validation efforts to 
characterize the error in our data. However, the question arises of how to validate a product 
that is already the most accurate form of data you have. Our answer is to produce multiple 
independent versions of reference data for randomly selected plots and compare results. Our 
independent estimates include two versions of field work, two versions of imagery analysis, 
and several versions of RSRD. Validation results show statistically significant differences 
between all versions of reference data. Even the two versions of field work data differed 
significantly between two observers, reinforcing the importance of characterizing error in 
reference data regardless of its source. Depending on the reference data type, mean error 
ranges from 2-4% coverage area with a standard deviation of 8-12%. The most accurate 
version of reference data was one of the field work versions, but it virtually tied with one of the 
imagery analysis versions and one of the RSRD versions. This result is promising for the 
RSRD methodology of producing AMRD. Detailed statistical analysis of validation data will be 
presented at the conference. 
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4:00pm - 4:15pm 

Bottom Estimation In Shallow Water : Solving a High Mixing Level 
Mireille Olwen Guillaume1, Yannick Deville2, Sylvain Jay1, Audrey Minghelli5, Malik 
Chami3,4, Bruno Lafrance7, Veronique Serfaty6 
1Aix Marseille Université, CNRS, Centrale Marseille, Institut Fresnel UMR 7249, 13013 
Marseille, France; 2Institut de Recherche en Astrophysique et Planétologie (IRAP), 
Observatoire Midi-Pyrénées, Université Paul Sabatier, CNRS, 31400 Toulouse, France; 
3Sorbonne Universités, UPMC Univ Paris 06, INSU-CNRS, Laboratoire d'Océanographie de 
Villefranche, 181 Chemin du Lazaret, 06230 Villefranche sur Mer, France.; 4Institut 
Universitaire de France, 1, rue Descartes, 75231 Paris Cedex 05, France.; 5University of 
Toulon, CNRS, SeaTech, LSIS laboratory, UMR 7296, 83041 Toulon, France; 
6DGA/DS/MRIS, 7-9 rue des Mathurins, 92224 Bagneux cedex, France.; 7CS Systèmes 
d'Information, Parc de la Grande Plaine - 5, Rue Brindejonc des Moulinais - BP 15872, 31506 
Toulouse Cedex 05, France; mireille.guillaume@fresnel.fr 
Hyperspectral remote sensing is an effective tool for mapping and monitoring of marine 
environments, potentially providing great spatial and temporal coverages. In coastal 
environments, the characterization of the water column is usually performed by inverting semi-
analytical models that approximate the radiative transfer equation in shallow waters, where 
both the water body and bottom cover affect the measured reflectance. This inversion can be 
done using iterative optimization based on a merit function relating measured and simulated 
reflectance spectra, giving as output the water column parameters (generally the 
concentrations of the three main constituents, and the bathymetry), and one (or two) 
parameter(s) for the bottom reflectance spectrum which is supposed to be known up to a 
multiplicative coefficient, or can be the combination of two known spectra. However, in the 
case where the bottom is unknown and highly mixed so there are no pure pixels, which can be 
the case in coastal zones, the number of unknown parameters increases and makes the 
inversion difficult. In such cases other approaches can be developped, including an un-mixing 
step to account for bottom estimation. A previous approach [1] included alternate optimization 
for water column characteristics and bottom un-mixing. The first step consisted in extracting 
water column characteristics and was obtained with a Maximum Likelihood estimation based 
on a semi-analytical model for the radiative transfer. In the second step, the bottom 
reflectance un-mixing was performed using a non negative matrix factorization (NMF) 
technique, which is actually widely used in un-mixing problems. Another approach [2] used a 
variant of the NMF method to estimate at the same time the water column attenuation vector 
(based on a simplified radiative transfer model), the bottom endmembers and the bottom 
abundances, and was solved with a triple NMF. 
In this study we use the Lee semi-analytical radiative transfer model and the linear mixing 
model to formulate the problem of both water column and bottom retrieval in terms of matrix 
factorization. This point of view leads to a new variant of the NMF. Two situations are 
considered: for the first situation, the water column attenuation is known and fixed during the 
optimization process, so only the bottom endmembers and abundances has to be recovered. 
For the second situation, all parameters are simultaneously unknown. 
The methods are tested on both simulated and real hyperspectral data sets. Because the un-
mixing problem cannot solve for very weak sources, the limits of the un-mixing effectiveness 
in terms of water column attenuation are established based on simulations. 
We also compare the results of the method to the widely used least square criterion methods, 
and to a basic Maximum Likelihood estimation. 
[1] 
M. Guillaume, Y. Michels et S. Jay, «Joint estimation of water column parameters and seabed 
reflectance combining maximum likelihood and unmixing algorithm,» WHISPERS, TOKYO, 
2015. 
[2] 
O. Eches et M. Guillaume, « Seabed estimation using triple NMF method,» IGARSS, 
MUNICH, 2012. 
Acknowledgments: This study was funded by the Direction Générale de l’Armement (DGA) 
with the reference ANR-15-ASTR-0019 (HypFoM). 
  

3:15pm - 4:15pm B3-O-TIR-2: Challenges and Applications in Thermal Infrared Imaging 
Spectroscopy (Special Session) 
Session Chair: Christoph Andreas Hecker 
Session Chair: Thomas Udelhoven 

Y-16-G-15  

  3:15pm - 3:30pm 

Hydrocarbon Detection Using Thermal Infrared Data: A Tool for Exploration 
and Environmental Monitoring 
Carlos Roberto Souza Filho 
University of Campinas, Brazil; beto@ige.unicamp.br 
Methane is the main component of natural gas. Its release from natural and anthropogenic 
sources related to the exploration and production of petroleum resources comprises a 
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significant portion of the global balances, despite the uncertainties associated with the 
estimates. Remote sensing offers tools that can help detect fugitive emissions of natural gas 
(microseeps), which spontaneously escape from geological reservoirs or through leaks in the 
production platforms, pipeline networks and refineries. Airborne hyperspectral sensors offer 
high spatial and spectral resolution and are ideal to detect small gas plumes, thus allowing the 
location of specific emission sources. Here, we show results yielded from a controlled 
methane leakage experiment conducted in the Rocky Mountain Oilfield Testing Center 
(RMOTC), Casper, WY (USA). Gas leaking stations were designed to simulate natural and 
anthropogenic sources with varied configurations (surface and subsurface) and emission 
flows (80- 1450 scf/h). During the experiment, the site was imaged by the SEBASS (Spatially-
Enhanced Broadband Array System Spectrograph) thermal hyperspectral sensor, with 128 
bands sp 7.6 – 13.5µm. The data was acquired with a spatial resolution (GSD) of 1 m, at 
1500m and 2500 m above ground level. Radiance images were pre-processed with an 
adaptation of the In-Scene Atmospheric Compensation algorithm and converted to emissivity 
through the Emissivity Normalization algorithm. Independent Principal Components, Wavelet 
and Reverse-wavelet Analysis were employed for enhancement and mapping of the gas 
plumes. Results allowed the separation between endmembers related to the spectral 
signature of methane from the background. Pixels containing methane signatures (absorption 
bands at 7.69 m and 7.88 µm) were highlighted and the gas plumes mapped with high 
definition in the images. The dispersion of the mapped plumes is consistent with the wind 
direction, measured during the experiment. Variations in the image and the number of 
mapped pixels are consistent with the emission rates of methane at each gas station. Higher 
emission flows produce larger plume dispersion and higher number of mapped pixels hosting 
strong methane signatures. Spectral analysis of the signatures within the plumes also shows 
that the spectral absorption features of methane are sharper and deeper in pixels located near 
the emitting source. This property can be used to reveal portions of emission with higher gas 
density and to locate in the field, the source of the emissions with greater precision. The 
results presented in this study demonstrate that thermal imaging sensors have high potential 
as an auxiliary tool in the oil industry and can simultaneously help refine estimates stemming 
from natural seepages and anthropogenic emissions. 

 
3:45pm - 4:00pm 

Quantification of factors influencing the acquisition of thermal infrared data 
acquired with two different airborne systems at the Elbe estuary 
Katharina Fricke1, Björn Baschek1, Alexander Jenal2, Caspar Kneer2, Immanuel Weber2, 
Jens Bongartz2,3, Jens Wyrwa1, Andreas Schöl1 
1Federal Institute of Hydrology, Germany; 2Application Center for Multimodal and Airborne 
Sensors AMLS, Fraunhofer Institute for High Frequency Physics and Radar Techniques FHR, 
Germany; 3Dept. of Mathematics and Technology, University of Applied Science Koblenz, 
Germany; fricke@bafg.de 
Over the Hahnöfer Nebenelbe, a part of the Elbe estuary near Hamburg, Germany, a 
combined aerial survey with a hexacopter and a gyrocopter was conducted by the Federal 
Institute of Hydrology, Germany, and the Application Center for Multimodal and Airborne 
Sensors (AMLS) as well as by a contracted engineering company with the aim to acquire 
spatial thermal infrared (TIR) data. The water temperature in the Elbe is of interest as it is 
connected to the dissolved oxygen content which is in turn important for ecosystem 
processes, nutrient budgets and riverine organisms. The distribution of water temperature and 
oxygen levels varies in space between the main fairway and side channels, but is also 
affected by the tidal cycle. For monitoring and calibration of water quality models, spatially 
distributed data from several points of time within the tidal cycle is required. 
During two subsequent days in Summer 2015 data was acquired during two tidal cycles. The 
piloted gyrocopter covered the whole Hahnöfer Nebenelbe seven times, and acquired data 
RGB and TIR data with a panTIR system. The data was processed and georeferenced using 
the structure from motion algorithm with GPS information from the gyrocopter and optional 
ground control points. The unmanned hexacopter covered a subarea of fairway and intertidal 
mudflats 16 times and the data was referenced based on ground control points and the GPS 
and position information of the acquisition system. Subsequently, the TIR data was analysed 
with regard to its accuracy and representativeness of the in situ water temperature. 
The TIR datasets were compared with in situ measurements of the water temperature and 
calibration measurements gathered during the data acquisition. Of the factors influencing the 
absolute accuracy of the TIR data, emissivity, atmosphere, stratification of the water body, 
skin effect at the water surface, and camera calibration were modelled or estimated based on 
additional measurements. The largest effects on the observed TIR water temperature had the 
camera calibration, possible stratification around the in situ measurements, and the 
atmospheric parameters adapted to the camera bandwidth. Both datasets showed decreasing 
temperatures at the margins of the imagery. To evaluate the possible angular effects of the 
influencing factors mentioned before on the relative temperature accuracy within one image, 
the angle dependent emissivity and atmosphere as well as distortions due to camera sensor 
and lens geometry were evaluated with the latter having the largest effect on the relative 
temperature differences with in individual images. 

 
4:00pm - 4:15pm 

TIR hyperspectral airborne survey for mineralogical and lithological mapping 
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of the Gamsberg, Aggeneys, South Africa 
Martin Schodlok 
Federal Institute for Geosciences and Natural Resources BGR, Germany; 
martin.schodlok@bgr.de 
This study presents the results of mapping the metasediments and metavolcanics using 
hyperspectral thermal infrared airborne data in context of lead zinc mineralization at the 
Aggeneys region in the North Cap area of South Africa. In July/August 2015 a thermal infrared 
(TIR) hyperspectral airborne survey has been carried out to acquire data in the Northern 
Cape/ South Africa. The hyperspectral TIR dataset covers an area of 1080 km2 with a spatial 
resolution of 2.5 meter per pixel. In addition a high resolution digital elevation model (1 m 
spatial resolution) was derived from Lidar measurements. This study focuses on the 
Gamsberg/Aggeneys which consists mainly of schists, quartzites, conglomerates surrounded 
by gneiss and granite-gneiss. The lithostratigraphic units belong to the Nousees Mafic Gneiss 
Formation, Gams Iron Formation including amphibolitic rocks, Pella Quartzite Formation, 
Namies Schist and Haramoep Gneiss of the Bushmanland Group with an age of ~1.5 Ga. The 
ore mineralization is connected to the Gams Formation. 
The TIR data preprocessing includes the radiometric calibration, orthorectification, 
atmospheric correction and separation of temperature and emissivity based on the normalized 
emissivity method. The preprocessing was done separately for each single flight line. Finally, 
the individual lines were merged to a single mosaic. The mineral mapping is based on a multi 
feature extraction approach using a gauss approximation to separate the diagnostic mineral 
features. In order to minimize ambiguities in the mineral identification selection rules such as 
quantities of spectral features and their wavelength positons per spectrum were applied and 
compared with existing spectral reference libraries. Semi quantification of mineral abundances 
was performed by the determination of the intensities of the diagnostic spectral features. For 
validation of the results field and laboratory spectroscopy as well as mineralogical and 
chemical analyses (XRD and XRF) were used. The resulting mineral maps were used for a 
spectral characterization and identification of the different lithological units and mineralization 
zones. The derived maps are discussed and assessed in context of the geology and 
mineralization. They provide detail information of the spatial mineral distributions and have the 
potential to improve exploration activities. This presentation demonstrates the high information 
content of thermal infrared airborne data to improve mineral mapping in a metasedimentary/ 
metavolcanic environment. 
  

4:15pm - 4:45pm CB-2: Coffee Break 2 
  

4:45pm - 6:00pm C1-O-SOC: Spectroscopy in the Context of Societal Challenges 
Session Chair: Hannes Feilhauer 
Session Chair: Pedro J. Leitão Y-16-G-05  

  4:45pm - 5:00pm 

Detection of tomato diseases using UAV-borne hyperspectral remote sensing 
Dongryeol Ryu1, Lola Suarez1, Yue Wang1, Liz Mann2, Dorin Gupta3, Sigfredo Fuentes3 
1Department of Infrastructure Engineering, The University of Melbourne, Parkville, Victoria, 
Australia; 2Australian Processing Tomato Research Council Inc., Shepparton, Victoria, 
Australia; 3Faculty of Veterinary and Agricultural Sciences, The University of Melbourne, 
Victoria, Australia; dryu@unimelb.edu.au 
Early detection of diseases in tomatoes is important to improve quantity and quality of the 
produce and to reduce management cost and environmental footprint. We analyze 
hyperspectral data of tomato foliage collected by a UAV-borne hyperspectral system (400 nm 
– 900 nm) and a field spectroradiometer (350 nm – 2500nm) from two commercial sites in 
Victoria, Australia. The hyperspectral data were collected at two growth stages: vegetative 
growth and maturity stages. The experimental fields were predominantly affected by foliar 
diseases such as the bacterial leaf spot and big bud, presenting healthy, slightly affected, and 
severely affected plants. The early symptoms of these diseases are detectable at a foliar level 
in the shortwave infrared ranges (SWIR), indicating their influence on the leaf water content, 
but their spectral signature is less distinctive at the aerial hyperspectral imagery because the 
foliar structure and mixed spectral signature confounded the image data even at ~10-cm 
resolution. In the later development stages, the spectra for the infected foliage exhibit clear 
features against healthy samples across the visible, near infrared and shortwave infrared 
ranges. We applied a Partial Least-Square Regression (PLSR) model to map the infected 
tomato plants over the experiment site, and also propose a simple multispectral model to 
produce the disease map with a comparable accuracy using low-cost systems.  

 
5:00pm - 5:15pm 

Direct Imaging of Shale Gas Leaks Using Passive Thermal Infrared 
Hyperspectral Imaging 
Marc-André Gagnon, Martin Chamberland, Éric Guyot, Philippe Lagueux 
Telops, Canada; martin.chamberland@telops.com 
Natural gas is an energy resource in great demand worldwide. There are many types of gas 
fields including shale formations which are common especially in the St-Lawrence Valley (Qc). 
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Regardless of its origin, methane (CH4) is the major component of natural gas. Methane gas 
is odorless, colorless and highly flammable. It is also an important greenhouse gas. Therefore, 
dealing efficiently with methane emanations and/or leaks is an important and challenging 
issue for both safety and environmental considerations. In this regard, passive remote sensing 
represents an interesting approach since it allows characterization of large areas from a safe 
location. The high propensity of methane contributing to global warming is mainly because it is 
a highly infrared-active molecule. For this reason, thermal infrared remote sensing represents 
one of the best approaches for methane investigations. In order to illustrate the potential of 
passive thermal infrared hyperspectral imaging for research on natural gas, imaging was 
carried out on a shale gas leak that unexpectedly happen during a geological survey near 
Hospital Enfant-Jésus (Québec City) in December 2014. Methane was selectively identified in 
the scene by its unique infrared signature. Quantitative information was also obtained. The 
results show how this novel technique could be used for research work dealing with methane 
gas. 

 
5:15pm - 5:30pm 

UAV Based Hyperspectral Image Data For Precision Farming: A Case Study 
For Nitrogen Fertilization 
Miriam Machwitz1, Martin Schlerf1, Rebecca Retzlaff2, Chizhang Gong1,2, Gilles Rock2, 
Frits van Evert3, Thomas Udelhoven2 
1Luxembourg Institute of Science and Technology LIST, Luxembourg; 2Universtiy of Trier, 
Germany; 3Plant Research International, Wageningen University and Research Centre, The 
Netherlands; miriam.machwitz@list.lu 
Nitrogen (N) fertilization is critical to crop production but can meanwhile have a negative 
impact on the environment. In many European regions, high concentration of nitrate in the 
ground water endangers health and has led to a complaint by the European Commission. 
Consequently, N fertilization should be adapted to plants’ needs. Very high resolution 
information on plants’ status can be used to create application maps for the farmers. Many 
studies have shown the potential of hyperspectral data to give detailed information on plants 
status and vitality. New light and small systems like the OXI VNIR-40 sensor (Gamaya) can be 
launched on UAVs (unmanned aerial vehicle) and guarantee data availability at critical growth 
stages independent from cloud conditions. 
In our case study, we present a fertilization experiment on potatoes (cultivar Victoria). Three 
different levels of N (80, 180, 280 kg/ha) were applied. During the growing season from end of 
June to middle of August weekly UAV-flights acquired hyperspectral data using the Gamaya 
camera. The weather during the first half of the growing season was very wet and cloudy 
leading to cloudy conditions on most of the acquisition days. In parallel with the UAV based 
measurements, spectrometer (ASD), leaf area index (LAI) and chlorophyll related SPAD 
measurements have been taken. The crop was sampled destructively on the same day that 
spectral data were collected. Above and below ground biomass, N and carbon were 
determined. 
LAI and SPAD values showed a strong relationship between N supply and plant growth 
already at early growing stages. The three treatments showed mostly a significant difference 
of LAI and SPAD. The reflectance index WDVI (Weighted Difference Vegetation Index) 
calculated from ASD reflectance measurements correlated well with above-ground N uptake. 
Similar results were obtained by van Everts et al. (2012). The Gamaya image data-based 
WDVI confirmed the correlation and showed very promising results. Even under cloudy 
conditions the N uptake correlated well with the vegetation index. The hyperspectral resolution 
of the Gamaya data allows for a systematic analysis of N-sensitive indices. First results could 
already slightly improve the results of the multispectral based WDVI. 
The image data now allows for a pixel based high resolution map of the N uptake and gives 
the input for an adapted fertilization plan according to the plants’ needs. The UAV-based data 
offers new opportunities for precision agriculture especially for regions where satellite data 
often lacks during the critical phenological stage due to cloud cover. 

 
5:30pm - 5:45pm 

Monitoring vegetation community structure in the Brazilian Cerrado with 
spaceborne imaging spectroscopy data 
Pedro J. Leitão1, Marcel Schwieder1, Fernando Pedroni2, José Roberto Pinto3, Maryland 
Sanchez2, Mercedes Bustamante4, Patrick Hostert1,5 
1Humboldt-Universität zu Berlin, Geography Department,Germany; 2Universidade Federal de 
Mato Grosso, Instituto de Ciências Biológicas e da Saúde, Brazil; 3Universidade de Brasília, 
Departmento de Engenharia Florestal, Brazil; 4Universidade de Brasília, Departmento de 
Ecologia , Brazil; 5Humboldt-Universität zu Berlin, Integrated Research Institute on 
Transformations of Human-Environment Systems (IRI THESys), Germany; p.leitao@geo.hu-
berlin.de 
Global declining trends of biodiversity have a direct impact on ecosystems’ functioning and 
their provisioning of services. A deeper knowledge on change in biodiversity patterns, such as 
those of turnover in biological communities, needed for developing suitable mitigation 
strategies, is only possible through systematic mapping and monitoring. Recent and 
forthcoming advances in Earth observation data, coupled with suitable methods for analysis, 
have great potential for characterising biodiversity community patterns in an accurate manner. 
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Previous studies have shown that hyperspectral data systematically collected at repeated 
times are able to provide very detailed information on the Earth’s surface, and this way are 
suitable for characterising complex ecological systems. The advent of spaceborne 
hyperspectral missions, such as EnMAP or HyspIRI, will thus allow the detailed 
characterisation of vegetation community patterns and its turnover through time and across 
large areas. In order to assess their potential, we used time series of spaceborne 
hyperspectral data from a demonstration mission (EO-1 Hyperion) to map spatial transitions in 
woody plant communities. The highly dynamic and heterogeneous Cerrado is of global 
importance and constitutes a global biodiversity hotspot. It remains however understudied, 
while economic pressures and relaxed conservation laws result in its continuous destruction. 
In this study, we applied a Sparse Generalised Dissimilarity Modelling approach, designed for 
analysing high dimensional data, for modelling tree community turnover in three different 
study sites across the Brazilian Cerrado. The trade-offs between the spectral and temporal 
data domains for describing biodiversity patterns were also assessed. We conclude that data 
coming from spaceborne hyperspectral missions, combined with adequate algorithms, are 
suitable for systematic monitoring changes in plant communities across time and space. 
  

4:45pm - 6:00pm C2-O-ATM: Athmospheric Compensation Techniques 
Session Chair: Daniel Schläpfer 
Session Chair: Gerrit Kuhlmann Y-03-G-85  

  4:45pm - 5:00pm 

Aerosol Optical Thickness Determination and Compensation Based on 
Advanced Cast Shadow Detection 
Daniel Schläpfer1, Rudolf Richter2 
1ReSe Applications, Switzerland; 2German Aerospace Center, DLR, Germany; 
daniel@rese.ch 
The aerosol optical thickness (AOT) is a key parameter for atmospheric compensation 
techniques as well as for micro- and macro-climate models. The retrieval and correction of 
AOT from optical remote sensing and spectroscopy data is a task which has been 
investigated for many years. 
The most prominent method currently used to compensate for aerosol effects in optical 
remote sensing data is the dense dark vegetation approaches (DDV [1]). It relies on the 
presence of vegetated areas and uses an empirically found correlation between the visible 
and near or short wave infrared reflectance to find the signatures of aerosols in the visible 
bands. This method is limited to data containing dark vegetation (mostly forests) and recent 
experience shows limitations for high spatial resolution data where numerous small scale 
shadows and dark objects are visible. Another approach relies on dark object analysis. It is 
specifically suited for dense aerosol layers and haze. Using a moving window technique, this 
method can be used for haze detection and removal [2]. However, the underlying reflectance 
signature does not allow for aerosol detection in relatively clear atmospheres. 
The presented new approach uses the difference of the spectral signatures of shaded pixels 
in comparison to the directly illuminated pixels to detect cast shadow areas in a first step. This 
cast shadow map is then used in conjunction with the ATCOR atmospheric compensation 
approach [3] for AOT determination. In an iterative procedure, the diffuse irradiance onto the 
cast shadow areas is tuned by varying the aerosol amount until the corrected reflectance 
statistics are in agreement to the adjacent areas with direct irradiance regime. Using a moving 
window approach, AOT distribution maps can be derived by this technique in the visible 
wavelengths of the spectrum. The method is limited by the availability of scattered cast 
shadow areas and therefore only works successfully on high resolution images at resolution 
below approximately 3 meters. A further limitation are the instrument dynamics as the dark 
cast shadows should still be registered with enough fidelity to distinguish surface 
characteristics.  
The method has been successfully applied to Leica ADS high resolution photogrammetric 
data as well as on APEX imaging spectroscopy imagery. The derived aerosol distribution 
maps show reasonable AOT values and the correction or aerosol effects is considerably 
improved. The method will be further developed toward full operationality for both high 
resolution satellite and airborne imagery. 
Key References 
[1] Yoram J. Kaufman & Claudia Sendra (1988) Algorithm for automatic atmospheric 
corrections to visible and near-IR satellite imagery, International Journal of Remote Sensing, 
9:8, 1357-1381, DOI: 10.1080/01431168808954942 
[2] A. Makarau, R. Richter, D. Schläpfer, and P. Reinartz, “Combined Haze and Cirrus 
Removal for Multispectral Imagery,” IEEE Geoscience and Remote Sensing Letters, vol. 13, 
no. 3, 2016. 
[3] R. Richter and D. Schläpfer, “Atmospheric / Topographic Correction for Satellite Imagery, 
ATCOR-4 User Guide, Version 7.0” DLR/ReSe, Wessling, DLR-IB 565-01/16, June 2016. 

 
5:00pm - 5:15pm 

Intensity based fusion of hyperspectral imaging sensor (HSI) and airborne 
lidar scanner (ALS): Towards a synergistic improvement of illumination and 
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atmospheric correction 
Maximilian Brell1, Luis Guanter1, Karl Segl1, Bodo Bookhagen2 
1GFZ German Research Centre for Geosciences, Germany; 2University of Potsdam, Institute 
of Earth and Environmental Science; Brell@gfz-potsdam.de 
The combination of topographic and hyperspectral information provides promising potential for 
applications in environmental sciences. The data fusion is usually carrier out by using the 
distance measuring capabilities of ALS and the reflectance measuring capabilities of the HSI. 
Beside the elevation based increase of data dimensionality and geometric accuracy, their 
complementary intensity information is an often neglected benefit of the data fusion. The main 
linkage between both sensors is the respective measurement of intensities reflected by a 
surface object in the overlapping wavelength range. In order to make both sensor responses 
comparable the characteristic of the respective sensor has to be adapted concerning spatial 
and spectral properties. 
We present a rigorous illumination correction of HSI data based on the radiometric cross-
calibrated return intensity information of ALS data. The fully ray-tracing based approach 
combines the advantages of the active characteristic of the ALS sensor with the high spectral 
resolution of HSI by intersecting their particular beam shapes. The approach is capable to 
compensate the drawbacks of passive HSI systems. Cloud and cast shadowing effects, 
across track illumination, partly anisotropy effects and illumination changes over time can be 
corrected for the entire HSI wavelength domain. It is shown that the fusion approach leads to 
significant improvements considering the classification accuracy of urban and vegetation 
surfaces, and enables new capabilities especially for heterogeneous surface objects. 
The presented intensity-based fusion approach is a first step towards a rigorous HSI 
illumination correction and demonstrates its potential and benefit for a variety of applications. 
With upcoming multi spectral ALS systems the presented approach can lead to more realistic 
reflectance measurement. 

 
5:15pm - 5:30pm 

Shadow Compensation for Imaging Spectroscopy Data Using the Discrete 
Anisotropic Radiative Transfer Model DART 
Daniel Kükenbrink, Fabian Daniel Schneider, Andreas Hueni, Felix Morsdorf, Michael E. 
Schaepman 
University of Zurich - Remote Sensing Laboratories, Switzerland; 
daniel.kuekenbrink@geo.uzh.ch 
The retrieval of accurate target reflectance values from imaging spectroscopy data in forest 
ecosystems is a challenging task due to their structural complexity, largely influencing the 
measured radiance at sensor level. Topographic and tree crown shadowing effects highly limit 
accurate biophysical and biochemical parameter retrievals from imaging spectroscopy data. 
Current approaches trying to overcome these limitations often exclude shadowed areas, 
significantly reducing the study area, or rely on simple, but often inaccurate shadow 
compensation approaches based on histogram thresholding, band ratios or matched filters. 
In this contribution, we introduce an approach to compensate shadowed areas in imaging 
spectroscopy reflectance data using a radiative transfer approach based on the radiative 
transfer model DART (Gastellu-Etchegorry et al., 2015). DART is able to estimate the three-
dimensional radiative budget, from which we can extract the surface irradiance per image 
pixel. We parameterised the DART model using airborne laser scanning and in-situ data for a 
Swiss temperate forest following the approach proposed by Schneider et al. (2014). The 
sensitivity of multiple DART input parameters (e.g. plant area index, leaf angle distribution or 
atmosphere model) on the modelled surface direct and diffuse irradiance was analysed and 
the feasibility to use these surface irradiance values to compensate shadowed pixels in 
imaging spectroscopy data was tested. 
The proposed shadow compensation approach was tested on simulated (using DART) and 
real imaging spectroscopy data derived from the Airborne Prism Experiment (APEX) sensor 
(Schaepman et al., 2015). The compensated reflectance spectra show good agreement with 
sunlit targets of the same landcover type (i.e. of the same grass field). However, the quality of 
the compensation is highly dependent on the parameterisation of DART. The sensitivity 
analysis of multiple DART input parameters on the modelled surface irradiance showed that 
especially the airborne laser scanning derived plant area index as well as the leaf angle 
distribution have a large impact. We conclude that the DART radiative budget output is a 
valuable tool to analyse the complex light-canopy interactions in forest ecosystems, which can 
be used to successfully recover target reflectance values in shadowed areas of high resolution 
imaging spectroscopy data. 
References: 
Gastellu-Etchegorry, J.-P., Yin, T., Lauret, N., Cajgfinger, T., Gregoire, T., Grau, E., … 
Ristorcelli, T. (2015). Discrete Anisotropic Radiative Transfer (DART 5) for Modeling Airborne 
and Satellite Spectroradiometer and LIDAR Acquisitions of Natural and Urban Landscapes. 
Remote Sensing, 7(2), 1667–1701. doi:10.3390/rs70201667 
Schaepman, M. E., Jehle, M., Hueni, A., D’Odorico, P., Damm, A., Weyermann, J., … Itten, K. 
I. (2015). Advanced radiometry measurements and Earth science applications with the 
Airborne Prism Experiment (APEX). Remote Sensing of Environment, 158, 207–219. 
doi:10.1016/j.rse.2014.11.014 
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Schneider, F. D., Leiterer, R., Morsdorf, F., Gastellu-Etchegorry, J.-P., Lauret, N., Pfeifer, N., 
& Schaepman, M. E. (2014). Simulating imaging spectrometer data: 3D forest modeling based 
on LiDAR and in situ data. Remote Sensing of Environment, 152, 235–250. 
doi:10.1016/j.rse.2014.06.015 

 
5:30pm - 5:45pm 

Evaluation and Sensitivity Analysis of Atmospheric Correction Methods for 
Hyperspectral Imagery Using ATCOR4 and FLAASH 
Gabriela Ifimov, Pablo Arroyo Mora, Raymond Soffer, George Leblanc 
National Research Council Canada, Aerospace; gabriela.ifimov@nrc-cnrc.gc.ca 
Accounting for atmospheric absorption and scattering effects is required to generate accurate 
surface reflectance estimations of radiometrically corrected imaging spectroscopy data sets. 
This atmospheric correction process is fundamental to the conversion from radiance to 
reflectance. Given the importance of atmospherically correcting hyperspectral data before 
analyses, multiple correction algorithms have been developed, such as the Atmospheric and 
Topographic Correction (ATCOR4) and the Fast Line of sight Atmospheric Analysis of 
Spectral Hypercube (FLAASH). Both ATCOR4 and FLAASH are atmospheric correction 
algorithms based on MODTRAN-5 atmospheric radiative transfer code and include advanced 
features such as spectral smoothing, adjacency effect correction, along with smile detection 
and correction, and topographic correction in ATCOR4. Noise in the radiative transfer results 
is often apparent in the results due to less than adequate knowledge of the atmospheric 
conditions, the sensor characteristics, and/or, due to modeling sensitivity to various in-scene 
characteristics, such as solar zenith angle, atmospheric visibility, and aerosol type. Empirical 
approaches making use of field measurements acquired of ground calibration sites located 
within the image have been combined with these models to minimize such errors. The 
continuous development of new and improved correction methods leads to a better 
understanding of the atmospheric compensation process, and, more importantly, better quality 
of hyperspectral reflectance data and subsequent data products. 
In this study, we aim to (1) evaluate two atmospheric correction packages, ATCOR4 and 
FLAASH, and (2) perform a sensitivity analysis of in-scene characteristics atmospheric 
correction modeling parameters impacts on at-surface reflectance airborne hyperspectral 
imagery. The airborne hyperspectral data used in the analysis were collected using a CASI-
1500 sensor (covering the 360 nm to 1050 nm range over 288 bands), and a SASI-644 
sensor (covering the 870 nm to 2500 nm range over 160 bands). Field spectrometry data of 
homogenous targets (i.e. black tarp, grey tarp, asphalt and concrete) were also acquired 
simultaneously with the airborne hyperspectral imagery for calibration/validation purposes. 
The hyperspectral data used in this study was collected in support of the ESA funded Mer 
Bleue Arctic Surrogate Simulation Site (MBASSS) S2/L8 Validation Project. 

 
Automated Emissivity Retrieval from Diverse LWIR Hyperspectral Imagery 
Steven Adler-Golden, Marsha Fox, Robert Sundberg 
Spectral Sciences, Inc., United States of America; rob@spectral.com 
Atmospheric correction of long wavelength infrared (LWIR) hyperspectral imagery (HSI) 
provides the ability to remotely sense both surface emissivity and temperature. In contrast to 
broadband imagery, surface temperatures can be retrieved independently of emissivity 
assumptions. We report on recent success in automating the FLAASH-IR atmospheric 
correction and temperature-emissivity separation (TES) algorithm to process data from a 
variety of LWIR HSI, encompassing both nadir and horizontal views, a wide range of scene 
content, and several different instruments, including the HyperCam (Telops), HyTES (NASA 
JPL), and SEBASS (Aerospace Corp.) sensors. The sensors vary in their spectrometer 
design, focal plane type, levels of spatial and spectral resolution, and signal-to-noise ratio. 
Adaptation of FLAASH-IR to a given sensor mainly entails specifying the shape of the spectral 
resolution function and optimal spectral ranges for the atmosphere and temperature retrievals. 
FLAASH-IR’s retrievals are based on radiance error minimization with spectrally smoothed 
trial emissivities. A modification of the atmospheric property retrieval method that encourages 
high emissivity retrievals is found to improve the robustness and accuracy of the results. 
  

4:45pm - 6:00pm C3-O-FIM: Forward and Inverse Modelling of Spheres 
Session Chair: Gabriela Schaepman-Strub 
Session Chair: Matti Mõttus Y-16-G-15  

  4:45pm - 5:00pm 

Automated Spectral Band Selection for Optimized Vegetation Properties 
Retrieval Using Gaussian Processes Regression 
Jochem Verrelst1, Juan Pablo Rivera1,2, Anatoly Gitelson3, Jesus Delegido1, Shari Van 
Wittenberghe1, Gustau Camps-Valls1, Jose Moreno1 
1Image processing Laboratroy, University of Valencia, Spain; 2Departamento de Oceanografía 
Física, CICESE, 22860 Ensenada, Mexico; 3Israel Institute of Technology, Technion, Haifa, 
Israel; jochem.verrelst@uv.es 
With current and upcoming imaging spectrometers, automated band analysis techniques are 
needed to enable efficient identification of most informative bands to facilitate optimized 
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processing of spectral data into estimates of biophysical variables. This contribution 
introduces an automated spectral band analysis tool (BAT) based on Gaussian processes 
regression (GPR) for the spectral analysis of vegetation properties (Verrelst et al., 2016). The 
GPR-BAT procedure sequentially backwards removes the least contributing band in the 
regression model for a given variable until only one band is kept. GPR-BAT is implemented 
within the framework of the free ARTMO's MLRA (machine learning regression algorithms) 
toolbox, which is dedicated to the transforming of optical remote sensing images into 
biophysical products. GPR-BAT allows (1) to identify the most informative bands in relating 
spectral data to a biophysical variable, and (2) to find the least number of bands that preserve 
optimized accurate predictions. The procedure is completely automated and can be applied to 
any spectral dataset that is paired with collected biophysical variables. The most accurate 
model can then be applied to convert an image into a map of the biophysical variable. 
To illustrate its utility, three experimental dataset were analyzed for most informative bands, 
being: (1) a leaf-scale sun-induced fluorescence (SIF) dataset (655-850 nm at 1 nm 
resolution: 196 bands) with leaf properties such as leaf chlorophyll content (LCC), leaf water 
content (LWC) and dry matter content collected from leafs of four different tree species; (2) a 
field hyperspectral dataset (400–1100 nm at 2 nm resolution: 301 bands) with LCC and green 
leaf area index (gLAI) collected for maize and soybean (Nebraska, US); and (3) an airborne 
HyMap dataset (430–2490 nm: 125 bands) with LAI and canopy water content (CWC) 
collected for a variety of crops (Barrax, Spain). For each of these biophysical variables, 
optimized retrieval accuracies can be achieved with just 4 to 10 well-identified bands, and 
performance was largely improved over using all bands. A PROSAIL global sensitivity 
analysis was run to interpret the validity of the identified best-performing bands. 
As a follow-up, the general applicability of GPR-BAT has been demonstrated using simulated 
datasets as generated by PROSAIL and SCOPE radiative transfer models. For both simulated 
reflectance and SIF data, GPR-BAT results confirmed that using the full hyperspectral 
dataset, as well as using only a few bands (as is typically done in classical vegetation indices), 
lead to suboptimal results. This study concludes that a wise band selection of hyperspectral 
data is strictly required for optimal vegetation properties mapping. In the presentation, the 
benefits and limitations of the automated GPR-BAT method will be discussed and mapping 
examples will be given. 
Reference: 

• Verrelst J., Rivera, J.P., Gitelson, A., Delegido, J., Moreno, J., Camps-Valls, G., 
(2016). Spectral band selection for vegetation properties retrieval using Gaussian 
processes regression. International Journal of Applied Earth Observation and 
Geoinformation, 52, p. 554-567.  

 
5:00pm - 5:15pm 

Towards Globally Applicable Retrieval Of Bio-Geophysical Variables – 
Developing An EnMAP Canopy Reflectance Model Environment 
Katja Berger, Martin Danner, Tobias Hank, Wolfram Mauser 
Ludwig-Maximilians-Universität München, Germany; katja.rich@gmail.com 
Worldwide there is an increasing interest and need to optimize agricultural management 
systems to enhance yields but reduce costs for resources and production. Hyperspectral 
remote sensing systems have the strong potential to support precision agriculture techniques, 
providing accurate spatial and temporal information of vegetation bio-geophysical variables. 
The German “Environmental Mapping and Analysis Program” (EnMAP) mission will enable 
access to high-quality spaceborne hyperspectral data from 2019 onwards. The sensor will 
provide full VNIR-SWIR spectral coverage with 249 narrow spectral bands at 30m spatial 
resolution with a high signal to noise ratio. The expected global availability of hyperspectral 
data requires the development of generic and transferable retrieval techniques. In this context, 
an “EnMAP Canopy Reflectance Model Environment” will be developed to map a wide range 
of essential bio-geophysical variables. The present study aims to demonstrate the first results 
of the processor using data from exhaustive field campaigns conducted on winter wheat 
during the growing seasons of 2014 and 2015 in the vicinity of Munich, Southern Germany. 
During the campaigns, a variety of bio-chemical and plant-physiological variables, such as leaf 
area index (LAI), canopy chlorophyll content (CCC) and degree of senescence (DoS), were 
measured in-situ at nearly weekly intervals. Due to its high traceability a look-up table (LUT) 
inversion approach of the actual PROSAIL model version was employed in the testing phase 
of the processor. A more computational efficient method will be selected in a later project-
stage. Expert knowledge was used for canopy realizations, allowing the generation of multiple 
outputs without the need of in-situ data for calibration. EnMAP spectral data were simulated 
for 30 x 30m plots according to the EnMAP spatial resolution, based on approximately 1000 
field spectroscopy measurements collected simultaneously to the bio-geophysical variable 
samplings. The specific end-to-end simulator for EnMAP (EeteS), developed at the GFZ 
German Research Centre for Geosciences in Potsdam, was then applied to simulate EnMAP 
data with respect to radiometry and spectral resolution. Theoretical uncertainties of the 
retrieval method were estimated by means of a cross-validation method using different 
arrangements of hyperspectral settings. Retrieval accuracies for the variables were then 
calculated using a pre-defined set of optimal statistical measures. Results showed that for 
some of the variables the relative uncertainty requirements of 20% was met. The study 
demonstrates the high potential of hyperspectral data to reduce the uncertainty of the 
modelling method and thus increase the accuracy of the variable retrieval. The transferability 
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of the scientific vegetation processor in space and time is the major goal of the ongoing 
research and will be elaborated in dedicated studies within the international EnMAP 
preparation initiative. The enormous spectral capabilities of the sensor have the potential to 
generate bio-geophysical vegetation products with higher accuracy than it is nowadays 
possible for high revisit multispectral systems. Experience from practical farming tells us that 
even small margins of increased accuracy matter for precision farming decisions. This should 
encourage the future implementation of operational hyperspectral missions. 

 
5:15pm - 5:30pm 

Assessing The Influence Of Variable Fractional Vegetation Cover On Soil 
Spectral Features Using Simulated Canopy Reflectance Modeling 
Theres Kuester, Saskia Foerster, Sabine Chabrillat, Daniel Spengler, Luis Guanter 
GFZ, Germany; theres.kuester@gfz-potsdam.de 
Many authors have demonstrated the potential of imaging spectroscopy for soil properties 
predictions using spectral features from local (airborne) to regional (spaceborne) scale. A 
prerequisite for reliable retrievals of soil properties is a limited amount of fractional vegetation 
cover in the sensor field-of-view. This study aims at assessing quantitatively the influence of 
variable fractional cover of vegetation in different states (green, dry) on agricultural soil 
reflectance for different soil backgrounds. Furthermore, the ultimate aim of this work is to 
assess the impact of vegetation cover on spectral features for soil property retrieval for the 
development of correction procedures in the presence of low to medium fractional vegetation 
cover to be applied to image data. 
We used the simulation system HySimCaR (hyperspectral simulation of canopy reflectance), 
which has been developed in the context of the EnMAP mission, enabling spectral, spatial 
and temporal simulations of bidirectional canopy reflectance. Using HySimCaR, we generated 
numerous virtual field scenarios differing in type of coverage (early green phenological stages 
and dry stubbles), fractional cover and soil background. The varying fractional cover is 
determined by varying field structure as well as plant numbers and geometries, for two 
phenological phases in the agricultural cycle: (1) scenarios with early green phenological 
stages and (2) scenarios with stubbles after harvest. In the first case, field structure is varied 
through row distance, the number of plants and their phenological stage yielding virtual field 
scenarios with fractional vegetation cover values between 0 % and 50 %. In the second case, 
field structure is varied through row distance and the number of vertical and horizontal 
stubbles yielding virtual field scenarios with fractional cover values between 0 % and 95 %. 
The included soil data base comprises soils from Germany, Spain and Australia varying in 
grain size, organic carbon content, carbonates (Mg-OH content), clay minerals (Al-OH 
content) and iron oxides (Fe2O3 content). In total more than 200 virtual field scenarios and 44 
different soils were included resulting in a data base with more than 9000 single reflectance 
signatures. In a first approach the generated spectra were analyzed using spectral features for 
soil properties prediction. All analyzed hyperspectral soil indices and features showed strong 
impacts of the presence of vegetation cover, e.g. the iron index decreased by more than 30 % 
with an increasing fractional cover of stubbles from 0 % to 20 %. Similar effects could be 
observed for the clay index and the carbonate absorption depth with variable impacts 
depending on vegetation state, fractional vegetation coverage, and soil background. 

 
5:30pm - 5:45pm 

Inverse Modelling Of Radiation Interaction With Coupled Atmosphere-
Biosphere Systems: A Novel At-Sensor Radiance Approach To Retrieve 
Biochemical And Functional Vegetation Traits From Imaging Spectroscopy 
Data 
Silvia Garbari, Alexander Damm, Michael Schaepman 
University of Zurich, Switzerland; silvia.garbari@geo.uzh.ch 
Vegetated ecosystems are an important component of the biosphere and largely impact the 
terrestrial carbon cycle by mediating gas and energy exchanges at the atmosphere-biosphere 
interface. The acquisition of information about vegetation status and health through 
biochemical and functional vegetation traits such as the chlorophyll content or the leaf area 
index is fundamental to model the dynamic response of vegetation to changing environmental 
conditions. Imaging spectrometers provide a unique opportunity to collect spatially continuous 
data at ecological relevant scales and retrieve vegetation traits over wide areas. It was widely 
demonstrated that vegetation traits can be directly obtained from remote sensing data using 
empirical approaches. These approaches, however, show certain limitations such as being 
site specific and not accounting for cause effect relationships between observations and 
underlying physics. 
The high quality of recent imaging spectroscopy data in combination with our current 
understanding of the optical and biochemical processes occurring in the atmosphere and in 
the biosphere open the way to physically based methods accurately modelling such 
processes. This allows to move from a purely observational approach to an environmental 
physics approach, to accurately model the radiative transfer in the complex atmosphere-
vegetation system, and to retrieve combined atmospheric and vegetation information. 
 
Moving in this direction, we develop a new method to retrieve vegetation variables from 
imaging spectroscopy data. The proposed approach estimates the vegetation variables 
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directly from measured at-senor radiances (i.e. at Top of Atmosphere for satellites), using a 
Monte Carlo Markov Chain to invert coupled physical models including the soil and vegetation 
radiative transfer model Soil-Leaf-Canopy (SLC) and the atmospheric radiative transfer model 
(MODTRAN5).  
In our contribution, we outline the methodological base of our approach, test our novel method 
against simulated data and real data obtained over agricultural crops, and discuss the 
potential of the approach for applications in heterogeneous vegetation canopies. 

 
5:45pm - 6:00pm 

Species diversity and plant traits in a changing Arctic - towards 3D radiative 
transfer modelling of the shortwave radiation budget 
Maitane Iturrate-Garcia1, Pascal A. Niklaus1, Jean-Philippe Gastellu-Etchegorry2, Inge 
Juszak1, Bernhard Schmid1, Gabriela Schaepman-Strub1 
1University of Zurich, Switzerland; 2Centre d’Etudes Spatiales de la BIOsphère (CESBIO) - 
UPS, CNES, CNRS, IRD, Université de Toulouse, 18 Av Edouard Belin, 31401 Toulouse 
cedex 9, France; maitane.iturrate@ieu.uzh.ch 
Climate change is suggested to drive important and rapid changes in species composition and 
diversity in arctic ecosystems (e.g. shrub expansion, lichen decline). These changes, together 
with shifts in plant traits, may feed back to regional climate through different processes such 
as altering the surface albedo or permafrost thawing. Despite the role of vegetation-radiation-
permafrost interactions of tundra ecosystems in climate change, uncertainties in direction and 
magnitude remain. To assess the species diversity and community composition in a tundra 
ecosystem, we established 40 observational plots in two contrasting vegetation communities 
in northeastern Siberia. We measured several traits of the plant species present in each plot 
(e.g. specific leaf area, leaf angle distribution, leaf optical properties (LOP)), and also 
community properties (e.g. plant area index, canopy reflectance). We are using the collected 
data to parametrize the 3D radiative transfer model DART and simulate different species 
diversity and plant trait scenarios. Results of the spectral signatures of LOP of several tundra 
species and the in silico experiment using the DART model will be presented. These model 
outputs will improve our understanding of species composition and diversity effects on the 
surface radiation budget and, therefore, of the expected consequences on permafrost and 
regional climate in tundra ecosystems. 
  

7:00pm - 9:00pm IB: Icebreaker 
Main Hall UZH 
Irchel Campus  
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Date: Thursday, 20/Apr/2017  

8:00am - 8:30am REG-2: Registration 
UZH Irchel 
Campus  

8:30am - 9:00am KN-2: Keynote 2: Remote Sensing of Terrestrial Ecosystems and the 
Development of a Predictive Science of the Biosphere 
Speaker: Moorcroft, Paul Y-15-G-60  

  8:30am - 9:00am 

Remote Sensing of Terrestrial Ecosystems and the Development of a 
Predictive Science of the Biosphere 
Paul Moorcroft 
Harvard University, United States of America; paul_moorcroft@harvard.edu 
Remote Sensing of Terrestrial Ecosystems and the Development of a Predictive Science of 
the Biosphere 
  

9:00am - 10:00am TKS2: Topical Keynote Session 2: Imaging spectroscopy from unmanned 
aerial systems (UAS): Recent advances in technology and applications 
Session Chair: Pablo J. Zarco-Tejada Y-15-G-60  

  

Imaging spectroscopy from unmanned aerial systems (UAS): Recent 
advances in technology and applications 
Pablo J. Zarco-Tejada 
European Commission Joint Research Centre Directorate D – Sustainable Resources - Bio-
Economy Unit, Via E. Fermi 2749 – TP 261, 26a/043 I-21027 Ispra (VA), Italy; 
pablo.zarco@jrc.ec.europa.eu 
The acquisition of spatially high resolution imaging spectroscopy data from unmanned aerial 
systems (UAS) has become a reality and enables addressing several challenging scientific 
questions related to environmental change, food security, or the assessment of hazardous 
events. Nevertheless, critical technical advances are still required before such data can be 
operationally acquired. Particularly limitations and restrictions imposed by unmanned aircraft 
vehicles (UAV) require future attention, e.g. optimizing the size and weight of sensors, or the 
miniaturization of auxiliary devices needed during flight. This session will discuss current 
technology available to facilitate imaging spectroscopy from UAS and will outline emerging 
applications in which the use of UAS based imaging spectroscopy is important. Current 
technological limitations that complicate the application of miniature-based imaging 
spectrometers will be discussed, e.g. issues related to the radiometric and spectral calibration 
of sensors, or the atmospheric correction of acquired images. Further, critical next steps to 
eventually facilitate a successful application of imaging spectroscopy for quantitative remote 
sensing will be defined. 

 
Spectral UAS sensing systems – Current sensor technology and their 
application in vegetation monitoring 
Helge Aasen1, Andreas Bolten2, Andreas Burkart3,4 
1Crop Science Lab, Institute of Agricultural Sciences, Federal Institute of Technology Zürich 
(ETHZ), Switzerland; 2GIS and Remote Sensing Group, Institute of Geography, University of 
Cologne, Germany; 3Institute of Bio- and Geosciences, IBG-2Plant Sciences, 
Forschungszentrum Jülich GmbH, 52425 Jülich, Germany; 4JB Hyperspectral Devices UG, 
Düsseldorf, Germany; helge.aasen@usys.ethz.ch 
In the last decade unmanned aerial systems (UAS) have been increasingly used as remote 
sensing platforms. In recent years there has been an effort in integrating light-weight and 
small-size spectral sensors on these platforms, making them powerful spectral sensing 
systems. These sensors can be distinguished by their spectral and radiometric properties, but 
also by the spatial configuration of the data (discrete points, image-lines or 2D images) they 
record. These properties have to be kept in mind when choosing a sensing system suited for a 
specific application.  
The first part of this talk will introduce and categorize different sensor types. Emphasis is 
placed on 2D imaging systems. These systems are categorized by the technology that it used 
to record the different bands. Together with the technology, also differences in the resulting 
data is demonstrated.  
The second part of the talk will show two different spectral UAS sensing systems. First a UAS 
system equipped with a 2D imager will be shown together with the workflow to produce 
hyperspectral digital elevation models. The second system is a flying UAS goniometer based 
on a point spectrometer capable to characterize the BRDF of a canopy.  
The talk will close with a summary on the capabilities of different sensor types and an outlook 
on future developments. 
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Hyperspectral Imaging from an Unmanned Aircraft System (UAS) - Sensor 
Integration and Geometric Processing Workflows for Pushbroom and 
Snapshot Sensors 
Arko Lucieer, Zbyněk Malenovský, Darren Turner, Iain Clarke, Richard Ballard, Bethany 
Melville, Faheem Iqbal 
University of Tasmania, School of Land and Food, Hobart, Tasmania, Australia; 
Arko.Lucieer@utas.edu.au 
In this study, we integrated and operated two hyperspectral sensor systems on a small (10 – 
15 kg) multi-rotor unmanned aircraft system (UAS) for environmental and agricultural remote 
sensing. We integrated a Headwall Photonics micro-Hyperspec pushbroom sensor with 324 
spectral bands (4 – 5 nm FWHM) in the VNIR spectral range. The sensor was mounted on a 
gimbal to stabilise the aircraft dynamics, and tightly coupled with a dual frequency global 
navigation satellite system (GNSS) receiver, an inertial measurement unit (IMU), and machine 
vision camera to accurately orthorectify the hyperspectral image strips. We describe the 
technical challenges in integration and coupling of multi sensors, and we show the 
radiometric/spectral calibration and geometric processing workflows. 
In addition, we describe the integration of a 25-band hyperspectral snapshot sensor 
(PhotonFocus camera with IMEC 600 – 875 nm 5x5 mosaic chip) on a multi-rotor UAS. The 
sensor was also integrated with a dual frequency GNSS receiver for accurate time 
synchronisation and geolocation. We describe the sensor calibration workflow, including dark 
current and flat field characterisation. A structure-from-motion (SfM) workflow was 
implemented to derive hyperspectral 3D point clouds and orthomosaics from overlapping 
frames. On-board GNSS coordinates for each hyperspectral frame assisted in the SfM 
process, and allowed for accurate direct georeferencing (<10 cm absolute accuracy). We 
present the processing workflow to generate seamless hyperspectral orthomosaics from 
hundreds of raw images. Spectral reference panels and in-field spectral measurements were 
used to calibrate and validate the spectral signatures. 
The application of the two hyperspectral UAS sensors is demonstrated in three real-world 
experiments. First, we deployed the hyperspectral pushbroom sensor in Antarctica to quantify 
biophysical and biochemical properties of Antarctic moss beds. Second, the hyperspectral 
snapshot sensor was deployed over an agricultural opium poppy crop in Tasmania, Australia 
to quantify crop health. Third, both sensors were deployed over a native grassland site in 
Tasmania and a rangeland site in central Australia for identifying of grassland species. 
We present our detailed experiences of sensor integration, operation, calibration, validation, 
and preliminary results from three real-world case studies. 

 
Scaling from plant traits to ecosystem processes using UAV based imaging 
spectroscopy 
Lammert Kooistra 
Laboratory of Geo-Information Science and Remote Sensing, Wageningen University, P.O 
Box 47, 6700 AA Wageningen, the Netherlands; lammert.kooistra@wur.nl 
Plants play a critical role in maintaining the equilibrium in the biosphere. Therefore, different 
scientific disciplines are looking for effective methods to characterize plant functioning in both 
agricultural and natural ecosystems. Trait-based ecology has proven an important step in 
making vegetation ecology a more predictive science. However, quantifying traits at 
field/landscape level is time consuming and costly. Applying imaging spectroscopy from 
Unmanned Aerial Vehicles (UAV) allows innovative possibilities to assess traits at detailed 
spatio-temporal scale, allowing improved coupling of plant traits to ecosystem functioning. 
UAVs extent the experimental range through its increased spatial resolution, flexible temporal 
observation capabilities and the opportunity to carry advanced imaging spectrometers 
capturing relevant parts of the electromagnetic spectrum. This allows to investigate relations 
and develop methods to retrieve plant traits from (a combination of) high-resolution imagery. 
In this presentation an overview will be given how UAV based imaging spectroscopy can be 
adopted to link plant traits to ecosystem processes across spatial and temporal scales. I will 
specifically focus on the added value of new sensing capabilities and associated analysis 
methods to characterize plant functional traits. This will be illustrated in several case studies 
ranging from biodiversity mapping in tropical rain forest, flammability traits of heathlands in 
Scotland, and height and biomass mapping for 3000 small-scale maize plots in field 
phenotyping experiment. 
  

10:00am - 11:00am TKS2_Disc: Plenary Discussion Topical Keynote 2 
Session Chair: Pablo J. Zarco-Tejada 
Session Chair: Arko Lucieer 
Session Chair: Helge Aasen 
Session Chair: Lammert Kooistra 

Y-15-G-60  

11:00am - 11:30am CB-3: Coffee Break 3 
  

11:30am - 12:30pm D1-O-SAAB: Sphere Specific Analysis Methods - Atmosphere/Biosphere 
Session Chair: Lammert Kooistra Y-16-G-05  
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Session Chair: Felix C Seidel 
  11:30am - 11:45am 

Recent Development And Results Of High Resolution Spectroscopy For The 
Measurement Of Time Series Of Sun Induced Fluorescence 
Andreas Burkart1, Tommaso Julitta2, Anke Schickling1, Maria Cendrero Pilar1, Sebastian 
Wieneke3, Mirco Migliavacca4, Roberto Colombo2, Uwe Rascher1 
1Forschunzentrum Jülich, Germany; 2University Milano Bicocca; 3University Cologne; 4Max 
Planck Institute for Biogeochemistry, Jena; an.burkart@fz-juelich.de 
The measure of sun-induced-fluorescence is a recent technique for non-invasive insights in 
the photosynthetic machinery. Further, this passive method is scalable from leaf to canopy 
and even air- and space-borne platforms. In the scope of the upcoming ESA FLEX satellite 
mission the ground truthing becoms a critical task. Further, for the understanding of this signal 
accurate time series over various vegetation types are needed. Within the last years, various 
efforts were made to develop reliable and precise field instruments for the continuous 
measure of hyperspectral reflectance in the visible-near infrared range and sun-induced-
fluorescence. These high resolution spectro-radiometers are based on the discrimination of 
atmospheric Fraunhofer lines, to detangle the small signal of fluorescence from the 
overwhelming sun irradiance. The variety of obstacles, arising from the different fields of 
optics, electronics, harsh environments and software developments, made the continuous and 
unattended acquisition of two channel hyperspectral data a tricky problem. In this talk, we 
present the current stage of development and show time series of reflectance and 
fluorescence measured over different campaigns covering hundreds of days. Furthermore, we 
investigate the reliability of the systems in harsh weather conditions and estimate uncertainty 
and accuracy of the fluorescence product in the O2A and O2B band.  

 
11:45am - 12:00pm 

Hyperspectral Remote Sensing For Detection And Identification Of Industrial 
Aerosol Plumes With A CLuster-Tuned Matched Filter 
Yannick Philippets1, Pierre-Yves Foucher2, Rodolphe Marion1, Xavier Briottet2 
1CEA, DAM, DIF, F-91297 Arpajon, France; 2ONERA, The French Aerospace Lab, Toulouse, 
F-31055, France; yannick.philippets@gmail.com 
Remote sensing tools have been widely used over the past twenty years to study atmospheric 
composition, especially aerosols [King et al., 1999]. These fine particles suspended in the 
atmosphere have a major role in the Earth's global radiation budget and the study of these 
particles is essential for a better comprehension of climate change [IPCC, 2013]. Many 
satellite products have been developed to provide, for example, maps of aerosol optical 
thickness at a global or regional scale [Moosmüller et al., 2009]. 
However, the low spatial resolution of the used instruments (AVHRR, MODIS, POLDER) does 
not allow to study industrial aerosols close to their emission points, while these anthropogenic 
particles are precisely the least known. Therefore, we suggest, in this study, to use airborne 
hyperspectral imaging in the visible and near-infrared to detect and identify the particles 
contained into industrial plumes. 
The adapted filtering algorithm CTMF (for “Cluster-Tuned Matched Filter” [Funk et al., 2001]) 
has recently been applied with success on various industrial plumes to determine the nature 
of the emitted gases and eventually their concentrations [Thorpe et al., 2013 ; Dennison et al., 
2013]. In this work, we propose to adapt the CTMF algorithm to the case of industrial 
aerosols. 
We have first studied the microphysical and optical properties of the particles emitted by major 
industries in order to provide a classification of the most representative families for aerosols 
released by observed plants. Then, from a linearized equation of the radiative transfer for an 
atmosphere containing a plume of low aerosol optical thickness, we have determined the 
coefficients of the CTMF filter for each class of industrial release. Finally, these coefficients 
are tuned to take into account the effect of the surface reflectance beneath the plume. In 
practice, applying this filter to an hyperspectral image allows 1) to compute a detection map 
for each aerosol class and 2) to identify the most likely class of release. 
The results obtained on images simulated from the radiative transfer code MODTRAN 5 
confirm the feasibility of the proposed approach. We will present these results during the 
conference as well as tests on real images taken from airborne measurement campaings with 
CASI and AVIRIS sensors. We will also discuss the validity of the assumptions made to 
compute the filter coefficients and propose some future works. 

 
12:00pm - 12:15pm 

Tropospheric NO2 Inference From APEX Hyperspectral Data 
Frederik Tack1, Alexis Merlaud1, Daniel Iordache2, Thomas Danckaert1, Huan Yu1, Koen 
Meuleman2, Michel van Roozendael1 
1Belgian Institute for Space Aeronomy (BIRA-IASB), Belgium; 2Flemish Institute for 
Technological Research (VITO), Belgium; frederik.tack@aeronomie.be 
Nitrogen dioxide (NO2) is an air pollutant with strong harmful effects on human health. The 
NO2 distribution, which is highly variable in space and time, is currently inferred based on 
ground stations and satellite observations. On the one hand, the ground stations measure 
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NO2 with high precision, but only deliver punctual values which cannot be easily extrapolated. 
On the other hand, satellite observations ensure a large spatial coverage, but have a relative 
coarse spatial resolution, suitable for global monitoring but not for (air quality) studies at the 
scale of cities. 
For a better assessment of the risks induced by NO2 emissions on the human population, 
remote sensing measurements with high spatial resolution are needed. Here, we present NO2 

distribution maps retrieved for different cities in Belgium and Germany using airborne 
hyperspectral images, acquired by the APEX (Airborne Prism EXperiment) sensor. APEX is a 
pushbroom imager with high spatial (3 by 4 m2) and spectral (2.8 - 3.3 nm in-flight FWHM) 
resolution. For NO2 inference, the original APEX pixels are spatially binned to 60 by 80 m2 in 
order to obtain a SNR of 2500. 
APEX flights were conducted over (1) the city and port of Antwerp, Belgium on April 15, 2015 
and July 19, 2016, (2) Brussels, Belgium on June 30, 2015, and (3) Berlin, Germany on April 
21, 2016, in the framework of the BUMBA, AROMAT and AROMAPEX projects. The two 
flights over Berlin were performed during a complex data acquisition mission for 
intercomparison purposes, in which different instruments were mounted on board of two 
aircrafts and synchronized flights were performed. During the AROMAPEX campaign, APEX 
(VITO) was mounted on the Dornier DO-228 D-CFFU plane (operated by DLR), while the FUB 
Cessna EAFU aircraft carried the following instruments: AirMAP (IUP Bremen), SWING 
(BIRA-IASB) and SpectroLite (TNO). For all sites, ground measurements were also performed 
using MAX-DOAS and car mobile-DOAS systems, in order to acquire cross-validation values. 
NO2 vertical column densities (VCDs) are retrieved based on (1) the DOAS analysis of the 
observed spectra in the visible region (470 nm - 510 nm), and (2) air mass factor calculations 
with the radiative transfer model VLIDORT 2.6. Our results demonstrate that the APEX data 
are suitable for detecting major NO2 sources and for tracking the variations of the trace gas in 
the considered urban areas. Main NO2 sources in the Antwerp area are related to 
(petro)chemical industry, while traffic emissions are dominant in Brussels. Over Berlin, 2 large 
industrial plumes are detected, crossing the city from west to east. The NO2 VCD levels range 
between 1.5 x 1015 and 3.5 x 1016 molec cm-2. The typical detection limit for the APEX 
instrument is in the order of 2 x 1015 molec cm-2. We present 1) the NO2 retrieval scheme and 
2) NO2 maps computed for the BUMBA campaigns and first comparisons of the tropospheric 
NO2 VCDs derived from the various instruments operated during the AROMAPEX campaign. 

 
12:15pm - 12:30pm 

Estimation Of Leaf Chlorophyll Content In Sugar Beet Canopies Using 
Millimeter- To Centimeter-scale Reflectance Imagery 
Sylvain Jay1,2, Nathalie Gorretta1, Julien Morel1, Fabienne Maupas3, Ryad Bendoula1, 
Gilles Rabatel1, Dan Dutartre3, Alexis Comar4, Frédéric Baret5 
1Irstea, UMR ITAP, 361 rue J.F. Breton, 34196 Montpellier, France; 2Aix Marseille Univ., 
CNRS, Centrale Marseille, Institut Fresnel, 13013 Marseille, France; 3Institut Technique de la 
Betterave, 45 rue de Naples, 75008 Paris, France; 4HIPHEN SAS, Centre INRA PACA, UMR 
114 EMMAH, 228 route de l'aerodrome, F-84914 Avignon, France; 5INRA UMR 114 EMMAH, 
UMT CAPTE, Domaine Saint-Paul, Site Agroparc, F-84914 Avignon, France; 
sylvain.jay@fresnel.fr 
Accurate estimation of leaf chlorophyll content (Cab) from remote sensing is of tremendous 
significance, e.g., for agronomic applications. However, while Cab estimation based on optical 
measurements is usually quite accurate at the leaf scale since chlorophylls drive most of the 
leaf reflectance and transmittance magnitude in the visible domain, it is much more 
challenging at the canopy scale. Soil reflectance and canopy architecture interact with leaf 
scattering properties to generate canopy reflectance; as a result, the effect of leaf composition 
may be confounded with those of structural canopy properties (e.g., leaf area index or LAI). 
Among various approaches proposed to maximize sensitivity to leaf biochemistry, targeting 
illuminated parts of canopies by increasing the spatial resolution has been shown to 
significantly enhance sensitivity to Cab. While millimeter to centimeter spatial resolution data 
are becoming more available, especially due to the recent advent of unmanned aerial 
vehicles, most current retrieval methods do not fully exploit the new possibilities offered by 
such high resolution imagery, thereby stimulating the need for new algorithms and in 
particular, new vegetation indices (VIs). 
In this study, 55 VNIR hyperspectral images of sugar beet canopies were acquired from a 
ground-based platform in 2015 and 2016. Concurrent measurements of LAI and Cab were 
performed; both variables showed almost no correlation (R²=0.17), thus preventing from 
obtaining spurious empirical relationships between VIs and Cab inherited from a more causal 
relationship between VIs and LAI. The original spatial resolution was successively degraded 
from 1 mm to 35 cm by averaging cells of NxN pixels, thus resulting in eleven sets of 
hyperspectral images. Vegetation and soil pixels were discriminated using the Modified 
Chlorophyll Absorption Reflectance Index (Daughtry et al, 2000; Wu et al, 2008) for every 
resolution. Measured Cab were then linearly related to various selected VIs that were 
computed over four sets of reflectance spectra (all pixels, only vegetation pixels, 50% darkest 
or brightest vegetation pixels). In addition to classical VIs extracted from the literature, optimal 
combinations of spectral bands were investigated at 9 mm and 17.5 cm resolutions for various 
VI formats, including simple ratio (SR), modified normalized difference (mND) and structure 
insensitive pigment index (SIPI). For mND and SIPI, we also tested whether the use of a blue 
reference instead of the classical near-infrared one could improve the results. 
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For every spatial resolution and subset of reflectance spectra, VI optimizations showed similar 
patterns. Overall, the mNDblue defined as [R(λblue)-R(λred-edge)]/[R(λblue)+R(λnir)] obtained 
significantly better correlations than other optimized VIs. Comparison with classical VIs shows 
that performances could be greatly enhanced for such high spatial resolutions when using 
mNDblue, reaching R² as high as 0.83 and root mean square errors of prediction of 2.53 µg/cm² 
for resolutions finer than a few centimeters. As mNDblue can be calculated from most current 
multispectral sensors, it is therefore a promising VI to retrieve Cab from millimeter- to 
centimeter-scale reflectance imagery. 
  

11:30am - 12:30pm D2-O-SOI-1: Soil Spectroscopy from Soil Spectral Libraries to Spatial Mapping 
from Space (Special Session) 
Session Chair: Sabine Chabrillat 
Session Chair: Johanna Wetterlind 

Y-16-G-15  

  11:30am - 11:45am 

Utilization of the Internal Soil Standard (ISS) Method to Optimize Exchange of 
Soil Spectral Libraries 
Eyal Ben Dor1, Gila Notesco1, Agustin Pimstein1, Cindy Ong2, Ian Law2, Verlonika 
Kopackova3, Jose Dematte4, Sabine Chabrilat5, Danilo Romero4 
1Tel Aviv University, Israel; 2CSIRO; 3Czech Geology Survey; 4University of Sao Paulo; 5GFZ; 
bendor@post.tau.ac.il 
In the last 5 years, extensive effort has been devoted to building, sharing and using soil 
spectral libraries on national, continental and global scales. It is a well-known fact in the world 
spectral community that the different protocols used, are based on the user preference and 
experience. Nevertheless, it seems that a wide range of factors can affect soil reflectance 
spectra when using different protocols (spectrometers, geometry, replications, sample 
preparation, external conditions and even user touch), resulting in subtle or strong alterations 
in wavelength location, peak absorption and spectral shape or albedo intensity. Although in 
soil, very weak spectral features are monitored for chemometric purposes, these factors have 
been found to alter the robust use of a selected spectral model for a wide range of 
spectrometers and users. Establishment of a common protocol that will be agreed upon by all 
users might reduce this problem, as well as enable better comparison between spectral 
libraries. Even so, it has been shown that a strict protocol can only reduce error by about 50%, 
while the other variations remain. In 2013, Pimstein et al. suggested using an internal 
standard to reduce the other factors' effects, thereby minimizing the spectral variations after 
using an agreed-upon protocol. The internal standard idea was adopted from the “wet 
chemistry” discipline where variations between instruments are reduced by using well-known 
solutions as standards. In 2015 this idea has been further developed by Ben Dor, Ong and Ian 
who found a location in Southern Australia where white sand dunes provided a an sample to 
be used as an ideal internal standard for soil spectral measurements (entitled: Internal Soil 
Standard –ISS) . Since then, the ISS method has been utilized by several users showing 
remarkable results. In this presentation we will provide the basic concept of the ISS method 
and show it performance along several laboratories worldwide. A focus will be given to 
construct a soil spectral libraries from different sources who generate the measurements 
using different protocols, spectrometer makes, calibration schemes and users touch. The 
results show that the ISS concept reduces significantly the systematic variations between 
spectral readings from many sources allowing an optima spectral data merging. Furthermore, 
the proxy analyses before and after applying the ISS correction show a significant 
improvement of the spectral model's accuracy using the ISS method. The final and important 
conclusion of this presentation is that using the ISS method as a routine stage at any 
laboratory with any protocol would allow better and accurate sharing, exchanging and utilizing 
of enlarging numbers of soil spectral libraries worldwide.  

 
11:45am - 12:00pm 

Soil type predictions at the field scale based on a national soil Vis-NIR library 
Bo Stenberg, Johanna Wetterlind 
Swedish University of Agricultural Sciences, Sweden; bo.stenberg@slu.se 
The overall purpose with this study was to explore a number of calibration procedures to 
estimate within field variation of soil type based on a national soil Vis-NIR library. For cost-
efficiency reasons, large-scale calibration models are favorable and therefore national and 
even global models have attracted large interest. However, these large models have proven 
not to be robust for modelling variations at the farm or field scale. Especially the accuracy may 
suffer. Small local calibrations has previously been shown to be successful, but then quite a 
large number of samples still need to be analyzed the traditional way and much of the 
advantage with spectroscopy is lost. So called spiking, amending a large scale library with a 
few local samples, and memory based learning (MBL) techniques, such as LOCAL, has been 
suggested to improve accuracy and reduce errors. Here we compare these methods with 
plain large scale PLS calibrations as well as small local calibrations. We used a 11425 sample 
library distributed over Swedish agricultural soils for calibrations and 11 farms between 42 and 
165 ha for field scale validation. The Swedish library was divided into a 7619 sample 
calibration set a 3806 sample validation set. The validation samples were never involved in 
any sort of calibration. Soil from 4 of the farms were analyzed with the same Vis-NIR range 
instrument as the Swedish library. The 7 other farms were analyzed with an instrument 
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operating in the NIR-range only. For predictions of these farms, Swedish library spectra were 
transformed for a better match. Spiking and local calibrations were performed with 10, 20 and 
40 samples. Validation samples were always the same, independent of calibration sets. 
Results showed that local calibrations with 40 samples was the best for most farms, but 
spiking with 10 or 20 samples was almost as good and better than local calibrations of of the 
same size. These findings were more pronounced for farms analyzed with the Vis-NIR 
instrument. Generally MBL and especially plain large scale PLS calibrations performed 
substantially worse. Predictions of some farms with these methods suffered from large bias. 
We concluded that general calibrations from large libraries are not reliable at the farm scale 
and that local calibrations of sufficient size performs best in most cases. But to gain from the 
advantages with the simplicity of Vis-NIR spectroscopy spiking with 10-20 samples is an 
interesting alternative that make use of the stability from the large library and the special 
features of the local soil type. An additional advantage with spiking could be that it also 
seemed to overcome some prevailing issues with using spectra from two such different 
instruments. 

 
12:00pm - 12:15pm 

Using soil profile spectra to model soil mineralogy for small watersheds in 
the Czech Republic 
Veronika Kopačková, Lucie Koucká, Jan Jelének, Kateřina Fárová, Filip Oulehle 
Czech Geological Survey, Czech Republic; veronika.kopackova@seznam.cz 
Conventional laboratory analysis such as X-ray diffraction (XRD), silicate analysis and organic 
carbon (OC) determination are time-consuming and expensive. On the other hand, soil 
spectroscopy has shown to be a fast and reproducible technique that has been increasingly 
used for rapid, non-destructive and cost-effective soil analyses. In this study, soil 
spectroscopy was employed to 600 soil profile spectra that represent the all major variability in 
forest soils in the Czech Republic (the soil samples taken from all the horizons down to 80-cm 
depth were utilized). In order to normalize and align the spectral measurements taken during 
the summer 2016 the internal soil standard (ISS) concept, in which a soil standard sample 
exhibiting stable spectral performance, was used. The normalized spectroscopic data of soil 
profiles together with mineral and geochemical analysis were used to model the soil mineral 
compositions when focusing on the relationship between phyllosilicate composition and 
Organic Carbon (OC). The following topics will be discussed in the presented paper: i) the 
modeled soil vertical gradients in mineral composition, ii) the detected spatial gradients, and 
iii) the importance to normalize the spectral measurements.  

 
12:15pm - 12:30pm 

Modeling Bare Soil Reflectance in the Solar Domain as a Function of Water 
Content and Surface Roughness 
Aurélien Bablet1,2, Stéphane Jacquemoud1, Françoise Viallefont2, Sophie Fabre2, Xavier 
Briottet2 
1IPGP-PSS, France; 2ONERA-DOTA, France; bablet@ipgp.fr 
Soil moisture content (SMC) is a key parameter in surface processes. Indeed, although soil 
water represents a small proportion of liquid water on Earth (~0.15%), it plays a significant 
role in the hydrological cycle, modulating the interactions between the land surface and the 
atmosphere, thereby influencing weather and climate. Moreover, it is important to determine 
the rainfall-runoff response of catchments, especially in saturated conditions. Soil moisture 
also provides essential information in agriculture, because it controls a variety of mechanisms 
related to plant growth, and in defense, because it constrains off-road trafficability. 
It is well known that soils darken when they get wet. That reflectance decreasement at the 
surface, which is observed in the visible region of the electromagnetic spectrum, can be 
extended to the whole solar domain from 0.4 to 2.5 µm. Thus, the opportunity of using optical 
remote sensing techniques to retrieve SMC has been investigated by the scientific community. 
Unlike in situ measurements (e.g., neutron probe, dielectric methods), provide good temporal 
and spatial coverage. 
Many empirical models have been developed to infer soil water content but they generally 
depend on the soil type and lack robustness. Conversely, very few physical models have 
been investigated. In this study, we test two of them published by Bach (1995) and Sadeghi et 
al. (2015) on independent datasets made of soil reflectance spectra and their associated 
water content values. Although results of these models are satisfactory on the slightly rough 
soils included in these datasets, none of them take into account other physical parameters 
such as surface roughness or grain size, which also influence soil reflectance, and none of 
them is able to simulate soil BRDF (Bidirectional Reflectance Distribution Function). Then, 
subsequently, we are investigating for the very first time the Hapke model (1993) and the 
opportunity to add the effect of water content on the reflectance of dry soils. To achieve that 
goal, BRDF measurements have been made on soils at different SMC. 
  

11:30am - 12:30pm D3-O-CAL-1: Sensor Calibration and Product Validation 
Session Chair: Andreas Hueni 
Session Chair: Helge Aasen Y-03-G-85  

  11:30am - 11:45am 
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An extensive airborne imaging spectrometry data set for the evaluation of 
Sentinel-2 MSI and Landsat 8 OLI data products 
Raymond Soffer1, H. Peter White2, Margaret Kalacska3, Pablo Arroyo-Mora1, Gabriela 
Ifimov1, George Leblanc1, Dennis Nazarenko4 
1Flight Research Laboratory, National Research Council Canada, Canada; 2Canada Centre 
for Remote Sensing, Natural Resources Canada; 3Department of Geography, McGill 
University; 4LOOKNorth; Ray.Soffer@nrc-cnrc.gc.ca 
Airborne imaging spectrometry campaigns have been undertaken of numerous ecosystems to 
provide the necessary hyperspectral imagery to validate optical satellite sensor systems (e.g. 
Landsat missions, Sentinel-2). Such validation work is of particular importance for ecosystems 
encountered in northern latitudes (arctic/sub-arctic) in which the accuracy of data products 
derived from remotely sensed imagery is adversely affected by the ability to accurately 
process to reflectance imagery that was acquired at the large solar zenith angles. Due to the 
difficulties faced in mounting such a mission in normally remote and difficult to access 
northern locations, there is a need to improve and optimize both airborne and ground based 
activities undertaken during Calibration/Validation (CAL/VAL) campaigns. 
In order to advance the capabilities of undertaking an airborne campaign in support of satellite 
product validation, we carried out an extensive airborne hyperspectral campaign 
supplemented by near coincident spectral ground measurements of a conveniently located 
ombrotrophic peatland. Compact Airborne Spectrographic Imager (CASI-1500) and 
Shortwave Infrared Airborne Spectrographic Imager (SASI-644) mosaic imagery was acquired 
between November 2015 and June 2016 of the Mer Bleue Peatland located near of Ottawa, 
Ontario. This extensive data collection was carried out in support of the ESA funded Mer 
Bleue Arctic Surrogate Simulation Site (MBASSS) S2/L8 Validation Project. Both airborne and 
ground data was acquired during coincidental Sentinel-2 and Landsat 8 clear sky overpasses. 
Additional airborne imagery and ground spectra were acquired of a nearby cal/val site to 
assist with the calibration and validation of the airborne imagery. A total of 114 images (57 
CASI and 57 SASI) were collected for the cal/val site and 334 images for the Mer Blue 
peatland area during the study period. From this data, 5 full mosaics (2 800 ha each) were 
created capturing the peatland growing season and one in the winter (snow/ice covered). The 
calibrated reflectance from these mosaics were used to produce simulations of the relevant 
satellite imagery using NRCan’s Imaging Spectrometry Data Analysis System (ISDASv2) with 
the results compared against the actual satellite at-sensor radiance, at-surface reflectance, 
and, where necessary, higher level end data products (spectral indices).  
This presentation will provide an outline of: 1) the acquired datasets, both airborne and ground 
based; 2) the calibration and validation of the airborne imagery to at-sensor radiance and at-
surface reflectance; 3) preliminary comparisons of the actual imagery with the simulated 
results; and 4) future cal/val research activities address by this data set. 

 
11:45am - 12:00pm 

Optical Satellite Simulations with ISDASv2 in Support of Satellite Validation 
Studies 
H. Peter White1, Lixin Sun1, Raymond J Soffer2 
1Natural Resources Canada, Canada; 2National Research Council Canada, Canada; 
ray.soffer@nrc-cnrc.gc.ca 
To evaluate space borne multispectral and hyperspectral Earth Observation imagery, the 
Imaging Spectrometry Data Analysis System (ISDASv2) has been developed. ISDASv2 
provides a system allowing for the simulation of space borne imagery from airborne or field 
data. This includes simulating the impacts of potential sensor artefacts (spectral/spatial 
resolutions, spectral curvature, keystone, noise, etc.), atmospheric influences (atmospheric 
water vapour, etc.) and changes of the view/illumination orientation on the recorded signal. 
Once derived, the simulated at-sensor radiance imagery can be compared to that acquired by 
a space borne sensor, or further processed to derive an at-surface reflectance or other higher 
level product. This allows for the evaluation of information extraction methodologies and their 
sensitivities to sensor design and atmospheric influences. 
In this brief demonstration study, the ISDASv2 Satellite Simulation processing chain will be 
demonstrated. This example study will utilize field and airborne data acquisitions of a peatland 
region (a sub-arctic wetland located near Ottawa, Canada) acquired as part of the MBASSS 
(Mer Bleue Arctic Surrogate Simulation Study) S2/L8 Validation Project to simulate Landsat-8 
and Sentinel-2 acquisitions subject to different acquisition conditions. Approaches for 
evaluating the impacts of sensor design, atmospheric influences, and acquisition geometry on 
select information extraction methods will also be discussed, with an emphasis towards 
understanding the sensitivity of the information product quality to both airborne and satellite 
acquisition planning. 

 
12:00pm - 12:15pm 

A Dual-Field-of-View Dual Optical Bench Spectrometer System for 
Reflectance and Fluorescence Measurements 
Alasdair Mac Arthur1, Iain Robinson2 
1NERC Field Spectroscopy Facility, School of Geosciences, University of Edinburgh, UK; 
2RAL Space Spectroscopy Group, Harwell Campus, Didcot, Oxfordshire, OX11 0QX, United 
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Kingdom; alasdair.macarthur@ed.ac.uk 
Research to improve estimates of the Earth surface/atmosphere carbon dioxide (CO2) 
exchange through photosynthesis requires information of the physiological state of vegetation. 
Measurements of sun-induced chlorophyll fluorescence (SIF) have the potential for the 
assessment of actual plant photosynthesis from space and only recently measurements of SIF 
from airborne platforms have been proven to be feasible. In addition, ESA recently approved 
Fluorescence Explorer (FLEX) as the next Earth Explorer mission. However, near-ground 
instrument to measurement (SIF) are required to validate these airborne and space-based 
observations estimates since the correction for atmospheric effects will plays a major role in 
SIF estimation (Meroni, et al., 2009). Near ground measurements are also required to assess 
the sensitivity of SIF to changes in photosynthetic activity at spatial (leaf and canopy) and 
temporal scales, scales at which biogeochemical processes and ecosystem functional 
properties are already being assessed by other means in carbon flux observation networks 
(Berry, et al., 2013). Very high spectral resolution spectrometers are currently available that 
measure across the spectral region containing the O2-A and O2-B bands, where SIF 
estimation is possible, and other spectrometers are available for measuring across the wider 
visible-near infrared region (VNIR), used to determine indices such as the Photochemical 
Reflectance Index, an alternative indicator of photosynthetic activity. However, the very high 
spectral resolution systems used to date often have poor signal to noise and low sensitivity, 
requiring measurements to be made at different integration times for each O2 band. In 
addition, current methods either rely on sequential measurements of a reference standard (to 
estimate solar irradiance) and the target Earth surface, both using a restricted field-of-view 
(FOV) fore optic, or sequential measurements of upwelling radiance and down-welling 
irradiance using a cosine corrected fore optic with a hemispherical FOV. With both these 
approaches there are time delays (at best multiple seconds) between measuring down-welling 
and upwelling radiances. These delays add to measurement uncertainties due to changes in 
sky conditions between the individual measurements, particularly in northern Europe. 
Furthermore, the current systems, while possibly suitable for fixed location deployment and 
high frequency temporal measurements, are not designed, and would be impractical to use, to 
capture the spatial variability necessary to spectrally characterise the 'foot print' of carbon flux 
observation systems. 
We present the design, performance characteristics, and initial agricultural research field trial 
results of a light weight dual-field-of-view spectrometer system for the near simultaneous 
measurement of both reflectance and SIF. This system utilises a double bifurcated fibre optic 
incorporating a novel switching mechanism such that it enables reflectance and SIF to be 
measured simultaneously from the same Earth surface area and reference irradiance to be 
measured at frequencies greater than 1Hz. This system is light weight, self-contained, and 
wirelessly controlled to enable it to be deployed on rotary-wing UAVs, as well as used for fixed 
location high temporal frequency logging measurement approaches. It also contains the latest 
very high resolution Ocean Optics QE Pro optical bench which enables both O2 bands to be 
measured simultaneously and with the same integration time. 

 
12:15pm - 12:30pm 

Optimized spectrometers characterization procedure for near ground support 
of ESA FLEX observations 
Laura Mihai1, Alasdair Mac Arthur2, Iain Robinson2, Dan Sporea1 
1National Institute for Laser, Plasma and Radiation Physics, Romania; 2NERC Field 
Spectroscopy Facility, University of Edinburgh, Edinburgh (UK); laura.mihai@inflpr.ro 
This paper presents an optimized characterization and calibration procedure for a near-ground 
field spectrometer available to support the Fluorescence Explorer (FLEX) sensor system at 
calibration and validation or research sites. The intention is that FLEX and Sentinel – 3 to fly in 
tandem, in this way a better understanding of vegetation behaviour will be provided. In this 
case the two systems have different measurements characteristics (one measuring 
reflectance and the other fluorescence). As near-ground spectrometer systems will have 
difference specifications from the space-based system, such as sampling interval and spectral 
response (full width half max - FWHM) it is mandatory to have established calibration and 
characterization procedures so that the near-ground observations of reflectance and 
fluorescence can be compared with space based observations and to measurements made 
with other gear-ground systems. Also, a ground validation network following the same 
calibration standards and protocols should be established to perform this function to ensure 
consistency and comparability of measurement. 
In this paper we present the results obtained for characterization and calibration of a Piccolo 
dual-field-of-view fibre optic-based dual spectrometers system with optical benches capable to 
measure irradiance and radiance across the 400 nm to 950 nm (VNIR) range at 2048 
sampling intervals (for reflectance) and from 640 nm to 800 nm in 1044 sampling intervals (for 
fluorescence). For spectrometers calibration we chose two different methods: one having as 
light source reference lamps (Neon and Argon lamps) with absorption lines close to telluric 
oxygen A and B bands and the second one using a double monochromator. Different 
configurations were purposed for the monochromator characterization, using different FWHM, 
with the highest resolution lower than 0.15 nm. This will enable the spectrometer response to 
be characterized across and within the O2 telluric absorption bands. 
The spectrometer calibration in radiance, with a high precision Hoffman integrating sphere, 
and the calibration in irradiance, with a FEL irradiance lamp as light source, will also be 
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introduced and uncertainties discussed. The Piccolo dual field spectrometers systems 
measured performances will be presented in detail in the paper. 
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12:30pm - 1:00pm D1-P-SAAB: Posters - Sphere Specific Analysis Methods - 
Atmosphere/Biosphere Gallery  

  

Identification of Non-Forest Natura 2000 Habitats Using Fusion of 
Hyperspectral and ALS Data 
Anna Jarocinska1, Adriana Marcinkowska-Ochtyra1, Adrian Ochtyra1, Anita Sabat1, 
Edwin Raczko1, Bogdan Zagajewski1, Dominik Kopeć2, Justyna Wylazłowska2, Dorota 
Michalska-Hejduk2, Anna Halladin-Dąbrowska2, Agnieszka Błońska3, Teresa Nowak3, 
Beata Babczyńska-Sendek3, Andrzej Pasierbiński3, Barbara Tokarska-Guzik3, Hubert 
Piórkowski4, Zuzanna Oświecimska-Piasko4, Filip Jarzombkowski4, Marek Rycharski4, 
Luca Demarchi5, Sylwia Szporak-Wasilewska5, Jacek Jóźwiak5, Wojciech Ciężkowski5, 
Jarosław Chormański5, Jan Niedzielko6, Łukasz Sławik1,6 
1University of Warsaw, Faculty of Geography and Regional Studies, Poland; 2University of 
Lodz, Faculty of Biology and Environmental Protection; 3University of Silesia in Katowice, 
Faculty of Biology and Environmental Protection; 4Institute Of Technology And Life Sciences; 
5Warsaw University of Life Sciences, Faculty of Civil and Environmental Engineering, 
Department of Hydraulic Engineering; 6MGGP Aero Sp. z o. o.; ajarocinska@uw.edu.pl 
Monitoring natural habitats protected in the frame of the ecological network Natura 2000 is 
essential for the process of their proper preservation. Currently the evaluation is conducted 
using field botanical measurements, which are time consuming and very dependent on expert 
knowledge. 
Developing new methods of identification of natural habitats became the aim of study carried 
out as part of the project entitled "The innovative approach supporting monitoring of non-forest 
Natura 2000 habitats, using remote sensing methods" (HabitARS). 
The research is covering 11 non-forest Natura 2000 habitats: inland halophilous meadows 
(habitat code: 1340), dry heaths (4030), thermophilic, inland sandy grasslands (6120), 
xerothermic grasslands (6210), alluvial meadows (6440), rich floristically mountain and 
lowland Nardus grasslands (6230), fluctuating Molinion meadows (6410), extensively used 
lowland fresh meadows (6510), mountain Trisetum hay and bent grass meadows (6520), 
transition mires and quaking bogs (7140), mountain and lowland alkaline marshes, sedge 
meadows and fen bogs (7230). 
Airborne remote sensing and botanical data were acquired simultaneously three times in the 
growing season of 2016 on 14 areas with Nature 2000 habitats, located in various regions of 
Poland. The periods of the data acquisition were chosen to record optimal plant growth in 
habitats affected by agricultural practices: before the first and second harvests (1. May/June 
and 2. July/August), and during the growth phase after the second harvest (3. 
September/October). The botanical data were collected on the ground in established 
permanent plots (reference polygons), with identified type and state of examined habitat. The 
remote sensing data consisted of simoultaneous acquisitions of hyperspectral images from 
HySpex scanners (VNIR-1800 and SWIR-384 with 451 bands in total), Airborne Laser 
Scanning (ALS) data (from Riegl Lite Mapper scanner) and RGB images. For each of the 
three campaigns almost 5000 botanical reference polygons were collected while the airborne 
data covered a total area of 640 km2 each time.  
ALS delivered information about the vertical structure of foliage thanks to a dense point cloud, 
Digital Elevation Model (DEM), Digital Surface Model (DSM), normalized Digital Surface 
Model (nDSM) and ALS Intensity image with 0.5 m spatial resolution. The hyperspectral 
images were radiometrically, geometrically and atmospherically corrected. Images from 
HySpex scanners were combined with final resolution of 1 m. The correction was validated 
using field spectroradiometric measurements taken with ASD FieldSpec 4. Then, MNF was 
performed. The ALS data products and chosen MNF bands were combined and different 
classification methods were tested – Support Vector Machines, Random Forest and Artificial 
Neural Network. A comparative analysis of the algorithms’ accuracies depending on the 
period of time in the growing season was executed to indicate the optimal period for habitat 
identification. 
The results of this study demonstrate the possibility of using airborne remote sensing methods 
in the identification of examined Natura 2000 habitats for large areas. Results achieved until 
now will be verified in 2017growing season. 
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On the Utility of Deformable Transformations Based on Mutual Information: 
Application in Imaging Spectrometry and High-Resolution Imagery of 
Riverine Landscape 
Gillian Milani, Mathias Kneubühler, Michael Schaepman 
University of Zürich, Switzerland; gillian.milani@geo.uzh.ch 
Multi-temporal analysis of Earth system processes requires highly accurate data in the 
spectral and in the spatial domain. Accurate image registration has already been achieved for 
a wide range of applications in many disciplines. However, advances in various scientific fields 
related to image registration have been done without essential transfer of knowledge and 
technologies between each other. 
In this study, we evaluate the performance of b-spline deformable transformations, also called 
non-rigid transformations, based on the mutual information metric contained in multi-temporal 
remotely sensed datasets. This type of registration is common in medical imagery but only 
sparsely applied on remotely sensed images of the Earth surface taken by satellite or airborne 
sensors. The selected registration method is applied i) on imaging spectrometry data acquired 
by the Airborne Prism EXperiment (APEX) instrument and ii) on high-resolution images 
acquired by an unmanned aerial system (UAS) with RGB and infrared sensors. In the case of 
imaging spectrometry data, the transformation is computed using only the first component of a 
principal component analysis (PCA). The b-spline deformable transformation allows reducing 
the geometrical distortions of pushbroom and whiskbroom sensors with configurable 
constraints depending on the mesh size. The use of the mutual information is then obvious, 
since the absolute value of the first component of the PCA is not steady among datasets 
taken under slightly different conditions. The seasonal effects as well as differences in the 
shadowing are not negligible for a registration transformation based on a correlation metric 
even for imaging spectrometry data. In the case of high-resolution imagery, using the mutual 
information metric for remote sensing data is relevant when different sensors are used, but 
also when the shadows differ among the images or when the seasonality of vegetation is 
drastically different. The use of advanced registration techniques for high-resolution imagery 
allows to overcome the need of precise GPS data for spatial calibration of temporally varying 
datasets and to compensate for some of the reconstruction biases arising during orthoimage 
construction. Applied on riverine landscape imagery, the selected transformation is capable of 
registering the entire image without being affected by large changes happening in the 
floodplain ecosystem if the river channel is small with respect to the surrounding land areas. 
In a case study using imaging spectrometry data, we apply the selected registration method to 
carry out a willow detection task and we raise the benefits of the registration for working at the 
pixel level. In a case study for high-resolution imagery, we apply the selected registration 
method to map the hydromorphological processes, i.e., the erosion and deposition of the river, 
and analyze the benefits of the registration. Extension of the framework can lead to co-
registration of high-resolution images with imaging spectrometry data following an appropriate 
parameterization of the processing chain. 

 
Assessing the potential of HyMap imaging spectroscopy data for urban tree 
classification 
Johanna Alexandra Hoffmann, Akpona Okujeni, Sebastian van der Linden 
Humboldt Universität Berlin, Germany; hoffmjqc@hu-berlin.de 
Accurate maps on the trees in cities are vital to understand urban ecosystem. It is essential to 
obtain detailed, spatially explicit and continuous information about the distribution of tree types 
and their physiological state to raise a deeper understanding of the system’s interactions or for 
urban planning and decision making purposes. Airborne imaging spectroscopy data such as 
the hyperspectral mapper (HyMap) are potential cost effective and suitable methods to detect 
such ecosystemic characteristics in an urban environment. In Berlin, there is a vast disparity 
between the official tree register by city authorities and the actual tree cover. Even though the 
first follows a thorough and regular assessment of all park and street trees, it does not include 
vegetation in private and allotments gardens, backyards or naturally grown vegetation on 
unmanaged land. Airborne assessments help obtaining a more complete overview of the city’s 
tree composition than the assessment on the ground. However, remote sensing of vegetation 
in urban areas is complex. Even with a high spatial and spectral resolution of the sensor, 
conditions such as very small patch sizes, i.e. often single trees, shadowing from large 
buildings, and the rather unnatural diversity in species composition, age and state cause 
influences that impede an optimal capturing of vegetation characteristics. The influence of 
different factors on map accuracy has only rarely been explored. Our study evaluates the 
impact of different tree stand characteristics on classification results and, this way, assesses 
the potential of airborne imaging spectroscopy data for urban tree classification. We used a 
support vector machine (SVM) classifier to analyze 3.6 m HyMap data from Berlin. Substantial 
reference information from the Berlin tree register was available. The specific objectives of this 
study were: 
1) Estimating the impact of potential influencing factors such as tree height, tree location and 
brightness on the map accuracy, and in doing so 
2) Evaluating HyMap’s general potential to classify and distinguish the seven most common 
tree species in Berlin 
The results demonstrate that the SVM is able to distinguish quite well the fine differences in 
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spectral characteristics of tree types and stand characteristics recorded by HyMap. It was 
furthermore established that prominent trees are favored in the classification. This refers to 
high trees with a good illumination rate. Rather low trees are significantly better classified in 
street locations than in parks. Our findings demonstrate potentials and limitations of urban tree 
mapping with airborne hyperspectral data. 
  

12:30pm - 1:00pm D2-P-SOI: Posters - Soil Spectroscopy from Soil Spectral Libraries to Spatial 
Mapping from Space Gallery  

  

Space-Based Remote Imaging Spectroscopy of Soil Contamination 
Asa Gholizadeh1, Mohammadmehdi Saberioon2, Eyal Ben Dor3, Lubos Boruvka1 
1Czech University of Life Sciences Prague, Czech Republic; 2University of South Bohemia in 
České Budějovice, Czech Republic; 3Tel-Aviv University, Israel; gholizadeh@af.czu.cz 
Soil degradation diminishes the production capability and it is a considerable crisis worldwide. 
This includes all processes that decrease the capability of the soil body to serve as an anchor 
for roots and other foundations, ranging from soil erosion to soil infertility and contamination. 
Methods to determine soil degradation consisting soil contamination on a large scale with a 
proper domain basis are strongly needed and must be considered, studied and developed. 
Remote sensing is a suitable and essential tool for surveying large areas and monitoring soil 
contamination at a high temporal and spatial interval. Forthcoming hyper and superspectral 
satellite missions dedicated to land monitoring, as well as planned imaging spectrometers will 
release an inimitable data stream. The aim of the current study is to review the potential of the 
forthcoming hyper and superspectral spaceborne satellite imagers such as EnMap and 
Sentinel-2, from orbit to monitor and map soil degradation driven by contamination. A few 
simulation studies have been conducted to show the potential of the aforementioned sensors 
to estimate soil variabilities, though the assessment of soil contaminants still have been left 
behind and needs further work. In this direction, the simulated products demonstrated 
satisfactory results and improved the accuracy of soil variables estimation from soil imagery, 
however further research will need to focus on assessment of soil variables and contaminants 
using real data from the next generation of hyper and superspectral space-based sensors. We 
strongly believe that this direction will pave the way to use the abovementioned remote 
sensing sensors from orbit for monitoring soil contamination. 

 
Portable Mid-Infrared Spectroscopy for the Quantification of Soil Biological 
Properties and Microbial Community Structure 
Christopher Hutengs1, Simone Cesarz2, Bernard Ludwig3, András Jung4, Nico 
Eisenhauer2, Michael Vohland1,2 
1Leipzig University, Institute for Geography, Geoinformatics and Remote Sensing, Germany; 
2German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany; 
3University of Kassel, Department of Environmental Chemistry, Germany; 4Technical 
Department, Faculty of Horticultural Sciences, Szent István University, Budapest, Hungary; 
michael.vohland@uni-leipzig.de 
Soils provide important ecosystem functions such as plant material decomposition, nutrient 
cycling, and carbon storage, all of which are mediated by soil organisms. However, knowledge 
of how ongoing environmental changes (e.g. land use, plant diversity and climate) affect soil 
organisms, in particular soil microbial communities, is still limited, as the composition of 
microbial communities cannot be easily measured with high spatial and temporal resolution. In 
this context, mid-infrared (MIR) spectroscopy may contribute to our understanding of spatio-
temporal changes in community structure through rapid and cost-efficient sampling. 
Laboratory studies have shown MIR spectroscopy to be efficient and accurate for quantifying 
soil parameters such as OC, N or clay content. Few attempts have been made, however, to 
predict variables related to the composition of soil microbial communities. Additionally, the use 
of MIR spectroscopy for the investigation of soil properties had been limited as it was not 
available as a portable technique. Recently, the first portable MIR instruments have become 
available offering the potential for on-site measurements. Against this background, the aims of 
our study were (i) to test a portable MIR spectrometer (Agilent 4300 Handheld FTIR) through 
parallel measurements of soil samples with the handheld instrument and a laboratory bench-
top spectrometer, and (ii) to explore whether soil biological properties (soil microbial C, gram-
negative and gram-positive bacteria, and fungi using PLFA biomarkers) could be quantified 
from the handheld instrument’s spectra. For the latter, we used laboratory measurements of 
dried and ground soil samples and also in-situ measurements that were carried out at 50 
agricultural sites in Saxony and Saxony-Anhalt. 
  

12:30pm - 1:00pm D3-P-CAL: Posters - Sensor Calibration and Product Validation 
Gallery  

  

EnMAP – From Earth Observation Request, Planning, and Processing To 
Image Product Delivery 
Tobias Storch, Heiden Uta, Hubert Asamer, Daniele Dietrich, Thomas Fruth, Peter 
Schwind, Andreas Ohndorf, Helmut Mühle, Gintautas Palubinskas, Martin Habermeyer, 
Sebastian Fischer, Christian Chlebek 
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DLR - German Aerospace Center, Germany; tobias.storch@dlr.de 
EnMAP (Environmental Mapping and Analysis Program; www.enmap.org) is a German, 
spaceborne, imaging spectroscopy, Earth observing mission planned for launch in 2019. 
This contribution reflects the status including the changes based on a major review conducted 
in 2016. It focuses on the user perspective to put observation requests in order to get image 
products. 
The orbit at an altitude of 652km has a repeat cycle of 398 revolutions in 27 days with a local 
time descending node at 11:00h±18min. This allows for a revisit within at most ±5° or ±30° off-
nadir in at most 27 or 4 days, respectively. Zurich, Switzerland, for example, is revisited on 
average every 11.5 or 2.3 days, respectively. With an observation request ordered on a web-
interface, the user can specify either a dedicated acquisition or alternative options for an area 
of interest and time window. For scheduling this results in a larger flexibility to decrease the 
number of unusable acquisitions due to cloud coverage and to comply with satellite resources. 
Such resources are already scheduled acquisitions, downlinks, orbit maneuvers and potential 
constraints with respect to uplinks, power supply and consumption, and available memory for 
commands and data. Acquisitions of users are ordered for scheduling according to their 
category (e.g. Cat.1 with user quota assigned based on scientific proposal, Cat.2 and Internal 
with user quota assigned by management) and quota (e.g. 80% for all Cat.1 user in first year 
to 60% for all Cat.1 users in fifth year, where Internal is not considered and expected to 
consume limited quota). 
The fully-automatic processing chain generates high-quality image products for users at three 
levels taking calibration data and orbit and attitude data into account. These products are 
created based on either observation requests or catalogue searches. And they are delivered 
via FTP (file transfer protocol) pickup points to the users. Level 1B products are systematically 
and radiometrically corrected. This includes flagging of defective pixels, geometric, 
radiometric, and spectral referencing with an accuracy of at least 1nm at a spectral sampling 
distance of at least 10nm. Quality information and metadata for further processing are 
annotated. The image data is corrected for non-linearity, dark signals, different gains, and 
stray light. Radiometric calibration with accuracy of 5% is performed and Top-of-Atmosphere 
(TOA) radiances are obtained. Level 1C (orthorectified) products are further corrected for the 
difference in the viewing angles of approximately 0.05° between the channels in visible and 
near infrared (VNIR) ranging from 420nm to 1000nm and shortwave infrared (SWIR) ranging 
from 900nm to 2450nm during direct geo-referencing. Digital Elevation Model (DEM) 
intersection after setting up the collinearity equation, map projection (selected by user), and 
resampling (selected by user) models are applied to achieve an absolute geolocation 
accuracy of 100m at 30m x 30m geometric resolution and 30km swath. For Level 2A 
(atmospheric corrected) products separate algorithms for land and water applications 
(selected by user) are applied. Aerosol optical thickness and columnar water vapor are 
estimated. After haze and cirrus detection and removal (selected by user) Bottom-of-
Atmosphere (BOA) reflectances are obtained. 

 
Optimizing sensitivity of Unmanned Aerial Vehicle optical sensors for low 
zenith angles and cloudy conditions 
Sheng Wang1, Carsten Dam-Hansen2, Pablo J. Zarco Tejada3, Radu Malureanu3, Filippo 
Bandini1, Jakob Jakobsen4, Andreas Ibrom1, Peter Bauer-Gottwein1, Monica Garcia1 
1Department of Environmental Engineering, Technical University of Denmark, 2800 Kgs. 
Lyngby, Denmark; 2Department of Photonics Engineering, Technical University of Denmark, 
2800 Kgs. Lyngby, Denmark; 3European Commission, Joint Research Centre, Directorate D - 
Sustainable Resources, Via E. Fermi 2749, 21027 Ispra (VA), Italy; 4National Space Institute, 
Technical University of Denmark, 2800 Kgs. Lyngby, Denmark; mggarcia1999@gmail.com 
Satellite-based imagery in optical domains cannot provide information on the land surface 
during periods of cloud cover. This issue is especially relevant for high latitudes where 
overcast days and low solar zenith angles are common. Current remote sensing-based 
models of evapotranspiration or carbon assimilation are biased towards clear sky conditions, 
lacking important information on biophysical processes under cloudy conditions. Unmanned 
Aerial Vehicle (UAV) imagery has great potential to monitor and understand surface fluxes 
under cloudy conditions. For instance, in Denmark 73.54% of all days are non-clear (fraction 
of direct radiation less than 50%). UAV multispectral imagery acquired in these conditions 
tends to present low brightness and dynamic ranges, and high noise levels. Another problem 
is the influence of land cover types on the signal. For instance, over vegetated areas, even 
with low irradiance, saturation is reached in the near Infrared, while visible channels have low 
brightness. An individual camera setting for each channel and light conditions can improve 
sensor sensitivity while preventing saturation.This study aims to optimize the settings and 
radiometric corrections of a multispectral camera to produce high quality UAV imagery under 
low but homogeneous irradiance conditions. Laboratory experiments were conducted to link 
irradiance levels to different camera settings and calibration procedures. Results were tested 
outdoors over homogeneous and vegetated surfaces. 
The multispectral camera (Tetra Mini-MCA6) has 6 channels in the visible and near Infrared. 
For the laboratory calibration experiment, different camera settings and typical irradiance 
levels from cloudy to clear sky were designed. The light-source is based on super-continuum 
generation to produce a continuous solar spectrum. It allows more flexible settings in 
illumination levels than tungsten halogen lamps. A Li-Cor 1800 integrating sphere and an ASD 
spectroradiometer (FieldSpec HandHeld 2) were also used. Images were acquired under 
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varying integration time and illumination levels from 0.005 to 0.2 W·m-2·nm-1·sr-1. Two 
radiometric calibration methods were applied to find gains to convert digital numbers (DN) into 
radiance and also to correct vignetting effects, apparent as the fall-off pixel intensity from the 
image center towards edges. The first is to apply a pixel-wise calibration from DN to radiance. 
The second performs a vignetting correction based on distance from each pixel to the highest 
DN pixel and then a global image calibration of averaged DN to radiance. To test calibration 
performance, images were acquired outdoors over (i) homogeneous targets (Teflon panels, 
grass and soil plots) and (ii) with UAV flight campaigns over a willow eddy covariance flux site 
under different cloudiness levels and solar zenith angles using varying camera settings. 
Radiance, reflectance, and vegetation indices were validated with ASD measurements and 
signal to noise metrics and dynamic ranges were assessed. Our results indicate that the 
spectral gains and camera settings can be tuned to allow higher signal to noise ratio and 
optimize the sensor sensitivity. This maximizes the image radiometric resolution and prevents 
sensor saturation for each channel. This paper is a step forward for UAV campaigns using 
optical cameras for low zenith angles and/or cloudy conditions. 

 
Airborne Imaging Spectroscopy Data Pre-Processing Chain Established at 
CzechGlobe 
Jan Hanuš1,2, Marek Pivovarnik1, Tomáš Fabiánek1 
1CzechGlobe - ÚVGZ AV ČR, Czech Republic; 2ČVUT, FSv, Department of Geomatics, 
Czech Republic; hanus.j@czechglobe.cz 
CzechGlobe has been significantly extending its research infrastructure in the last years, 
which allows advanced monitoring of ecosystem changes at hierarchical levels spanning from 
molecules to entire ecosystems. One of the CzechGlobe components is a laboratory of 
imaging spectroscopy. The laboratory is now operating a new platform for advanced remote 
sensing observations called FLIS (Flying Laboratory of Imaging Systems). FLIS consists of an 
airborne carrier equipped with passive as well as active RS systems. The core instrument of 
FLIS is a hyperspectral imaging system provided by Itres Ltd. The hyperspectral system 
consists of three spectroradiometers (CASI 1500, SASI 600 and TASI 600) that cover the 
reflective spectral range from 380 to 2450 nm, as well as the thermal range from 8 to 10 um. 
Together with the hyperspectral system full-waveform laser scanner Riegl-Q780 is mounted 
and operated synchronously with the hyperspectral system. 
Synchronous data acquisition of various systems put stress on data processing. Data pre-
processing chain developed previously for VNIR and SWIR regions (radiometric, atmospheric 
and geometric corrections) was adjusted for new sensors (CASI-1500 and SASI-600). For 
thermal (LWIR) region was necessary to develop wholly new branch for data pre-processing. 
The main effort was put to development of atmospheric corrections. Final results of pre-
processing of hyperspectral thermal data are georeferenced land leaving radiance (LLL), land 
surface temperature (LST) and land surface emissivity (LSE). 
In this contribution, we will introduce FLIS and the current data pre-processing chain in details. 

 
The influence of BRDF correction for the prediction of soil organic carbon 
Andreas Schmidt, Daniel Doktor, Angela Lausch 
Helmholtz-Centre for Environmental Research - UFZ; daniel.doktor@ufz.de 
A large part of the error budget of hyperspectral remote sensing data is accounted for view- 
and sun-angle-dependent intensity changes - commonly known as BRDF effect (bi-directional 
reflectance distribution function). Especially high FOV instruments suffer from this effect. The 
recently published BREFCOR (Schläpfer et al., 2014) software utilizes the Ross-Thick Li-
Sparse BRDF kernel model to correct for this effect by fitting the kernel parameters to the 
supplied data. 
We applied this correction to our data and checked for the effect on the prediction of SOC (soil 
organic carbon). 
Our hyperspectral data consists of 7 (east-west, west-east) flight strips recorded over hilly 
terrain with low sun elevation and a high solar zenith angle of 48° ( = low sun elevation). The 
images show a strong BRDF influence, especially for the bare soil part. 
We then derived soil organic carbon (SOC) by using different machine learning models to 
both, the uncorrected and the corrected data using 52 SOC points (SOC range: 1.4 % to 5.4 
%, median = 2.2 %). For the evaluation we did a repeated (100 repetitions) test-training split 
and then checked the root mean squared error (RMSE) and the correlation coefficient (R²). 
Having 100 repetitions allows us to check median and distribution within the 100 predictions 
for the effect of the BRDF correction. It shows that the R² is slightly increased (0.5 - 0.6) while 
the RMSE stays at the same level with only a small tendency to lower values. 
Although having only 52 points and hence pretty low R² values for the validation data in this 
setup we could show that BRDF correction is improving the validation predictions and thus not 
only visibly improving the image. 
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Use of FTIR Reflectance Spectroscopy to Predict Basic Soil Physical and 
Chemical Properties: A Case Study in the Caucasus, Azerbaijan 
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Elton Mammadov1, Cornelia Glaesser2, Aliovset Guliyev1, Michael Denk2, Frank Riedel2 
1Azerbaijan National Academy of Sciences, Azerbaijan; 2Martin Luther University Halle-
Wittenberg, Germany; michael.denk@geo.uni-halle.de 
In the last decades Fourier transform infrared reflectance (FTIR) spectroscopy is developing 
rapidly and providing exciting new experimental capabilities for soil scientists. Fundamental 
vibrations of both organic and mineral components in soil are encompassed in FTIR 
reflectance spectra, providing an overall chemical profile of soil. Despite its high potential for 
soil analysis, no studies in Azerbaijan have applied FTIR for soil characterization and 
predicting its constituents so far. 
The objective of this study was to assess the potential of FTIR reflectance spectroscopy 
combined with partial least square regression (PLSR) to evaluate basic soil properties such as 
soil organic carbon (SOC), calcium carbonate content (CaCO3), hygroscopic water content 
(HWC), soil reaction (pH), particle size distribution. A total of 115 topsoil (0-15cm) samples 
were collected at elevations of 750-1020m in the Caucasus Mountains of the western region 
of Azerbaijan where Kastanozems predominate. All samples were air-dried, gently milled in an 
agate mortar and sieved to a particle size <2mm, then involved in reflectance measurements 
employing an Agilent 4300 Handheld FTIR spectrometer covering the wavelength range of 
5000-650cm-1 and chemical tests. The spectra showed distinct absorption features which 
were found to be dominated by CaCO3 (2609-2430, 1647-1625, 1550-1416cm-1) and several 
spectral regions closely correlated to organic matter (5000-4122, 3227-2594, 2452-2057, 
1751-1565cm-1), sand (5000-4174, 4025-3667, 3123-2952, 1818-1282cm-1 etc.) and clay 
(4763-3772, 3727-2937, 2817-2586, 2474-1900cm-1 etc.). 
Prior to statistical modeling, the reflectance spectra were exposed to pre-processing 
techniques, such as Savitzky-Golay filtering, several normalization and transformation 
procedures. In order to build the PLSR model, the dataset was randomly split into a calibration 
set (87 samples) for model building and a validation set (28 samples) for assessing the 
prediction accuracy of the calibration models. The optimium number of factors (NF) of 
calibration model was evaluated by leave-one out cross-validation. The model accuracy of 
both calibration and validation sets was evaluated with coefficients of determination (R2), root 
mean-squared errors (RMSE) and relative prediction deviation (RPD). 
The calibration models showed a good performance for SOC (R2=0.87, RSME=0.41, 
RPD=2.72, NF=4), pH in water solution (R2=0.80, RSME=0.18, RPD=2.52, NF=7), pH in KCl 
solution (R2=0.81, RSME=0.22, RPD=2.36, NF=6), sand content (R2=0.91, RSME=5.21, 
RPD=3.34, NF=7), silt content (R2=0.86, RSME=4.22, RPD=2.69, NF=5), clay content 
(R2=0.82, RSME=2.98, RPD=2.50, NF=8), CaCO3 content (R2=0.97, RSME=0.41, RPD=6.05, 
NF=4), HWC (R2=0.76, RSME=0.48, RPD=2.06, NF=6). Accordingly, the validation models 
performance was satisfactory for SOC (R2=0.85, RSME=0.49, RPD=2.64), pH in water 
solution (R2=0.74, RSME=0.24, RPD=2.04), pH in KCl solution (R2=0.78, RSME=0.25, 
RPD=2.18), sand content (R2=0.89, RSME=5.65, RPD=3.12), silt content (R2=0.86, 
RSME=4.10, RPD=2.80), clay content (R2=0.75, RSME=3.67, RPD=2.05), CaCO3 content 
(R2=0.97, RSME=0.40, RPD=5.63), HWC (R2=0.70, RSME=0.50, RPD=1.83). In summary, 
the results of this study affirm previous FTIR studies and demonstrate that FTIR spectroscopy 
is a powerful tool for qualitative and quantitative soil analysis. 

 
Estimation of Heavy Metal Contents in Floodplain Soils and Vegetation Using 
Reflectance Spectroscopy and Hyperspectral Remote Sensing Data 
Frank Riedel1, Christian Götze1, Michael Denk1, Angela Lausch2, Cornelia Gläßer1 
1Department of Remote Sensing and Cartography, Martin Luther University Halle-Wittenberg, 
Halle, Germany; 2Department of Computational Landscape Ecology, Helmholtz Centre for 
Environmental Research, Leipzig, Germany; frank.riedel@geo.uni-halle.de 
Over the last years, the frequency and intensity of flood events evidently increased all over 
the world. Especially floods, which pass abandoned open pit mines, industrial areas, 
intensively used agricultural fields and urban structures may be enriched with various 
pollutants, such as heavy metals. Natural or near-natural floodplain ecosystems are 
particularly exposed to flood events. Here, polluted sediment loads and dissolved heavy 
metals accumulate in the soil and are gradually absorbed by the floodplain vegetation. Since 
floodplains are often subjected to extensive land use, e.g. as hay meadows, it is necessary to 
monitor these contaminations. 
Therefore, the aim of this project is the spatial acquisition and assessment of the current state 
of heavy metal contamination with hyperspectral remote sensing data. The focus of this study 
is the development of hyperspectral indices to apply spectral information as an indicator for 
the detection of heavy metal-induced plant stress. Usefulness of established indices will be 
tested. Further methods, like determination of the Red-Edge position and spectral reflectance 
normalization techniques will be applied. Ecotoxicological effects of heavy metals are derived 
directly and indirectly from spectral soil and plant properties, and semi-automatic algorithms 
are used for parametrization and separation of stress features in floodplain vegetation. Within 
this study, various overflights were conducted with a HySpex full range [0.35 - 2.5 µm] 
hyperspectral scanner in two floodplain areas in Central Germany at the Elbe River during the 
summer months in 2015 and 2016. Simultaneously, a total of 84 soil and 183 vegetation 
samples were collected. As contaminant accumulation highly depends on surface 
morphology, a high resolution laser scanner digital elevation model was utilised to derive 
sinks, terraces and plateaus and to determine sampling points within these elevation classes. 
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Along a 30 m transect, spectrometric ground measurements were carried out for each 
sampling point using an ASD FieldSpec Pro [0.35 - 2.5 µm]. In addition, various plant 
parameters, e.g. vegetation height and chlorophyll content, were assessed. Soil and 
vegetation samples were analysed in the laboratory for Pb, Cd, Cr, Cu, Ni, Zn, As and Hg 
contents. Also the pH-values and water contents as well as grain size and organic matter of 
soils were estimated. 
Results determined sinks as the most contaminated floodplain areas where the highest values 
were visible for each metal. Additionally, correlations between heavy metal contents and 
spectrometric soil and vegetation measurements could be found. With regard to vegetation 
stress, parameters based on the collected field spectra showed that plants on higher elevation 
classes were more stressed than plants in sinks, especially during dry summer months. The 
observed relationship and spatial stress patterns were recognizable in the HySpex data. 
Upcoming research will focus on the derivation of contamination maps of selected floodplain 
areas and the transformation of the algorithm to simulated EnMAP data which is based on the 
acquired hyperspectral airborne images. 

 
Hyperspectral imaging for structural geology: An example for more 
interdisciplinary data analysis in mineral exploration 
Robert Zimmermann1, Erik Herrmann1, Diogo Rosa2, Moritz Kirsch1, Richard Gloaguen1 
1Helmholtz-Zentrum Dresden-Rossendorf, Germany; 2Geological Survey of Denmark and 
Greenland, Denmark; r.zimmermann@hzdr.de 
Since the applications of hyperspectral imaging found their way into geological investigations, 
mineral mapping has reached a completely new level of spatial and spectral resolution. 
Thanks to increasing technological developments in hyperspectral imaging, system 
resolutions steadily became better at lower prices. Although these methods are already 
frequently applied in the field of economic geology and petrology, so far, these techniques 
have rarely been used for structural mapping and interpretation. The actual tool of choice, 
photogeology, makes just the use of true-color RGB images. However, detailed mineral and 
lithological maps from hyperspectral imaging can bring a new dimension. Hyperspectral 
imaging can highlight small mineralogical differences in rocks that cannot be picked-up in 
traditional RGB images and thus allow lithological contacts to be easily identified. Potential 
applications include, e.g., mapping dykes of different spectral signatures and their genetic 
relations or folds in (inaccessible) homogeneous rocks like marbles or quartzites. 
Furthermore, different types of alteration, associated with structural information can allow the 
detection of pathways for mineralising fluids and their structural control, one of the most 
important application of applied structural geology in mineral exploration. Potential methods 
include mapping absorption wavelength, spectral unmixing and non-linear classifications. All 
hyperspectral results are integrated into 3D point-clouds for interpretation. We exemplify the 
interdisciplinary analysis of hyperspectral data, independent of scale and source and their use 
for structural geology.  
In the first case the barely accessible, 1000 m high marble cliffs of Maarmorilik/Greenland 
were scanned with a ground-based hyperspectral imaging (HSI) system. In certain structural 
positions a Pb-/Zn-mineralisation is hosted. A preliminary analysis with focus on carbonate 
mineralogy using absorption wavelengths identified fold structures of calcite-rich and dolomite-
rich marbles, which are not visible in standard RGB images. Furthermore, some marble 
horizons are rich in evaporite minerals (e.g., anhydrite). The distribution of those horizons is 
mapped using spectral unmixing techniques and can be used to elucidate the structural 
relationship between deformation, mineralising fluids and ore emplacement. 
At the inaccessible mine-pit of Peña de Hierro/Spain hyperspectral imaging is used to 
enhance the understanding of ore emplacement in relation with faults. Various mineral 
mapping methods, e.g., Spectral Feature Fitting, and non-linear unsupervised clustering, e.g., 
Self-Organising Maps, are applied. Faults and folds can easily recognised in RGB images 
here. However, in hyperspectral data we observe a degradation of hydrothermal activity 
around faults and orebodies that lead to a better understanding of the interaction between 
faulting and ore emplacement. Small scale structures in overlying meta-sedimentary rocks are 
highlighted in hyperspectral images too. They give indication of post-mineralisation 
deformation and, thus, pathways for secondary alteration and ore replacement. 

 
Multiscale Hyperspectral Analysis of Lithologies in Presence of Abundant 
Lichens and Mapping of Ultramafic Rocks in Western Greenland (Innarsuaq) 
Sara Salehi1,3, Sandra Jakob2, Richard Gloaguen2, Björn Heincke1, Rasmus Fensholt3 
1Department of Petrology and Economic Geology, Geological Survey of Denmark and 
Greenland, Copenhagen, Denmark; 2Helmholtz-Zentrum Dresden-Rossendorf, Helmholtz 
Institute Freiberg for Resource Technology, Division of Exploration, Freiberg, Germany; 
3Department of Geosciences and Natural Resource Management, University of Copenhagen; 
ssal@geus.dk 
Regional geologic mapping in northern regions is time consuming and costly, primarily owing 
to poor accessibility and a short field season caused by snow cover. Along with established 
geophysical exploration technologies (e.g. magnetic and radiometric surveys), airborne visible 
(VNIR) and shortwave (SWIR) hyperspectral imaging can facilitate detailed continuous 
regional mapping in the arctic and subarctic owing to low vegetative cover, although issues 
such as low illumination and pervasive rock encrusting lichens remain a challenge. In part 



10th	EARSeL	SIG	Imaging	Spectroscopy	Workshop	|	19	-21	April	2017,	Zurich,	Switzerland	
	

	

67	

because of these challenges, a considerable skepticism remains in the exploration community 
as to the value of hyperspectral data for the retrieval of lithological information in northern 
regions. Yet, several promising case studies have illustrated such potential with airborne 
hyperspectral data. Concurrently, an improved understanding of the VNIR and SWIR spectral 
characteristics of rock encrusting lichen coatings that can have an adverse effect on 
identifying rocks and minerals using imaging sensor systems is developing. 
In this study we demonstrate the importance of appropriate VNIR and SWIR data processing 
for the spectral mapping of lichen covered lithologies in a multiscale and multi-resolution 
approach. In parallel, we investigate the capabilities of hyperspectral sensors designed for 
drone-based surveys for mineral mapping in artic terrains. Airborne hyperspectral VNIR and 
SWIR (HyMap) data and VNIR imagery acquired using the light-weight hyperspectral Rikola 
sensor were chosen to investigate the potential of VNIR and SWIR for detailed lithological 
mapping in central West Greenland (Innarsuaq), where ultramafic (e.g. pyroxenite and 
peridotite) rock units are exposed with the presence of lichen coatings. We then examine the 
extent to which geologic information derived with the airborne data is retained in the Rikola 
hyperspectral data as an insight to future hyperspectral drone-based mapping capabilities and 
the possibility to extract valuable mineralogical and lithological information using such 
platforms. To enhance lithologic discrimination, a spectral unmixing methodology is applied to 
associate bedrock type and lichen abundance within spectral imagery. The results were 
validated using expert knowledge of spectral characteristics of lichens and mineralogy, as well 
as field sample spectral measurements and associated XRD results. 
Analysis of the airborne data resulted in a high quality regional mapping product capable of 
discriminating geological materials of interest based on subtle spectral differences. It is 
demonstrated that characteristic lichen assemblages can be associated with the occurring 
rock units and have a strong influence on the endmember spectral features in the VNIR, 
whereas the rock mineralogy is the dominant influence in the SWIR. The map product 
generated from the Rikola scenes captures the broad geological patterns and much of the 
lithologies shown in the map generated from the airborne data, though, some spectral and 
lithological discrimination is lost. Importantly, this study demonstrates that significant mapping 
results can be achieved at both scales of observation for bedrock surfaces with extensive 
lichen coatings. It is concluded that future mapping capabilities from drone-based imagery can 
be highly useful for generating quality reconnaissance maps in remote terrains if combined 
with expert knowledge. 

 
Assessment of Physically Based Parameters for Gypsum Estimation in the 
VNIR-SWIR Spectral Range Using Laboratory, Air- and Spaceborne 
Hyperspectral Sensors 
Robert Milewski, Sabine Chabrillat, Maximilian Brell, Luis Guanter 
GFZ - German Research Centre for Geosciences; chabri@gfz-potsdam.de 
Soils and sediments in arid and semi-arid regions can be strongly affected by the 
accumulation of different salts, which can have considerable influence on soil properties, e.g. 
for agricultural use. The spatial distribution of the salt content is also interesting for the 
evaluation of environmental processes in wetlands or salt pan environments and can 
contribute to facies characterisation, e.g. for mineral exploration efforts. However most salt 
minerals do not show diagnostic absorption features in the optical or thermal spectral range, 
which makes it difficult to estimate their abundances in the soil mixture via imaging 
spectroscopy. A relevant exception is gypsum (CaSO4 · H2O), which is characterized by a 
triple absorption features at 1.4-1.5 µm, as well as single features at 1.75 and 2.2 µm in the 
VNIR-SWIR spectral region. In the frame of the upcoming availability or large-scale 
hyperspectral satellite data, robust approaches are needed to map gypsum content based on 
the direct analysis of the spectral reflectance and produce gypsum retrievals that are 
independent of large calibration data sets. In this frame, the aim of this study is to evaluate 
suitable reflectance based parameters for gypsum estimation from hyperspectral remote 
sensing data that can provide relative quantitative assessments without the use of training 
data or a selection of endmember spectra, and absolute quantification when ground truth data 
are available. Such methods have the advantages that they are repeatable and transferable, 
and can be incorporated in present software for soil mapping such as the HYSOMA/EnSoMAp 
in the EnMAP Toolbox part of the EnMAP satellite preparation program. 
In this study the Omongwa salt pan, located in the Namibian Kalahari, is used as an 
exemplary area, where sediments with complex salt and clastic mixtures, among which 
gypsum can be found in different quantities, are exposed at the surface. Field and 
hyperspectral imagery data were acquired over the test site for different seasons in 2014-
2016. Field data consist of ASD spectra and geochemical XRD analyses. Hyperspectral 
imagery were acquired by the EO1-Hyperion satellite in September 2014 and during an 
airborne GFZ/DIMAP campaign by the HySpex VNIR and SWIR sensor in June 2015. The 
preprocessed airborne data is further used to simulate the future hyperspectral EnMAP sensor 
using the EnMAP End-to-End simulation tool of Segl et al. (2012), which enables the 
demonstration of the full capacity of EnMAP by a full forward and back-ward simulation. The 
spectral parameters, normalized differenced band ratio, shape parameter slope and half area, 
as well as the continuum removed absorption depth (CRAD) are evaluated for the prediction 
of gypsum content versus ground truth data. Their application is tested for the laboratory, 
airborne and satellite scale measured in the solar reflective spectral range (0.4-2.5 µm) by the 
respective sensors. First results indicate good (r² > 0.85) performance for CRAD and ratio 
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based parameter at the laboratory level and still acceptable performance (r² > 0.7) for the 
satellite-based EO1-Hyperion sensor using shape based parameters. Preliminary results 
highlight the importance of selecting a sensor adapted parameter to achieve the best model 
performance. 

 
Spectral Unmixing Methodology For Detecting And Mapping Of On Shore 
Hydrocarbon 
Véronique Achard1, Xavier Ceamanos1, Dominique Dubucq2 
1ONERA - The French Aerospace Lab., France; 2TOTAL; veronique.achard@onera.fr 
Blind unmixing of hyperspectral images are often used to analyze the composition of the 
observed ground. In this paper we examine the input that linear unmixing methods can make 
to detect and characterize on shore hydrocarbon, especially when mixed with soil or sand. 
These mixtures can be a consequence of industrial accident or due to natural hydrocarbon 
seep, and their detection and characterization is of interest in both the exploration and 
environmental monitoring. In this context, linear spectral unmixing is used to map the polluted 
soils, and to extract spectral signatures of the soil-hydrocarbon mixtures. From these spectral 
signatures more precise characterization of the hydrocarbon, like its type and concentration, 
can be assessed using PLRS method as addressed in [V. Lever et al, 2015].  
Many linear unmixing methods have been designed based on geometrical or statistical 
approaches. In this work the choice of the method is guided by several prevailing needs: 
computing time, reproducibility of the results, low sensitivity to the expected endmembers 
number to be searched. After endmembers extraction, endmembers are sorted according to a 
hydrocarbon index to retrieve those that might contain hydrocarbon, and their abundance 
maps are drawn.  
The methodology is tested on a semisynthetic image, built from data acquired by airborne 
HySpex cameras in the 0.4-2.5 µm spectral domain. During this airborne measurements 
campaign, several tanks that contain sand or topsoil mixed with hydrocarbon have been 
installed. The semisynthetic image is used to evaluate the methodology in various conditions: 
different kinds of mixtures, different abundances in the pixels and different backgrounds.  

 
Mineral mapping using the Automatized Gaussian Model (AGM) – Application 
to two industrial French sites at Thann and Gardanne 
Rodolphe Marion1, Véronique Carrère2 
1CEA, France; 2LPG Nantes, France; rodolphe.marion@cea.fr 
Minerals of interest, contributing to the spectral signature of a surface, can be easily identified 
in imaging spectroscopy thanks to the wavelength position of their specific absorption 
features, characteristic of their mineralogy. In order to be able to identify and map 
mineral/products on industrial sites using imaging spectrometer data (airborne or 
spaceborne), we have developed an automated physically based approach relying on spectral 
deconvolution with the objective to avoid site specific constraints, generally occurring when 
using statistical or deep learning based methods. 
Our approach, named the Automatized Gaussian Model (AGM), runs for the full spectral 
range, from initialization using spectral derivatives to spectral deconvolution and mineral 
identification, with a global approach. The modelling combines exponential Gaussians, a 
continuum including the fundamental water absorption at 2.8 µm and deals with overfitting to 
keep only the relevant Gaussians. 
The AGM was successfully tested in the SWIR (Short-Wave InfraRed, 1.3-2.5 µm) for 14 
minerals representative of industrial environments (e.g., quarries, mines, industries) and more 
than 98% of the simulated spectra were correctly identified. It was also applied to two AVIRIS 
(Airborne Visible/InfraRed Imaging Spectrometer) images, including the famous Cuprite test 
site (Brossard et al., 2016), with results consistent with ground truth data. 
We have extended the method to include information from the VNIR (Visible and Near-
InfraRed, 0.4- 1.3 µm) spectral range to take iron oxides into account. We present here results 
from its application to two French industrial sites: (i) the Altéo Environnement site, Gardanne, 
southern France, and (ii) Millenium Inorganic Chemicals and Séché Eco Service sites, Thann, 
eastern France. The Altéo Environnement site is dedicated to the extraction of alumina from 
bauxite. HySpex hyperspectral images where acquired over the site in September 2013. The 
Millenium Inorganic Chemicals site produces titanium dioxide from ilmenite and rutile and the 
associated Séché Éco Services site is used to neutralize the resulting effluents, producing 
gypsum. An APEX image was acquired over the sites in June 2013. In both cases, for 
validation purpose, reflectance spectra were measured and samples were collected in the 
field and analyzed for mineralogical and chemical composition. 
When applying the AGM to the images, both in the VNIR and SWIR, we successfully identified 
and mapped minerals of interest characteristic of each sites: Bauxite, bauxaline and alumina 
for the Gardanne site, red and white gypsum and calcite for Thann. Identifications and maps 
were consistent with in situ measurements. 
This spectral deconvolution approach has proven to be efficient to identify and map minerals 
of interest on various industrial sites. Moreover, this approach could also provide information 
on concentration (absorption depth and width) and allow access to mineral mixtures for 
example. Perspectives include extension of the method to mining environments and test of 
the potential and the accuracy of the outputs for quantitative estimations first using spectral 
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measurements under controlled environment. 
Reference: Martin Brossard, Rodolphe Marion & Véronique Carrère (2016) Deconvolution of 
SWIR reflectance spectra for automatic mineral identification in hyperspectral imaging, 
Remote Sensing Letters, 7:6, 581-590, DOI:10.1080/2150704X.2016.1168946. 

 
Determining soil surface properties in a Mediterranean rainfed agricultural 
region of Central Spain using a portable spectroradiometer and airborne 
hyperspectral sensors 
Thomas Fritz Schmid1, Sara Calle Haut1, Sabine Chabrillat2 
1CIEMAT - Research Center for Energy, Environment and Technology, Spain; 2GFZ German 
Research Centre For Geosciences, Potsdam, Germany; chabri@gfz-potsdam.de 
Human activities such as prolonged agricultural land use often results in soil degradation and 
a loss or reduction in soil functions. In order to prevent soil degradation and to monitor soil 
management practices, it is important to have reliable soil date over time and space. Soil 
spectroscopy is a well-established method to determine a range of soil properties and 
depending on the sensor, can be used at different scales. The aim of this work has been to 
use soil spectroscopy to determine and compare soil surface properties using spectra 
measured in the lab, field and with hyperspectral sensors for a Mediterranean rainfed 
agricultural region of Central Spain. 
The study area is located within the province of Toledo to the SW of Madrid. The main 
agricultural uses are cereal crops, vineyards and olive groves. In general, the soils have low 
organic matter content and surface soil areas are differentiated by elevated free iron oxide 
and calcium carbonate content as well as coarse and fine textures. Spectral measurements in 
the lab and field were carried out with an ASD FieldSpec3 (VNIR-SWIR) spectroradiometer in 
2011 to 2014 and over the entire study area (49 km2) with the airborne hyperspectral sensors 
of aisaEagle and aisaHawk in 2011. Measurements of soil samples prepared with a soil 
fraction of less and greater than 2 mm were carried out in the lab under controlled conditions. 
Conventional laboratory analyses of these soils included chemical (pH, organic matter, 
calcium carbonate and iron oxide contents) and physical (coarse faction, sand silt and clay 
content, apparent density) properties. In situ field spectral and airborne hyperspectral 
measurements were obtained from 15 test sites. Partial Least-Square Regression (PLSR) 
analysis was then carried out using the lab analyses and the lab and field spectra, and 
airborne hyperspectral data. The soil properties models were generated with a leave-one-out 
cross validation. 
PLSR analysis show that robust models with a coefficient of determination for validation 
(R2val) of greater than 0.8 can be attained for the soil properties when spectra were obtained 
in the lab and with a soil fraction of less than 2 mm. It is to note that the conventional soil 
laboratory analyses are carried out with the same fraction. However, when spectra from soil 
surface samples are taken in the field or with airborne hyperspectral sensors, the models 
especially for free iron oxide, clay and silt texture and organic matter were less robust with 
lower R2val values. This was in part due to an increase of the soil coarse fraction. 
Furthermore tillage erosion, which is widespread in this area, will influence the soil surface 
composition and roughness. Therefore, spectral laboratory measurements and conventional 
soil analysis may well be biased as they do not take into account the same factors that are 
measured under field conditions and with an airborne hyperspectral sensor. This is of 
particular importance as a timely identification of soil degradation forms an important basis for 
sustainable land use and land conservation. 
  

12:30pm - 1:00pm G2-P-FUS: Posters - Fusion of Earth Observation Technologies 
Gallery  

  

EUFAR – European Facility for Airborne Research: Achievements for the 
“Hyperspectral Community” 
Stefanie Holzwarth1, Ils Reusen2, Elisabeth Gerard3, Phil Brown4 
1German Aerospace Center (DLR) – German Remote Sensing Data Center (DFD), 
Oberpfaffenhofen, Germany; 2Vlaamse Instelling voor Technologisch Onderzoek (VITO), Mol, 
Belgium; 3Météo France Centre National de Recherches Météorologiques, Toulouse, France; 
4Met Office, Exeter, United Kingdom; stefanie.holzwarth@dlr.de 
The European Facility for Airborne Research, EUFAR, is an Integrating Activity of the 7th 
Framework Programme (FP7) of the European Commission with funding covering the period 
2014-2018. EUFAR represents a 24-partner consortium of institutions and organisations 
involved in airborne research. Since its creation in 2000, EUFAR evolved into the central 
network for the airborne research community in Europe. In 2008, the prominence of 
hyperspectral remote sensing increased due to joining of the former HYRESSA 
(HYperspectral REmote Sensing in Europe specific Support Actions) consortium. 
Different hyperspectral cameras are available through EUFAR transnational access (TA) to 
European researchers, who do not have access to a corresponding research infrastructure in 
their home country. The large percentage of flight requests based on hyperspectral sensors 
reflects the high interest for the research community. 
But transnational access is not the only aspect of EUFAR. It also offers the platform to 
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exchange knowledge and promote best practice in airborne research through Expert Working 
Groups, of which several relate to issues of hyperspectral remote sensing (e.g. hyperspectral 
data processing, hyperspectral applications for soil, calibration and validation). 
Two research projects in EUFAR cover the field of imaging spectroscopy. The present 
research activity “HYLIGHT” deals with the development of methodologies and tools for the 
integrated use of airborne hyperspectral imaging (HSI) data and airborne laser scanning 
(ALS) data in order to produce improved HSI and ALS products. The past research activity 
“HYQUAPRO” sought to develop, implement and test quality indicators and quality layers for 
airborne hyperspectral imagery, and to develop higher performing water and soil algorithms as 
demonstrators for end-to-end processing chains with harmonised quality measures. 
The harmonisation of processes and documentations dealing with airborne remote sensing is 
also part of EUFAR’s networking activity “standards and protocols” in order to support users 
and operators with recommendations on best practice. 
EUFAR also offers Education and Training opportunities for the next-generation researchers. 
Early-stage researchers have the chance to take part in EUFAR training courses including a 
flight campaign and to join already planned flight campaigns. Three training courses did 
already cover different scientific topics dealing with hyperspectral remote sensing: 

• ADvanced Digital Remote sensing in Ecology and earth Sciences Summer School 
(ADDRESSS), August 2010, Tihany, Hungary 

• Regional Experiments For Land-Atmosphere EXchanges (REFLEX), July 2012, 
Albacete-Barrax, Spain 

• Spectrometry of a Wetland And Modelling of Photosynthesis with Hyperspectral 
Airborne Reflectance and Fluorescence (SWAMP), July 2015, Obrzycko-Rzecin, 
Poland 

In July 2017 in Germany another course on remote sensing for forest Essential Biodiversity 
Variables will continue the series. 
This presentation will give an overview of all achievements for the hyperspectral research 
community in Europe’s biggest network of airborne Earth Observation. For example, a 
summary of TA activities including research topics, sensors and locations is presented, as 
well as details on the described training activities will be given, as well as an outlook on 
forthcoming opportunities and activities in 2017/18. 

 
Tree Species Classification in Japanese Mixed Forest with Hyperspectral and 
LiDAR Data Using Rotation Forest Algorithm 
Junshi Xia, Naoto Yokoya, Akira Iwasaki 
Research Center for Advanced Science and Technology, The University of Tokyo, Japan; 
xiajunshi@gmail.com 
Tree species classification is an essential task for the maintenance and management. 
Recently, the fusion of information derived from different sensors, such as hyperspectral (HS), 
multispectral (MS) and Light Detection and Ranging (LiDAR), provides a better understanding 
of forest conditions, when compared to a single sensor. For instance, LiDAR data provides the 
height information, whereas hyperspectral imaging acquires hundreds or thousands of narrow 
spectral bands, which give a high discrimination capacity between the various tree classes. 
Thanks to the complementary information provided by MS, HS and LiDAR datasets, it is 
promising to fuse these datasets in a classification task. In recent years, ensemble learning 
methods have recently received a keen interest. They consist of learning several weak 
classifiers to generate a classifier with a firm decision rule. Rotation forest (RoF) is a leading 
ensemble learning classifier, which constructs multiple decision trees built on different sets of 
extracted features. RoF has proven to be effective in the analysis of hyperspectral, high 
spatial resolution and synthetic aperture radar (SAR) images. Classification of hyperspectral 
and LiDAR datasets using RoF, however, is lacking, especially for the tree species 
classification. 
In this work, we aim at classifying tree species with hyperspectral and LiDAR data, and more 
especially at demonstrating the ability of state-of-the-art classifier, i.e., RoF. For this purpose, 
Japanese Mixed Forest, namely Tama Forest Science Garden located in the western region 
of Tokyo, is selected as the study area. The hyperspectral dataset with 72 bands was 
acquired by the CASI-3 sensor. The LiDAR data was obtained from LMS-Q560 (Riegel). The 
ground sampling distance of both datasets is 1m. The reference data with sixteen species of 
trees are composed of 18185 pixels. 10% of the ground reference is selected as the training 
set, and the remaining is treated as the testing set. First, we performed individual tree crown 
delineation using LiDAR-derived Canopy Height Models (CHMs) to estimate the tree crown 
features, i.e., height, size, and curvature for each tree. Then, spectral and tree-crown features 
are stacked and input into a Rotation Forest classifier at the pixel level. To alleviate the salt-
and-pepper noise due to the spectral variability in each crown, we proposed to use Markov 
random fields (MRFs) as the post-processing technique. Our experimental results show that: 
1) combing hyperspectral and tree crown features is effective in tree species classification 
with over accuracy over 80%; 2) RoF significantly improves the classification performance, 
with 15 and 6 percentage points improvements over random forest and the support vector 
machines (SVMs), respectively; 3) Markov random fields (MRFs) smooth the classification 
result while preserving the primary structures, with 5 points improvements over RoF. 
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Airborne Laser Scanning and Imaging Spectroscopy Integration to Assess 
Tree Density and Forest Productivity 
Parviz Fatehi1, Alexander Damm1, Reik Leiterer1, Mahtab Pir Bavaghar2, Michael E. 
Schaepman1, Mathias Kneubühler1 
1Remote Sensing Laboratories (RSL), Switzerland; 2Forestry department, Natural Resources 
Faculty, University of Kurdistan, Iran; kneub@geo.uzh.ch 
In unmanaged and protected forested areas, tree density (TD) is crucial to determine forest 
successional dynamics, to assess spatio-temporal patterns of tree mortality, and to monitor 
forest productivity. This study presents a framework methodology to combine Airborne Laser 
Scanning (ALS) and Imaging Spectrometer (IS) data to map tree density and to assess forest 
productivity (FP) in a heterogeneous alpine area, partly covered by a protected forest, located 
in the Swiss National Park (SNP). Firstly, we applied a local maxima (LM) approach in 
combination with ALS data to estimate TD. Then, we implemented an empirical approach to 
map FP from Airborne Prism Experiment (APEX) data. Finally, we investigated the 
dependency of TD and FP on site related factors, particularly surface exposition and 
elevation. We used 35 rectangular field plots to reveal the performance of the applied LM 
approach. Our results indicate an underestimation of ALS-based TD estimates of 40%, which 
increases to 70% for small trees. Further, we observe a limited sensitivity of the ALS approach 
to small trees and a substantial impact of canopy heterogeneity, structure, and species 
composition on the TD retrieval performance. We found a weak to moderate relationship 
between surface elevation and TD (R2 = 0.18-0.69) and a less pronounced trend with FP (R2 = 
0.0-0.56). This result indicates a weak but ecological dependency of both variables on 
gradients of resource availability. We conclude on limitations of both investigated technologies 
for the forest assessments in heterogeneous environments. We discuss the potential of a 
combined application of ALS and IS data to gain understanding on forest health and 
productivity in complex structured landscapes across ecological scales. 

 
Multisource Airborne Hyperspectral Assessment of Thermal Properties of 
Urban Ecosystem 
Frantisek Zemek, Jan Novotny, Marek Pivovarnik, Siri Jodha Khalsa, Miroslav Pikl 
Global Change Research Institute CAS, Brno, Czech Republic; zemek.f@czechglobe.cz 
The global trend towards increased urbanization, coupled with the impacts of climate change, 
is lending urgency to investigations aimed at improving knowledge of how the structure and 
composition of the urban landscape affects local climate. To understand better the relationship 
between urban temperatures and such factors as vegetation abundance, impervious surface 
abundance, and geometry of street canyons, data at higher spatial and spectral resolution is 
needed. The study focuses on thermal properties of different urban elements under an 
extreme summer heat spell. We acquired airborne data using a set of hyperspectral 
instruments that includes the Compact Airborne Spectrographic Imager (CASI), the Shortwave 
infrared Airborne Spectrographic Imager (SASI), the Thermal Airborne Spectrographic Imager 
(TASI), and LiDAR scanner Riegl Q680i over the city of Brno during summer midday. The 
CASI, SASI and TASI data were radiometrically and atmospherically corrected and 
georeferenced. We used the temperature-emissivity separation algorithm (TES) to generate 
both emissivity bands and surface temperature. A classification of urban elements, namely 
buildings, roads, grass, trees, and open water bodies was derived based on hyperspectral 
CASI, SASI, and LiDAR data. Results show the high information content of processed data 
both on the level of town administrative units at various scales (whole cadastre, town districts, 
and smaller urbanistic units) as well as at higher spatial detail in the identification of thermal 
properties of individual elements. Moreover, quantification using multiple linear regression 
model revealed statistically significant (p < 0.01) contributions of four classes to the mean 
temperature of the urbanist units.. The main increment of high surface temperature of urban 
units comes from roads, a lower from roofs of buildings while the role of trees and water 
bodies display opposite trends – they contribute to mitigation of temperature in hot days. 

 
Spatial Mapping Of Grassland Biomass In Highly Heterogeneous Pastures 
Using Sensor Fusion 
Thomas Möckel, Hanieh Safari, Björn Reddersen, Thomas Fricke, Michael Wachendorf 
Department of Grassland Science and Renewable Plant Resources, University of Kassel, 
Germany; thmoeck@uni-kassel.de 
Feeding of livestock on pastures requires constant monitoring of forage quality and quantity to 
ensure consistent levels of animal production. Forage quantity of pastures is highly variable 
within and between paddocks due to differences in species composition, sward maturity, soil 
parameters, climatic factors, and management decisions. Ground based remote sensing 
technologies have been recognized as practical means to estimate various biophysical and 
biochemical properties of vegetation at the field scale. Particularly hyperspectral sensors, 
which measure reflectance signals over a wide range of wavelengths, have raised 
considerable interest for the prediction of vegetation biomass parameters. However, pastures 
represent highly heterogeneous ecosystems due to variations in canopy architecture, 
botanical composition and plant phenological stages. Hence, the application of sensors in 
grazed pastures is more difficult than in cut grassland. Due to high costs and the complexity of 
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hyperspectral sensor data, the sole application of such sensors is still little feasible for 
practitioners. A reduction of redundant information in hyperspectral data and combination with 
additional remote sensing sensors can lead to more reliable and less complex prediction 
models. Real-time mobile sensors, which allow the collection of geographically referenced 
data, have proven to be useful for in-field monitoring of vegetation characteristics with high 
spatial resolution for large areas. Mobile automated sensor measurements can provide high 
sampling density at a relatively low cost to generate maps representing spatial variation over 
wide areas. 
The aim of this study was to evaluate the potential of real-time mobile sensors for predicting 
fresh matter yield in pastures characterized by different levels of grazing intensity within large 
areas. For this the individual application of a spectral and an ultrasonic sensor will be tested 
as well as the fusion of both sensors. 
Data were sampled from a long-term pasture experiment in central Germany. Three pastures 
with different levels of grazing intensity (moderate, lenient, very lenient) were selected. Within 
each pasture a 30 m x 50 m study plot was established. Field measurements were conducted 
in April 2013 and consisted of harvesting the complete biomass within 18 selected reference 
plots for each study plot. 
Exclusively ultrasonic or spectral measurements resulted in poor prediction models for fresh 
matter yield. Sensor data fusion, on the other side, increased the prediction accuracy 
significantly. Prediction of biomass by mobile application of the two sensors explained >53 % 
of the variation in statically determined reference values, depending on grazing intensity. 
Accuracy of biomass prediction improved with increasing grazing intensity. A slight 
overestimation of the true values was observed at low levels of biomass, whereas an 
underestimation occurred at high values, irrespective of stocking rate and years. 
The results of this study suggest that mobile multisensory systems, including ultrasonic and 
optical sensors can produce acceptable accuracies for biomass assessment in extremely 
heterogeneous grasslands. Particularly mobile systems may, for example, facilitate mapping 
of larger grassland areas at high spatial position accuracy, allowing the identification of nested 
structures within the vegetation.  
  

1:00pm - 2:00pm LB-2: Lunch & Poster Session 2 
  

2:00pm - 3:00pm E1-O-SAH: Sphere Specific Analysis Methods - Hydrosphere 
Session Chair: Claudia Giardino 
Session Chair: Hariharasudhan V Gomathisankaraprasad Y-16-G-05  

  2:00pm - 2:15pm 

Benefits of Evaluating Reed and Lake Shore Structure with a Combination of 
Hyperspectral and Photogrammetric Data 
Simon Baier, Nicolás Corti, Thomas Schneider 
Technical University of Munich, Germany; simon.baier@tum.de 
Water reed beds are of major importance for freshwater lake ecosystems. They protect the 
shores from erosion, constitute a habitat for several species, and constitute an important 
element in the lake landscape. Major causes discussed to trigger water reed decline are of 
mechanical, hydrological, climatic, anthropogenic, and biological origin. 
Global change, especially climate change effects e.g. higher frequency of extreme events like 
droughts and floods, heavy winds and thunderstorms, etc., but also increasing boat traffic and 
recreational activities on Bavarian lakes increase the pressure on water reed populations. 
Monitoring the extent and status in shorter intervals than the three years recommended by the 
European Water Framework Directive (WFD) seems necessary. In the past, terrestrial 
mapping and manual interpretation of aerial images were used to capture and evaluate reed 
areas. This method was slow and expensive. Remote sensing in support of terrestrial 
inventories are expected to save costs and such to allow a higher update frequency. The 
crucial question is which system or system combination is able to provide the required 
information. 
In September 2015 a multi-sensor aerial survey campaign took place at Lake Chiemsee. This 
study is evaluating a combination of the imaging spectrometer HySpex with the 
photogrammetric "3K" System mounted on the same platform. 
Hyperspectral imaging is providing the information on biological properties such as vitality in 
general, diseases, plant stress or biomass and carbon stock while the information derived by 
photogrammetric 3K system is contributing variables like reed heights and density. The 
hyperspectral as well as the photogrammetric dataset have been used individually and in a 
combined approach for classification of aquatic reed stands. Results indicate the combined 
approach is technically superior to an assessment based only on information of one of the 
respective systems. 

 
2:15pm - 2:30pm 

A Pixelwise Maximum Likelihood Based Method For Hyperspectral Remote 
Sensing Of Shallow Waters 
Sylvain Jay1, Mireille Guillaume1, Audrey Minghelli2, Yannick Deville3, Malik Chami4,5, 
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Bruno Lafrance6, Véronique Serfaty7 
1Aix Marseille Univ., CNRS, Centrale Marseille, Institut Fresnel, 13013 Marseille, France; 
2University of Toulon, CNRS, SeaTech, LSIS laboratory, UMR 7296, 83041 Toulon, France; 
3Institut de Recherche en Astrophysique et Planétologie (IRAP), Observatoire Midi-Pyrénées, 
Université Paul Sabatier, University of Toulouse–National Centre for Scientific Research 
(CNRS), 31400 Toulouse, France; 4Sorbonne Universités, UPMC Univ Paris 06, INSU-CNRS, 
Laboratoire d'Océanographie de Villefranche, 181 Chemin du Lazaret, 06230 Villefranche sur 
Mer, France; 5Institut Universitaire de France, 1, rue Descartes, 75231 Paris Cedex 05, 
France; 6CS Systèmes d'Information, Parc de la Grande Plaine - 5, Rue Brindejonc des 
Moulinais - BP 15872, 31506 Toulouse Cedex 05, France; 7DGA/DS/MRIS, 7-9 rue des 
Mathurins, 92224 Bagneux cedex, France; sylvain.jay@fresnel.fr 
Hyperspectral remote sensing is an effective tool for mapping and monitoring of marine 
environments, potentially providing great spatial and temporal coverages. In coastal 
environments, the characterization of the water column is usually performed by inverting semi-
analytical (SA) models that approximate the radiative transfer equation in shallow waters, 
where both the water body and bottom cover affect the measured reflectance. This inversion 
can be done using iterative optimization based on a merit function relating measured and 
simulated reflectance spectra. However, the estimation should be quite robust against noise 
due to the low water-leaving radiance and the high spatial and spectral resolutions that are 
required for the remote sensing of such environments, all of which usually resulting in a 
relatively low signal-to-noise ratio. 
In this study, given a SA model and a multivariate Gaussian distribution describing spectral 
variability, we propose to retrieve water column parameters with their maximum likelihood 
(ML) estimates. Two statistical models are proposed, each of which differs in the 
parametrization of the covariance matrix. In the MILE (Maximum Likelihood estimation 
accounting for Environmental noise) approach, the covariance matrix describes above-water 
variability (i.e. the so-called environmental noise), e.g., caused by sensor noise, rough water 
surface or residuals from imperfect atmospheric and air/water interface corrections. In this 
case, it can be estimated over an “as homogeneous as possible” area of optically-deep water. 
In the MILEBI (Maximum Likelihood estimation accounting for Environmental noise and 
Bottom Intra-class variability) approach, the covariance not only describes above-water 
variability, but also accounts for complex bottom intra-class variabilities through the use of 
covariance matrices pre-calculated from ground-based measurements. For both approaches, 
the likelihood function is developed and numerically optimized so as to derive maximum 
likelihood estimates of depth, water clarity parameters and bottom albedo. 
The methods were tested on both simulated and real hyperspectral data sets, and compared 
to the widely used least square criterion used in HOPE and BRUCE methods. Simulations 
show that for every parameter, the retrieval accuracy was significantly enhanced when taking 
into account spectral covariance through MILE and MILEBI estimations (up to a factor two for 
a mean environmental noise of 0.1% in the visible range). In particular, accounting for bottom 
variability within the covariance matrix allowed for improving water clarity estimation in shallow 
waters. Further, it is worth noting that providing relevant initialization values could be critical to 
get to these accuracies. Similarly, substantial improvements were observed when using 
remotely-sensed hyperspectral images acquired over the Quiberon Peninsula, France. For 
example, bathymetry was retrieved with a 2.15 m RMSE for depths ranging from 0.44 m to 
12.00 m, while the least square method led to a 3.10 m RMSE. Estimated maps of bottom 
covers were also more consistent when derived using either MILE or MILEBI. This study thus 
shows that accounting for spectral covariance during the inversion process may be critical to 
improve the remote sensing of coastal environments. 

 
2:30pm - 2:45pm 

Potential retrieval of phytoplankton pigments in optically complex waters 
from FLEX/Sentinel-3 Tandem Mission 
Claudia Giardino1, Mario Bresciani1, Stefan Simis2, Diana Vaiciute3, Giuseppe Morabito1, 
Sergio Cogliati4, Roberto Colombo4 
1National Research Council (CNR), Optical Remote Sensing Group, Via Bassini 15, 20133 
Milano, Italy; 2Plymouth Marine Laboratory (PLM), Prospect Place, The Hoe, Plymouth PL1 
3DH, UK; 3Klaipėda University, H. Manto g. 84, Klaipėda 92294, Lituania; 4University of 
Milano Bicocca (UNIMIB), Piazza della Scienza, 1 - 20126 Milano, Italy; giardino.c@irea.cnr.it 
Optical properties met in inland waters are mostly governed by the characteristics of the 
drainage basin and hydrology, resuspension of bottom deposits driven by water motion, or by 
autochthonous production of primary producers. Due to the optical and spatially complexity of 
these environments, which in many cases also include the signals reflected by bottom 
substrates, the description of inland waters by biophysical variables is more accurately when 
high spectral resolution data are used. In this context, imaging spectroscopy can provides 
measurements across numerous discrete narrow bands, forming a contiguous spectrum that 
enables detection and identification of key biophysical properties such as phytoplankton. High 
spectral resolution data have been successfully used to both assess changing of chlorophyll-
a, which is the pigment common to all living phytoplankton, and to phycoerythrin and 
phycocyanin, secondary pigments which characterise cyanobacteria. Most of previous studies 
have been focused on data gathered in the field or on individual hyperspectral image 
acquisition (with examples from both airborne campaigns and from space, with 
HICO/Hyperion). Few example exists on assessing phytoplankton from high spectral 
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resolution data collected from ground platforms deployed both in fixed place (to capture the 
diurnal and daily dynamics) and on ferries operating in coastal zones. The advent of the FLEX 
mission offers the opportunity to improve retrieval of phytoplankton pigments at synoptic scale 
at monthly frequency, thanks to hyperspectral measurements from 500 nm to 780 nm within 
bandwidths of 2 nm collected by the FLORIS sensor. These observations, offer unique 
opportunity to also trace the effect sun-induced fluorescence from accessory pigments, such 
as phycoerythrin and phycocyanin fluorescence, that are not currently taken into account in 
bio-optical modelling or remote sensing studies, 
Hyperspectral measurements of water leaving radiances, simultaneously gathered from field 
spectroscopy, APEX and OLCI in both clear and productive waters, are used in this study to 
show the improvement of phytoplankton pigments retrieval, that could be gathered from the 
future FLEX/Sentinel-3 Tandem Mission. These data, complemented with bio-chemical 
measurements from water sampling and radiative transfer HYDROLIGHT model, are used 
here to address the following items: i) Evaluation of bio-optical modelling inversion to retrieve 
phytoplankton pigments with a FLORIS like configuration, in terms of band setting and ground 
sampling distance; ii) Exploration of sun-induced -chlorophyll-a, -phycocyanin and - 
phycoerythrin fluorescence signals in the hyperspectral measurements for assessing 
physiological state of the phytoplankton for their use as diagnostic optical markers of 
cyanobacteria; iii) Assessing the possibility to include the sun-induced fluorescence from 
secondary pigments in bio-optical modelling for remote sensing algorithms; and finally iv) to 
outline how the tandem mission (e.g. high revisiting time of Sentinel-3 combined to the 
monthly observations from FLEX) can meet the measurement requirements of multiple end 
users for freshwater ecosystem science and management. 
  

2:00pm - 3:00pm E2-O-SOI-2: Soil Spectroscopy from Soil Spectral Libraries to Spatial Mapping 
from Space (Special Session) 
Session Chair: Eyal Ben Dor 
Session Chair: Johanna Wetterlind 

Y-16-G-15  

  2:00pm - 2:15pm 

Soil Organic Carbon prediction in croplands by airborne APEX images using 
LUCAS topsoil database 
Fabio Castaldi1, Bas van Wesemael1, Sabine Chabrillat2 
1Université catholique de Louvain, Belgium; 2Helmholtz Centre Potsdam, Germany; 
fabio.castaldi@uclouvain.be 
The quantitative prediction of soil properties using the first generation of hyperspectral satellite 
sensors is hampered by the very low signal to noise ratio (SNR) in the SWIR region for 
Hyperion imagers on board of the NASA EO-1 platform or by the restricted spectral range 
(415–1050 nm) for the Compact High Resolution Imaging Spectrometer (CHRIS) on the 
European Space Agency's PROBA platform. In the near future at least five satellites equipped 
with hyperspectral imagers are due to be launched: the German Environmental Mapping and 
Analysis Program (EnMap), the Italian PRecursore IperSpettrale della Missione Applicativa 
(PRISMA), the U.S. NASA Hyperspectral Infrared Imager (HyspIRI), the Japanese 
Hyperspectral Imager Suite (HISUI) and the China Commercial Remote-sensing Satellite 
System (CCRSS). A calibration/validation protocol is necessary to investigate the potentiality 
of these forthcoming hyperspectral imagers. In this regard, the PROSOIL project aims to 
exploit the potentiality of new generation of hyperspectral imagers, developing a standardized 
multivariate calibration approach valid for large areas and that requires minimal user inputs. 
For these purposes, LUCAS topsoil database was used to calibrate robust multivariate 
prediction models for the prediction of the OC content of 146 topsoil samples collected in 
croplands in Central Belgium and Gutland-Oesling region (Grand Duchy of Luxembourg). The 
predicted OC values at the sampling points were joined with hyperspectral remote data in 
order to predict OC over all bare soils of the two study areas. 
A subset from LUCAS database was created selecting only the samples collected on 
croplands (LUCAS_agri). This subset was spilt into 7 classes, for this purpose, a matrix 
composed of all the soil variables of the LUCAS_agri database was clustered using the k-
means algorithm and the optimal number of clusters was chosen through the ‘gap’ method. In 
order to make possible the comparison between the spectra acquired according with LUCAS 
protocol and those acquired with a new protocol 5Belgium and Luxembourg), we scanned 
again 153 samples of the LUCAS_agri dataset, transforming the LUCAS spectra into “new 
protocol” spectra by means of the External Parameter Orthogonalization (EPO) method. 
The classified soil spectra of the LUCAS_agri were used as training data to classify soil 
spectra of the samples collected in Belgium and Luxembourg using an artificial neural network 
(ANN). After the class assignment, a partial least square regression (PLSR) model was 
carried out for each class of the LUCAS_agri dataset, which was used to predict OC content 
of the samples of the two study areas belonging to the same class. The predicted OC values 
obtained by the LUCAS_agri models were joined with airborne APEX hyperspectral data to 
obtain the OC maps of 90 fields. The APEX sensor was used as the new generation of 
hyperspectral satellites are not yet launched. The next step of the PROSOIL project will 
concerns the simulation of satellite images starting from APEX data to test if the OC prediction 
from hyperspectral satellite sensors of new generation is feasible.  

 
2:15pm - 2:30pm 
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Correcting Airborne Imaging Spectroscopy Data for Soil Moisture and Soil 
Surface Roughness Effects in Support of Digital Soil Mapping. 
Sanne Diek, Michael Schaepman, Rogier de Jong 
Remote Sensing Laboratories RSL, University of Zurich, Zurich, Switzerland; 
sanne.diek@geo.uzh.ch 
Soils in-situ are varying as a consequence of changing meteorological conditions and land 
management practices (Wu et al., 2009). This results in variations in soil moisture (SM) and 
soil surface roughness (SSR). These short-term variations in soil surface conditions influence 
the spectra of airborne imaging spectroscopy and are mentioned as the main challenges for 
in-field application of soil spectroscopy (Atzberger, 2000; Denis et al., 2014). It is known that 
soil reflectance decreases with increasing SM (Bowers and Hanks, 1965) and with increasing 
SSR (Cierniewski, 1987). This has resulted in several methods to correct for variations in SM 
and SSR, however, these methods are often complex (Minasny et al., 2011), are focused on 
one soil property (Castaldi et al., 2015), consider only one of both factors, or do not deal with 
non-linear local effects (Diek et al., 2016). We demonstrate a possibility to correct for these 
variations with a simple methodology considering both SM and SSR. 
Airborne imaging spectroscopy data was collected with the Airborne Prism EXperiment 
(APEX) in September 2013, May 2014 and May 2015. We investigated the correlation 
between changes in the soil spectra (compared to a dry soil spectrum) under changing soil 
moisture conditions using a laboratory based dataset with spectral samples under different 
soil moisture conditions (Nocita et al., 2013). Based on the resulting non-linear correlation, we 
calculated a correction factor per wavelength. Soil moisture was spatially estimated (R2 = 
0.77) based on an adapted NINSOL index (Fabre et al., 2015). Using the non-linear 
correlation and the spatial estimation of SM, we corrected the soil spectra for the variation in 
SM. Afterwards, SSR was estimated with high spatial resolution UAV data. Based on this, we 
found a similar correlation between changes in soil spectra under changing SSR conditions. 
The SM and SSR correction was successfully calculated for the overlapping area (UAV and 
APEX) and holds upscaling potential if a larger scale SSR estimate can be developed. 
We validated the results using laboratory analysed dry-soil spectra. The results show that the 
APEX spectra approach the dry-soil spectra. With a relatively simple method it is possible to 
correct for both SM and SSR influences. This makes it possible to reach soil property 
predictions that are closer to soil samples analysed in the laboratory. Unfortunately, it is 
currently not possible to upscale surface roughness information to the airborne imaging 
spectroscopy scale without the use of additional data.  

 
2:30pm - 2:45pm 

Quantitative Mapping Of Particulate Organic Matter In Soil Profiles 
Markus Steffens1, Henning Buddenbaum2, Derek Rogge3 
1Lehrstuhl für Bodenkunde, TU München, Freising-Weihenstephan, Germany; 2Environmental 
Remote Sensing and Geoinformatics, Trier University, Trier, Germany; 3Applied spectroscopy 
group, Deutsche Forschungsanstalt für Luft- und Raumfahrt Oberpfaffenhofen, Germany; 
steffens@wzw.tum.de 
Organic matter (OM) is an important soil component controlling many chemical and physical 
properties ranging from nutrient and pollutant sorption to aggregate stability and water holding 
capacity. Advanced techniques and sophisticated methods have been developed to 
characterise and separate qualitatively different fractions of soil organic matter (SOM). 
Despite its importance and the technical progress, two main deficiencies still constrain the 
comprehensive analysis of OM quantity and quality in soils: 1) Most of the techniques (e.g. 
solid state 13C NMR spectroscopy or fourier-transformed infrared spectroscopy) are 
destructive so that the sample is lost after the measurement; and 2) SOM quantity and quality 
generally show a heterogeneous spatial distribution across many scales which is not 
considered in an adequate way in most studies since the analytical techniques require 
substantial amounts of soil material impeding the sampling of small structures. Therefore, a 
fast imaging technique that measures SOM quantity and quality in a non-destructive way with 
a high spatial resolution on the pedon scale is required. 
We sampled two adjacent, but differently managed sites in a semiarid steppe in Inner 
Mongolia, China - one continuously grazed and the other ungrazed since 1979, and the soils 
of both sites were classified as calcic Chernozems. Longterm grazing is expected to decrease 
carbon content, most pronounced in labile particulate organic matter (POM) fractions. 
Stainless steel boxes (100×100×300 mm³) were used to sample undisturbed soil profiles. Two 
hyperspectral cameras recorded the visible, near and short wave infrared reflectance (400 to 
2500 nm in 416 bands) of the profiles with a ground sampling distance of 63×63 µm² per pixel 
for VisNIR and 256×256 µm² per pixel for SWIR. This procedure was repeated over three 
vertical slices at a lateral distance of 25 mm through the soil boxes. After each image 
recording the profile was divided into ten equal squares (each 50×60 mm2) and bulked 
samples were extracted from each square to a depth of 5 mm. We used physical fractionation 
to extract different fractions of soil organic matter and an elemental analyser and a VisNIR 
spectrometer to analyse their chemical composition. We used the VisNIR spectra of the 
extracted fractions as spectral library to identify and quantify different SOM fractions in the 
recorded images and validate these results with density fractionation. Imaging spectroscopy 
enabled not only the spatially resolved quantification, but also important information on 
particle size and chemical composition of soil organic matter. We show the potential of 
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laboratory imaging VisNIR-SWIR spectroscopy for the qualitative and quantitative mapping of 
SOM fractions on the pedon scale. 

 
2:45pm - 3:00pm 

From HYSOMA to EnSoMAP – A Free and Open Source Software for Soil 
Mapping based on Hyperspectral Imagery 
Sabine Chabrillat1, Stephane Guillaso2, Saskia Foerster1, Kathrin Ward1, Luis Guanter1 
1Helmholtz Center Potsdam GFZ German Research Centre for Geosciences, Section 1.4 
Remote Sensing, Telegrafenberg, 14473 Potsdam, Germany; 2Berlin University of 
Technology, Computer Vision and Remote Sensing, Marchstrasse 23, Sekr. Mar6-5, 10587 
Berlin, Germany; chabri@gfz-potsdam.de 
Based on soil spectroscopy techniques from point to imaging spectroscopy, good soil 
properties predictions can be achieved in local areas for exposed soils in appropriate surface 
conditions, as demonstrated in many papers from local scale (airborne) to regional scale 
(spaceborne) applications. Nevertheless, full potential has not been exploited due to 
limitations in data availability (global soil spectral libraries databases, satellite imagery) and in 
software tools adequate to process the spectral data into practical soil-model-solutions that 
are globally applicable. With the upcoming launch of the next generation of spaceborne 
hyperspectral sensors within the next 3 to 5 years (EnMAP, HISUI, PRISMA, SHALOM), data 
availability will be there and a great potential for the global mapping and monitoring of soil 
properties is appearing that can be achieved if adequate software tools are available. An 
increasing demand is appearing for the availability/accessibility of hyperspectral soil products 
from the geoscience community that have neither the capacity nor the expertise to deliver 
these soil products. In this context, recently many international efforts were tuned toward the 
development of robust and easy-to-access soil algorithms to allow non-remote sensing 
experts to obtain geoscience information based on non-expensive software packages where 
repeatability of the results is an important prerequisite. In particular, for quantitative soil 
mapping and monitoring, the HYSOMA (Hyperspectral Soil Mapper) software interface was 
developed at GFZ under the EUFAR (www.eufar.net) and the EnMAP (www.enmap.org) 
programs. HYSOMA was specifically oriented toward digital soil mapping applications and has 
been distributed since 2012 for free as IDL plug-in under the IDL-virtual machine at www.gfz-
potsdam.de/hysoma under a close source license. The HYSOMA interface focuses on fully 
automatic generation of semi-quantitative soil maps such as soil moisture, soil organic matter, 
iron oxide, clay content, and carbonate content. With more than 100 users around the world, 
HYSOMA has allowed non-experienced hyperspectral imagery users that have access to 
ground-truth data to develop fully quantitative maps of common soil properties after few 
button-clicks. 
Currently for more applicability to global spaceborne applications, soil algorithms are being 
further developed in the context of the EnMAP satellite mission and for implementation in the 
EnMAP Box. The EnMAP Box is a freely available, platform-independent open source 
software designed to process hyperspectral remote sensing data, and particularly developed 
to handle data from the EnMAP sensor. The soil masking function, soil mapping functions and 
soil analyses tools of the HYSOMA software were implemented in EnMAP Box applications 
tools as EnSoMAP suite (EnMAP Soil Mapper) and released in March 2016. In this paper, we 
will present an update of the status of the soil algorithms developed at GFZ from HYSOMA to 
open source EnSoMAP and will validate the EnSoMAP algorithms versus ground truth data 
and versus different methods used in soil spectroscopy (eg Partial Least Squares Regression) 
based on airborne to spaceborne simulated EnMAP imagery. 
  

2:00pm - 3:00pm E3-O-CAL-2: Sensor Calibration and Product Validation (Special Session) 
Session Chair: Helge Aasen 
Session Chair: Andreas Hueni Y-03-G-85  

  2:00pm - 2:15pm 

ASD Spectroradiometer Inter-channel Steps – Cause and Correction 
Andreas Hueni1, Agnieszka Bialek2 
1University of Zurich, Switzerland; 2NPL, Teddington, United Kingdom; ahueni@geo.uzh.ch 
Field spectroradiometers covering the full solar reflected wavelength region from 350 nm to 
2500 nm usually employ an assembly of different detectors. Suboptimal calibration of the 
individual detectors will invariably lead to steps between the channels. This effect is also 
apparent in Analytical Spectral Devices (ASD) full-range spectrometers and is often referred 
to as ‘jumps’. A few correction algorithms have been proposed over the years, including the 
parabolic correction by ASD. However, evaluating the merit of these corrections is hampered 
by the lack of an instrument model explaining the underlying reasons. 
To alleviate this issue, we have conducted a thorough laboratory experiment to characterise 
the instrument response under controlled temperature conditions, ranging from 0° C to 35° C. 
The resulting instrument model shows a linear radiometric response of the ASD versus 
ambient temperature changes with a substantial hysteresis. A correction algorithm based on 
this empirically based instrument model has been developed and tests suggest that it can be 
applied to other ASD instruments as well with an RMSE of 0.6%, although best results are 
achieved when characterising each instrument individually. Evidence suggests that the 
parabolic correction algorithm advocated by ASD is closest to the instrument response 
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established empirically. Consequently, other algorithms must be reviewed critically. 
The proposed correction algorithm is available to the field spectroscopy community via Matlab 
Central: http://uk.mathworks.com/matlabcentral/fileexchange/57569- asd-full-range-
spectroradiometer-jump-correction 
Hueni, A. and Bialek, A. (2016). "Cause, Effect and Correction of Field Spectroradiometer 
Inter-channel Radiometric Steps." JSTARS submitted. 

 
2:15pm - 2:30pm 

Detection And Correction Of In-flight Spectral Shift Effects For The Airborne 
Prism Experiment (APEX) 
Guorui Jia1, Andreas Hueni2, Michael Schaepman2, Huijie Zhao1 
1School of Instrumentation Science and Opto-electronics Engineering, Beihang University, 
Beijing, 100191, P. R. China; 2Remote Sensing Laboratories, University of Zurich, CH-8057 
Zurich, Switzerland; jiaguorui@buaa.edu.cn 
Shifts of band center wavelength (CWL) and changes of full width at half maximum (FWHM) 
occur during in-flight APEX data acquisitions. Combined with the spectrally changing 
properties of the dichroic coating (DIC) acting as a beam splitter between visible and near 
infrared (VNIR) and short-wave infrared (SWIR) channels, it affects not only the spectral 
accuracy but also the radiometric accuracy of the data, and hence also the accuracy of higher 
level products. 
In this study, atmospheric features and features of the standard reference material filter 
(SRMF) in the APEX in-flight characterization (IFC) facility are used as in-flight spectral 
calibration standards in a complementary way. Under the constraints from pre-generated shift 
realizations, the CWL shift and FWHM change for each detector element are simultaneously 
detected based on spectrum matching and surface fitting techniques. 
Then the radiometric gain and offset for each detector element acquired in the laboratory 
calibration are rectified according to the detected CWLs and FWHMs, based on an improved 
spectral radiometric response model using optics and detector modules performance 
parameters. 
As a result of data calibration using the corrected spectral and radiometric parameters, the 
radiance deviations in the spectral region 950-1080 nm are considerably reduced while the 
atmospheric features positions are more accurate. 
Thus, In-flight CWL shifts and FWHM changes could be detected simultaneously, by using 
shift characteristics obtained in the laboratory as well as atmospheric and SRMF features. 
Furthermore, the radiometric impact of the spectral shift combined with the DIC spectral 
transmittance could be corrected. As the physical mechanism also applies to in-flight data of 
other airborne imaging spectrometers involving a beam splitter, the findings of this study are 
transferrable to these instruments and data. 

 
2:30pm - 2:45pm 

New Developments for the Operational Data Quality Control within the 
EnMAP Ground Segment 
Martin Bachmann, Mathias Schneider, Gintautas Palubinskas, Martin Habermeyer, 
Tobias Storch 
Earth Observation Center (EOC), German Aerospace Center (DLR); 
martin.bachmann@dlr.de 
For all Earth Observation missions, and in particular for novel imaging spectrometer missions 
like EnMAP, it is of high importance to provide well calibrated and validated data products. 
This is also underpinned by the Quality Assurance Framework for Earth Observation (QA4EO) 
of the Committee on Earth Observation Satellites (CEOS), which proposes that “Data and 
derived products shall have associated with them a fully traceable indicator of their quality” 
Within this presentation, new methodological developments for the operational data quality 
control are presented which were established within the EnMAP Ground Segment in context 
of the DeltaCDR completed in Mid 2016. Procedures within the automated processing chain 
allow for the generation of data quality information for every processed scene. This 
information is addressing radiometric and geometric scene properties as well as atmospheric 
properties, and supportsadditionalData Quality Control, Calibration and Instrument Monitoring 
activities. 
As an extension to the previous baseline, novel approaches are now included to check for 
radiometric artefacts in the datasets, as well as indicators for changes in the spectral 
response as well as spectral smile effects. These extensions, and in particular the automated 
generation and analysis of the „detector maps“ within the pre-processing chain are presented 
within this contribution. That is, for every Earth data take the bandwise column means of the 
uncalibrated L0 raw data, and of the radiometrically calibrated L1B at-sensor radiance are 
generated and automatically analysed. This workflow and details of this analysis and the 
procedures for checking the suitability of the scene are shown. In order to demonstrate the 
suitability and the limitations of the approach, results from the analysis of „real-world“ 
hyperspectral imagery from the airborne HySpex pushbroom scanner are also presented. 
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2:45pm - 3:00pm 

Vicarious Calibration of Imaging Spectrometers using Desert Sites: ARTEMIS 
Example 
Ronald Bruce Lockwood1, Kurtis Thome2, Joel McCorkel2, Nathan Leisso3, Thomas 
Cooley4 
1MIT Lincoln Laboratory, United States of America; 2Goddard Space Flight Center, NASA; 
3National Ecological Observatory Network; 4Air Force Research Laboratory; 
ronald.lockwood@ll.mit.edu 
The on-orbit calibration of the Advanced Tactically-Effective Military Imaging Spectrometer 
(ARTEMIS) relied entirely upon vicarious calibration techniques since the sensor lacked an 
on-board calibration source. The calibration technique developed for ATREMIS combines 
results from reflectance-based vicarious calibration experiments conducted at Ivanpah Playa, 
Nevada with a series of measurements over a pseudo-invariant test site. A combined 
approach is necessary since the Ivanpah measurements did not sample the full swath-width of 
the imaging spectrometer. Data from the spatially uniform invariant site allowed the transfer of 
the Ivanpah radiometric calibration to the remaining spatial-spectral pixels. The transfer 
approach consists of retrieving the average ground reflectance of the large, homogeneous 
site to build an accurate radiometric model of the at-aperture radiance that allows the 
derivation of the remaining calibration coefficients. Results from the application of the method 
to ARTEMIS are presented. The final uncertainty is estimated to be from 4% to 6% (1-σ). The 
technique is broadly applicable to spectral sensors in the reflective spectral range. 
  

3:00pm - 4:00pm F1-O-SAP: Sphere Specific Analysis Methods - Pedosphere 
Session Chair: Véronique Carrère 
Session Chair: Veronika Kopačková Y-16-G-05  

  3:00pm - 3:15pm 

Spectroscopy of Multidimensional Soil Gradients - Perspectives for 
Characterizing Complex Agricultural Landscapes 
Carsten Neumann, Daniel Spengler, Maximilian Brell, Sibylle Itzerott 
Helmholtz-Centre Potsdam - GFZ German Research Centre for Geosciences, Germany; 
carstenn@gfz-potsdam.de 
Small-scale variations in soil chemical compounds and substrate compositions substantially 
influence the agricultural suitability in complex landscapes. They control important ecosystem 
functions such as soil fertility, water supply or erosion resistance that, especially under recent 
climate change scenarios, require advanced monitoring systems for a precise evaluation of 
triggered crop growth and yield dynamics. Spectroscopic quantification of soil properties have 
shown to provide valuable models for spatially explicit soil pattern analyses that can 
potentially be utilized for precision farming. However, soil properties are difficult to model 
since they are composed of continuous, multiple overlapping exogenous factor complexes. In 
particular, heterogeneous landscapes often impede simple spectral responses as used in 
conventional mapping approaches. 
In this study we therefore introduce a novel procedure to decompose different soil gradients of 
soil organic matter, pH and grain size fractions simultaneously by a multiobjective optimization 
approach. For this purpose, n = 634 samples were collected for 4 arable fields at the DEMMIN 
test side, that is part of the TERENO Northeastern German Lowlands Observatory. A non-
metric multidimensional scaling (NMDS) was applied to numerically project soil gradients into 
an ordination space. Subsequently, multidimensional NMDS space rotations were related to 
derivative spectra from laboratory measurements in a non-dominated sorting genetic 
algorithm (NSGA-II). As a result, distinct soil gradients were determined by unique predictive 
feature combinations that could be transferred to hyperspectral imagery (HySpex) for mapping 
small-scale soil varieties.  
The study shows that multidimensional gradient delineation of soil properties significantly 
outperform conventional empirical regression with known narrowband reflectance indices and 
within different Partial Least Squares (PLS) feature selection approaches. Our investigation 
revealed, that a) narrowband absorption features are not transferable into complex arable 
landscapes since they are overlaid by multiple other soil gradients (R² = 0.09 - 0.52), b) 
conventional PLS regression and feature selection achieve high internal model fits, but 
instable feature combinations for external model transfer indicated by a high number of latent 
vectors (R² = 0.64 - 0.70, LV = 6 - 10), c) the delineation of soil properties along NMDS 
ordination space gradients provides stable spectral features from field to imaging 
spectroscopy that can be used to quantify a multidimensional soil continuum (R² = 0.63 - 0.75, 
LV = 3 - 4). Thus we propose the spectroscopic delineation of multidimensional soil patterns 
as a new perspective for mapping multiple factor complexes in arable ecosystems.  

 
3:15pm - 3:30pm 

Prediction of Metal Contents in Soils Using the Spectral Range Between 350 
and 15 000 nm 
Frank Riedel1, Michael Denk1, Ingo Müller2, Cornelia Gläßer1 
1Martin-Luther-University Halle-Wittenberg, Halle, Germany; 2Saxon State Office for 
Environment, Agriculture and Geology, Freiberg, Germany; frank.riedel@geo.uni-halle.de 
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Soils represent a dynamic, open and complex ecosystem and a fundamental natural resource 
for plants, animals and humans at the same time. The chemical, biological and physical 
properties as well as the structure and composition determine their balance and functionality. 
This balance can be influenced and disturbed by different pollutants like heavy metals. In this 
context, long-term soil monitoring programs were developed in Germany to observe the 
current soil conditions, to act as warning systems for soil pollution and degradation and to 
derive reliable forecasts for its future development. This program is essential for Saxony, a 
state with a long mining history over the centuries, as mining and metallurgical processing are 
crucial sources of soil contamination. 
As conventional methods for investigating pollutants in soils are time consuming and 
expensive, the aim of this study is the estimation and assessment of soil metal contents based 
on reflectance spectroscopy. In this study, we focused on 203 soil profile samples from the 
Saxon long-term soil monitoring program, provided by the Saxon State Office for Environment, 
Agriculture and Geology and collected between 1998 and 2013 at 54 representative locations, 
with respect to soil type, parent material, land use and climate conditions. Spectral 
measurements were conducted using an ASD FieldSpec Pro FR to cover the spectral range 
between 350 and 2.500 nm (VIS-SWIR), while an Agilent 4300 Handheld FTIR spectrometer 
was utilized to collect spectra in the range 2.500 and 15.000 nm (SWIR-LWIR). Spectra pre-
processing comprised the application of multi scatter correction (MSC), standard normal 
variate (SNV), continuum removal (CR) and the first and second derivatives. Chemical 
analysis provided information regarding typical soil constituents (Corg, pH-Value) as well as 
metal contents (Al, As, Ca, Cu, Fe, K, Mn, Na, Ni, Pb, Zn). Especially the metal contents of 
the soils covered a wide range (e.g. Al 4000 - 130.000 µg/g, As 1.9 - 2.000 µg/g). To model 
the relationship between soil spectral and chemical properties, and to predict the contents of 
several soil constituents, the spectra and chemical data were used as input for Partial Least 
Square Regression (PLSR). Based on Kennard-Stone sampling algorithm, we selected 103 
samples for model calibration and 100 samples for model validation. 
In general, the SWIR-LWIR spectra and the MSC- and SNV-pre-processing improved the 
model performance, while the usage of raw- and CR-spectra decreased the predictability. 
Considering the wide range of the metal values, we obtained promising model results for Al, 
Fe, K and Ni with r² of 0.913, 0.883, 0.759 and 0.715. Moderate results were obtained for Ca 
(r² = 0.606), Cu (r² = 0.669) and Mn (r² = 0.490). We conclude that SWIR-LWIR reflectance 
spectroscopy is a potential and promising technology to provide fast and reliable information 
about selected metals and soil contamination all over Saxony. In future, this information could 
be an option to support the identification and management of metal contaminated soils. 

 
3:30pm - 3:45pm 

Combining Absorption And Emission Spectroscopy For The Detection And 
Characterization of Rare Earth Elements 
Sandra Jakob, Margret Fuchs, Richard Gloaguen 
Helmholtz-Zentrum Dresden-Rossendorf, Helmholtz Institute Freiberg for Resource 
Technology, Division of Exploration; s.jakob@hzdr.de 
In the last decade, the fast development of technology and high-tech industry distinctly 
increased the demand of Rare Earth Elements (REEs). The combination with the globally 
strongly concentrated distribution of production sites classifies REEs as critical raw materials 
and raises the need for the exploration of complex deposits with lower concentrations or 
remote locations. Spectroscopic methods are the key for an advanced, fast and non-invasive 
approach to reduce the economic and ecologic costs of REE characterization, not only within 
exploration, but along the whole raw material value chain.  
Currently, the research of spectral detection and characterization of REEs is concentrated on 
absorption spectroscopy. Although a considerable amount of REEs can be detected by their 
characteristic reflectance spectrum, the commonly low intensity of characteristic absorption 
limits its applicability for robust detection and characterization to a few REEs, such as 
Neodymium and Samarium. 
In the past decades, studies were conducted to characterize REE crystals by their 
fluorescence properties. In contrast to absorption spectroscopy, an emission is induced in the 
sample using a laser with a defined excitation wavelength to maximize the response that 
depends on the investigated material. With emission spectroscopy, a broad set of REEs can 
be characterized, but still, the attribution of emission features is challenging, as it depends on 
crystal structure and experimental parameters. 
Hereby, we propose a new approach for combining absorption and emission spectroscopy to 
characterize REEs and overcome the limitations of the single method. For that, we first 
investigated single REE crystal standards with different bindings using absorption as well as 
emission spectroscopy. The results can be used to create a library or decision routine for the 
detection of REE using combined absorption and emission spectroscopy. We will then test the 
proposed method on natural REE bearing samples, which are additionally characterized 
chemically and mineralogically to provide a proper validation. Hereby, the influence of the 
mineral matrix, natural crystal structure and mixed REE composition can be estimated and 
overcome by using lasers with different stimulation wavelengths in the UV and visible range of 
the spectrum. Absorption spectroscopy is conducted by point measurements with a 
reflectance spectrometer as well as with hyperspectral cameras. We developed the tools for 
processing and the analysis of the spectral data to ensure a fast and robust interpretation of 
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the spectral features. 
First results show the detectability of Dy, Er, Ho, Nd, Pr, Sm, and Tm with absorption and the 
detection of Er, Eu, Ho, Nd, Pr, Tb, and Yb with emission spectroscopy. Additionally, for REEs 
having spectral signatures in both cases, absorption features overprint the emission spectra 
within the broad fluorescence signal of the mineral matrix. They coincide with known and 
measured absorption features of the specific REEs. This, the integration of both features 
remarkably increases the detectability and the robustness of detection for those elements. 

 
3:45pm - 4:00pm 

Color as a Bridge Between Classical Soil Data and Reflectance spectroscopy 
Richard Escadafal 
Cesbio, Univ.Toulouse, IRD, France; richard.escadafal@ird.fr 
Since the inception of their science, soil scientists have drawn their attention to soil color as 
an important parameter for soil characterization. Color information, as assessed using 
dedicated Munsell color charts, has been gathered since then during most of the soil 
observations worldwide, leading to a huge collection of information on soil color. This 
information is of use for soil mapping, to identify soil classes and types, and to infer certain 
properties.  
Colorimetry and modern colorimeters allow now to precisely measure color, using the links 
between color sensation and spectral reflectance. Spectral reflectance is also of great interest 
in optical remote sensing of soils. In parallel, spectroscopy performed in the laboratory has 
gain interest in recent years as a proxy for soil analysis. Finally, imaging spectrometers have 
the potential to build a bridge between remote sensing and those laboratory techniques. This 
communication will review those different points to discuss the various linkages between 
them, distinguishing physically based relationships, proposing empirical ones (proxys) and 
warning about potential pitfalls. 
These points will be illustrated using the example of a collection of soils of the drylands of 
Northern Africa with a large gamut of colors. The soil samples have been subjected to color 
estimation with Munsell chart, and to spectroradiometric measurements and subsequent color 
computation. Remote sensing data in visible bands over the corresponding landscapes (from 
SPOT and Sentinel Satellites) complete the data set. 
Results of the comparison between those 3 sources of information on optical properties of 
soils will be discussed in terms of potential applications. Two main ones will be addressed: 
how to assess color of bare land surfaces from space, and conversely how to use ground 
color information to infer soil background reflectance and to take it into account in satellite 
imagery processing over low vegetation covered areas. 
  

3:00pm - 4:00pm F2-O-INV: Applications of Spectral Invariants (Special Session) 
Session Chair: Miina Rautiainen 
Session Chair: Yuri Knyazikhin Y-16-G-15  

  3:00pm - 3:15pm 

Photon Recollision Probability in Vegetation Remote Sensing 
Matti Mõttus1, Pauline Stenberg2, Miina Rautiainen3 
1VTT Technical Research Centre, Finland; 2University of Helsinki, Finland; 3Aalto University, 
Finland; matti.mottus@vtt.fi 
The foundations of the 'spectral invariants theory' were put forth as a new tool to model the 
shortwave radiation absorbed or scattered by vegetation nearly two decades ago. According 
to this theory, the amount of radiation absorbed, reflected or transmitted by a vegetation 
canopy should, to a great accuracy, depend only on the spectral albedo of canopy elements – 
leaves – and one or more wavelength-independent parameters quantifying the structure of the 
canopy. Later, the theory has been extended to the scale smaller than the leaf. The optical 
properties of a vegetation canopy in the visible and near infrared spectral regions has been 
demonstrated to largely depend on the absorption spectrum of chlorophyll and a nested set of 
spectral invariants – an invariant for each structural level (leaf, shoot, tree, canopy). Other 
spectral invariants have been introduced to quantify the directionality of canopy scattering. 
The invariants have their mathematical roots in the eigenvalues of the radiative transfer 
operator, supporting their application in structurally and optically varying vegetation covers. 
The spectral invariant – or a set of nested invariants – describing absorption is closely 
connected to the photon recollision probability. This largely intuitive quantity can be estimated 
from optical measurements of canopy structure and easily modeled with any modern 
physically-based canopy radiative transfer model. It has been successfully applied in the 
simple canopy reflectance model called PARAS and scaling of optical properties between 
different scales: from needle to the canopy. 
We demonstrate some of the applications of the spectral invariants and photon recollision 
probability in global and local monitoring of vegetation using spectral data. It is especially 
useful in a boreal forest with distinct levels of clumping, but it is also fully compatible with the 
two-stream approach in canopy reflectance modelling. The full potential of the theory of 
spectral invariants, allowing to separate the biochemical and structural components in the 
spectral reflectance signal of vegetation, is yet to be unleashed. 
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3:15pm - 3:30pm 

Analyses of Impact of Leaf Surface Properties on Estimation of Leaf 
Absorption Spectrum Using Polarization Measurements and Spectral 
Invariants 
Bin Yang, Shoujiang Zhao, Lei Yan 
Peking University, China, People's Republic of; ybjason89@163.com 
Leaf scattering spectrum is the key optical variable that conveys information about leaf 
absorbing constituents from remote sensing. It cannot be directly measured from space 
because the radiation scattered from leaves is affected by the 3D canopy structure. In 
addition, some radiation is specularly reflected at the surface of leaves. This portion of 
reflected radiation is partly polarized, does not interact with pigments inside the leaf and 
therefore contains no information about its interior. Very little empirical data are available on 
the spectral and angular scattering properties of leaf surfaces. Whereas canopy-structure 
effects are well understood, the impact of the leaf surface reflectance on estimation of leaf 
absorption spectra remains uncertain. This paper presents empirical and theoretical analyses 
of angular, hyperspectral, and polarimetric measurements of light reflected by needles and 
shoots of Pinus koraiensis and Picea koraiensis species. Polarization measurements and the 
theory of spectral invariants are used to partly correct reflectance data for surface reflection 
and structural influences, respectively, and consequently give scattering coefficients which is 
more directly related to the leaf biochemical constituents. Our results suggest that ignoring the 
leaf surface reflected radiation can result in an inaccurate estimation of the leaf absorption 
spectrum. Polarization measurements may be useful to account for leaf surface effects 
because radiation reflected from the leaf surface is partly polarized whereas that from the leaf 
interior is not. 

 
3:30pm - 3:45pm 

Spectrally Invariant Approximation within Atmospheric Radiati ve Transfer 
Yuri Knyazikhin1, Alexander Marshak2 
1Boston University, United States of America; 2NASA GSFC; jknjazi@bu.edu 
Certain algebraic combinations of single scattering albedo and solar radiation reflected from, 
or transmitted through, vegetation canopies do not vary with wavelength. These “spectrally 
invariant relationships” are the consequence of wavelength independence of the extinction 
coefficient and scattering phase function in vegetation. In general, this wavelength 
independence does not hold in the atmosphere, but in cloud-dominated atmospheres the total 
extinction and total scattering phase function vary only weakly with wavelength. We identified 
the atmospheric conditions under which the spectrally invariant approximation can accurately 
describe the extinction and scattering properties of cloudy atmospheres. The validity of the 
assumptions and the accuracy of the approximation are tested with 1D radiative transfer 
calculations. It is shown for cloudy atmospheres with cloud optical depth above 3, and for 
spectral intervals that exclude strong water vapor absorption, that the spectrally invariant 
relationships found in vegetation canopy radiative transfer are valid to better than 5%. The 
physics behind this phenomenon, its mathematical basis, and possible applications to remote 
sensing and climate are discussed. 

 
3:45pm - 4:00pm 

Spectral invariants for consistent LAI retrieval: from MODiS to Landsat to 
Sentinel-1 
Sangram Ganguly1, Shuang Li1, Ramakrishna Nemani2, Jennifer Dungan2, Petr Votava3, 
Andrew Michaelis3 
1NASA Ames Research Center/ BAERI, United States of America; 2NASA Ames Research 
Center, United States of America; 3NASA Ames Research Center/ CSUMB, United States of 
America; sangramganguly@gmail.com 
Creating consistent biophysical products (e.g. Leaf Area Index) from multiple satellite sensors 
require a physical algorithm to take into account differences in sensor spectral resolution and 
spectral response function, spatial resolution, and, sensor view and azimuth angle. Previous 
studies and research have highlighted the importance and efficacy of spectral invariant theory 
for radiative transfer (RT) inversion of leaf area index (LAI) retrieval from a variety of satellite 
sensor systems like MODIS, Landsat, Chris Proba and SPOT. To that end, this study builds 
upon the heritage of MODIS and Landsat-based stochastic RT-based full inversion model of 
LAI retrieval and extends the modeling framework to the new generation atmospherically 
corrected Sentinel-1 surface spectral reflectance product generated at the NASA Earth 
Exchange facility. The model extension to Sentinel-1 includes a new set of tunable 
parameters (the single scattering albedo and input surface reflectance uncertainty) that are 
required for the spectral invariant model to simulate surface spectral reflectances as a function 
of LAI, soil reflectance, view/azimuth angle, wavelength and biome type. The inversion 
process is then carried out for all available Sentinel-1 surface reflectance triplets (Red, NIR 
and Shortwave Infrared) to derive LAI that is consistent both temporally and spatially with 
earlier LAI products derived from MODIS or Landsat. The Sentinel-1 prototype LAI product will 
be generated over golden tiles that are being currently processed globally as part of the NASA 
Land Use Land Cover (LCLUC) MuSLI Science team requirement.  
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3:00pm - 4:00pm F3-O-FRM-1: Imaging Spectroscopy with Snapshot and Frame-Based Sensors 
- from Sensor Calibration to Data Product Generation (Special Session) 
Session Chair: András Jung 
Session Chair: Helge Aasen 

Y-03-G-85  

  3:00pm - 3:15pm 

Pitfalls and a Best Practice Procedure for Agricultural Aerial Imaging with the 
Rikola Hyperspectral Camera 
Jakob Geipel 
NIBIO - Norwegian Institute of Bioeconomy Research, Norway; jakob.geipel@nibio.no 
Agricultural decision support systems largely depend on quality data of the prevailing field 
situation. Gathering such information is often cumbersome and requires agricultural 
experience. The advancement of modern sensor systems, accurate localization methods, and 
multivariate statistics shows a great potential to facilitate and even automatize field data 
acquisition and processing. One of the most promising approaches is to combine imaging 
spectroscopy with analytical methods of the fields of geo-information, image processing, and 
chemometrics. 
At NIBIO Apelsvoll, we perform sensor measurements from ground and aerial platforms to 
generate detailed within-field information for various agricultural purposes. In this workshop, 
we present pitfalls and a best practice procedure for UAV-based aerial imaging with the Rikola 
hyperspectral camera. We address geometric and radiometric camera calibration, image co-
registration, orthoimage generation, spectral pre-processing, as well as a multivariate 
statistical approach for biomass estimation, using a field experiment in grassland as an 
example. 

 
3:15pm - 3:30pm 

Automatic UAV-based field inspection campaigns for weeding in row crops 
Frank Liebisch1, Marija Popovic2, Johannes Pfeifer1, Raghav Khanna2, Phillip Lottes3, 
Cyrill Stachniss3, Alberto Pretto4, Inkyu Sa2, Juan Nieto2, Roland Siegwart2, Achim 
Walter1 
1Institute of Agricultural Sciences, ETH Zürich, Switzerland; 2Autonomous Systems Lab, ETH 
Zürich, Switzerland; 3Institute for Geodesy and Geoinformation, University of Bonn, Germany; 
4Sapienza University of Rome, Rome, Italy; frank.liebisch@usys.ethz.ch 
In current state-of-the-art UAV systems from observing crop properties, different image 
analysis methods are utilized that vary depending on the sensing platform used, on the 
targeted flight altitudes and particularly on the desired spatial and spectral resolution. High 
altitude and remote sensing platforms such as airplanes or satellites generally have a low 
spatial ground resolution but cover large areas. In contrast to that, low altitude sensing 
platforms (on-board tractors or unmanned aerial vehicles) deliver high resolution imagery that 
allows for the detection of leaf details and symptoms but offer rather limited area coverage. In 
this paper, we report current advances in multi-level UAV-based crop sensing equipped with 
snapshot cameras for weed detection on sugar beet fields that have been developed in the 
EC-funded project Flourish. UAVs allow for combining relatively medium high to very low 
flying altitudes and can therefore both cover a relevant field area for crop monitoring and at 
the same time can provide detailed information for accurate field management decisions. 
Furthermore, we can use parts of that image based information to optimize flight on-board 
planning via an integrated path planning module, while other parts can be processed off-board 
after landing. 
The presented weed detection scenario considers three flying altitudes ranging from over 80m 
to 30m- 50m to near-ground flying such as 15m- 3m. The information derived at the high 
altitude level permits a detailed detection at individual plant level but calibrated spectral 
indices enable the detection of green biomass or leaf area in the field, which can be 
interpreted in combination with growth models and temperature information after sowing. The 
differentiation between “overgrown”, “well grown” or “undergrown” regions allows for the 
identification of high weed pressure locations. We can use this information to optimize the 
flight plan for subsequent measurement campaign at lower flying altitude levels. At the height 
level around 40m, information about crop rows and inter-row spaces are clearly detectable 
and the biomass allocation to these two classes can be used to validate high weed pressure 
areas as estimated from high altitude flights. Subsequently, field management actions can be 
planned and prompted if the field intervention actions (such as mechanical weeding) are clear. 
If further information, for example on weed species, is needed, the UAV has the ability to 
descend to near ground altitudes to gather high resolution imagery. This enables the detection 
of weed classes or species of small plants in order to optimize field intervention planning, like 
the use of specific herbicides or specific mechanical weeding methods. By combining camera 
perception for integrated path planning and farm management decisions, the use of 
automated UAVs is another key step towards practical application of new information 
technology in agriculture. 

 
3:30pm - 3:45pm 

From Experiments to Dependable Hyperspectral Data Products with the 
Butterfly LS Camera 
Stefan Livens1, Bavo Delauré1, 1Pieter-Jan Baeck1, Joris Blommaert1, Stephanie 
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Delalieux1, Aleksandra Sima1, René Michels2 
1VITO, Belgium; 2Cubert GmbH, Germany; stefan.livens@vito.be 
Nowadays, very lightweight hyperspectral cameras are realized using thin film interference 
filters. They allow efficient mapping from small UAS systems, opening up new markets e.g. in 
precision agriculture. Direct deposition of filter material on the detector array, a technique 
developed by imec, the Belgian research and innovation center in nano-electronics and digital 
technology, allows to design custom filter patterns aligned with sensor pixel grids. By 
arranging many spectral bands in a linewise fashion a spatio-spectral imager is obtained. 
Such an imager can collect detailed spectral and spatial information on every location by 
acquiring images while scanning over an area. This results in much finer spectral and spatial 
resolution compared to snapshot based hyperspectral imagers.  
By pairing a spatio-spectral imager to a dedicated data processing chain, VITO has created a 
complete solution called COmpact hyperSpectral Imaging system COSI. It provides true 
hyperspectral data (bandwidth of 5 to 10 nm) for the range of 600nm-900nm. From 40m 
altitude, it allows imaging with a 2cm input pixel size with a 40m swath. In the mean time, a 
second generation of the camera was already developed together with Cubert Gmbh. The key 
difference is that the new camera offers a larger spectral range of 470-900nm without 
sacrifying spectral resolution. The camera, named ButterflEYE LS, is now available 
commercially. 
Deriving georeferenced data products from the COSI system proved challenging. The 
underlying reason was that in a spatio-spectral imager, the spectral information of a point is 
distributed over a series of frame images. Since existing techniques were not able to cope 
with this, we designed and developed a custom software solution based on photogrammetry. 
Producing radiometrically accurate data was also an important challenge. Illumination typically 
changes over time, often rapidly when caused by changing haze and cloud conditions. The 
objects studied often exhibit strong BRDF effects so that acquisitions, even within a single 
frame image, produce angle-dependent results. While these causes are common to all aerial 
imaging systems, their impact can be more severe for spatio-spectral imagers, where different 
spectral bands of a point are acquired at different times and under different angles.  
An extensive data acquisition program was carried out in conjunction with the system 
development. It allowed to use preliminary results and practical experience gathered during 
flights to optimize the methods used. Since the start in 2014, more than 30 different flying 
missions were carried out, besides many on-ground calibration measurements. Most missions 
represent real applications, mainly in precision agriculture, including e.g. strawberry fields, 
natural grassland, pear orchards and sugar beet fields. The missions were performed in close 
collaboration with application experts, who evaluated resulting product quality. For some 
application cases, repeated missions during the growing season were performed. 
Radiometric calibration and validation was achieved by using calibration targets placed in the 
area imaged during the flights. In the paper, we will describe our experience gathered during 
the test flights, the impact on the calibration methodology, the processing solution as well as 
some lessons learned for future missions.  

 
3:45pm - 4:00pm 

Impact of the Specific Field of View on the Spectral Signature of an Area of 
Interest 
Helge Aasen 
ETH Zürich, Germany, Switzerland; helge.aasen@usys.ethz.ch 
In recent years, more and more spectral sensors are becoming available to be applied on the 
ground and different airborne platforms. These can be distinguished by the type of data they 
record. While non-imaging spectrometers, such as field-spectrometers, record spectral data 
as a discrete point in space during one exposure, push broom scanners record data across 
one image-line. Since a few years, lightweight 2D spectral imagers have become available. 
They record spectral information with two spatial dimensions within every measurement. The 
remote sensing community apply these different sensors on different scales to gather a 
spectral representation of the environment. Still, to get the full picture we need to integrate 
these measurements. Additionally, different sensing systems are used for cross-calibration 
and validation. Thus, measurements on different scales and carried out with different sensors 
need to become comparable. 
One hurdle is the composition of this data. Non-imaging devices integrate the spectral signal 
of all objects within their FOV and this signature is used to represent an area of interest. In 
imaging spectroscopy, the same area might be composed of multiple pixels while every pixel 
has its own measurement geometry in relationship to the sun and the surface. At the same 
time, the way the spectral data is processed defines how the pixels and their angular 
properties are composed to the full scene. As a result, the sensor properties as well as the 
data processing scheme will influence the spectral representation of an area of interest. 
The concept of the Specific Field of View (SFOV) describes the composition of pixels and their 
angular properties used to characterize a specific AOI within a remote sensing scene and thus 
allows to comprehend the complex interactions between the sensor properties, data 
processing and parameter retrieval. 
Based on the SFOV, this contribution describes the differences in data retrieved for a barley 
canopy from a non-imaging field-spectrometer and a 2D imager carried on a UAV processed 
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in different modes. The results show significant influences on the spectral data mainly 
resulting from the anisotropy of the canopy in combination with the different measurement 
geometries within the data.  
  

3:00pm - 4:00pm F4-O-COM-1: Combined Observational Modelling Approaches for Advanced 
Earth Science Applications (Special Session) 
Session Chair: Alexander Damm 
Session Chair: Michael E. Schaepman 

Y-03-G-95  

  3:00pm - 3:20pm 

High-resolution Remote Sensing and Modelling of NO2 Air Pollution over the 
City of Zurich 
Gerrit Kuhlmann, Antoine Berchet, Dominik Brunner 
Empa, Switzerland; gerrit.kuhlmann@empa.ch 
Nitrogen oxides (NOx = NO + NO2) are important air pollutants and play a key role in the 
formation of ozone and particulate matter. In urban areas, NO2 concentrations have high 
spatial and temporal variability because of their localized emissions (e.g. road traffic) and 
short lifetime. Mapping NO2 concentrations at high resolution is therefore essential for 
assessing their impact on health and for designing efficient mitigation policies. 
In this study, we compared remotely-sensed NO2 maps (50 × 50 m²) retrieved from the APEX 
imaging spectrometer with 3D NO2 fields simulated with the urban-scale atmospheric 
dispersion GRAMM/GRAL modelling system. NO2 column densities were retrieved with an 
improved version of the Empa APEX NO2 retrieval algorithm from APEX measurements 
conducted over Zurich on August 30th 2013 around noon. GRAMM/GRAL was set up for a 
domain covering the APEX measurements with a spatial resolution of 10 × 10 m2. APEX NO2 
columns and GRAMM/GRAL NO2 fields were additionally validated with near-surface 
measurements from the NABEL and OSTLUFT air pollution monitoring networks. 
GRAMM/GRAL agreed well with the near-surface measurements. The broad spatial 
distribution of APEX and GRAMM/GRAL NO2 columns agreed well, while at finer scales 
significant differences were seen suggesting that additional model modifications are required 
to simulate the 3D NO2 field well, for example by accounting for actual traffic intensities during 
the time of overpass, but also that a better understanding of the radiative transfer is needed. 
In conclusion, the combination of airborne imaging spectrometers and urban-scale dispersion 
models is a promising approach for better understanding the spatial distribution of air 
pollutants in cities. 

 
3:20pm - 3:40pm 

Imaging Spectroscopy In Glaciology: Material Abundances, Surface Albedo 
And The Impact On Glacier Mass Balance 
Kathrin Naegeli1, Alexander Damm2, Matthias Huss1,3, Michael Schaepman2, Martin 
Hoelzle1 
1Departement of Geosciences, University of Fribourg, Switzerland; 2Remote Sensing 
Laboratories, University of Zurich, Switzerland; 3Laboratory of Hydraulics, Hydrology and 
Glaciology (VAW), ETH Zurich, Switzerland; adamm@geo.uzh.ch 
Glacier surface are neither clean nor homogeneous. In fact, glacier surfaces are 
heterogeneous mosaics of different materials and structures. Thus, bare-ice glacier surface 
albedo patterns are of diverse character and the impact on the mass balance of a glacier is 
considerable. However, knowledge of the presence of light-absorbing impurities as well as 
spatially distributed albedo of alpine glacier surfaces is sparse and, hence, mass balance 
models rely on simplified bare-ice albedo representations in their energy balance functions. 
We present an approach to detect ice surface material compositions and to derive shortwave 
broadband albedo for two alpine glaciers in the western Swiss Alps. This information is further 
used to study the impact of albedo heterogeneity on glacier mass balance. For that purpose, 
we use imaging spectroscopy data of the Airborne Prism Experiment (APEX) and in-situ 
measurements of albedo and mass balance in combination with a distributed mass balance 
model forced by daily air temperature, precipitation and radiation. 
Our results contribute to a better understanding of bare-ice glacier surface processes, in 
particular the abundance of light-absorbing impurities and relating feedback mechanisms, and 
help to advance and facilitate modelling approaches to study future glacier evolution. 

 
3:40pm - 4:00pm 

Sun-induced Chlorophyll Fluorescence to Link Leaf and Ecosystem 
Photosynthesis 
Eugenie Paul-Limoges1, Alexander Damm2, Andreas Hueni2, Frank Liebisch1, Michael E. 
Schaepman2, Werner Eugster1, Nina Buchmann1 
1ETH Zurich, Switzerland; 2University of Zurich, Switzerland; eugenie.paul@usys.ethz.ch 
Due to the large carbon (C) turnover between terrestrial ecosystems and the atmosphere, 
dynamics of photosynthesis can have significant effects on atmospheric CO2 concentrations 
and lead to large uncertainties in ecosystem C budgets. Eddy-covariance (EC) measurements 
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give a detailed temporal record of CO2 fluxes at many Fluxnet locations worldwide; however, 
generalizations to larger regions are limited. In contrast, commonly used remote sensing (RS) 
approaches allow estimating global C uptake rates, but lack accuracy due to the generality of 
proxies used (vegetation greenness) and to the need for ground validations. New RS 
approaches using sun-induced chlorophyll fluorescence (SIF) hold the potential to directly 
assess ecosystem photosynthesis. However, many challenges remain linked to understanding 
the SIF signal. 
Our study aims to contribute linking these ground and airborne approaches to improve our 
understanding of photosynthesis at different scales using an innovative combination of 
hyperspectral RS, EC fluxes and leaf-level measurements. Two different ecosystems, mixed 
forest and cropland, with continuous EC measurements since 2004 were investigated. 
Overflights were performed with the high resolution imaging spectrometer APEX (Airborne 
Prism Experiment) at different times over eight years. Continuous tower-based hyperspectral 
measurements and monthly vertical profiles of leaf chlorophyll fluorescence, foliar pigment, C 
and N concentrations complemented the study in the last two years. 
Our results showed that dynamics in SIF and pigment concentrations were species-specific. 
Vertical differences in canopy photosynthesis were especially important during leaf growth 
and senescence. Different relationships between SIF and gross primary production were 
found for cropland and forest. By combining the strengths of ecophysiology, biometeorology 
and RS, this study will help improve our understanding of mechanistic dependencies between 
fluorescence and photosynthesis at different scales to obtain more accurate regional C 
budgets. 
  

4:00pm - 4:30pm CB-4: Coffee Break 4 
  

4:30pm - 5:30pm G1-O-SAU: Sphere Specific Analysis Methods - Urban 
Session Chair: Frantisek Zemek 
Session Chair: Akpona Okujeni Y-16-G-05  

  4:30pm - 4:45pm 

Large-Scale Mapping Of Asbestos Holding Roofs Using Airborne Imaging 
Spectroscopy: Case For Province Of Drenthe In The Netherlands 
Lammert Kooistra1, Klaas van der Veen2, Jaap Braam3, Eric van der Veen4, Roland 
Vroeijenstijn4, Ferdinand Peters4, Hanneke Schuurmans5, BoukePieter Ottow5, Cors van 
den Brink5, Csaba Lénárt6, László Bekő6, Steven de Jong7 
1Wageningen University, Netherlands, The; 2RUD Drenthe, Assen, the Netherlands; 
3Provincie Drenthe, Assen, the Netherlands; 4Vigilance, Nieuw-Vennep, the Netherlands; 
5Royal HaskoningDHV, the Netherlands; 6Envirosense Hungary Kft., Hungary; 7Faculty of 
Geosciences, Utrecht University, Utrecht, the Netherlands; lammert.kooistra@wur.nl 
Asbestos cemented materials have been widely used for the construction of buildings in both 
urban and rural areas since the 30’s of last century. The post-war peak in this use was 
reached between the 60’s and 80’s of the last century. In several European countries, action 
plans imposed by legislation are currently put in place for safe removal of especially asbestos 
roofs from public and private buildings. For the Netherlands this means that all asbestos roofs 
need to be removed before 2024. An important challenge for regional and local governments 
is to get insight into the extent and actual locations of buildings with asbestos holding roofs. 
Previous studies have shown that imaging spectroscopy can be adopted to identify asbestos 
but also have shown that variation in type and quality of the asbestos material, and the sloped 
geometry of the roofs complicate the classification procedure. In addition, scaling-up the 
methodology to regional or provincial level will require a scale-robust classification method. 
In this paper we describe the development of a classification approach for large-scale 
mapping of asbestos holding roofs covering the complete province of Drenthe (2700 km2) in 
the Netherlands using imaging spectroscopy. Airborne imaging spectroscopy data were 
acquired with the Specim AisaFENIX 1K sensor consisting of 420 bands in the wavelength 
range between 380 and 2450 nm. To cover the complete province, 240 flight lines were flown 
with 20% overlap from a height 4500 ft in the period from May 2 till 13, 2016. Imaging 
spectroscopy dataset were geocoded and radiometrically corrected into radiance. 
Using the radiance spectra as input, a Spectral Angle Mapper (SAM) classification procedure 
was developed. An important advantage of SAM is that it is capable of taking into account 
differences in illumination conditions during the flight period and brightness differences in 
North and South facing roof parts. However, the selection of the training set with ground truth 
asbestos roofs proved to be critical to achieve a good quality classification result. We will 
present the results for the province level classification using SAM and the associated 
accuracy analysis. The influence of angle thresholding on the accuracy will be presented and 
we will give an outlook on how the application of Minimum Noise Faction (MNF) and 
atmospheric correction could improve classification results. 

 
4:45pm - 5:00pm 

Concrete Meets Ecological Theory - A New Approach For Mapping Of Urban 
Surface Gaterial Gradients With EnMAP Data 
Marianne Jilge1, Hannes Feilhauer2, Uta Heiden3, Carsten Juergens1 
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1Ruhr-University Bochum, Germany; 2Friedrich Alexander University Erlangen-Nuremberg, 
Germany; 3German Aerospace Center (DLR), Germany; marianne.jilge@rub.de 
Urban areas are typically characterized by a large variety of surface materials. Spectral 
signatures of urban surface materials are further governed by various material instances 
caused by biasing effects such as coating or degradation and lead to a characteristically high 
spectral variability. Nevertheless, the analysis of occurring surface materials in urban areas is 
crucial for various applications. Spatially high resolution imaging spectroscopy data are 
predestined for analysing surface materials in a mixed urban environment. However, such 
data are acquired in airborne campaigns for selected areas only and are hence not suitable to 
monitor rapid changes in urban areas. Prospective satellite missions with a high temporal and 
spectral resolution, such as EnMAP, may provide new opportunities for monitoring urban 
surface materials, but lack spatial details due to their coarse spatial resolution. Previous 
studies have shown that the detection of an extended vegetation-impervious-soil model for 
extracting land cover classes like roof, tree and low vegetation with such data is possible. 
However, for several urban analyses this categorization is often not sufficient. For instance, 
studies regarding the urban microclimate necessitate a more detailed differentiation of surface 
material classes. 
Here, we propose a new concept for the extraction and mapping of gradients in urban 
materials. Based on the observation that co-occurrences of materials change with 
urbanization intensity, we use concepts and methods from ecological theory to describe 
related gradients in a data-driven way. Specifically, we sampled the mixture of urban materials 
in 66 circular polygons with a diameter of 100 m across the city of Munich, Germany. The 
polygon data were passed to a detrended correspondence analysis (DCA). DCA is a 
technique frequently used in vegetation science for dimensionality reduction. Here, it arranged 
the polygons according to their material compositions in a 2D similarity space. Polygons with a 
similar mixture are located nearby in this space: polygons with a dissimilar mixture are located 
on opposing ends. The axes of this metrically scaled space correspond to gradients of 
urbanity and provide a quantitative indicator of the material mixtures. We regressed the scores 
of the scores of the polygons on the axes against the corresponding EnMAP reflectance 
spectrum using Partial Least Squares regression models. These models resulted in R²=0.87 
and R²=0.73 in cross-validation for the first and second axis, respectively. Subsequently, we 
applied the models on the image data, predicting for each pixel a position in the DCA space 
indicating its material mixture. The resulting gradient map provides detailed insights in the 
spatial distribution of urban materials across Munich. The results show that (1) urban 
materials occur in self-organizing patterns that resemble the ecological niche concept, (2) a 
data-driven extraction of urban material gradients is possible, and (3) the gradient concept 
allows for mapping of urban materials with coarse resolution image data. 

 
Spectral Unmixing of Sentinel-2 observations based on urban material 
endmembers from WorldView II imagery 
Dimitra Tzelidi, Stavros Stagakis, Zina Mitraka, Giannis Lantzanakis, Emmanouil 
Panagiotakis, Nektarios Chrysoulakis 
Foundation for Research and Technology Hella (FORTH), Greece; zedd2@iacm.forth.gr 
Satellite image-based applications have increased significantly over the last few years and the 
demand for better spatial, spectral and temporal resolutions is emerging. However, the 
technical constraints of the tradeoff between spatial – spectral resolutions and spatial 
resolution – coverage remain and force high spatial resolution images to be related with low 
spectral and temporal resolution and vice versa. Therefore, the development of methods that 
exploit both data sources become necessary. This study presents the quantification of urban 
land cover through spectral unmixing, taking advantage of Worldview-II (WV-II) high spatial 
resolution and of Sentinel-2 spectral and temporal characteristics. The research area is the 
wider area of Heraklion, Greece. Sentinel-2 surface reflectance observations are spectrally 
unmixed using end-members derived from a spectral library of urban materials that was 
developed in the framework of the present study. A WV-II multispectral image of Heraklion 
was used to extract pure pixels of urban materials for the construction of this spectral library. 
Then, the different WV-II derived spectra were resampled to match Sentinel-2 spectra, taking 
into account the locations of spectral bands, as well as the spectral response functions of 
each sensor. The resulted urban material spectra are used to spectrally unmix Sentinel-2 
observations over the broader area of Heraklion. The unmixing results were validated using 
very high resolution orthophotomaps. The main outcomes of this study are a spectral library of 
urban materials capable of being used in Sentinel-2 analysis and a robust method of 
combining spectral information derived from two different satellite sensors.  
  

4:30pm - 5:30pm G2-O-FUS: Fusion of Earth Observation Technologies 
Session Chair: Stefanie Holzwarth 
Session Chair: Henning Buddenbaum Y-16-G-15  

  4:30pm - 4:45pm 

Forest Tree Species Classification from Airborne Hyperspectral and Laser 
Scanning Data Using Deep Learning 
Øivind Due Trier1, Arnt-Børre Salberg1, Dagrun Aarsten2 
1Norwegian Computing Center, Norway; 2TerraTec AS, Norway; trier@nr.no 
A new method for species classification of single trees from airborne hyperspectral and laser 
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scanning data is presented. 
In Norway, the current practice to assess the forest inventory is to use manual air photo 
interpretation to estimate the percentage of spruce, pine and deciduous on the stand level. 
This is then used in combination with airborne laser scanning (ALS) data for automatic timber 
volume estimation per species on the stand level. Calibration is done by field inventory inside 
sample plots. However, both the manual photo interpretation and the field inventory are labour 
intensive, and due to reduced timber prices, more cost effective methods for forest inventory 
are needed. 
In this paper we propose an approach for automatic estimation of forest inventory based on 
multisensor airborne hyperspectral and ALS data in combination with state-of-the art machine 
learning methodology. With sub metre resolution airborne hyperspectral and laser scanning 
data, there is a potential to do forest inventory mapping on the tree level, which may give 
more accurate tree species composition and per species timber volume estimates also on the 
plot level. In the proposed method, single tree canopy locations are identified as local maxima 
in the vegetation height model derived from the ALS data. For each tree, a canopy height 
image is extracted. Then, for each such image, the best sunlit hyperspectral pixel is identified. 
The canopy height image and the hyperspectral band values corresponding to the best sunlit 
hyperspectral pixel are input to a custom designed deep neural network for tree species 
classification. 
The deep convolutional network is trained on 0.5 m pixel spacing data from Harestua, Lunner 
municipality, Oppland County, Norway. The training data consists of polygons identified by 
field work. Each polygon contains only one of these three species: spruce, pine or birch. 
Situations with two (or more) overlapping canopies from different tree species were not 
included. The hyperspectral data includes 160 channels in the visible and near infrared range 
(400-1000 nm) and 256 channels in the short wave infrared range (1000-2500 nm). The ALS 
data was acquired with at least 5 first returns per square metre. Both datasets were acquired 
in 2015 but at different dates. 
The convolutional neural network consist of three convolutional layers (that also include 
pooling and ReLU), two fully connected layers and a class-mapping layer. The fusion of the 
hyperspectral and ALS data is performed by the network at the input of first fully connected 
layer by simple vector stacking of the hyperspectral features with the ALS features 
corresponding to the output of the last convolutional layer. At the last layer the network 
predicts the probability of being in each class of the classes spruce, pine, birch or background. 
The classification performance is evaluated by cross validation, and also compared to 
previous results obtained by hand-crafted classification methods.  

 
4:45pm - 5:00pm 

Identification of invasive and expansive plant species based on airborne 
hyperspectral and LiDAR data 
Adrian Ochtyra1, Adriana Marcinkowska-Ochtyra1, Anna Jarocińska1, Bogdan 
Zagajewski1, Anita Sabat1, Edwin Raczko1, Barbara Tokarska-Guzik2, Katarzyna 
Bzdęga2, Andrzej Pasierbiński2, Barbara Fojcik2, Monika Jędrzejczyk-Korycińska2, Luca 
Demarchi3, Sylwia Szporak-Wasilewska3, Gabriela Kuc3, Jarosław Chormański4, 
Dominik Kopeć4, Anna Halladin-Dąbrowska4, Jan Niedzielko5, Łukasz Sławik1,5 
1University of Warsaw Faculty of Geography and Regional Studies, Department of 
Geoinformatics, Cartography and Remote Sensing; 2University of Silesia in Katowice, Faculty 
of Biology and Environmental Protection; 3Warsaw University of Life Sciences, Faculty of Civil 
and Environmental Engineering, Department of Hydraulic Engineering; 4University of Lodz 
Faculty of Biology and Environmental Protection; 5MGGP Aero Sp. z o. o.; 
adrian.ochtyra@uw.edu.pl 
Natura 2000 habitats should be protected against any damage. Among essential threats for 
protected natural habitats is encroachment of alien invasive and native expansive plant 
species. The phenomenon requires comprehensive and efficient solutions which will be 
possible to repeat and apply on various areas. 
The study aim is the identification of 4 invasive and 2 expansive species in Natura 2000 areas 
in Poland using airborne remote sensing platform. The platform consists of hyperspectral 
HySpex scanner (451 bands in VNIR and SWIR), Airborne Laser Scanner (FWF) Riegl Lite 
Mapper and RGB camera. The 1 meter resolution HySpex data were corrected radiometrically 
and geometrically. Atmospheric correction was also performed and validated using ASD 
FieldSpec 4 measurements. LiDAR data which were acquired at 7 points/m2 were used to 
generate several layers as e.g. Normalized Digital Surface Model (nDSM), which had 0.5 m 
spatial resolution. Ortophotomaps from RGB camera had 0.1 m spatial resolution. 
Amongst plant species selected for the purposes of this study, identified as the threat on 
various Nature 2000 areas in Poland, were: Lupinus polphyllus, Reynoutria spp., Echinocystis 
lobata and Heracleum spp. as alien invasive species and Cirsium arvense and Rubus spp. as 
native expansive species. As training and validation samples field-acquired botanical data 
were used. Such data were collected parallel to airborne campaigns, three times during the 
growing season (in May/June, July/August and September/October 2016) to identify the most 
characteristic features of these species (including spectral properties, acquired by ASD 
FieldSpec 4 measurements). Three pixel-based methods were used for classification: Spectral 
Angle Mapper, Mixed Tuned Matched Filtering and Support Vector Machine were used. 
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In this study we present the methodology used for preparing and fusion of the data used to 
detect the invasive alien and expansive native plant species together with their distribution 
maps and the accuracies obtained for various Natura 2000 areas in Poland. Depending on the 
period of the growing season and features being characteristic for examined species, 
achieved results were diversified, however allowed for the inference in relation to the best 
period and the best classifier for each of them. 
Acknowledgements 
Research has been carried out under the Biostrateg Programme of the Polish National Centre 
for Research and Development (NCBiR), project No.: DZP/BIOSTRATEG-II/390/2015: The 
innovative approach supporting monitoring of non-forest Natura 2000 habitats, using remote 
sensing methods (HabitARS). 

 
5:00pm - 5:15pm 

Multisensor Data Collection – Towards Effective Vegetation Mapping 
Łukasz Sławik1,2, Jan Niedzielko2, Dominik Kopeć3 
1University of Warsaw, Faculty of Geography and Regional Studies, Department of 
Geoinformatics, Cartography and Remote Sensing, Warsaw, Poland; 2MGGP Aero, Poland; 
3University of Lodz, Department of Geobotany and Plant Ecology, Lodz, Poland; 
lslawik@mggpaero.com 
The presentation focuses on the challenge to effective application of remote sensing data and 
methods in vegetation mapping for the purposes of management of conservation area. 
Traditional methods of vegetation mapping based on field measurements are considered 
insufficient due to subjectivity and ineffectiveness in terms of time, scale, and reliability. 
Replacing traditional methods of mapping with remote sensing methods requires solutions to 
a number of problems, e.g. acquisition and fusion of numerous and varied datasets (collected 
in the field and with remote-sensing methods), which are spatially and temporally consistent, 
or processing and analysis of large areas. 
This research and development project was carried out with the use of remote sensing 
methods in order to create vegetation maps of Polish national parks: south part of Biebrzański 
National Park – BbPN covering the area of 242 km2 (Natura 2000 site: PLH200008) and 
Słowiński National Park – SPN covering the area of 221 km2 (Natura 2000 site: PLH220023). 
The activities were executed under contract to the parks' management in the years 2015-
2016. 
The analysis covered vegetation classes which occur in the areas under investigation. The 
vegetation map legend was designed. Identification through remote sensing methods was 
planned for 45 (BbPN) and 47 (SPN) vegetation classes. 
The use of different sensors was taken into consideration in terms of usefulness of various 
airborne datasets to vegetation mapping and other analyses. Consequently, data was 
collected during 3 separate flight campaigns with the following sensors: 

1. ALS – Riegl LMSq560i 
2. Hyperspectral - HySpex VNIR-1800, SWIR-384, Thermal images – DigiTHERM 
3. High resolution images RGB and CIR – UltraCam Eagle 

Airborne data acquisition was scheduled to take place in the period of optimum vegetation 
growth before the meadow mowing : June 9-30, 2015 for SPN and July 2-4, 2015 for BbPN. 
Simultaneously, botanical field data was collected with the use of transects (1058 reference 
patches in SPN, 1231 reference patches in BbPN). 
Analyzed data was classified using Random Forest to create vegetation maps of both parks 
covering the total area of 463 km2. Accuracy of classification was assessed at the level of 
Cohen's Kappa 0.76 and 0.71 for SPN and BbPN respectively. 
A number of problems were identified as resulting from the use of data collected during 
multiple flights: spatial misalignment due to calibration accuracy and temporal inconsistency of 
data acquired at intervals of a few days. This results in land use changes between the images 
due to mowing. 
In order to minimize identified limitations, the data was analyzed in terms of importance for 
classification and technical possibilities for integration of sensors on one aerial platform. The 
results show that the best combination of sensors integrated on one platform consists of Riegl 
LMSq560i, HySpex VNIR-1800, SWIR-384, and medium format camera RGB. 
These findings have been implemented in a research and development project "The 
innovative approach supporting monitoring of non-forest Natura 2000 habitats, using remote 
sensing method” (HabitARS). One element of this project involves creating multisensor 
remote sensing platform designed for detection of Natura 2000 habitats and assessment of 
their condition. 

 
5:15pm - 5:30pm 

Study of Ground-based Joint Information Detection System 
Huijie Zhao, Ziye Wang, Ying Zhang, Shaoguang Shi, Zefu Xu 
BeiHang University, China, People's Republic of; zefuxu@126.com 
With the development of quantitative remote sensing, vegetation parameters inversion by 
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radiative transfer model from spectrum data benefits the research of plant physiology, 
precision agriculture, forestry research, etc. Characteristics of vegetation can be indicated by 
image, spectrum and structure (ISS) joint information comprehensively and precisely, which 
contributes to promoting precision of radiative transfer model and parameters inversion 
accordingly. While this modeling process has a high demand for data sources of joint 
information, which needs panchromatic images to provide amount of details of the vegetation 
with high SNR, spectral data to provide the reflectance information, three dimensional 
structure data to provide vegetation canopy information. Traditional ways to get all these data 
are very tedious, which often bring great damage to the vegetation and heavy workload to the 
researchers. Furthermore, the asynchronous acquisition in time and space brings errors to the 
data registration and fusion, which reduces the modeling accuracy severely. 
This study proposes a new kind of combined instrument based on the acousto-optic tunable 
filter (AOTF), which can integrate panchromatic imaging, spectrum detection and three 
dimensional structure measurement together. The diffracted light and undiffracted light of 
AOTF are separated into two channels by a polarizer due to the orthogonality of their 
polarization. The two channels are imaged by the subsequent imaging device to provide 
panchromatic image and spectral data. The undiffracted channel combined with a laser 
scanning device forms a 3D measuring system based on structured light, which can provide 
three dimensional structure data. Due to the common path optical design of the combined 
instrument, the diffracted light and undiffracted light have consistent geometric properties. So 
the panchromatic image, the spectral data and the 3D structure data are naturally registered. 
A principle prototype is built and a series of vegetation detecting experiments are carried out. 
The experiments indicate that the combined instrument has the ability to conduct the 
panchromatic imaging, the spectrum detection and three dimensional structure measuring 
synchronously, which can be used to provide a reliable data source for the vegetation 
radiative transfer modeling. 
  

4:30pm - 5:30pm G3-O-FRM-2: Imaging Spectroscopy with Snapshot and Frame-Based Sensors 
- from Sensor Calibration to Data Product Generation (Special Session) 
Session Chair: Helge Aasen 
Session Chair: András Jung 

Y-03-G-85  

  4:30pm - 4:45pm 

Snapshot Imaging Spectroscopy to Characterize Radiation Scenarios in an 
Experimental Raspberry Plantation 
András Jung1, Ferenc Dénes2, László Kovács3, Kornél Szalay3 
1University of Leipzig, Germany, Szent István University, Hungary; 2Fruitculture Research 
Institute, Hungary; 3Institute of Agricultural Engineering, Hungary; andras.jung@uni-leipzig.de 
Leading raspberry producers are located in Eastern Europe and contribute at least 80% of the 
world's raspberry production (FAOSTAT, 2016). Due to agricultural climate change scenarios 
raspberry plantations are at risk because evapotranspiration will be challenged by solar 
radiation and temperature changes. Advanced spatial sampling solutions are needed to 
characterize radiation/reflectance properties of the plantation and to evaluate the success of 
preventive shading techniques. In agricultural field and close-field data acquisitions high 
mobility, flexibility, weight and speed are of high importance. For this reason we utilized 
imaging field spectroscopy. 
Hyperspectral imaging techniques are used in many agricultural applications. Spectral 
scanners have successfully mastered several applications; however scanning is facing some 
limitations when the test object or the camera or both are randomly or rapidly moving. To 
eliminate all these limitations snapshot hyperspectral imaging or spectral frame camera 
technique can be successfully applied. In principle, it is capturing the entire hyperspectral 
image during a single integration time (one shot takes about 1 ms). For this reason we used 
and tested a snapshot spectral camera with more than 100 spectral channels for a novel 
agricultural research project. 
We applied the snapshot camera to spectrally document, map and characterize a raspberry 
plantation under differently coloured shade nets to analyse usability, flexibility and to record 
spectro-phenological parameters. Snapshot hyperspectral imaging provided us a rapid and 
easy-to-use data acquisition tool for spectral mobile mapping. It worked as non-invasive and 
non-destructive sampling method with extreme short data acquisition time. As a hardware test 
camera usability, data delivery, spectral data quality and spectral documentation potential 
were evaluated. 
We concluded that spectral field data acquisition and length of data evaluation could be 
significantly reduced by snapshot spectral imaging. Data prototyping and pre-processing could 
be speeded up from days to minutes. Snapshot imaging spectroscopy is a complementary 
data acquisition tool for agricultural professionals to gain more accurate phenological and 
physiological information on radiation induced environmental changes. This information helps 
manage light supply, optimize field shading strategies in order to maintain high quality 
production and market attendance. 

 
4:45pm - 5:00pm 

Rigorous Image Block Based Geometric And Radiometric Processing Chain 
For Drone Based Tunable Hyperspectral Frame Imagers In Vegetated Scenes 
Eija Maarit Honkavaara, Teemu Hakala, Olli Nevalainen, Roope Näsi, Tomi Rosnell, Niko 
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Viljanen, Ehsan Khoramshahi, Paula Litkey, Lauri Markelin 
Finnish Geospatial Research Institute, Finland; eija.honkavaara@nls.fi 
Novel frame-based hyperspectral camera systems are increasingly used in the context of 
drone based remote sensing. In contrast to common pushbroom systems, they record spectral 
information with two spatial dimensions, which provides excellent potential to extract very 
accurate information about the object. When capturing image data in outdoor conditions, it is 
subject to various geometric and radiometric disturbances, which need to be compensated for 
in order to use the data in a quantitative manner. Drone based remote sensing with novel 
hyperspectral technologies require development of new data processing methods to handle 
the captured data and create reliable analysis results. 
The objective of this investigation was to study the aspects of geometric and radiometric 
processing of lightweight remote sensing system composing of a hyperspectral sensor based 
on a tuneable Fabry-Pérot interferometer (FPI) and a high spatial resolution consumer colour 
camera in vegetation remote sensing. 
Tuneable filters are one of the approaches for capturing multi- or hyperspectral frame images. 
These sensor systems provide high spatial resolution spectral data (e.g. cm level 
hyperspectral reflectance signatures) and give possibility to measure 3D object shapes via 
stereoscopy. The major technical complication is that the individual bands are not aligned 
when operating a sensor based on tuneable filters from a mobile platform (e.g. drone). We 
have developed a rigorous and automated approach for geometric reconstruction and band 
registration in complex 3D scenes such as forests, which is embedded to the overall 
georeferencing solution. The method first determines the orientations of a few spectral bands 
and reconstructs the 3D scene using dense image matching technologies. The bands without 
an orientation are then matched and adjusted to the oriented bands accounting for the 3D 
scene. The approach provides also a comprehensive method for uncertainty propagation. 
The second fundamental phase of the data processing is the radiometric processing. 
Radiometric calibration of the sensor, atmospheric influences, changing illumination conditions 
and BRDF effects, are the major challenges in the radiometric processing. Multiview images 
give good possibility for performing radiometric corrections. A comprehensive block 
adjustment based approach for radiometric correction based on image block information and 
radiometric modelling has been implemented in the processing chain at the FGI. 
In the last phase, the remote sensing data sets are analysed using suitable classification and 
analysis tools based on training data and radiometric and geometric features extracted from 
the data sets. 
Empirical performance assessments of the imaging system and processing chain have been 
carried out using several tens of drone based hyperspectral 3D datasets from forested and 
agricultural environments. Similar data sets have given consistent results whereas data sets 
of different objects and different seasons have provided essential information for the 
improvement and generalization of the methodology. In our presentation, we will present the 
current setup of our system and present our major findings from relevant case studies in the 
field of vegetation remote sensing. The methodology is suitable also for wider application field 
of drone and manned aircraft-based remote sensing using frame-based imaging. 

 
5:00pm - 5:15pm 

Best Practice Procedures For UAV Spectral Sampling 
Helge Aasen 
ETH Zurich, Switzerland; helge.aasen@usys.ethz.ch 
UAVs are increasingly adapted as low-flying remote sensing platforms. Together with 
specialized sensors they become powerful sensing systems for environmental monitoring and 
surveying. Spectral data has great capabilities to the gather information about biophysical and 
biochemical properties. Still, capturing meaningful spectral data in a reproducible way is not 
trivial. 
Since a couple of years small and lightweight spectral sensors, which can be carried on small 
flexible platforms, have become available. With their adaption in the community the 
responsibility to ensure the quality of the data is increasingly shifted from specialized 
companies and agencies to individual researchers or research teams. Due to the complexity 
of the data acquisition of spectral data, this poses a challenge for the community and 
standardized protocols, metadata and best practice procedures are needed to make data 
intercomparable. 
In November 2016 ESSEM COST action Innovative optical Tools for proximal sensing of 
ecophysiological processes (OPTIMISE; http://optimise.dcs.aber.ac.uk/) held a workshop on 
best practices for UAV spectral sampling. The objective of this meeting was to trace the way 
from particle to pixel and identify influences on the data quality / reliability, to figure out how 
well we are currently doing with spectral sampling from UAVs and how we can improve. 
Additionally, a questionnaire was designed to be distributed within the community to get an 
overview over the current practices and raise awareness for the topic. This talk will present 
the outcome of the workshop as well as first results of the questionnaire. 
  

4:30pm - 5:30pm G4-O-COM-2: Combined Observational Modelling Approaches for Advanced 
Earth Science Applications (Special Session) 
Session Chair: Michael E. Schaepman Y-03-G-95  
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Session Chair: Alexander Damm 
  4:30pm - 4:50pm 

Crop stress status and resource use efficiency: Insights from spectroscopic 
approaches 
Frank Liebisch1, Benjamin Rohrer1, Alexander Damm2, Achim Walter1 
1ETH Zürich, Switzerland; 2Remote Sensing Laboratories, University of Zurich; 
frank.liebisch@usys.ethz.ch 
Resource use efficiency in agriculture needs to be increased over the next decades to reduce 
overall costs per unit of produced food and to increase sustainability of food production 
considering given environmental boundaries. Precision agriculture is anticipated to address 
many of the involved topics. However, many applications of precision agriculture strongly rely 
on spatially and timely resolved information about crop status that can be only supplied by 
remote sensing approaches. 
The interpretation of remote sensing data to facilitate recommendations for farm management 
or to identify the actual resource use efficiency of crops often still requires expert knowledge. 
Improved information supply in an independent and automated way would boost remote 
sensing applicability for strongly needed farm management and precision agriculture 
applications. 
This contribution summarizes the results of a four year lasting experiment applied in major 
crops in Switzerland using a combination of imaging spectroscopy data of the Airborne Prism 
Experiment (APEX) and related ground truth measurements. A particular focus is on the 
evaluation of established spectral indices and their applicability to detect crop traits such as 
leaf chlorophyll and water content, crop coverage, and leaf area index (LAI). Further, we 
exploit the capability of a novel strategy that combines multiple independent indices to 
advance the reliability of crop trait estimates and to detect different environmental stresses 
such as water, heat or nitrogen stress impacting observed crops. We demonstrate this novel 
strategy using the example trait LAI and the two spectral indices MCARI2 and SLAIDI 
developed for LAI detection, sensitive to canopy chlorophyll and water content respectively. 
We show that the combination of both trait indicators allows revealing sensitivity to nitrogen 
nutrition status and nitrogen use efficiency of the crop. 
We generally conclude that spectral indicators can be reliably applied for various major crops 
to assess important traits such as chlorophyll content and LAI, but corrections of their 
sensitivity for crop species are recommended. Indices sensitive to plant tissue structure and 
pigment content are strongly species specific and should be combined with species specific 
functions to estimate these subtle traits. We suggest a novel approach based on a 
combination of several complementary spectrally independent indicators sensitive for the 
same trait or the combination of different trait indicators to yield reliable estimates of traits and 
underling crop status. Such an approach provides substantial possibilities to derive the 
resource use efficiency of a crop at a given time and to facilitate planning subsequent crop 
management actions. 

 
4:50pm - 5:10pm 

Spatio-temporal Trends and Trade-offs In Ecosystem Services: An Earth 
Observation Based Assessment For Switzerland Between 2004 And 2014 
Daniela Braun, Alexander Damm, Michael E. Schaepman 
University of Zurich, Switzerland; daniela.braun@geo.uzh.ch 
Ecosystem structure and functioning is increasingly impacted by natural and human caused 
environmental change. Understanding and monitoring consequences of such pressures and 
the spatio-temporal provisioning of ecosystem services (ES) and their trade-offs is essential 
for decision-making and for implementing adaptive management approaches. Satellite based 
Earth observation (EO) data offer a unique monitoring capability of ES and their trade-offs 
across spatial and temporal scales. 
We aim to demonstrate an approach based on EO data to assess spatio-temporal variations 
of ES in Switzerland between 2004 and 2014. We use MODIS data to outline the contribution 
of EO to (1) monitor provisioning, regulating and cultural ES, (2) to qualitatively and 
quantitatively assess their changes, and (3) to evaluate ES trade-offs and synergies over time. 
Investigated ES are estimated based on mechanistic models using a combined input of RS 
and in-situ data as well as literature values. Annually aggregated ES change values between 
2004 and 2014 are used to identify temporal trade-offs and time lags between ES. Spatial 
changes are determined using principal component analysis (PCA) and ES correlations. 
We discuss limitations of used moderate resolution EO data to obtain the variety of ecosystem 
properties to support ES mapping approaches and outline the capability of imaging 
spectroscopy in this context. We conclude on the value of EO data in general and imaging 
spectroscopy in particular to obtain spatio-temporal ES information including their trade-offs 
and synergies and outline the importance of this technology for future decision-making in 
spatial planning and conservation. 
  

5:30pm - 11:30pm WD: Workshop Dinner Zoo Zurich 
Restaurant 

Pantanal Zurich 
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Date: Friday, 21/Apr/2017  

8:00am - 8:30am REG-3: Registration 
UZH Irchel 
Campus  

8:30am - 9:00am KN-3: Keynote 3: Hyperspectral imaging from Space: European achievements 
and plans for ocean, land and atmospheric applications 
Speaker: Meynart, Roland Y-15-G-60  

  8:30am - 9:00am 

Hyperspectral imaging from Space: European achievements and plans for 
ocean, land and atmospheric applications 
Roland Meynart 
ESA - European Space Agency, Netherlands, The; Roland.Meynart@esa.int 
This keynote talk will give a technical overview of European hyperspectral imaging from 
space, going beyond the strict boundaries of land imaging spectroscopy and addressing also 
ocean (Envisat, S3) and atmospheric spectroscopy (S4,S5, future CO2), without forgetting 
land (FLEX). 
  

9:10am - 10:10am H1-O-VEG: Vegetation Classification and Traits Retrieval 
Session Chair: Jan Clevers 
Session Chair: Lucie Homolova Y-16-G-15  

  9:10am - 9:25am 

Using Sentinel-2 Data for Retrieving Leaf and Canopy Chlorophyll Content of 
a Potato Crop 
Jan Clevers1, Lammert Kooistra1, Marnix van den Brande2 
1Wageningen University & Research, Laboratory of Geo-Information Science and Remote 
Sensing, P.O. Box 47, 6700 AA Wageningen, The Netherlands; 2Van den Borne Aardappelen, 
Postelsedijk 15, 5541 NM Reusel, The Netherlands; jan.clevers@wur.nl 
Remotely sensed data have shown to provide significant information on various plant 
characteristics, such as leaf area index (LAI), chlorophyll content and water content. 
Chlorophyll content, both at leaf and canopy level, is an important variable for agricultural 
applications because of its crucial role in photosynthesis and in plant functioning. In this study 
we tested the hypothesis that both leaf chlorophyll content (LCC) and canopy chlorophyll 
content (CCC) can be estimated by a hybrid approach, combining radiative transfer modelling 
and empirical vegetation indices. 
PROSAIL was used as a radiative transfer model for simulating a large range of canopies by 
varying several of its input parameters. In addition to LCC and LAI, we varied the leaf 
structure parameter, the leaf angle distribution, soil brightness and the solar zenith angle in 
this study. Several widely used chlorophyll-related vegetation indices were tested for their 
performance in estimating either LCC or CCC. The most promising ones and the best 
relationships were identified. Subsequently, real data were analysed for a potato crop on an 
experimental field in the 2016 growing season. Plots of 30 by 30 m were designed with 
different nitrogen and potassium fertilization levels. On a weekly basis in-situ field 
measurements of LAI and LCC were performed. From this CCC was also derived. In addition, 
a time series of Sentinel-2 images during the 2016 growing season was obtained. Images 
have been atmospherically corrected using the SNAP toolbox, providing top-of-canopy 
reflectances. 
Results showed that the red-edge chlorophyll index (CIred-edge) and the green chlorophyll index 
(CIgreen) were accurate and linear estimators of CCC. Good estimates of LCC were feasible 
using ratio vegetation indices (like the TCARI/OSAVI and the CVI). In both cases, the 
experimental data matched the simulated relationships with PROSAIL. As expected, 
estimation of CCC was more accurate than estimation of LCC. 
Results confirm the importance of the red-edge bands on Sentinel-2 for agricultural 
applications especially for estimating LCC, but also showed that indices using the red-edge 
bands can be replaced by indices using green bands. The implication is that Sentinel-2 bands 
at 10 m spatial resolution are suitable for estimating both LCC and CCC, avoiding the need for 
red-edge bands that are only available at 20 m. This is an important finding for applying 
Sentinel-2 data in precision agriculture. 

 
9:25am - 9:40am 

Quantifying Plant Traits In Agro-ecological Field Experiments Using High-
resolution Hyperspectral Images 
Lammert Kooistra1, Bob van der Meij2, Marston Franceschini1, Gerlinde de Deyn3, Dirk 
van Apeldoorn4, Juha Suomalainen1, Harm Bartholomeus1 
1Laboratory of Geo-Information Science and Remote Sensing, Wageningen University and 
Research; 2Faculty of Geosciences, Utrecht University; 3Department of Soil Quality, 
Wageningen University and Research; 4Farming Systems Ecology, Wageningen University 
and Research; lammert.kooistra@wur.nl 
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During the last decades, plant trait based ecology has developed fast and is enabling a better 
mechanistic understanding of agro-ecosystem processes across spatial and temporal scales. 
Spectral remote sensing has proven an effective source of information for monitoring plant 
traits in the field, non-invasively and comparatively efficiently, for diversified applications in 
past agronomic and ecological studies. To support agro-ecological field experiments and 
change from mapping to monitoring of ecological systems, robust plant trait retrieval methods 
are needed while their associated accuracy needs to be evaluated. 
In this paper we present an approach to adopt Unmanned Aerial Vehicle (UAV)-based 
imaging spectroscopy sensors for mapping and monitoring of a selection of plant traits (height, 
fresh biomass, nitrogen content, canopy and leaf chlorophyll content ) in agro-ecological field 
experiments. We present results from two field experiments: 1) to test whether plant-soil 
feedback (PSF) effects on plant traits can be quantified remotely; and 2) to monitor the effect 
of using mixed varieties on late blight infestation in potatoes for a biologically managed 
experiment. Prior to destructive sampling in the field experiments, imaging spectroscopy data 
was acquired and used for calibration and independent validation of multivariate regression 
models to retrieve plant traits from optical data. Subsequently, for each trait the model with 
highest precision and accuracy was selected. For experiment 1, the PSF effects of the 
different cover crop treatments based on the remote sensing data matched the results based 
on in situ measurements. Individual accuracy varied between plant traits: plant height 
(RMSE= 5.12 cm, R²= 0.79), chlorophyll content (RMSE= 0.11 g m-2, R²= 0.80), N-content 
(RMSE= 1.94 g m-2, R²= 0.68), and fresh biomass (RMSE= 25 0.72 kg m-2, R²=0.56). For 
experiment 2, the effect of late blight infestation on canopy chlorophyll content could be 
detected while treatment effects on canopy and leaf chlorophyll content could be quantified 
based on the time-series of 8 observations over the growing season. 
The results of these two studies show that plant traits that can be sensed remotely and 
quantified in a non-destructive way using UAV-based optical sensors while these can be 
repeated over the growing season to increase temporal resolution. Imaging spectroscopy 
thereby offers great potential for studying ecological effects at field scale and relevant spatial-
temporal resolutions which will facilitate the elucidation of the underlying mechanisms. 

 
9:40am - 9:55am 

Urban Tree Species Classification With Hyperspectral Vnir And Swir Sensors 
Josselin Aval1, Sophie Fabre1, Emmanuel Zenou2, David Sheeren3, Mathieu Fauvel3, 
Xavier Briottet1 
1ONERA (Office National de Recherches et d'Études Aérospatiales) of Toulouse, France; 
2ISAE (Institut Supérieur de l'Aéronautique et de l'Espace), Toulouse, France; 3ENSAT (École 
Nationale Supérieure Agronomique de Toulouse), France; Josselin.Aval@onera.fr 
Studies have showed that in dense and polluted cities during heatwave, green infrastructures 
of certain species could decrease temperature and improve air quality (Yin et al., 2011). 
Therefore, urban tree mapping is a key information for urban planning and vegetation health 
monitoring, especially the species knowledge. 
Hyperspectral remote sensing technology has already its potential for species classification 
(Alonzo et al., 2014 ; Zhang et al., 2012). These works are often based on systems which 
measure directly the full spectral range ( 0.4 – 2.5 µm) (ex : AVIRIS, AISADUAL). 
Nevertheless, some hyperspectral system covering this spectral range uses two cameras with 
different spatial resolutions, a feature of interest in urban environment (ex : HySpex VNIR, 
SWIR). To our knowledge, there is a lack of work about the use of two hyperspectral VNIR 
and SWIR sensors to classify urban tree species. Our objective is to show which is the best 
way between the use of one or two sensors. 
The study site is located in Toulouse (France) city centre and covers a surface of 500 by 700 
m2. Airborne hyperspectral data were acquired on 10/24/12 with HySpex VNIR (0.4 – 1 µm, 
160 spectral bands, 0.75 m spatial resolution) and SWIR (1.0 – 2.5 µm, 256 bands, 1.6 m 
spatial resolution) sensors. Field data (tree positions, delineations, species) were collected 
and contain 162 trees with 28 species including Aesculus hippocastanum, Platanus x 
hispanica and Tilia tomentosa.. 
After hyperspectral data orthorectification / georeferencing with GDAL and atmospheric 
correction with COCHISE, one approach consists in spatial resampling to get the full spectral 
range in a pixel (i.e. one fictive sensor by pixel / data level fusion) by downsampling VNIR 
(downVNIR+SWIR) or upsampling SWIR (VNIR+upSWIR). Another approach consists in 
considering original VNIR and SWIR sensors. Then we apply a supervised classification such 
as for each species, 50 % of trees are used as learning samples and the rest are used as 
testing samples. Pixels inside these trees are extracted and several possibilities related to 
feature vector, scale and classifier are tested through the classification scheme to determine a 
best method for downVNIR+SWIR, VNIR+upSWIR, VNIR and SWIR. 
The best results are obtained with full spectral reflectance, majority vote and SVM (Support 
Vector Machine). In terms of overall accuracy, downVNIR+SWIR, VNIR+upSWIR, VNIR and 
SWIR give respectively 63.7 %, 69.5 %, 70.7 % and 55.7 %. VNIR alone shows bests results 
thus it seems that SWIR does not bring more information. However, if each tested tree where 
VNIR or SWIR says true is added, a potential accuracy of 76.7 % is reached. Thus in our 
case, the use of two sensors presents a better potential than one. Encouraging results are 
obtained from a decision level fusion method under development 
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9:55am - 10:10am 

Tree Species Classification in the Bavarian Forest National Park using 
Hyperspectral Remote Sensing and Site Specific Information 
Nicole Pinnel1, Yannic Fetik1, Stefanie Holzwarth1, Uta Heiden1, Carolin Sommer2, Marco 
Heurich3 
1German Aerospace Center, Germany; 2GAF AG, D- Arnulfstr. 199, 80634 München, 
Germany; 3Bavarian Forest National Park, D-94481 Grafenau, Germany; nicole.pinnel@dlr.de 
The Bavarian Forest National Park is a unique area of forest stands that developed with low 
anthropogenic interference into a landscape with remnants of a primeval forest. There is a 
high interest of the National Park authority to investigate the composition and development of 
the forest ecosystem. However conventional forest inventories are time-consuming and focus 
mainly on the forests economic value. The goal of this study is to develop advanced mapping 
techniques combining remote sensing and in-situ information that meet the demands of the 
National Park and emphasize the ecological value of a forest. 
This study is based on a large scale hyperspectral survey flown in 2013. 16 000 hectares of 
HySpex VNIR1600 and SWIR 320i data were acquired covering 65% of the whole National 
Park. A previous hyperspectral species mapping exercise was successfully performed using 
the HySpex VNIR data only. This new approach was now significantly improved using the 
additional spectral information of the HySpex SWIR sensor as well as stand density 
information. In addition to the remote sensing data, forest inventory data from 2002 were 
provided by the National Park and used for validation and partly as additional training data. 
Clusters of tree crowns from 11 different tree species were located and identified during a field 
survey in November 2014 and December 2015. This field data was used as training and 
validation set. By overlaying the pre-selected and field-demarcated tree canopies with the 
hyperspectral data the tree species spectral libraries were created and used as input for the 
analysis. 
Different input parameters and predictor datasets, consisting of spectral and structural data 
were investigated to enhance the Random Forest classification model. The impact of spectral 
coverage, geometric resolution and training data on the quality of classification result was also 
evaluated by comparing previous and new classification results. 
This work aims at building a site specific classification model transferable to an area wide 
mapping approach based on the needs of the Bavarian Forest National Park, which will in 
future be extended to the Šumava National Park. This study reveals the requirements for tree 
species mapping and shows which spectral/spatial features and data composition generate 
the best results. 
  

9:10am - 10:10am H2-O-LAB-1: In-situ, Field and Laboratory Spectroscopy 
Session Chair: Alasdair Mac Arthur 
Session Chair: Miriam Machwitz Y-16-G-05  

  9:10am - 9:25am 

Clay Minerals Abundances Estimation Under Hyperspectral Laboratory Data 
Etienne Ducasse1,2, Audrey Hohmann3, Karine Adeline2, Rosa Oltra-Carrió2, Anne 
Bourguignon3, Xavier Briottet2, Gilles Grandjean3 
1Université Fédérale Toulouse Midi-Pyrénées, 41 Allées Jules Guesde - CS 61321 - 31013 
Toulouse Cedex 6, France; 2ONERA – DOTA/POS, 2 Avenue Edouard Belin, 31055 Toulouse 
Cedex 4, France; 3BRGM – DRP/RIG, 3 avenue Claude Guillemin, 45060 Orléans Cedex 2, 
France; etienne.ducasse@onera.fr 
In urban areas, mapping of clay mineralogy is essential to survey and predict ground 
instability hazards. Swelling areas are detected from clay maps and are used to cope with 
damages caused by expansive soils on infrastructures. Clay minerals in temperate zone soils 
are mainly composed of smectite, illite and kaolinite. Smectites highly contribute to soil 
swelling. Geotechnical engineering practices for clayed soil mapping are expensive and time-
consuming. They are based on field and extensive laboratory studies. Then, spatial 
distribution of clay is assessed using aerial photographs and low-scale geological maps. 
Thereby, small heterogeneities in geological features are rarely detected, and spatial 
information remains qualitative. 
Imaging spectroscopy is an alternative to conventional methods for clay mapping. Several 
studies reveal the interest of reflectance data, using specific absorption features of clay 
minerals. Recent development in unmanned aerial vehicles (UAV) offers new opportunities for 
carrying hyperspectral cameras in reflective domain [0.4 – 2.5 µm], and obtain data with 
higher signal to noise ration and spatial resolution. These advances open new perspectives 
for accurate and cheaper clay mapping based on the clay specific absorptions features 
overlay on the soil reflectance spectrum on the reflective range [0.4 - 2.5 µm]. 
Usually, mineralogic clays are intimately mixed and thus it is of importance to understand how 
the spectral and spatial variabilities can vary with the change of scale. This paper presents an 
experiment to tackle this problem. This originality of this study is it allows us to evaluate the 
influence of the change of scale from laboratory (0.75 mm) up to the UAV one (few cm) on the 
clay discrimination. 
The experiment is composed of a light source illuminating a sample of size 20*20 cm² placed 
on a translation setup. The reflected signal is acquired by two hyperspectral cameras (HySpex 
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- Norsk Elektro Optikk - SWIR-320m-e and VNIR-1600 cameras) allowing to cover the entire 
reflective domain 0.4-2.5 µm. By translating the sample, a full hypercube image is acquired 
with a spatial resolution of 0.75 mm. 
53 samples were prepared with different abundances of pure illite, kaolinite, montmorillonite 
(smectite) mineral clay and Fontainebleau sand (quartz > 90%). It allows use to analyses 
binary mixture of clays, but also mixture of three minerals (2 clays and sand). 
The acquired data are then preprocessed to overcome the non uniformity of the incident 
irradiance, instrument noise and small-BRDF-effect. Different data deconvolution are tested: 
continuum removal and derivatives. Then different results are presented: 

• Evaluation of the change of scale on the spatial variability of the spectral reflectance 
• Evaluation of the change of scale on the unmixing process using methods from 

literature. 
Fully constraint linear unmixing on binary samples have scores improved when degrading 
spatial resolution. Continuum removed and derivative data reach a mininimum score of 10 % 
error (known endmembers, binary mixtures). 

 
9:25am - 9:40am 

Spectroscopy and Hyperspectral Remote Sensing as Practical Tools for 
Quantitative Mapping of Charcoal Dust near Power Station 
Anna Brook1, Nir Sahar2 
1Spectroscopy and Remote Sensing Laboratory, University of Haifa, Israel; 2Sharon-Carmel 
Districts Municipal Association for Environmental Protection; abrook@geo.haifa.ac.il 
The main task of environmental and geoscience applications are efficient and accurate 
quantitative classification of earth surfaces and spatial phenomena. In the past decade, there 
has been a significant interest in employing unmixing approaches in order to retrieve accurate 
quantitative information latent in hyperspectral imagery data. This study suggests sparse 
unmixing technique to extract and identify charcoal dust settled over/upon green vegetation 
canopy using hyperspectral airborne data near power station. It is a known fact that 
atmospheric dust transports a variety of chemicals, some of which pose a risk to the 
ecosystem and human health.  
Small amounts of particulate pollution that may carry a signature of a forthcoming 
environmental hazard are of key interest when considering the effects of pollution. According 
to the most basic distribution dynamics, dust consists of suspended particulate matter in a fine 
state of subdivision that are raised and carried by wind. In this context, it is increasingly 
important to first, understand the distribution dynamics of pollutants, and subsequently 
develop dedicated tools and measures to control and monitor pollutants in the free 
environment. The earliest effect of settled polluted dust particles is not always reflected 
through poor conditions of vegetation or soils, or any visible damages. In most of the cases, it 
has a quite long accumulation process that graduates from a polluted condition to long-term 
environmental hazard.  
This study suggests that the sensitivity of sparse unmixing techniques provides an ideal 
approach to extract and identify dust settled over/upon green vegetation canopy using both in 
situ spectroscopy and imagery hyperspectral airborne data. The developed approach is 
applied by the following stages: 1) acquire spectral data and preprocessed it, 2) apply prior 
trained unmixing using hierarchical NMF (Non-negative Matrix Factorization) approach, first 
define mixture between vegetation and settled dust, after using only dust endmember define 
the charcoal fraction within it, 3) apply prior developed PLSR model to quantify the detected 
settled charcoal dust.  
The study showed that in certain compression tasks content-adapted sparse representation is 
provided by state-of-the-art solutions. The NMF algorithm estimates endmembers that are 
used to remove spurious information. If computationally feasible, it should include interaction 
terms to make the model more flexible. The optimal NMF algorithms, such as Alternating 
Least-Square (ALS) and Lin’s Projected Gradien (LPG), are assumed to be the simplest 
methods that achieve the minimum error on the test set.  
The suggested trained and validated PLSR model was developed at laboratory using spectra 
across MIR (FTIR reflectance spectra) and NIR regions and XRD analysis. The obtained 
RMSE was satisfying for both spectral regions. Thus, it was concluded that field spectroscopy 
across NIR region can be used for this purpose, and it can provide fully quantitative measures 
of settle charcoal dust.  
Nowadays this approach (both spectrometer and algorithm) has been accepted as a practical 
operational tool for environmental monitoring near power station Orot Rabin in Hadera and will 
be used by the Sharon-Carmel Districts Municipal Association for Environmental Protection, 
Israel as a regulatory tool.  

 
9:40am - 9:55am 

Monitoring of Biotic Stress in Plants with Hyperspectral Cameras – Across 
Spatial and Temporal Scales 
Jan Behmann1, Stefan Thomas1, Matheus Kuska1, David Bohnenkamp1, Jan Dupuis2, 
Ribana Roscher3, Anne-Katrin Mahlein1 
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1INRES-Phytomedicine, Uni Bonn, Nussallee 9, Germany; 2IGG-Geodesy, Uni Bonn, 
Nussallee 17, Germany; 3IGG-Photogrammetry, Uni Bonn, Nussallee 15, Germany; 
jbehmann@uni-bonn.de 
Biotic stress is a major factor reducing production yield in global agriculture. Plant diseases 
like fungi infections have the potential to reduce crop quantity and quality.  
The pathogen, the response of the crop plant to infestation and the induced stress process 
jointly alter the reflectance characteristics of leaf tissue and, therefore, hyperspectral sensors 
can provide valuable information about a disease or even state of infection. However, 
interpretation of hyperspectral images is not straight forward but requires state of the art data 
analysis methods which are able to cope with subtle early effects during host-pathogen-
interactions, high level of redundancy and massive amount of data. 
In the last years, the availability of accurate and reliable sensors supported investigations of 
the temporal and spatial development of disease symptoms at various scales from leaf tissue 
over single plants to entire crop stands. These scales are not independent but benefit from 
new insights at the other scales. 
At the microscopic scale, the earliest effects of the penetration of plant cells by the pathogen 
and the plant’s response can be observed. Time series which allow retracing of symptoms to 
the invisible stage uncover hyperspectral signatures of an infection process. These pure 
spectral signals, relevant bands and important time points are valuable a priori information for 
larger scales. 
At leaf scale, the situation is most similar to the visual assessment by human experts. 
However, in this case the hyperspectral signal is severely affected by the 3D geometry of the 
plant. Nevertheless, suitable analysis methods like sparse decomposition techniques are able 
to detect disease symptoms at a very early stage and allow a precise quantification. Using a 
targeted feature extraction and selection, unsupervised and supervised methods are applied. 
At higher plants with complex leaf and canopy architecture the effect of the geometry can 
cover the relevant plant-physiological signals. These additional measurement of the plant 
geometry and an accurate referencing are prerequisites for the integration into data analysis 
and a proper improvement of result. 
At plot or field scale, the situation become more complex. Here variable illumination situation 
at different leaf levels and internal shadowing impairs the hyperspectral signal. Currently 
hyperspectral cameras transferred to the field are partly accompanied by 3D laser scanners. 
Recent advantages in sensor technology for hyperspectral snapshot cameras allow new 
applications based on driving or flying platforms. These sensors capture the spectral 
reflectance characteristics with spatial resolution within a short acquisition time and, therefore, 
allow hyperspectral measurements even in dynamic environments. Such sensors in 
combination with advanced data analysis methods have the potential to transfer hyperspectral 
methods to a new scale and to access the spatial distribution of the different disease stages in 
the field over time. Within short-term, hyperspectral technologies will be implemented into 
plant phenotyping for resistance breeding and precision agriculture for knowledge based plant 
protection strategies. 

 
9:55am - 10:10am 

Prediction of Chemical Properties of Various Iron and Steelwork By-products 
Based on VNIR/SWIR and MWIR/LWIR Reflectance Spectra 
Michael Denk1, Frank Riedel1, Cornelia Glaesser1, Peter Drissen2, David Algermissen2, 
Dirk Mudersbach2 
1Martin Luther University Halle-Wittenberg, Institute of Geosciences and Geography, 
Department of Remote Sensing, Germany; 2FEhS – Building Materials Institute, Germany; 
michael.denk@geo.uni-halle.de 
In the last decades, the exploration of anthropogenic deposits for reusable materials has 
become increasingly important in the context of urban mining. Such deposits include industrial 
dump sites of iron and steelwork by-products. Especially historic materials at older dump sites 
are potentially rich in reusable raw materials. As the deposition locations of specific by-
products are often unclear or mixtures of various materials were deposed, conventional 
exploration methods are time consuming and sampling and analysis techniques cost 
intensive. Thus, new strategies are needed to detect by-products of potential economic 
interest and to assess their content of valuable materials. 
Against this background, this study focuses on the estimation of chemical constituents of iron 
and steelwork by-products using reflectance spectra covering the visible light to the long-
wavelength infrared region. 
Most of the samples used within this study were collected at a dump site of an iron and steel 
plant, today an electric steel work, in Thuringia, Germany, and encompass various slags, 
dusts, ashes and sludges. Furthermore, the database was enriched with samples from other 
stainless steel production plants. 
Spectral laboratory measurements were conducted using an ASD Fieldspec Pro FR to cover 
the wavelength region 350-2500 nm (VNIR/SWIR). Spectra between 2500 and 15.000 nm 
(MWIR/LWIR) were collected with an Agilent Handheld FTIR 4300. The chemical composition 
of the samples was analysed using inductively coupled plasma mass spectroscopy. To 
analyse the relationship between spectral and chemical properties of the samples, Partial 
Least Squares Regression (PLSR) was applied. The VNIR/SWIR and the MWIR/LWIR 
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spectra were used as separate predictors as well as a combination of both the spectral 
ranges. Furthermore, several preprocessing techniques (e.g. standard normal variate, 
multiplicative scatter correction, continuum removal) were applied to the spectra. Logarithmic 
transformation was carried out to several chemical parameters to normalize data distribution. 
To assess model performance, leave-one-out cross validation (LOO CV) was utilized. 
Additionally, the dataset was divided into calibration and independent validation samples 
based on Kennard-Stone sampling algorithm. 
The LOO CV results indicate, that solid models for CaO (R² 0.71), Fetotal (R² 0.78), Fe2O3 (R² 
0.87), Pb (R² 0.70) and SiO2 (R² 0.71) could be achieved based on the VNIR/SWIR spectra. 
Using the MWIR/LWIR data, the model performance was best for Al2O3 (R² 0.74), Cr2O3 (R² 
0.78), CO2 (R² 0.9), FeO (R² 0.77) and SiO2 (R² 0.85). By combining both the VNIR/SWIR and 
the MWIR/LWIR datasets, the models for several parameters could be further improved, e.g.: 
CaO (R² 0.83),CO2/H2O (R² 0.87), Fetotal (R² 0.82), Fe2O3 (R² 0.88), Pb (R² 0.75). Ni (R² 0.71), 
Stotal (R² 0.75) and the sum of Mo, Ni, V, Zn, Al, Cr, Fe, Mn (R² 0.87). 
In summary, this study showed that multivariate methods based on VNIR-LWIR reflectance 
data allow the estimation of major chemical properties of various iron and steelwork by-
products and thus potentially aid dump site exploration. 
Acknowledgement: 
This study is based on data gathered within the project REStrateGIS, which was funded by 
the German Federal Ministry of Education and Research (BMBF, funding code 033R103B) 
and embedded within the r³-initiative. 
  

9:10am - 10:10am H3-O-FUT-1: Science and Applications Enabled by Global Coverage Imaging 
Spectroscopy - Future Technologies, Missions and Emerging Concepts 
(Special Session) 
Session Chair: Robert O Green 
Session Chair: Michael E. Schaepman 

Y-15-G-60  

  9:10am - 9:30am 

Spaceborne Hyperspectral VSWIR Instruments: Past, Present and Future 
Michael Abrams 
NASA/Jet Propulsion Laboratory, United States of America; michael.abrams@jpl.nasa.gov 
Laboratory instruments, field instruments, and, above all, airborne scanners have convincingly 
demonstrated the utility of hyperspectral visible-near infrared-shortwave infrared (VSWIR) 
(0.4-2.5 um) data for numerous research studies and practical applications. Mineral 
exploration has particularly benefited from this technology, with many economic ore deposits 
having been discovered from analysis of hyperspectral data. Data at 20-50m spatial resolution 
are of particular interest, as they can be used for regional, local and field-plot scale studies. It 
is natural to dream of putting a high spatial resolution hyperspectral scanner into space to 
provide global coverage. Up to now, the only hyperspectral instrument in orbit, providing free 
and accessible data, is NASA’s Earth Observing 1 (EO-1) Hyperion instrument. Launched in 
2001 as a technology demonstration, Hyperion continues to acquire very limited lines of data: 
220 bands, 30 m spatial resolution, 7.5 km swath width, and 100 km data strip. The limited 
coverage, however, has been applied to many disciplines with great success, demonstrating 
the utility of hyperspectral data. The only other current VSWIR instrument is China’s TG-1, 
with 20 m pixel size and 10 km swath width; the instrument is no longer operating, and data 
are almost impossible to obtain. Several space agencies are far along in their plans to put a 
VSWIR hyperspectral scanner into orbit. Germany’s DLR has the Environmental Mapper 
(ENMAP) ready for a 2019 launch. Japan is planning on installing the Hyperspectral Imager 
Suite (HISUI) instrument on the Space Station in 2019. The Italian Space Agency is working 
on the Hyperspectral Precursor and Application Mission (PRISMA) scanner, with an 
unannounced launch data. These instruments share similar capabilities: 200-220 spectral 
bands, 30 m spatial resolution, 30 km swath width, and, most discouraging, limited coverage 
of the land surface as a sampling-only mission. Israel’s joint effort with Italy, the Spaceborne 
Hyperspectral Applicative Land and Ocean Mission (SHALOM), has a 2020+ launch date, but 
has 10 m spatial resolution with a 10 km swath width; again only limited sampling. China’s 
CCRSS (30m/30km, 2018?)), Boeing’s HySpecIQ (5m/?, 2020), and France’s Hypxim (?/?, ?) 
are further in the future, or difficult to ascertain specifications. NASA’s HyspIRI mission is in 
pre-Phase A study status. It is the only global, multi-year mapping mission; it combines a 
VSWIR hyperspectral scanner, and multispectral TIR scanner. The VSWIR instrument has 30 
m spatial resolution, and 185 km swath width (like Landsat), with 16-day repeat. No firm 
launch date has been announced at this time. 

 
9:30am - 9:50am 

New Key Science Addressed with a Global Coverage Imaging Spectroscopy 
Mission 
Robert O Green 
Jet Propulsion Laboratory, United States of America; Robert.O.Green@jpl.nasa.gov 
Visible to Shortwave Infrared (VSWIR) imaging spectroscopy has been deployed to in focused 
site-specific studies with airborne sensors and with space based sampling missions. The 
success is demonstrated in more than 2000 peer reviewed journal articles. From these 
projects a range of critical and unique science products and results have been demonstrated 
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at the local and regional scales. Based on this success the time is right for a wide swath 
imaging spectrometer to provide this class of measurement globally, especially in this time of 
rapid environmental change. In 2016, more than 15 inputs that called for global VSWIR 
imaging spectroscopy were delivered to the U.S. National Research Council that is leading the 
current Decadal Survey. These inputs identified key science objectives spanning the 
disciplines of terrestrial ecology, coastal ocean, inland waters, the cryosphere, geology, soils, 
coral reefs, hazards, urban environments, and the atmosphere. This paper provides an 
overview of these inputs and summarizes the currently available status in regard to options for 
developing a global coverage imaging spectroscopy mission for critical Earth science 
objectives. 

 
9:50am - 10:10am 

Overview of the EnMAP spaceborne imaging spectroscopy mission 
Luis Guanter1, Karl Segl1, Saskia Foerster1, Sabine Chabrillat1, André Hollstein1, Theres 
Kuester1, Godela Rossner2, Christian Chlebek2, Sebastian Fischer2, Stefanie Schrader2, 
Tobias Storch3, Uta Heiden3, Andreas Mueller3, Martin Bachmann3, Joachim Hill4, 
Henning Buddenbaum4, Patrick Hostert5, Sebastian van der Linden5, Andreas Rabe5, 
Roland Doerffer6, Hajo Krasemann6, Wolfram Mauser7, Tobias Hank7 
1GFZ Potsdam, Germany; 2Space Administration, German Aerospace Center (DLR); 3Earth 
Observation Center (EOC), German Aerospace Center (DLR); 4University of Trier, 
Department of Geography; 5Humboldt University Berlin, Department of Geomatik; 6Helmholtz-
Centre Geesthacht, Institute of Coastal Research; 7Ludwig-Maximilians-University Munich, 
Department of Geography; guanter@gfz-potsdam.de 
The Environmental Mapping and Analysis Program (EnMAP) is an spaceborne imaging 
spectroscopy mission under development by a consortium of German Earth Observation 
research institutions. The DLR-Agency is the project manager, the GFZ in Potsdam has the 
scientific lead, OHB-Systems AG is the industrial prime for the sensor and bus, and the DLR-
EOC is responsible for the ground segment. EnMAP is designed for the retrieval of bio-, 
geochemical and physical parameters characterising the Earth surface for applications such 
as agriculture, land-use, water systems, soil science, and geology. 
The core payload of the EnMAP satellite is a combination of two prism-based imaging 
spectrometers covering the 420-2450 nm spectral window with 242 contiguous spectral 
bands. Spectral resolution ranges between 6.5 and 10 nm in the visible and near-infrared and 
between 8.5 and 12 nm in the shortwave infrared, with threshold signal-to-noise ratios of 500 
and 150, respectively. The ground sampling distance is 30 m and the swath is 30 km. The 
mission is now in phase D (construction). The expected mission lifetime is 5 years. Top-of-
atmosphere radiance and geometrically-corrected surface reflectance products will be 
produced and distributed by the ground segment. To ensure high quality standards, additional 
independent product validation activities are planned. 
Recent preparatory activities have supported industrial developments and the final 
consolidation of the mission concept. A scene simulator generating EnMAP-like data under 
realistic conditions has been implemented. It enables the definition of optimal instrument 
configurations for radiometric, spectral and geometric parameters as well as the evaluation 
and profiling of data-processing algorithms. In terms of the exploitation of EnMAP data, the 
so-called EnMAP-Box, a software environment for the interactive processing of EnMAP data, 
is being implemented. Tools for calibration, pre-processing and the derivation of higher-level 
biophysical products are to included in this software (available on 
http://www.enmap.org/?q=enmapbox). Several research groups in Germany, including 
application areas like agriculture, forestry, soils, geology and water, are collaborating for the 
development of those retrieval algorithms to be implemented in the EnMAP-Box. 
In this talk we will provide an overview of the mission status including both technical 
developments and preparatory activities for the implementation of the EnMAP scientific 
program. 
Reference: Guanter et al., The EnMAP Spaceborne Imaging Spectroscopy Mission for Earth 
Observation. Remote Sens. 2015, 7, 8830-8857. doi:10.3390/rs70708830 
  

10:10am - 10:30am CB-5: Coffee Break 5 
  

10:30am - 11:30am J1-O-FLU-1: Remote Sensing of Vegetation Fluorescence (Special Session) 
Session Chair: Jose Moreno 
Session Chair: Alexander Damm 
Session Chair: Elizabeth M. Middleton Y-16-G-15  

  10:30am - 10:45am 

Imaging and understanding the spatio-temporal dynamics of sun-induced 
fluorescence using the airborne demonstrator HyPlant 
Uwe Rascher1, Andreas Burkart1, Maria-Pilar Cendrero1, Maria Matveeva1, Anke 
Schickling1, Luis Alonso2, Sergio Cogliati3, Roberto Colombo3, Alexander Damm4, 
Matthias Drusch5, Yves Goulas6, Jan Hanus7, Andreas Huth8, Elizabeth Middleton9, 
Franco Miglietta10, Gina Mohammed11, Micol Rossini3, Dirk Schüttemeyer5, Christiaan 
van der Tol12, Wout Verhoef12, Frantizcek Zemek7 
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1Forschungszentrum Jülich, Germany; 2Department of Earth Physics and Thermodynamics, 
University of Valencia, Dr Moliner, 50, 46100 Burjassot, Valencia, Spain; 3Remote Sensing of 
Environmental Dynamics Lab, DISAT, Università degli Studi Milano-Bicocca, Milano, Italy; 
4Remote Sensing Laboratories, University of Zurich, Winterthurerstrasse 190, 8057 Zurich, 
Switzerland; 5European Space Agency (ESA), ESTEC, Keplerlaan 1, 2200 AG Noordwijk, 
Netherlands; 6Laboratoire Meteorologie Dynamique (LMD), University of Paris, France; 
7Global Change Research Centre AS CR, Bělidla 986/4a, 603 00 Brno, Czech Republic; 
8Umweltforschungszentrum (UFZ), Leipzig, Germany; 9National Aeronautics and Space 
Administration (NASA), Goddard, USA; 10Consiglio Nazionale delle Ricerche (CNR), Rome, 
Italy; 11P & M Technologies, 66 Millwood Street, Sault Ste. Marie, Ontario, P6A 6S7, Canada; 
12University of Twente, Enschede, Netherlands; u.rascher@fz-juelich.de 
In the past years, several activities were underway to evaluate the information content of the 
sun-induced fluorescence signal to be used to quantify actual rates of photosynthesis and 
plant stresses. Increased scientific activities were fueled by the evaluation of the FLEX 
satellite mission concept (FLEX, FLuoresence EXplorer). In November 2015 FLEX was 
selected as the 8th Earth Explorer mission of the European Space Agency (ESA). The mission 
concept will provide measurements at an unprecedented spectral and spatial resolution 
enabling the retrieval and interpretation of the full fluorescence spectrum emitted by the 
terrestrial vegetation layer. FLEX will have a spatial resolution of 300 meters and will provide a 
global map every month. This will allow for the first time to study the spatio-temporal dynamics 
of vegetation fluorescence on this large scale in the course of the seasons. 
In the preparation of the FLEX satellite mission the Forschungszentrum Jülich developed an 
airborne demonstrator HyPlant, which has similar characteristics as the FLEX satellite. 
HyPlant consists of three imaging spectrometer, two of them cover the spectral range of 350 - 
2500 nm with a 3-10 nm spectral resolution. Additionally, a dedicated module for fluorescence 
retrieval was developed that measured surface reflectance with 0.25nm spectral resolution, 
thus closely resampling the FLORIS instrument of the FLEX mission. HyPlant is operational 
since 2013 and several hundred flight lines were recorded in the frame of various international 
campaigns taking place in Germany, France, Italy, Czech Republic and the USA, covering a 
wide range of plant ecosystems. 
With this presentation we will give an overview on the characterization of HyPlant, which 
serves as an operational airborne demonstrator for the FLEX mission. We review the technical 
specifications and the processing pipeline that was established to retrieve the two peak 
feature of sun-induced fluorescence as well as biophysical parameters of the vegetation. The 
HyPlant data enabled the real world testing of different fluorescence retrieval approaches and 
helped to better understand the importance of exact sensor characterization for a robust 
fluorescence retrieval. 
Nowadays, we have a huge library of HyPlant imagery that allowed for the first time 
quantifying sun-induced fluorescence emission in physical units. Maps of sun-induced 
fluorescence show a large spatial variability between different vegetation types, which 
complement classical remote sensing approaches. Different crop types largely differ in 
emitting fluorescence that additionally changes within the seasonal cycle and are related to 
the seasonal activation and deactivation of the photosynthetic machinery. 
In this presentation we show examples how fluorescence can track the effect of acute 
environmental stresses such as extreme temperature or drought stress. Additionally, we 
present first concepts how maps of sun-induced fluorescence emission can be used to 
understand the adaptation of photosynthesis and we present first concepts how sun-induced 
fluorescence in combination with measurements of biophysical variables and an estimation of 
non-photochemical protection can be used to improve our forward modelling of actual 
photosynthetic rates. 

 
10:45am - 11:00am 

Examining Daily/Seasonal Photosynthetic and Fluorescence Efficiencies for 
Maize 
Elizabeth M. Middleton1, K.Fred Huemmrich2, David R. Landis3, Petya K. Campbell2, Luis 
Alonso4, Milton G. Hom5, Lawrence A. Corp5, Andrew Russ6, William Kustas6, Sergio 
Cogliati7 
1NASA, United States of America; 2Univ. Maryland Baltimore County, Catonsville, MD, USA; 
3GST, Greenbelt, MD, USA; 4Univ. Valencia, Valencia, Spain; 5SSAI, Greenbelt, MD, USA; 
6USDA, Beltsville, MD, USA; 7Univ. Milano, Milano, Italy; Elizabeth.M.Middleton@nasa.gov 
Leaf-level and canopy-level photosynthesis were examined in conjunction with reflectance (R) 
and fluorescence (F) properties in an instrumented research cornfield, with in situ 
measurements made with spectrometers and gas exchange systems in multiple years. We 
derived solar induced fluorescence (SIF), the Photosynthetic Reflectance Index (PRI), and 
determined leaf and canopy light use efficiency (LUE). Gross Primary Production (GPP), 
incident photosynthetically active radiation (PARi), and meteorological measurements were 
provided from the instrumented eddy covariance flux tower located at the cornfield. Our 
primary objective was to derive diurnal and seasonal trends in photosynthetic (P) and F 
efficiencies and to test several hypotheses: (i) P and F efficiencies can be assumed to be 
proportional; (ii) canopy SIF760 ~ GPP; (iii) the PRI and SIF exhibit diurnal hysteresis trends 
which differ; and (iv) off-nadir vs. nadir observations provide better estimates of LUE and/or 
GPP. The NASA Goddard Space Flight Center’s (NASA/GSFC) FUSION system, an 
automated multi-angle field instrument package with four spectrometers, was deployed at the 
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USDA Beltsville Agricultural Research Center (BARC) on a 10 m high tower. Simultaneous 
diurnal F and R measurements were obtained on multiple days throughout the 2014 and 2015 
growing seasons with two pairs of upward/downward looking sensors (Ocean Optics, Dundee, 
FL, USA): a pair of visible through near-infrared instruments (USB4000);and a pair of high 
resolution sensors for F measurements (HR4000). A pan-tilt unit pointed the downward 
viewing sensors with 5° FOV fore-optics in 10° azimuth steps over a 350° range, and 10° view 
zenith angle steps (15° - 65°), taking ~30 minutes to sample and collect a hemispheric 
dataset. Spectral vegetation indices were computed, including the PRI, the Normalized 
Difference Vegetation Index (NDVI), and several pigment indices for chlorophyll (Chl) and 
carotenoid contents. Far-red SIF (SIF760) was retrieved within the oxygen absorption feature 
centered at 760 nm (O2A), using the 3FLD retrieval method; where possible, the red SIF 
measured at 688 (associated with O2B) was retrieved with a spline fit. For this study, we 
utilized the FUSION data, averaged to represent the variation in spatial, angular, and 
illumination conditions viewed during each half hour time period, as well as the data subsets 
associated with the sunlit and shaded canopy fractions (i.e., the hotspot and coldspot, 
respectively) which followed the changing position of the solar principal plane and the solar 
zenith angle. FUSION data were supplemented with pole-mounted measurements for the 
HR4000, the QE-Pro (Ocean Optics), and an ASD FieldSpec Pro (PANalytical, Boulder, CO, 
USA). Leaf level red through far-red F was obtained with the FluoWat leaf clip (Univ. Valencia, 
Spain) paired with an ASD spectrometer, and P parameters were measured with a gas 
exchange system (Li-6400, Li-Cor, Lincoln, NE, USA). Fluorescence efficiency was computed 
several ways based on PARi, PAR absorbed by green vegetation (APAR), and Chl (as 
SIF760/PARi, SIF760/APAR, and SIF760/Chl). The SIF, the PRI and their efficiency terms as 
well as the delta PRI (computed as coldspot minus hotspot) were related to LUE and GPP. 
Time series were developed for selected days throughout the growing season for these 
parameters to evaluate the hypotheses. 

 
11:00am - 11:15am 

Sun-induced Fluorescence For Assessing Vegetation Functioning From 
Remote 
Micol Rossini1, Marco Celesti1, Sergio Cogliati1, Roberto Colombo1, Alexander Damm2, 
Tommaso Julitta1, Radoslaw Juszczak10, Mirco Migliavacca3, Franco Miglietta4, Cinzia 
Panigada1, Oscar Perez-Priego3, Francisco Pinto5, Uwe Rascher6, Markus Reichstein3, 
Karolina Sakowska9, Anke Schickling6, Dirk Schüttemeyer8, Giulia Tagliabue1, 
Christiaan van der Tol7 
1University of Milano Bicocca, Italy; 2RSL, University of Zurich, Switzerland; 3Max Planck 
Institute for Biogeochemistry, Germany; 4Institute of Biometeorology, National Research 
Council (CNR- IBIMET), Via Caproni 8, 50145 Firenze, Italy; 5International Maize and Wheat 
Improvement Center, Mexico; 6Forschungszentrum Jülich GmbH, Germany; 7ITC, University 
of Twente, Netherlands; 8European Space Agency, ESTEC, Noordwijk, The Netherlands; 
9Sustainable Agro-Ecosystems and Bioresources Department, Research and Innovation 
Centre, Fondazione Edmund Mach, Via E. Mach 1, 38010 S. Michele all’Adige (TN), Italy; 
10Poznań University of Life Sciences, Department of Meteorology, Poznan, Poland; 
m.celesti2@campus.unimib.it 
Understanding and predicting ecosystem functions remains a major challenge in evaluating 
biophysical controls on biosphere-atmosphere interactions. The exploitation of a new avenue 
for assessing vegetation photosynthetic efficiency from remote measurements of canopy 
fluorescence is offering a unique way to detect essential changes in plant traits, biodiversity 
and ecosystem functioning and ultimately to better detect and interpret the variability of 
biosphere–atmosphere exchange at multiple spatial and temporal scales. 
In this contribution, we analyse the factors controlling the variability in the sun-induced 
fluorescence signal and we investigated the link between sun-induced chlorophyll 
fluorescence, hyperspectral optical indices and ecosystem functional properties on different 
terrestrial ecosystems. 
Field measurements were collected in different ecosystems. A standardized state-of-the-art 
setup and methodology allowed to compare dataset collected at different times and locations. 
Fluorescence was measured with passive spectrometric systems exploiting two atmospheric 
oxygen absorption bands (i.e. O2-B and O2-A) positioned at 687.0 and 760.4 nm. In both 
absorption bands, fluorescence was quantified by measuring the infilling by fluorescence 
compared to an unperturbed reference signal using innovative spectral fitting methods. 
Airborne hyperspectral images were acquired with the high spectral resolution HyPlant sensor 
(SPECIM Spectral Imaging Ltd, Finland), the airborne demonstrator of the FLEX mission. The 
sensor consists of two hyperspectral modules: the fluorescence imager covering the 670-780 
nm spectral range with sub-nanometer spectral resolution and the dual-imager covering the 
370-2500 nm spectral range with a 3-10 nm spectral resolution. 
Results showed that different plant species were characterized by different fluorescence 
magnitude. In general, the highest fluorescence emissions were measured in crops followed 
by broadleaf and then needleleaf species. Red fluorescence values were generally lower than 
those measured in the far-red region due to the reabsorption of red fluorescence by 
photosynthetic pigments within the canopy. 
Far red canopy fluorescence was successfully linked to ecosystem gross primary production 
through plant functional type specific linear relationships, or modified versions of the light use 
models. However, these relationships were affected by the spatial and temporal scales at 
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which fluorescence was observed, and by different nutrient availability. In addition, besides 
being linked to plant photosynthesis, the relationship between fluorescence and GPP varies 
according to leaf and canopy variables, such as leaf chlorophyll concentration, Leaf Area 
Index (LAI) and canopy structure. These results are confirmed by radiative transfer model 
simulations with the Soil-Canopy Observation of Photochemistry and Energy fluxes (SCOPE) 
model.  

 
11:15am - 11:30am 

Improving modeling of crops productivity be integrating Sentinel-2 
reflectance data with GOME-2 fluorescence data within biophysical modeling 
Aleksandra Wolanin1, Andre Hollstein1, Yongguang Zhang2, Juan Pablo Rivera 
Caicedo3, Luis Guanter1 
1GFZ German Research Center for Geosciences, Germany, Germany; 2International Institute 
for Earth System Science (ESSI), Nanjing University; 3Departamento de Oceanografía Física, 
Ensenada, Mexico; ola@gfz-potsdam.de 
New recently launched and upcoming satellite missions offer new possibilities to monitor 
vegetation from space. Among them, sun-induced fluorescence (SIF) of chlorophyll-a has 
provided a novel way to track plant photosynthesis from space. Unfortunately, for now, SIF 
has been only observed with instruments that provide data at high spectral resolution, but at 
the cost of low spatial resolution of tens of kilometers. However, soon applicability of SIF to 
observe vegetation will increase with the launch of Tropomi on board Sentinel-5 Precursor 
that will provide data at a much improved spatio-temporal scale, and FLuorescence EXplorer 
(FLEX), the first mission ever specifically designed to retrieve SIF, planned to be launched in 
2022. 
SIF data have been shown to be sensitive to photosynthetic activities, and for croplands even 
more than other vegetation. Furthermore, SIF data have used to infer crop productivity 
directly, or to improve estimates at the flux towers, by using them together with retrieved 
vegetation indices and on site measurements of other vegetation properties. Here, we will 
show results of integrating SIF data at low spatial resolution with the reflectance data from 
Sentinel 2 at an excellent spatial resolution of tens of meters. The leaf and canopy parameters 
were derived from Sentinel 2 reflectance data with a look-up-table approach, where the 
combined PROSPECT leaf optical properties model and 4SAIL canopy bidirectional 
reflectance model were used for the inversion. The retrieved parameters are subsequently 
used together with space-borne SIF within the Soil-Canopy Observation of Photosynthesis 
and Energy (SCOPE) balance model to derive photosynthetic traits and primary production. 
We will present our first results of the ongoing work, for selected crops regions in the Corn 
Belt in North America and in Europe. 
  

10:30am - 11:30am J2-O-LAB-2: In-situ, Field and Laboratory Spectroscopy 
Session Chair: Daniel Doktor 
Session Chair: Michael Denk Y-16-G-05  

  10:30am - 10:45am 

Predicting The Diurnal Blue-sky Albedo Variation Of Soils With Given 
Roughness Using Their Laboratory Reflectance Spectra 
Jerzy Cierniewski, Jakub Ceglarek, Cezary Kazmierowski 
Adam Mickiewicz University in Poznan, Poland; ciernje@amu.edu.pl 
Methods for indirect estimation of various soil properties, based on theirs visible and near 
infrared reflectance spectra have proven to be an efficient tool in providing reliable data for 
soil monitoring, digital soil mapping, precision agriculture, and environmental modelling. 
This paper considers whether these spectra measured in laboratory conditions can also be 
used to predict the diurnal blue-sky variation of bare soils at given roughness. Such data, 
together with other soil properties, are commonly collected and stored around the world in soil 
databases, such as the Global Soil Spectral Library, European Lucas Soil Portal, or many 
other national databases. The objective of the presented study (supported by the Polish 
National Centre within the framework of the project 2014/13/BST10/02111) was to determine 
the accuracy of the prediction of the diurnal blue-sky albedo variation of bare soils with various 
roughness levels, based on theirs spectra. 
The estimation was performed based on 81, 38 and 31 data sets, collected in 2008-2016 in 
Poland, Israel, and France, respectively. The soil albedo variations of air-dried soils were 
measured under clear sky conditions by albedometers LP PYRA 06 working in a spectral 
range of 335-2,800 nm. All of the studied soils were also sampled for laboratory analyses. The 
soil roughness, formed by the farming tools, was measured using stereo-photographs taken 
with a digital camera supported by two tripods or a camera attached to a monopod that moved 
around studied plots. The PCI Geomatica OrthoEngine 10.2 and the Agisoft PhotoScan 
Professional Edition 1.1.6 software were used to generate three-dimensional images of the 
soil surfaces. Two roughness indices, HSD (expressing the height standard deviation of a soil 
surface area) and T3D (defined as the ratio of the real surface area within its basic unit to its 
flat horizontal area) described the studied soil surfaces. The spectral reflectance of the air-
dried, sieved through a 2 mm sieve samples, was measured in the wavelength range of 350-
2,500 nm, using a FieldSpec®Pro ASD spectroradiometer with a Hi-Brite Muglight receptor. 
Evaluation of the accuracy of the diurnal soil albedo prediction with given roughness was 
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performed using their reflectance data (raw data and their transformations: linearization, 
normalization and filtering) by the IBM SPSS Statistics Version 23ed software. Preliminary 
results of the study indicate that diurnal soil albedo variation can be predicted with the 
accuracy, expressed by the coefficient of determination higher than 0.8 and the root mean 
square error lower than 0.05, using the roughness indices and the soil filtering reflectance 
data relating to the four designated wavelengths. 

 
10:45am - 11:00am 

Experimental Evaluation of the Surface / Volume Spectral Reflectance Ratio 
of Intimate Mixture in Rocks 
Thibault Dartigalongue1, Xavier Briottet1, Véronique Carrère2, Philippe Déliot1 
1ONERA, France; 2LPGN, France; xavier.briottet@onera.fr 
Hyperspectral imagery is a powerful tool to discriminate minerals. Nevertheless, due to its 
limited spatial resolution, the signal acquired by a pixel from an elementary scene is rarely 
composed of a uniform and unique mineral. But, using the spectral richness of such technic it 
is possible to unmixing the acquired signal to retrieve the main minerals composing this 
elementary scene. When the mixture is well delimited (like a “patchwork”), the mixing model is 
considered as linear. But when minerals are intimately mixed, linear model fails (Clark, 1999, 
Carmina et al., 2014). Furthermore, most of the experimental works to understand the 
radiative behavior of such mixture have been limited to powder minerals. 
The objective of this work is to evaluate the relative contribution of volume reflectance in 
comparison with surface reflectance of rocks. 
The principle of the measurement is based on the measure of the flight time of photons. The 
first photons detected have been reflected by the surface whereas photons coming with higher 
delay have undergone multiple scatterings in the material (volume reflectance). Thus by 
temporally separating the temporal signal it is possible to estimate the ratio between the 
volume and surface contribution. 
The instrumentation uses a femtosecond pulse laser (2 mJ) coupled with different parametric 
optical components to cover the 0.22-20µm spectral range. The temporal sampling is 
achieved by optical Kerr gate. 
Several rock types have been measured: chert, calcite, two granites with different grain sizes 
and gypsite. Each rock has one polished side and the other one only sawed. 
First of all, we show that polished side of rocks, for 2 wavelengths, is dominated by specular 
reflection (no volume contribution). But, outside the specular direction, volume reflectance 
exists. 
At 550 nm, the ratio volume/surface ranges from 0 (no volume scattering like chert) up to 3.7 
(like granite). Granite is composed of quartz, feldspar (pink) and mica (black), in various 
proportions. Depending on the location of the measure on the sample, the behavior can differ 
dramatically. For example, for mica no volume contribution is observed while it is observed for 
feldspar. 
At 1.2 µm, the ratio considerably increases reaching a few tenths. 

 
11:00am - 11:15am 

Comparison Of Plant Disease Severity Estimation Methods Based On 
Hyperspectral Imaging 
Julien Morel1, Sylvain Jay2, Ryad Bendoula1, Nathalie Gorretta1 
1Irstea, UMR ITAP, 361 rue J.-F. Breton, 34196 Montpellier, France; 2Aix-Marseille Univ., 
CNRS, Centrale Marseille, Institut Fresnel, 13013 Marseille, France; julien.morel@irstea.fr 
The early detection of plant pathogens is of tremendous importance from both economic and 
ecological points of view. Current disease detection and severity disease estimation rely on 
subjective expert knowledge. The use of remotely-sensed optic data has showed interesting 
results for the detection of plants diseases, providing an objective framework for comparable 
and repeatable measurements of disease severity. We investigated the use of hyperspectral 
imaging acquired in controlled conditions for detecting Cercospora beticola on sugar beet 
leaves. The objective of this work was to test several methods to evaluate the disease severity 
of sugar beet leaf disks. 
Based on 58 laboratory-acquired hyperspectral images (415 to 994 nm, 3.6 nm spectral 
resolution) of sugar beet diseased leaves cut in disks, index based approach and inversion of 
the PROCOSINE model were compared. The PROCOSINE model is a close range adapted 
version of the well-known PROSPECT radiative transfer model. Tested indices consisted of 
vegetation indices (Normalized Difference Vegetation Index NDVI, Modified Simple Ratio 
MSR and Modified Chlorophyll Absorption Ratio Index MCARI) and disease specific indices 
(Cercospora Leaf Spot index CLSi, Powdery Mildew index PMi and Sugar Beet Rust index 
SBRi). For every hyperspectral image, both indices and inverted variables of the radiative 
transfer model PROCOSINE were first computed and then averaged over every leaf pixel. 
The disease severity of each disk was assessed using expert knowledge as being the ratio of 
the diseased area and the total leaf area (%). 
Every index and estimated PROCOSINE variable was linearly related to disease severity. Two 
-thirds of the whole data set was used for model calibration, while the remaining one-third was 
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used for validation. We used these regressions’ variables on our validation subset to test the 
accuracy of these predictive models. Results showed that among indices, PMi, CLSi and 
NDVI performed best, with relative root mean squared error (RRMSE) values of 9.1%, 10.0%, 
10.1% respectively. Considering PROCOSINE outputs, the best results were obtained with 
the brown pigment content and the chlorophyll content, with RRMSE values of 9.0% and 
17.0%, respectively. Apart from the chlorophyll content, regressions based on both indices 
and inverted PROCOSINE variables gave equivalent results for the estimation of the disease 
severity. 
Those results were acquired in controlled conditions for a simple disease case, where sugar 
beet leaves were only infected with Cercospora beticola. Those results need to be confirmed 
and extended to multi-diseases detection (e.g., powdery mildew, sugar beet rust or ramularia) 
in field, uncontrolled conditions. 

 
Towards open access to time series of in situ data, drone-based images and 
airborne hyperspectral images collected at the BELAIR sites 
Ils Reusen1, Liesbeth De Keukelaere1, Jaak Monbaliu2, Koen Sabbe3, Jeroen Vanden 
Borre4, Ben Somers2, Stephanie Delalieux1, Boud Verbeiren5, Viviane Planchon6, Bas 
van Wesemael2, Isabelle Piccard1, Koen Meuleman1, Kristin Vreys1, Johan 
Mijnendonckx1, Pieter-Jan Baeck1, Bart Ooms1, Joost Vandenabeele7, Jean-Christophe 
Schyns7 
1VITO, Belgium; 2KUL, Belgium; 3UGent, Belgium; 4INBO, Belgium; 5VUB, Belgium; 6CRA-W, 
Belgium; 7BELSPO, Belgium; ils.reusen@vito.be 
The BELAIR project, initiated in 2013 and funded by the Belgian Science Policy (Belspo), is 
targeted at developing Belgian test sites on behalf of Belgian and international research 
communities which may be used as calibration and validation site for new Earth Observation 
missions, data and products and for thematic research. In BELAIR three study sites were 
defined each focusing on one or more thematic research topics: HESBANIA for agriculture, 
soil and horticulture (including a JECAM site and the ICOS Lonzée tower), SONIA for forestry 
and urban research and LITORA for nature reserves and water quality at the Belgian coast. 
In the summer of 2013, the BELAIR teams (13 Belgian research institutes, universities and 
administrations) joined forces and instruments and collected in situ measurements, images 
acquired from drones, hyperspectral airborne (APEX) images and satellite images for 
reaching their thematic or cal/val research objectives. Before the campaign, APEX was 
calibrated at the calibration home base at DLR and the radiometric and spectral performance 
of the field spectroradiometers of partners verified at the dark room facility at VITO. 
Measurement protocols for field spectroradiometer measurements were provided to all 
partners involved. In 2015 another BELAIR campaign was organized at the three BELAIR 
sites. 
The HESBANIA-horticulture team is studying perennial fruit orchards for a better 
management, the HESBANIA-agriculture team is studying potato and grain crops monitoring 
for abiotic and biotic stresses and HESBANIA-soil is studying soil organic carbon in the 
cropped fields. The SONIA team is studying water and energy transfer in urban areas (of 
Brussels) and forests (Zoniënwoud en Kersselaerspleyn). The LITORA team is studying water 
quality in the harbor of Zeebrugge, sediment in the Yzermonding and biodiversity in nature 
reserves Het Zwin en Laege Moere. 
Currently the BELAIR data are used by 18 PhD and MSc students of Belgian universities and 
partners who collected the data, but to stimulate the use of BELAIR data and to foster joint 
research, all images collected from drones, APEX images and in-situ data gathered during the 
2013 campaign are now freely available to the entire research community. To easily access 
the data an INSPIRE compliant BELAIR GEOPORTAL is developed which is available from 
the BELAIR website (http://belair.vgt.vito.be or directly from 
http://belair.geoportal.vgt.vito.be/geonetwork/). 
The poster will give an overview of the BELAIR project, data access and the planned BELAIR 
2017 campaign. 
  

10:30am - 11:30am J3-O-FUT-2: Science and Applications Enabled by Global Coverage Imaging 
Spectroscopy - Future Technologies, Missions and Emerging Concepts 
(Special Session) 
Session Chair: Luis Guanter 
Session Chair: David Ray Thompson 

Y-15-G-60  

  10:30am - 10:50am 

The Italian hyperspectral mission PRISMA 
Rocchina Guarini, Rosa Loizzo, Francesco Longo, Silvia Mari, Giancarlo Varacalli 
Italian Space Agency, Italy; rocchina.guarini@est.asi.it 
PRISMA (PRecursore IperSpettrale della Missione Applicativa) is an innovative ASI (Agenzia 
Spaziale Italiana) hyperspectral mission for Earth observation. PRISMA is based on a mono-
payload satellite and conceived as a “public good” pre-operational and technology 
demonstrator mission aimed at developing and delivering hyperspectral products and 
qualifying the hyperspectral payload in space. 
The PRISMA satellite will be placed on a 620 Km nominal altitude sun-synchronous orbit, 
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embarking a state-of-the-art hyperspectral and panchromatic payload able to acquire areas 
with a 30 km swath width. The hyperspectral sensor, with a Ground Sampling Distance (GSD) 
of 30 m, will cover the wavelength range from 400 nm to 2500 nm with two partially 
overlapped spectrometer channels dedicated to VNIR and SWIR. The panchromatic camera 
instead will acquire the same area with a spatial resolution of 5 m GSD. 
The PRISMA satellite is able to acquire images with a worldwide coverage, longitude from 
180°W to 180°E and latitude from -70° to +70°, in a “user driven” targeting mode fashion, with 
a maximum 7 days re-look and a 14 days end-to-end response times. The global 
performances foresee a daily imaged area exceeding 200,000 km2 with the generation 
(archiving, cataloguing, cloud cover assessment and quicklooks) and distribution of all the 
data downlinked per day. The daily processing capability of the system is foreseen to process 
at least 200 scenes of 30 km x 30 km each. 
The payload instrument is based on a pushbroom scanning technique and it is equipped with 
an automatic protection system that has been designed to protect the payload in case of 
some events of satellite malfunctioning. 
The PRISMA satellite is currently scheduled for launch in 2018. The PRISMA mission will 
provide information about terrestrial and aquatic ecosystems. Applications comprise forest, 
agriculture, soil, geology, hydrology, as well as atmospheric characterization and risk 
management. Standard products (level 1 and level 2) will constitute the basic products for the 
generation of higher level applications products. 

 
10:50am - 11:10am 

European Hyperspectral Explorer: HYPEX-2 – A new space mission for 
vegetation biodiversity, bare continental surfaces, coastal zones and urban 
area ecosystems 
Xavier Briottet1, Jean-Baptiste Feret2, Stephane Jacquemoud3, Camille Lelong4, Duccio 
Rocchini5, Michael E. Schaepman6, David Sheeren7, Andrew Skidmore8, Ben Somers9, 
Cecile Gomez10, Sabine Chabrillat11, Thomas Schmid12, Bo Stenberg13, Rodolphe 
Marion14, Véronique Carrère15, Christophe Delacourt16, Malik Chami17, David McKee18, 
Touria Bajjouk19, Peter Gege20, Audrey Minghelli21, Paolo Gamba22, Christiane Weber23, 
Michal Shimoni24, Pierre-Yves Foucher1, Jocelyn Chanussot25, Sebastian Lopez26, 
Marie-José Lefevre27, Renaud Binet27 
1ONERA, France; 2Irstea, France; 3IPGP, France; 4Cirad, France; 5Fundazione E. Mach, Italy; 
6Univ. of Zurich, Remote Sensing Laboratories, Switzerland; 7ENSAT, France; 8ITC, 
Netherlands; 9KULeuven, Belgium; 10IRD, France; 11GFZ, Germany; 12CIEMAT, Spain; 
13Swedish Univ. of Agricultural Sciences, Sweden; 14CEA, France; 15LPGN, France; 16Institut 
Universitaire Européen de la Mer Univ. Brest, France; 17Laboratoire d’Océanographie de 
Villefranche, France; 18Univ. of Strathclyde, Scotland; 19IFREMER, France; 20DLR, Germany; 
21LSIS, Univ. Toulon, France; 22Univ. of Pavia, Italy; 23CNRS LIVE Univ. of Strasbourg, 
France; 24RMA, Belgium; 25GIPSA-Lab, France; 26Univ. of Las Palmas de Gran Canaria, 
Spain; 27CNES, France; xavier.briottet@onera.fr 
This proposal focuses on the development of a new space hyperspectral sensor coupled with 
a high spatial panchromatic channel demonstrator, HYPEX-2. This sensor is the follow on of 
the unfulfilled HYPXIM space mission supported by the French space agency (CNES). A first 
phase of defining French scientific requirements was conducted in 2007-2008, which opened 
the way for analysis of a HYPXIM phase 0 space mission. This was followed by a phase A 
(2009-2010), TOSCA program (2011-2015), and a preliminary study on a low orbit platform 
which included a hyperspectral sensor (2014-2015). Furthermore, a first proposal, called 
HYPEX, was submitted to the EE8 call. HYPEX-2 is an update of HYPEX. 
HYPEX-2 is designed to monitor the temporal evolution of essential parameters over about 
one hundred sites (8*8km2), providing significant input in multiple domains benefiting from 
high spatial resolution spectroscopic imagery. This includes monitoring of natural processes 
and human activities, structural and functional characteristics of land systems, land use and 
resource conflicts between urbanization, food and energy, essential biodiversity variables and 
ecosystem services, and the evolution of coastal ocean systems. Study sites will be selected 
based on their strong spectral and spatial heterogeneity, which cannot be addressed by 
current or future hyperspectral missions. In addition, the ‘sites’ concept will support scaling 
applications bridging regional to larger scale applications. HYPEX-2 system combines 
simultaneous high hyperspectral spatial resolution (8 m GSD) with panchromatic data (1.8 m 
GSD). It will address well identified requirements for vegetation study(species distribution, 
functional diversity, biotic and abiotic stress), coastal and inland water ecosystems 
(microalgae blooms and filaments, suspended and organic matter), bare continental surfaces 
(degradation, pollution, monitoring of natural and agricultural soil surface), and urban areas 
(climate zones, heat islands, surface material identification, pollution and vegetation status). 
The temporal, spectral and spatial specifications of HYPEX-2 have been defined to enable 
monitoring status and changes in vegetation and ecosystem functions, through following 
variables: local species richness and distribution of species community, target species 
identification, changes in ecosystem functions and structure, monitoring of invasive species. 
These variables will directly contribute to the Essential Biodiversity Variables framework 
defined by GEO-BON, monitoring of ecosystem services and more generally complex 
ecological processes linked to climate, land use change, invasions, pollution and exploitation 
– induced by natural and anthropogenic activities. Studying these variables at regional/global 
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scale is currently challenging due to the knowledge and information gap between local field 
observations and satellite observations. HYPEX-2 will help filling this gap, and contribute to 
meet the challenges of the next decade for ecological conservation and the management of 
natural resources. 
The main technical performances of the proposed system will be presented. 

 
11:10am - 11:30am 

SYSIPHE, An Airborne Hyperspectral Imaging Systeme From Visible To 
Thermal Infrared. Results From The 2015 Airborne Campaign 
Laurent Rousset-Rouviere1, Christophe Coudrain1, Sophie Fabre1, Yann Ferrec1, 
Laurent Poutier1, Francoise Viallefont1, Thomas Riviere1, Yannick Boucher1, Trond 
Løke2, Ivar Baarstad2, Torbjorn Skauli3, Isabelle Sisakoun4 
1ONERA, France; 2NEO, Norway; 3Norwegian defence research establishment (FFI), Norway; 
4DGA, France; laurent.rousset-rouviere@onera.fr 
SYSIPHE is an airborne hyperspectral imaging system covering all atmospheric transmission 
bands from 0.4 to 11.5µm: visible, NIR, SWIR, MWIR and LWIR. The ground sampling 
distance is 0.5m over a 500m swath, with higher resolution available in the visible and NIR. 
The imaging system, developed by Onera and Norsk Elektro Optikk, is flown on a Do-228 
aircraft operated by DLR. The SYSIPHE system also integrates a real-time processing 
capability developed by FFI and a ground post-processing chain, the STAD, developed by 
Onera. The main information products are georeferenced images of spectral radiance, 
spectral emissivity and reflectance as well as a surface temperature map. 
The system completed its first flight campaign successfully in 2013. A qualification airborne 
campaign for Defence needs was done during the summer 2015. After a brief description of 
the campaign, some results are presented. 
SYSIPHE represents a significant enhancement of airborne sensing capabilities in Europe. 
The system is now available to external users. 
  

11:30am - 12:30pm K1-O-FLU-2: Remote Sensing of Vegetation Fluorescence (Special Session) 
Session Chair: Alexander Damm 
Session Chair: Uwe Rascher Y-16-G-15  

  11:30am - 11:45am 

Retrieval of wheat nitrogen content using airborne hyperspectral VNIR-SWIR 
imagery through radiative transfer models and chlorophyll fluorescence 
quantification 
Carlos Camino1, Victoria González-Dugo1, Rosa Mérida-García1, Pilar Hernández1, Pablo 
Zarco-Tejada2 
1Instituto de Agricultura Sostenible (IAS), Consejo Superior de Investigaciones Científicas 
(CSIC), Alameda del Obispo s/n, 14004 Córdoba, Spain; 2European Commission, Joint 
Research Centre (JRC), Directorate D – Sustainable Resources, Via E. Fermi 2749 – TP 261, 
26a/043 I-21027 Ispra (VA), Italy; caminoccg@gmail.com 
Nitrogen is the main limiting factor of crop yield after water, and its accurate quantification 
using remote sensing methods remains essential. In recent years it has been demonstrated 
that chlorophyll fluorescence is a good indicator of the photosynthetic activity, therefore a 
potentially critical candidate for improving the quantification of nitrogen using passive 
techniques at canopy scale. Nevertheless, it is unclear whether accounting for chlorophyll 
fluorescence improves the quantification of nitrogen through the models that are currently 
available from hyperspectral imagery. This work aims at assessing the contribution of 
chlorophyll fluorescence and a thermal-based indicator of water stress Crop Water Stress 
Index (CWSI) in the quantification of canopy nitrogen content using stepwise multiple 
regression and leave one out cross validation (LOOCV) methods. Spectral indices and CWSI 
retrieved from high-resolution hyperspectral and thermal imagery were used for the retrieval of 
nitrogen levels. The study was performed at three field sites for wheat selection in Western 
Andalucía, Spain under irrigated and rainfed conditionsduring 2015 and 2016. Airborne 
campaigns were conducted over the field sites in order to acquire imagery using two 
hyperspectral cameras, one of them covering the 400–850 nm spectral region and the second 
camera covering 950-1750 nm. A thermal infrared camera was installed in all flights for 
acquiring imagery at 50 cm resolution. Physiological measurements at leaf level were made 
concurrently with the airborne flights. Wheat growth stage corresponded to stem elongation 
stage and grain filling. The spectral indices retrieved from thermal and hyperspectral imagers 
were grouped into five categories related to: temperature indices, pigment concentration 
(carotenoid and chlorophyll), structural indices, fluorescence emission and nitrogen indices 
(NIs). The fluorescence emission was quantified by the Fraunhofer Line Depth (FLD) principle 
based on two spectral bands (FLD2; 750 and 762 nm). NIs required spectral bands from both 
hyperspectral cameras and are mainly centered on the 1510 nm region, related to the 
absorption feature of protein and N. CWSI was estimated using weather data and canopy 
temperature (Tc) retrieved from the thermal imagery. The coupled PROSPECT-SAILH 
inversion was carried to estimate chlorophyll a+b content (Cab), equivalent water thickness 
(Cw) and dry matter content (Cm) using a specific merit function for each retrieved parameter 
based on its contribution in the canopy using a specific wavelength domain. Statistical 
analyses were applied for quantifying the canopy nitrogen content using FLD2, CWSI and the 
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clustered indices that showed the best correlation with nitrogen content, Cab, Cw and Cm. NIs 
that use the ratios between 850, 1510 and 1680 nm showed the best agreement with N, Cw 
and Cm. This work demonstrated that the accuracy of the models for the N retrieval was 
increased when FLD2 was included. Models with a combination of PRI570, FLD2 and NIs 
performed better for an accurate prediction of canopy nitrogen content, especially under 
rainfed conditions (r2

cv=0.79, RMSEcv= 0.36). Under rainfed conditions, models that also 
included CWSI as predictor, showed a greater accuracy than in irrigated conditions, indicating 
that a water stress indicator is also needed for accurate predictions under these situations. 

 
11:45am - 12:00pm 

Spatial Fluorescence Patterns in a Heterogeneous Agriculture Landscape 
Maria Matveeva1, Patrick Rademske1, Alexander Damm2, Cosimo Brogi3, Wolfgang 
Korres4, Uwe Rascher1 
1Forschungszentrum Jülich GmbH, Germany; 2Remote Sensing Laboratories, University of 
Zurich, Switzerland; 3Institute of Bio- and Geosciences, IBG-3Agrosphere, Forschungszentrum 
Jülich GmbH, Germany; 4Institute of Geography, University of Cologne, Germany; 
m.matveeva@fz-juelich.de 
Sun induced fluorescence (F) is a remote sensing signal that is emitted from the core of the 
photosynthetic machinery. The fluorescence signal has the potential to quantify the actual rate 
of photosynthesis and is closely related to vegetation stress and reflects functional limitations 
of photosynthetic carbon gain. F is a rather weak signal, but can be measured in the solar and 
atmospheric absorption lines using high performance spectrometers. 
The increased interest of the scientific community to the remote sensing of sun-induced 
chlorophyll fluorescence (F) leads to a large number of fruitful and interesting experiments on 
the field scale. On the other side, satellite data became available, from which fluorescence on 
the global scale can be derived. However, it is still an open question, how representative the 
results of field experiments are for a larger (regional) scale. Fluorescence of the same crop 
strongly varies depending on the season, soil moisture, nutrient availability, etc. 
To evaluate the heterogeneity of fluorescence (F) and vegetation indices (VI) within and 
between fields and for a better understanding of the link between F and biophysical 
parameters, the agriculture area in Nordrhein-Westfalen (Germany) was chosen for 
measurements. 
We have collected data using the high performance imaging spectrometer HyPlant, which is a 
dedicated fluorescence spectrometer and allows measuring radiance in the wavelength range 
between 400 nm and 2500 nm, and between 670 nm and 780 nm with a high spectral 
resolution of 0.26 nm allowing the measurement of both fluorescence peaks. Data were 
recorded with a spatial resolution of 3 meter per pixel for the whole region (ca. 14×14 km) and 
with 1 m resolution for the Selhausen area (ca. 1.5×5 km). That area was better characterized 
in terms of land use classification, soil moisture, geophysical measurements, leaf area index 
(LAI), defined soil properties and the presence of an Eddy Covariance tower. 
In this work, we investigate the within and between species variability of red, far-red, 
integrated fluorescence and vegetation indices, from which such biophysical parameters as 
LAI, chlorophyll content, fractional cover etc. can be calculated. Considering the land use 
classification it is possible to choose the fields with the same crop type in the whole 
investigated area and find a distribution of F emission of main regional crops such as winter 
wheat, winter barley, sugar beet and corn. 

 
12:00pm - 12:15pm 

Multi-angular and diurnal modelling of solar-induced chlorophyll 
fluorescence in structurally explicit three-dimensional plant canopies using 
DART 
Zbynek Malenovsky1,2, Jean-Philippe Gastellu-Etchegorry3, Nicolas Lauret3, Tiangang 
Yin3, Jordan Guilleux3, Eric Chavanon3, Wout Verhoef4, Christiaan van der Tol4, Neus 
Sabater Medina5, Elizabeth M. Middleton2, Petya K. Entcheva-Campbell2, Karl F. 
Huemmrich2, Bruce D. Cook2, Douglas C. Morton2 
1Universities Space Research Association - GESTAR, 7178 Columbia Gateway Dr, 21046 
Columbia, Maryland, USA; 2NASA Goddard Space Flight Center, 8800 Greenbelt Rd, 20771 
Greenbelt, Maryland, USA; 3Centre d’Etudes Spatiales de la BIOsphère (CESBIO) - UPS, 
CNES, CNRS, IRD, Université de Toulouse, 18 Av Edouard Belin, 31401 Toulouse cedex 9, 
France; 4Department of Water Resources, Faculty ITC, University of Twente, P.O. Box 217, 
7500AE Enschede, The Netherlands; 5Image Processing Laboratory, Department of Earth 
Physics and Thermodynamics, University of Valencia, C/Catedrático JoséBeltrán 2, E-46980 
Paterna, Valencia, Spain; zbynek.malenovsky@gmail.com 
DART (Discrete Anisotropic Radiative Transfer) was recently extended to simulate solar 
induced fluorescence (SIF) of vegetation canopies represented by triangular facets, i.e. 
explicit three-dimensional (3D) objects. DART is a physically based model simulating both 
radiative budget (RB) and optical remote sensing acquisitions from ultraviolet to thermal 
infrared spectral wavelengths. By combining 3D objects of Earth surface with representations 
of turbid and fluid medias, it models RB and reflected optical signals of spatially 
heterogeneous landscapes as acquired by terrestrial, airborne and satellite imaging 
spectrometers and/or laser scanners. To simulate SIF emissions, the Fluspect model, which 



10th	EARSeL	SIG	Imaging	Spectroscopy	Workshop	|	19	-21	April	2017,	Zurich,	Switzerland	
	

	

107	

produces forwardandbackward leaf chlorophyll fluorescence of photosystem I (PSI) and II 
(PSII), was implemented. DART code was adapted to simulate RB of SIF fluxes and 
associated SIF images induced by photosynthetically active radiation (PAR: 400-750 nm) and 
Fluspect leaf biochemical and fluorescence inputs. Consequently, DART was enabled to 
simulate top-of-canopy (TOC), top-of-atmosphere (TOA) and within-canopy-atmosphere 
chlorophyll fluorescence spectral continuum (640-850 nm) of 3D plant canopies, including 
woody components, user-defined atmosphere, explicit terrain topography and other features 
(water surfaces, urban objects, etc.). An automatic routine to parameterize separately sun and 
shade adapted leaves was devised based on PAR RB diurnal simulations. Fluorescence 
quantum efficiencies can be specified on a leaf-by-leaf basis, but in the absence of leaf 
photochemical model in DART, their biologically correct parameterization must be performed 
externally. The fluorescence modelling is expected be soon implemented also for vegetation 
represented as turbid media. 
First DART fluorescence simulations investigated changes in TOC SIF emissions due to the 
differences in canopy architectural and biochemical traits as: leaf area index (LAI), foliage 
clumping, leaf size, leaf angle distribution (LAD), chlorophyll content and ratio of sun and 
shade adapted leaves. Results showed that higher LAI increases PSI and PSII SIF, but it is 
less influential in clumped small-leaf-size canopies. Compared to erectophile, planophile LAD 
nearly doubled TOC SIF. Although distinction of sun and shade adapted leaves in canopies 
had a consistent increasing effect on PSII SIF, its magnitude was smaller than for changes in 
foliage architecture. The multi-angular behaviour of SIF in diurnal mode was investigated by 
simulating and cross-comparing fluorescence tower measurements taken over a maize 
experimental field at the USDA-Beltsville Agricultural Research Station (Maryland, USA). Even 
though similar multi-angular behaviour of modelled and measured SIF was demonstrated, a 
more advanced physiological parameterization and assessment of DART performance is still 
needed. 
  

11:30am - 12:30pm K2-O-MAP: Towards Universal Mapping Models - Enhancing the Spatial and 
Temporal Transferability of Empirical and Physical Models (Special Session) 
Session Chair: Sebastian van der Linden 
Session Chair: Jochem Verrelst 
Session Chair: Akpona Okujeni 

Y-16-G-05  

  11:30am - 11:45am 

Is My Method Robust To Acquisition Conditions? An Empirical Manifold 
Alignment Perspective. 
Devis Tuia1, Diego Marcos1, Gustau Camps-Valls2 
1University of Zurich, Switzerland; 2Universitat de València, Spain; devis.tuia@geo.uzh.ch 
The success of image classification models strongly depends on the constancy of the 
signatures observed at training and test time. Varying factors such as illumination, shadowing, 
time-of-day, seasonality or sensor specifications may harm the generalization power of the 
classifiers, irrespectively of the complexity of the model or the inclusion of spatial information. 
As a consequence, a model performing well in training can lead to very poor results when 
applied to another image acquired under different conditions. Such a behavior is not desirable 
and has been studied in machine learning as the domain adaptation problem (Patel et al. 
2015), which recently gained much interest in the remote sensing community (Tuia et al., 
2016). A promising way to ensure robustness to acquisition conditions is to make spectra 
more similar across acquisitions when they represent the same type of surface. This 
translates to performing a relative normalization via, for example, an histogram matching 
(Coltuc et al., 2006) or a physical model (Guanter et al., 2009). In this paper we present a 
new, nonlinear statistical method named KErnel Manifold Alignment (KEMA, Tuia and Camps-
Valls (2016)) to match spectra under strong spectral deformations. KEMA performs 
registration of signatures in the spectral domain and is effective in aligning data spaces that 
underwent strong nonlinear deformations, possibly of different dimension. The latter point 
means that KEMA can align images of different sensors to each other, a desirable property in 
multimodal processing (Gómez-Chova et al., 2015). 
At the conference, we will present the theory of KEMA, as well as its properties and provide 
application examples of KEMA to the challenging problems of multisensory image 
classification and shadows correction. 
References 
Coltuc, D., Bolon, P., Chassery, J.M. “Exact histogram specification,” IEEE Trans. Image 
Process., vol. 15, no. 5, pp. 1143-1152, 2006.   
Gómez-Chova, L., Tuia, D., Moser, G., Camps-Valls, G. “Multimodal Classification of Remote 
Sensing Images: A Review and Future Directions”, Proceedings of the IEEE, 103, 1560-1584, 
2015. 
Guanter, L., Richter, R., Kaufmann, H. “On the application of the MODTRAN4 atmospheric 
radiative transfer code to optical remote sensing”, Int. J. Remote Sens., 30, 1407-1424, 2009. 
Patel, V. M., Gopalan, R., Li, R., Chellappa, R. “Visual domain adaptation: a survey of recent 
advances”, IEEE Signal Proc. Mag., 32, 53-69, 2015. 
Tuia, D., Camps-Valls, G. “Kernel Manifold Alignment for Domain Adaptation” PLoS ONE, 11, 
e0148655, 2016. 
Tuia, D., Persello, C., Bruzzone, L. “Recent Advances In Domain Adaptation For The 
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Classification Of Remote Sensing Data”, IEEE Geosci. Remote Sens. Mag., 4, 41-57, 2016. 

 
11:45am - 12:00pm 

Assessing Model Transferability for an Invasive Moss using Imaging 
Spectroscopy 
Sandra Skowronek1, Ruben Van De Kerchove2, Bjorn Rombouts3, Raf Aerts3, Michael 
Ewald4, Carol Garzon5, Tarek Hattab5, Olivier Honnay3, Jonathan Lenoir5, Duccio 
Rocchini6, Felix Schiefer1, Sebastian Schmidtlein4, Ben Somers3, Jens Warrie3, Hannes 
Feilhauer1 
1University of Erlangen-Nuremberg, Germany; 2Flemish institute for technological research, 
Belgium; 3KU Leuven, Belgium; 4Karlsruhe Institute of Technology, Germany; 5Université de 
Picardie Jules Verne, France; 6Fondazione Edmund Mach, Italy; sandra.skowronek@fau.de 
For the mapping and monitoring of invasive plant species with remote sensing data, robust 
detection models are desirable. In practical applications, however, mapping of invasive plant 
species often relies on models that are locally calibrated and validated against available field 
data. Consequently, detecting species in new study areas requires an acquisition of additional 
field data which is often time and cost-intensive for larger areas. In this study we therefore i) 
assess the feasibility of spatially transferring locally calibrated models for invasive species 
detection between four different heathland areas: Sylt, Germany; Averbode, Kalmthout and 
De Liereman; Belgium, and ii) test the potential of combining calibration data from the different 
sites in one model to map the distribution of an invasive moss species, Campylopus 
introflexus. 
To address these objectives, in a first step, four different Maxent models to map the 
distribution of Campylopus introflexus (one for each study site) were locally calibrated and 
validated using available field data and simultaneously acquired airborne APEX full-range 
imaging spectroscopy data with a spatial resolution ranging from 1.8 m to 4 m and a spectral 
resolution of about 10 nm (244 bands). In a second step, each of these models was 
transferred to the three other study areas and validated. In a third step, models combining 
data from three study areas were built and validated on the respective fourth site. Moreover, 
we collected spectral data of the most abundant species using a hand-held field spectrometer. 
These data and the derived spectral separability indices were used to support the 
interpretation of the results of our Maxent modelling. 
Results illustrate that the combined models were able to provide acceptable results over the 
majority of the study areas: test AUC (area under the curve) values of 0.9 for Kalmthout, 0.83 
for Sylt, 0.7 for Averbode and 0.54 for Liereman, while the success of transferring of models 
calibrated in a single site and transferred to another depended highly on the different site 
characteristics. Besides, we could show the importance of optimizing the Maxent modelling 
parameters to avoid over-fitting. Overall, the results of this study indicate the potential of a 
combined model to map Campylopus introflexus over other study areas without the need for 
new calibration data, which is especially useful in the context of early detection of invasive 
plant species. 

 
12:00pm - 12:15pm 

Towards The Development Of Universal Support Vector Regression Models 
For Quantifying Land Cover Across Cities 
Akpona Okujeni1, Sebastian van der Linden1, Frederik Priem2, Frank Canters2, Jeroen 
Degerickx3, Ben Somers3 
1Humboldt-Universität zu Berlin, Germany; 2Vrije Universiteit Brussel, Brussels, Belgium; 3KU 
Leuven, Leuven, Belgium; akpona.okujeni@geo.hu-berlin.de 
Remote sensing has become a valuable Earth observation tool for urban environmental 
research. Images acquired by various multispectral sensors have been extensively used for 
mapping urban land cover and urban land use, for detecting urban growth patterns, or for 
evaluating urban environmental conditions. With the emergence of the hyperspectral satellite 
missions Environmental Mapping and Analysis Program (EnMAP) and Hyperspectral Infrared 
Imager (HyspIRI), timely and globally sampled imaging spectrometer data will complement the 
rich data pool. Not least due to the high spectral information content and the resulting 
possibility for more accurate and detailed mapping, this new type of hyperspectral images 
appear promising for enhancing large scale urban remote sensing applications. Along with the 
advancement in sensor technology, the need for transferable and/or globally applicable 
methodological workflows for repeated and accurate mapping across space and time 
becomes evident. In this study, we illustrate an approach towards the development of 
universal support vector regression (SVR) models for quantifying urban land cover across 
multiple cities. Model universality is ensured by a comprehensive synthetically mixed training 
dataset, generated from spectral libraries that comprise relevant construction materials and 
natural surface types of the respective cities. The approach was tested based on two 
simulated EnMAP scenes covering the urban-rural gradients of Berlin, Germany, and 
Brussels, Belgium. Spectral libraries, developed from airborne hyperspectral acquisitions of 
both cities, were used to compile the synthetic training set for SVR model development. The 
mapping followed the vegetation-impervious-soil framework (VIS), a well-recognized mapping 
scheme in the urban context. Results demonstrate the universality of SVR models for VIS 
fraction mapping in Berlin and Brussels when the underlying synthetic training set includes 
library information from both cities (average MAE: 7.8% for Berlin, 14.5% for Brussels). In 
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contrast, city-specific SVR models trained with synthetic mixtures from each spectral library 
separately only reveal similar performances when applied locally (average MAE: 8.0% for 
Berlin, 13.4% for Brussels), whereas their transfer to the other city leads to reduced 
accuracies (average MAE: 13.0% for Berlin, 20.0% for Brussels). These findings demonstrate 
the possibility to develop support vector regression models for detailed land cover mapping 
based on synthetic training information that can be transferred between cities. As a next step 
we will include additional cities with different spatial configurations and spectral compositions 
to establish the approach as a generalizable methodological workflow for urban mapping. 

 
12:15pm - 12:30pm 

Prospects for Universal Foliar Trait-Retrieval Algorithms from Imaging 
Spectroscopy: Cross-Site and Cross-Platform 
Philip A Townsend1, Zhihui Wang1, Aditya Singh1,2 
1University of Wisconsin, USA; 2University of Florida, USA; ptownsend@wisc.edu 
Imaging spectroscopy data have been widely used to estimate foliar traits such as leaf mass 
per area (LMA), pigments, and chemical concentrations such as lignin and nitrogen. Existing 
approaches rely heavily on site- or biome-specific empirical methods, which poses challenges 
for the extension of models to new locations, vegetation types and sensors. Here, we: 1) test 
the extension of the multi-site, multi-year models reported by Singh et al. (2015) to new sites 
and sensors and 2) compare existing published models to new chemometric models 
developed for different sensors and vegetation types. Our analyses include testing models 
across data from the AVIRIS-Classic, AVIRIS-Next Generation, NEON-AOP, Hyperion and 
Headwall imaging spectrometers, all having different measurement characteristics. We 
address the consequences of image processing workflows, such as atmospheric correction 
and illumination corrections, and present an approach to address the application of partial 
least-squares (PLS) models to pixels having discontinuous vegetation. Finally, we present a 
statistical approach for the quantitative comparison of PLS models, with the specific objective 
of determining whether the various PLS models are fundamentally different or are 
characterizing similar spectral features. We show that there are good prospects for models 
that can be applied across multiple vegetation types, sites and platforms, but that there are 
significant differences in PLS model structure between type-specific models (e.g., forests vs. 
grasslands) and models that incorporate multiple types (forests plus grasslands). Our results 
suggest the potential for universal models that could be applied to spaceborne imaging 
spectrometers such as EnMap or HyspIRI. 
Reference: Singh, A., Serbin, S.P., McNeil, B.E., Kingdon, C.C. and Townsend, P.A., 2015. 
Imaging spectroscopy algorithms for mapping canopy foliar chemical and morphological traits 
and their uncertainties. Ecological Applications, 25(8): 2180-2197. 
  

11:30am - 12:30pm K3-O-PLA-1: Spectroscopy from Ground, Drone, Air- and Spaceborne 
Platforms 
Session Chair: Richard Gloaguen 
Session Chair: Thomas Jarmer 

Y-15-G-60  

  11:30am - 11:45am 

Analysis of temporal changes of a mining site affected by AMD. UAV based 
hyperspectral monitoring of the Litov tailing (Sokolov, CZ) 
Robert Jackisch, Sandra Jakob, Robert Zimmermann, Richard Gloaguen 
Helmholtz Institute Freiberg for Resource Technology, Germany; jackisch.robert@gmail.com 
Analysis of temporal changes of a mining site affected by AMD. UAV based 
hyperspectral monitoring of the Litov tailing (Sokolov, CZ) 
Robert Jackisch, Sandra Jakob, Robert Zimmermann, Richard Gloaguen  
Helmholtz-Zentrum Dresden-Rossendorf, Helmholtz Institute Freiberg for Resource 
Technology, Division of Exploration, Chemnitzer Str. 40, 09599 Freiberg/Germany 
* corresponding author: r.jackisch@hzdr.de 
In this study we test and validate hyperspectral mineral mapping for acid mine drainage 
(AMD) detection using Unmanned Aerial Systems (UAS). The investigated area is a re-
cultivated tailing and part of the Sokolov coal mine district in the Czech Republic. The dumped 
mining waste material bears pyrite and the consecutive weathering products. Mainly iron 
hydroxides and oxides affect the natural pH values of the Earth’s surface. While previous 
research done in this area relies on satellite and air-borne data, our approach focuses on 
lightweight drone systems providing ground readiness within hours. During April to September 
2016, several field and flight campaigns were conducted. For validation, the waste heap was 
probed in-situ for pH, X-ray florescence (XRF), reflectance spectrometry and surveyed by 
GPS. Collected samples were measured for pH, X-ray diffraction (XRD) and XRF in laboratory 
conditions. A new in-house developed toolbox allowing the processing as well as the 
correction of topography and illumination effects, is applied on the UAS data. High-resolution 
point clouds and digital elevation models are build from UAS-borne data with Structure-from-
Motion photogrammetric techniques. Changes of the canopy, topographic profiles and erosion 
values are derived from the 3D models. The classification of hyperspectral (HS) data detected 
the proposed minerals jarosite and goethite, which are associated with the acidic 
environmental conditions (mean pH = 2.9). The specific iron absorption bands are visible in 
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the UAS-HS data, and can be confirmed with ground-truth spectroscopy. Evaluation of 
geochemical data shows a negative correlation for pH with sulfur content, which is in 
accordance with previous studies on AMD conditions. Interpolations of in-situ pH data support 
the UAS-based results. The evaluation of the applied methods highlights the UAS approach 
as a fast, non-invasive, inexpensive technique for multi-temporal monitoring. 

 
11:45am - 12:00pm 

Drone-Borne Hyperspectral Remote Sensing Of REE Deposits In Namibia 
René Booysen, Richard Gloaguen, Robert Zimmermann, Sandra Jakob 
Helmholtz Institute Freiberg for Resource Technology - HZDR, Germany; r.booysen@hzdr.de 
Drone-borne hyperspectral remote sensing of REE deposits in Namibia  
René Booysen, Richard Gloaguen, Robert Zimmermann and Sandra Jakob  
Helmholtz-Zentrum Dresden-Rossendorf, Helmholtz Institute Freiberg for Resource 
Technology, Division of Exploration, Chemnitzer Str. 40, 09599 Freiberg/Germany  
* corresponding author: r.booysen@hzdr.de, +49 351 260-4438  
Traditional exploration techniques are mainly based on extensive field work supported by 
geophysical surveying. These techniques can be restricted by field accessibility, financial 
status, area size and climate. Therefore, we suggest to increase the use of multi-scale 
hyperspectral remote sensing in order to decrease conventional restrictions in the exploration 
of minerals through the use of Unmanned Aerial Systems (UAS). We further argue that the 
addition of drone based hyperspectral data can vastly improve the accuracy of field mapping 
in future mineral exploration. Drone-borne measurements can supplement and direct 
geological observation immediately in the field and therefore allow better integration with in-
situ ground investigations. In particular, in inaccessible and remote areas with little infra-
structure, such systems are beneficial because it allows a systematic, dense and completely 
non-invasive surveying, which is often not possible using ground- based techniques. We use a 
hyperspectral camera attached to a hexacopter to acquire data from the visible (VIS) to the 
near-infrared (NIR) range of the electromagnetic spectrum. The hyperspectral data is then 
corrected of radiometric and geometric distortions using a new python-based in-house 
toolbox. In addition, high-resolution Digital Surface Models (DSM) and Orthomosaics are 
generated from drone data using Structure- from-Motion photogrammetry. The corrected data 
provide information on the spectral signatures of outcropping lithologies to the field geologists 
and the exploration teams. This is achieved by using end-member modelling and classification 
techniques such as non- linear machine learning algorithms, e.g., Neural Networks and tree 
based methods. The validation of the hyperspectral data is performed via field spectroscopy 
and portable XRF. The proposed method is currently tested on carbonatite-hosted REE 
occurrences in several locations in Namibia. These locations are characterised by difficult 
terrains and remote environments, that would impede or restrict traditional field surveys. 
Preliminary results indicate that UAS-based surveying has a very high potential in 
fundamentally lowering the acquisition costs and increasing the information potential of data 
captured in the field.  

 
12:00pm - 12:15pm 

An Evaluation of EnMap’s Capabilities for Lithological Mapping Considering 
the Effect of Lower Spatial and Spectral Resolution and Signal-to-Noise Ratio 
Roger Frank MacLeod1,2, Olaf Niemann2, Jeff Harris1, Fabio Visintini3 
1Natural Resources Canada, Canada; 2University of Victoria, Canada; 3Centre for Applied 
Remote Sensing, Modelling and Simulation (CARMS), Canada; roger.macleod@canada.ca 
Roger MacLeod1,2,4, Olaf Niemann2, Jeff Harris1, and Fabio Visintini3 
Various agencies within the Canadian government utilize optical remote sensing imagery as a 
tool to produce predictive geological maps. These maps are an essential for supporting cost 
effective fieldwork in remote regions as they direct the locations necessitating a geologist 
visitation and help avoid areas that are either geologically homogenous or covered by either 
over burden or vegetation. They also facilitate the mapping of those regions that the geologist 
was unable to visit because of time constraints of a short northern field season. The upcoming 
launch of the space-borne Environmental Mapping and Analysis Program (EnMAP) imaging 
spectrometer may provide enhanced capabilities to produce these predictive maps. To this 
end, prelaunch, simulated EnMap hyperspectral imagery is needed for its applicability to map 
lithological units in the Hope Bay Greenstone Belt located in the Nunavut territory of the 
Canadian Arctic. To facilitate this evaluation a dataset with EnMap-like data was derived from 
airborne VNIR-SWIR data. A simulator was built which imbedded the spectral, spatial, and 
noise characteristics of the anticipated EnMap data. 
Supervised classification results derived from both simulated EnMap and airborne (a 
ProSpecTir –SPECIM Dual sensor) hyperspectral imagery were compared to a detailed 
geological map. Optimal results were obtained with the EnMap simulated data by using a 
threshold value on Matched Filtering (MF) fraction maps to create a classified map (OA: 
82.2% kappa: 0.7572). In contrast, the higher resolution and signal-to-noise ratio airborne 
data achieved an overall accuracy of just 59.3% (kappa: 0.4944). Despite EnMap’s higher 
overall accuracy, the classification results suffered a notably visible loss of paucity of rock 
outcrops that were captured using the higher resolution airborne data. The pre-eminence of 
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the EnMap overall accuracy compared to the higher fidelity and higher resolution airborne 
data can be explained by a high degree of within-class spectral variability found with the high 
resolution data. The coarser spatial and spectral resolution of EnMap acts as an averaging 
filter and thereby lowers the standard deviation of the imagery for improved classification 
results. 
The high spectral variance within the outcrop areas can be attributed to several factors 
including: variable mineral composition of lithological units, rock weathering, patchy lichen 
coverage on outcrops, and topographic shadows. Successive spatial filtering of the MF 
fraction maps before classification helped to reduce this variability and improved the overall 
accuracy of both sensor results (increases of 3.8% and 11.1% for EnMap and the airborne 
data respectively). This study highlights the potential use of EnMap to support lithological field 
mapping programs at regional scales in Arctic environments. 

 
12:15pm - 12:30pm 

An Initial Assessment of Application and Technology: Assessing Vineyard 
Conditions Through High Resolution Imaging Spectroscopy 
Fabio Visintini2, Roger Stephen2, Knut Olaf Niemann1, Geoffrey Quinn1 
1University of Victoria, Canada; 2CARMS Inc. 1962 Mills Road, Sidney B.C.; olaf@uvic.ca 
Vineyards are rapidly becoming more ubiquitous throughout temperate areas of Europe and 
North America as climates moderate, and render fit areas which were previously unsuitable 
for the production of wine-quality grapes. The application of high resolution remote sensing to 
precision agriculture has matured due to advances in positioning, processing power and 
miniaturization of sensor technology. These advances have provided a convergence of spatial 
and temporal analytical scales towards crop or target object analysis. Remote sensing 
technologies to assess various vegetation attributes from the state of senescence to health 
and vigor has, over recent years progressed significantly due to the increasing availability of 
high quality imaging spectroscopy. The remote sensing of agricultural attributes however must 
also take on a tactical approach, where rapidly changing phenologies dictate time sensitivity 
and represents a pressure towards real time imaging and processing. In addition to requiring 
timely monitoring, the remote sensing of grape vines demands specific attention due to the 
unique distribution and size of the vegetated biomass and the relatively low leaf area. 
A programme to assess the potential for implementing very high resolution remote sensing, 
and imaging spectroscopy in particular, to vineyard vegetation/crop quality has been initiated. 
Initial data, over southern British Columbia, were collected from a low flying helicopter outfitted 
with a VNIR imaging spectrometer (IS), LiDAR, RGB camera and an inertial navigation 
system. The IS data were atmospherically corrected using MODTRAN as implemented in 
FLAASH, orthorectified to the digital surface model as defined by the LIDAR point cloud, and 
gridded to a nominal 12.5cm resolution. A range of analytical procedures based on traditional 
spectral analysis were applied to the data. Grape varieties were differentiated, and variations 
in health were mapped. A number of health-related issues including the effect of leaf roll virus 
and Shiraz decline were identified and mapped with the remote sensing data. 
The presentation will focus on the initial work carried out with the high resolution VNIR data. 
The focus will be on examining issues related to positioning and data preparation, and high 
spatial resolution data analysis pertaining to the vines and species identification and identified 
areas of leaf health.  
  

12:30pm - 1:00pm H1-P-VEG: Posters - Vegetation Classification and Traits Retrieval 
Gallery  

  

Tree species classification of Karkonoski National Park (Poland) using 
artificial neural networks and hyperspectral data 
Edwin Raczko, Bogdan Zagajewski 
University of Warsaw, Faculty of Geography and Regional Studies, Departament of 
Cartography, Geoinformatics and Remote Sensing, Poland; edwinraczko@gmail.com 
Knowledge of tree species composition in forest is important topic in forest management. 
Accurate tree species maps allow for much more detailed and in depth analysis of forest 
biophysical variables. Tree species maps are often required for proper forest cultivation and 
protection and are an important information layer in ecosystem modelling. The Karkonoski 
National Park is part of the UNESCO Man and Biosphere (M&B) international reserve network 
and Natura 2000 biological network. 
High resolution (3.35m) APEX hyperspectral images delivered by VITO were used as basis for 
tree species classification. Classified tree species were beech (Fagus sylvatica L.), birch 
(Betula pendula Roth), alder (Alnus Mill.), larch (Larix decidua Mill), pine (Pinus sylvestris L.) 
and spruce (Picea alba L. Karst). Noisy bands and bands located in water vapour absorption 
range were taken out of whole dataset before band selection procedure. After this step a band 
selection was conducted. Remaining 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 “packages” called 
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nnet, developedat 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 belief in final 
classification map. Final tree species classification covering whole area of KPN achieved 
overall accuracy above 80%, with producer accuracies for all classes exceeding 70%. 

 
LWC and leaf morphology signal stress in TIR spectra 
Maria Buitrago, Thomas A. Groen, Christoph A. Hecker, Andrew Skidmore 
University of Twente, Netherlands, The; m.f.buitragoacevedo@utwente.nl 
Plants under stress experience a chain of reactions that at long term can alter their 
morphology. Although the morphological adaptations of plants under constant stress have 
been explored, the connection between these modifications and their effect on the spectral 
properties in the thermal infrared has not been yet investigated. 
In this research plants of Rhododendron f. catawbiense, were exposed to low temperatures 
and low soil water content and their spectral (1.4 – 16 µm) and morphological changes were 
tracked in individual leaves after a six months experiment. 
The results reveal that lignin, cellulose, leaf water content (LWC) and leaf area are the 
essential traits in the identification of stress. These leaf traits changed as a result of exposure 
to long term stress and also correlate with changes in TIR spectra. 
This study proposes a multinomial model based on these traits to predict the probability of a 
plant to be under stress, as well as individual models to predict the concentration of lignin, 
cellulose, LWC and leaf area, based on the lower number of spectral bands, fitted with a 
PLSR model. 
Some limitations for the application of these findings in the TIR domain are based on the LWC 
as a mask of other morphological changes and the role of the cuticle composition and 
complexity in the retrieval of reflectance and emissivity data. 

 
Optimized Vegetation Indices for Specific Leaf Area Retrieval from 
Hyperspectral Imagery 
Abebe Mohammed Ali1, Roshanak Darvishzadeh2, Andrew Skidmore2, Iris van Duren2 
1Wollo University, Ethiopia; 2University of Twente; r.darvish@utwente.nl 
Specific leaf area (SLA) is an important component when assessing functional diversity and 
plays a key role in ecosystem modeling, linking plant carbon and water cycles as well as 
quantifying plant physiological processes. However, studies of SLA variation across relevant 
spatial and temporal scales are lacking. While remote sensing is a fast and efficient approach 
to quantify vegetation parameters, there are insufficient studies estimating SLA from remotely 
sensed data. This article aims at finding efficient hyperspectral indices for fast and accurate 
estimation of SLA from HySpex imagery. Validations of our result with measured data as well 
as with experimental dataset simulated using INFORM revealed SLA was predicted accurately 
by several indices, such as simple ratio and normalized index types. Most of the bands 
sensitive to SLA selected using these indices were in the 1300–1800 nm spectral region nm. 
OSAVI index with 1537 and 1543 nm bands (OSAVI1537, 1543) showed that the hyperspectral 
data from HySpex airborne imagary accurately estimate SLA (R2 = 0.88 and RMSE = 13.30 
cm2/g). The other potential indices for accurate retrieval of SLA from HySpex imagery were 
two-band indices such as RDVI 1537, 1543, SAVI1537, 1543, TSAVI1537, 1543,and WDVI1537, 1543. These 
findings suggest the availability and suitability of a wide range of existing vegetation indices 
for assessing SLA accurately and rapidly from remotely sensed data. 

 
Mountain vegetation classification based on hyperspectral APEX and 
simulated EnMAP data 
Adriana Marcinkowska-Ochtyra1, Bogdan Zagajewski1, Adrian Ochtyra1, Anna 
Jarocińska1, Bronisław Wojtuń2, Christian Rogass3, Christian Mielke3, Samantha 
Lavender4 
1University of Warsaw, Faculty of Geography and Regional Studies, Department of 
Geoinformatics, Cartography and Remote Sensing Warsaw; 2Wrocław University, Faculty of 
Biological Sciences, Department of Ecology, Biogeochemistry & Environmental Protection; 
3Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences; 4Pixalytics Ltd; 
adrian.ochtyra@uw.edu.pl 
Hyperspectral data registered in large number of narrow contiguous spectral bands at very 
high spectral resolution allows to identify properties of vegetation species, communities or 
types. The goal of the study was the classification of mountain vegetation communities and 
types in Karkonosze National Park (M&B Reserve of the UNESCO) in Poland. 
Two types of data were used to this study. The 288-bands aerial APEX (Airborne Prism 
EXperiment) data operating in the wavelength range 0.4-2.5 µm were acquired on 10th 
September 2012 by DLR in the framework of the EUFAR HyMountEcos project. APEX data 
were corrected radiometrically, geometrically and atmospherically at VITO’s, Centre for 
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Remote Sensing and Earth Observation Processes in Mol. EnMAP (Environmental Mapping 
and Analysis Program) is a future German hyperspectral satellite mission that enables a 
characterization of the Earth's surface, which will be launched in 2018. Based on acquired 
APEX data the simulation of 242-bands satellite EnMAP data over the study area was 
performed in GFZ in Potsdam. The spectrally similar APEX data were resampled from 3.12 m 
to a 30 m pixel size of EnMAP and based on both datasets the vegetation classification was 
performed. The spatial resolution of APEX (3.12 m) enabled the classification of 21 vegetation 
communities, which was generalized into 8 vegetation types. 
As reference of vegetation the vector map from 2002 of its distribution provided by National 
Park was used. The terrain recognition was based on field walks conducted in 2013 and 2014 
with a Trimble GeoXT GPS receiver. It allowed to create training and validation samples of 
vegetation communities and types classes. As vegetation communities were classes: Carici 
(rigidae)-Nardetum, Empetro-Vaccinietum, Pinetum mugo sudeticum, Crepido-
Calamagrostietum villosae, Pado-Sorbetum, Salicetum lapponum, Athyrietum distentifolii, 
Adenostyletum alliariae, Scheuchzerio-Caricetea nigrae, Oxycocco-Sphagnetea, Cardamino-
Montion, Calamagrostio villosae-Piceetum, Rhizocarpion alpicolae, Umbilicarion cylindricae, 
Vaccinium myrtillus com., Calluna vulgaris com., Molinia caerulea com., Deschampsia 
flexuosa com., Deschampsia caespitosa com., Peucedanum ostruthium com., Urtica dioica 
com., early stages of succession and areas without vegetation. As vegetation types classes 
were: grasslands, heathlands, subalpine tall-forbs, deciduous shrubs vegetation, bog-springs, 
fens and bogs, subalpine dwarf pine scrubs, rock and scree vegetation, ruderal vegetation 
and forests. The collected samples were used in the Support Vector Machine (SVM) 
classification method. Based on them the accuracy assessment was lead which allowed for 
obtaining classification statistics as: total, user, producer accuracies, kappa coefficient and 
error matrix. 
The overall accuracy for 21 vegetation communities classes reached 74.39% using the SVM 
linear function with 252 APEX bands. For 8 generalized vegetation types the overall accuracy 
for the APEX data reached 90.72% while EnMAP reached 78.25%. The results show the 
potential use of APEX and EnMAP imagery in mapping mountain vegetation on a community 
and vegetation type scales, within a diverse ecosystem such as the Karkonosze National 
Park. Spectral resolution of images allows to identify most of classes successfully. Even 
though satellite data provide a lower spatial resolution than aerial images but enables a higher 
temporal resolution which is needed in monitoring of protected areas. 

 
Field Hyperspectral And Fluorescence Data For The Monitoring Of Trampled 
Alpine Swards In The Tatra National Park (Poland). 
Marlena Kycko, Bogdan Zagajewski, Adrian Ochtyra 
University of Warsaw Faculty of Geography and Regional Studies Department of 
Geoinformatics, Cartography and Remote Sensing; marlenakycko@uw.edu.pl 
Alpine swards are susceptible to various types of stress factors. In the alpine environment, the 
main stressors include too high light intensity, lack of water, changing atmospheric conditions 
or trampling caused by increased tourist traffic. Too much stress causes irreversible cellular 
changes leading sometimes to death of plant cells. Studies in non-invasive manner may be 
accomplished by remote sensing and fluorescence methods. Field research was conducted in 
July/August in 2011, 2012 and 2013 year. During the field research spectrometric 
measurements were performed using a spectrometer ASD FieldSpec 3, bio-radiometric 
measurements of chlorophyll content (CCM-200), radiation temperature of plant surfaces (ts), 
thermodynamic air (ta) (pyrometer IRtec), fluorescence (fluorymeter Plant Stress Meter) and 
energy storage of photosynthetically active radiation (AccuPAR). The study in all term was 
performed on vegetation of Polish mountains - sections Kasprowy – Beskid and additionally in 
2013 verification in Red Peak. The measuring areas were located near the trail as vulnerable 
to trampling alpine swards, polygons above 10 meters (areas of non-damaged, reference 
vegetation) and polygons subjected to restoration. 
The objective of this kind of merged research method was to estimate the proportion of energy 
used by plant for photosynthesis (photochemical extinction) and emitted in the form of heat 
(no photochemical extinction) and on this basis to estimate how efficiently the energy of light 
radiation was consumed by PSII in this process. Correlation of fluorescence (t1/2; Fv/Fm) with 
the values of the indices allowed to properly identify the state of the plant cell and the impact 
of stressors on the vegetation. Correlation results from the spectrometer and the results of 
measurements of bio-radiometric for the studied species varied depending on the construction 
of vegetation. Also used to determine state of condition based on three years monitoring - 
Multivariate Adaptive Regression Splines (MARSplines) method. 
The study showed statistically significant differences in the indices between the same species 
in the analyzed areas. The general condition of vegetation (NDVI705) for species endangered 
by trampling, achieve a value below 0.45, while for the reference plants 0.45-0.50 and plants 
on restoration areas - above 0.45. For the species in restoration areas water content index 
(WBI) showed above 1.04, 1.02-1.04 for reference species and below 1.02 for vulnerable 
trampled areas. For the vegetation of the Tatra National Park, the ratio Fv/Fm for reference 
and restoration plants adapted to the darkness have values within the range of 600-723 which 
shows that mountain vegetation is in fairly good condition. In addition, it was observed that the 
vegetation located on the trails produces less of the light reaction products, showing that 
influence of stress does not damage completely plant cells. State of the vegetation located 
near on the trails can be rated as good, however stressor in the form of trampling significantly 
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reduces it condition. Vegetation in poor condition are located mainly next to the hiking trails, 
but the protective treatments used by employees of TPN (tape placed along the routes, nets) 
facilitated it’s recovery. 

 
Identifying Main Exotic Tree Species in a Tropical Landscape With High 
Species Diversity Using Airborne Imaging Spectroscopy and Laser Scanning 
Rami Tapio Piiroinen1, Janne Heiskanen1, Eduardo Eiji Maeda2, Arto Viinikka3, Petri K.E. 
Pellikka1 
1Department of Geosciences and Geography, University of Helsinki, Finland; 2Department of 
Environmental Sciences, University of Helsinki, Finland; 3Finnish Environment Institute, 
Environmental Policy Centre, Helsinki, Finland; rami.piiroinen@helsinki.fi 
Tree species composition is an essential characteristic of the agroforestry systems which are 
critical for conciliating environmental and social development. Although airborne imaging 
spectroscopy and laser scanning have been increasingly explored for tree species 
classification, few studies have been done in tropical Africa. In tropical agroforestry systems, 
most of the trees may belong to a few main exotic tree species. However, at the same time, 
agroforestry systems may have high tree species diversity due to the less frequent indigenous 
tree species. This may cause imbalance in the training data which causes overestimation of 
the most common classes. Also, it is not well known what spectral regions, narrowband 
vegetation indices and point cloud features derived from laser scanning data are most 
important for separating tree species in highly diverse tropical areas. 
In this study, we evaluated how reflectance data, minimum noise fraction (MNF) transformed 
reflectance data, narrowband vegetation indices and point cloud features performed for the 
tree species classification on our study site, in the Taita Hills, Kenya, using random forest 
classifier at individual tree crown level. Total of 1033 trees were positioned from 72 different 
species, while the most abundant species were exotic and most of the diversity was due to 
indigenous tree species with fewer observations. MNF transformed data produced the highest 
overall accuracy but combining it with point cloud features further increased the accuracies. 
To compensate for the imbalanced data we tested how merging species with fewer samples 
affected the classification accuracy. The best results were achieved when only three species 
with most samples were classified separately and other species were combined. The user’s 
accuracies for the final classification were 75.6 % for Acacia mearnsii, 84.5 % for Grevillea 
robusta and 84.7 for Eucalyptus sp. with an overall accuracy of 83.3 %. The results showed 
that the most abundant exotic tree species, which are important for understanding the 
agroforestry practices can be detected successfully, while the high diversity resulting from 
indigenous tree species cannot be captured with this approach. The spectral regions and 
narrowband vegetation indices sensitive to plant pigments, and point cloud features that 
depict the deviation of returns from central point (e.g. average absolute deviation and median 
absolute deviation) were most important features for the classification performance based on 
the random forest variable importance. 

 
Forest Classification Using Different Types of Optical Imagery 
Sebastian Preidl, Daniel Doktor 
Helmholtz Centre for Environmental Research - UFZ, Germany; daniel.doktor@ufz.de 
A diverse forestland was classified based on different sets of remotely sensed data. The 
classification procedure takes individual tree species into account and goes beyond existing 
land cover classifications like CORINE. The forest site Hohes Holz, located in Central 
Germany, was chosen as study area. We investigated to which extent hyperspectral data - 
recorded by an AISA dual airborne system (Imaging Spectrometer, Specim Ltd.) – can 
contribute to an improved classification result when combined with multi-temporal optical 
satellite data. 
Three different supervised classification approaches (A, B, C) - which vary by the data type 
used (multi-spectral, LiDAR-based, hyperspectral) - were tested according their potential to 
discriminate tree species. In all three approaches RandomForest was used as a machine 
learning classification algorithm. The tree height was computed based on LiDAR data, 
namely, a Digital Surface Model (DSM) and Digital Terrain Model (DTM). 
A) RapidEye 
B) RapidEye + Tree Height + Orthophotos 
C) RapidEye + AISA + Tree Height + Orthophotos 
A comprehensive forest inventory data set was used to identify the most prominent tree 
species existing at the Hohes Holz site. Finally, two general tree classes and six pure stand 
categories were defined within the classification process: Deciduous Wood, Oak Tree, Copper 
Beech, Birch Tree, Conifer Wood, Scotch Pine, Norway Spruce and European Larch. 
The classification results and conclusions can be summarized as followed: Within our analysis 
the RapidEye time-series shows the highest potential for a successful discrimination between 
the tree species. Since RapidEye was part of all three approaches, similar results were 
obtained for classification approaches A, B and C. It is assumed that classification results with 
multi-temporal hyperspectral satellite images, as will be provided by the EnMAP satellite 
mission, will increase the value of hyperspectral data in our classification approach. 
At training level the classification algorithm achieved an accuracy of around 75 %. A visual 



10th	EARSeL	SIG	Imaging	Spectroscopy	Workshop	|	19	-21	April	2017,	Zurich,	Switzerland	
	

	

115	

validation shows a good separation between deciduous and conifer wood within the 
classification results. A reliable differentiation between the pure stand classes is given. 
However, they can be mixed up with their superior general class deciduous or conifer wood, 
occasionally. 
  

12:30pm - 1:00pm H2-P-LAB: Posters - In-situ, Field and Laboratory Spectroscopy 
Gallery  

  

Phenological Changes Reflected In Spectral Properties Of Invasive And 
Expansive Plant Species 
Anita Sabat1, Anna Jarocińska1, Bogdan Zagajewski1, Adrian Ochtyra1, Łukasz Sławik1,2, 
Dominik Kopeć3, Jan Niedzielko2, Adriana Marcinkowska-Ochtyra1, Edwin Raczko1, 
Justyna Wylazłowska3, Andrzej Pasierbiński4, Katarzyna Bzdęga4, Barbara Tokarska-
Guzik4 
1University of Warsaw, Faculty of Geography and Regional Studies, Department of 
Geoinformatics, Cartography and Remote Sensing, Poland; 2MGGP Aero, Warsaw, Poland; 
3University of Lodz, Faculty of Biology and Environmental Protection; 4University of Silesia in 
Katowice, Faculty of Biology and Environmental Protection; anita.sabat@uw.edu.pl 
Plant species developed specific adaptations to survive at the fringe of life (water, nutrient, 
biomass, pigments content and their relationships, plant tissue structure, leaf wax covers, 
etc.). These adaptations have direct impact on reflectance which can be quantified using 
hyperspectral techniques. Application of remotely sensed techniques allows vegetation 
research on Natura 2000 areas and provide objective monitoring method. 
The aim of this study is to analyze the influence of: a) phenological changes in plants; b) level 
of the data acquisition (field vs. airborne) for spectral properties of alien invasive species 
(Lupinus polyphyllus, Echinocystis lobata) and native expansive species (Cirsium arvense, 
Rubus spp., Deschampsia caespitosa, Calamagrostis epigejos). Spectrometric measurements 
were conducted basing on the ASD FieldSpec 4 (field level) and the airborne HySpex 
scanners (VNIR-1800 and SWIR-384 with 451 bands in total). As the reference source of 
information chlorophyll content measurements (OptiScience CCM-300 meter) were used. 
Basing on statistical analyses, statistically significant different spectral ranges of analysed 
species were selected. 
The measurements were conducted on 4 selected Natura 2000 areas located in central, 
south, south-west Poland in May/June, July/August and September/October 2016. Parallel to 
the field campaigns, airborne HySpex, ALS, photogrammetric data acquisition were conducted 
three times in vegetation season 2016. All test polygons were characterised by spectrometric 
and chlorophyll measurements, reference data were obtained in ground truthing field botanical 
recording. A pixel size of the HySpex image oscillate around 0.5 m (VIS/NIR) and 1 m (SWIR), 
an orthophotomap - 0.1 m, and ALS - 7 points/m2. 
Among achieved results of conducted analyses are: plants’ spectral changes during the 
growing season, a condition analysis of invasive/expansive species comparing to the 
surrounding plants, a selection of best remote sensing indices and spectral ranges for 
distinction between undesirable species. 
Acknowledgements 
Research has been carried out under the Biostrateg Programme of the Polish National Centre 
for Research and Development (NCBiR), project No.: DZP/BIOSTRATEG-II/390/2015: An 
innovative approach supporting monitoring of non-forest Natura 2000 habitats, using remote 
sensing methods (HabitARS). 

 
On the Potential of Pansharpening to Improve the Spatial Resolution of 
Hyperspectral Satellite Data - A Laboratory Experiment 
Bastian Siegmann, Martin Kanning, Florian Beyer, Christine Pohl, Thomas Jarmer 
University of Osnabrueck, Institute of Computer Science, Germany; bsiegmann@uos.de 
The ability to investigate the Earth’s environment on global scale is/ will be greatly improved 
by hyperspectral satellite data. Due to their medium ground sampling distance (GSD), 
hyperspectral data acquired by EO-1 Hyperion and future hyperspectral satellite missions 
(e.g., EnMAP and HyspIRI) are of limited use for studies that require a spatially high level of 
detail. For many applications such as urban, agricultural, ecological or archaeological studies, 
remote sensing data with high spatial as well as high spectral resolution covering large areas 
are highly demanded. Unfortunately, the combination of a good signal-to-noise ratio (SNR) in 
narrow bands for a spatial high-resolution instrument is extremely difficult from a technical 
point of view. Therefore, the spatial resolution of hyperspectral satellite data is currently 
limited to 30 m GSD. 
Pansharpening is an adequate method to enhance the GSD of hyperspectral satellite data. 
This technique is commonly applied to merge the spatial details of a high-resolution 
panchromatic image and the spectral information of a lower-resolution hyperspectral image 
generating a hyperspectral image with high spatial resolution (hybrid product). 
In order to explore the potential of pansharpening applied to hyperspectral imagery 
experiments under controlled conditions are necessary. For that reason, a laboratory 
experiment was conducted, in which image data of different natural and artificial materials 
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were acquired with a HySpex hyperspectral scanner and additionally RGB images of the 
same materials were taken with a RGB Raspberry Pi camera module (V2). The hyperspectral 
data were spatially degraded to serve as medium spatial resolution hyperspectral image data, 
as for example recorded by Hyperion or EnMAP. Furthermore, averaged images were 
calculated from the spectral bands of the Raspberry Pi RGB data sets, which served as the 
high spatial resolution panchromatic image data in the pansharpening procedure. Two 
different state-of-the-art pansharpening algorithms that can handle hyperspectral data, namely 
the Ehlers Fusion and the Wavelet Resolution Merge, were applied to the data sets. This 
enabled an enhancement of the details in the spatially degraded HySpex data and preserved 
the spectral characteristics at the same time. The fusion results were visually validated and 
compared by different established protocols that allowed a separate quantitative evaluation of 
the spatial and spectral quality of the pansharpened images. Furthermore, different spatial 
resolution ratios between the hyperspectral and the panchromatic images were investigated 
within the pansharpening procedure to find out the best ratio for future applications on real 
satellite data. 
First results clearly indicate the potential of both applied pansharpening algorithms to merge 
hyperspectral and panchromatic image data. Furthermore, the results showed that a spatial 
fusion ratio of higher than 1:6 did not lead to fused image data with acceptable spatial and 
spectral properties. In contrast, lower fusion ratios enable the generation of pansharpened 
images that are useful for numerous applications dealing with hyperspectral satellite data. 

 
Rapid Poultry Compost Analysis by Means of Different Portable Field 
Spectrometers 
András Jung1, Michael Vohland2, Zsófia Varga3, György Csima3, Lili Mézes4, János 
Tamás4, Thomas Fricke5, Michael Wachendorf5, Attila Nagy4 
1Leipzig University, Germany, Szent István University, Hungary; 2Leipzig University, Germany; 
3Szent István University, Hungary; 4University of Debrecen, Hungary; 5University of Kassel, 
Germany; andras.jung@uni-leipzig.de 
Optical measurement techniques are of high importance in non-destructive chemical 
analyses. The latest generation of portable spectrometers is reliable, fast and easy-to-use in 
and out of the lab environment, appropriate platforms are available and the overall potential is 
promising for both accuracy and performance. Not only the technology is facing challenges, 
spectral libraries need to be developed and evaluated as well. Our experiment was carried out 
on forty compost samples in different maturities originating from animal husbandry. The main 
aim of the experiment was to find the most suitable spectral devices, ranges and wavelengths 
to quantify carbon, nitrogen, phosphor, sulphur, pH, EC and organic matter content in zeolite 
and biochar treated poultry manure composts. The outcomes of the experiment were a 
compost spectral library and a toolbox to find best multivariate statistical models to generate a 
multi-model approach for identifying macronutrients. Our results can be used for any spectral 
devices in field data acquisition, both for imaging and non-imaging platforms. We used four 
spectrometers in the spectral ranges of 400-1000 nm, 250-1025 nm, 1000-2500 nm and 400-
2500 nm from different manufacturers. The evaluations are still running and the project will be 
closed end of 2016. Our preliminary results show that compost quality measures can not be 
addressed with single multivariate modelling approach, macronutrient tailored statistical 
models are needed. For the same macronutrients the one model approach was less 
successful than the three-model-approach. We tested, customised and evaluated three (full 
spectrum PLSR, CARS-PLSR and IRIV-PLSR) known methods (Li et al. 2009, Yun et al. 
2014, Jung et al. 2015). Behind the scientific goals, it was also of interest to test budget-
friendly devices as their successful use is considered to promote the application of 
spectroscopic techniques in agriphotonics and precision agriculture. 
References: 
Jung, A., Vohland, M., Thiele-Bruhn, S. 2015: Use of a Portable Camera for Proximal Soil 
Sensing with Hyperspectral Image Data, Remote Sensing, 7(9), 11434-11448. 
Li, H.; Liang, Y.; Xu, Q.; Cao, D. Key wavelengths screening using competitive adaptive 
reweighted sampling method for multivariate calibration. Anal. Chim. Acta 2009, 648, 77–84. 
Yun, Y.-H.; Wang, W.-T.; Tan, M.-L.; Liang, Y.-Z.; Li, H.-D.; Cao, D.-S.; Lu, H.-M.; Xu, Q.-S. A 
strategy that iteratively retains informative variables for selecting optimal variable subset in 
multivariate calibration. Anal. Chim. Acta 2014, 807, 36–43. 

 
Portable Spectroscopy for rapid and non-destructive determination of 
phytochemical components of Oat kernels (Avena sativa) 
Tina Kovacs1, Dóra Drexler1, Bence Bolgár2, Elek Dinya3, Lyudmila Lyubenova4, Ismail 
Cakmak4, Dagmar Janovská5, Michael Vohland6, András Jung7 
1Hungarian Research Institute of Organic Agriculture, Hungary; 2Budapest University of 
Technology and Economics, Department of Measurement and Information Systems, Hungary; 
3Semmelweis University, Faculty of Health and Public Services, Digital Health Institute, 
Hungary; 4Sabanci University, Faculty of Engineering and Natural Sciences, Turkey; 5Crop 
Research Institute, Czech Republic; 6Institute of Geography, University of Leipzig, Germany; 
7Technical Department of the Szent István University, Hungary; tina0kovacs@gmail.com 
Oat has, according to several epidemiological studies, great potential to become an important 
functional food in human diet. To deliver varieties with high nutritional qualities to consumers, 
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improvement of current oat cultivars is necessary through the breeding. Even though 
inhomogeneous distribution of biochemical substances in kernels is a crucial topic for 
performing direct non-destructive measurements, NIR spectroscopy trends are directed at 
discovering possibilities to apply affordable, quick and non-destructive determination of 
phytonutrients in raw materials. The object of this study was to test diffuse near-infrared 
reflectance field (or “out-of-the-lab”) spectroscopy (using ASD FieldSpec 4 Wide-Res 
spectroradiometer device) for identifying secondary plant metabolites (antioxidants, phenolic 
acids), polysaccharide β-glucan, phytic acid, protein and macro (P) and micro nutrients (Fe, 
Zn) in oat kernels, in order to complement, and if possible, substitute standard wet chemistry 
analyses. In the first step we built up a database of spectral samples and corresponding wet 
chemistry results of 100 oat genotypes that were obtained in frame of the Healthy Minor 
Cereals FP7 project in 2013. Data analysis was conducted using various kernel regression 
methods in conjunction with variable selection and dimensionality reduction techniques. In 
particular, we utilized a mutual information-based variable selection strategy, Competitive 
Adaptive Reweighted Sampling (CARS), Principle Component Analysis (PCA) and kernel 
PCA. Regression analyses were conducted using Partial Least Squares (PLS), Support 
Vector Regression (SVR), Gaussian Process Regression (GPR) and neural networks. Results 
showed that the developed spectral measurement method could give satisfactory prediction 
with the lowest root-mean-squared-error (RMSE) values of 0.198 for total antioxidant content 
and 0.215 for phytic acid in PLSR, while the lowest RMSE for total phenol content (RMSE= 
0.088), β-glucan (RMSE= 0.192), Zinc (RMSE= 0.151) and protein (RMSE= 0.078) was 
obtained with Support Vector Regression (SVR). For Iron the lowest RMSE value was given 
by SVR and PLSR (RMSE= 0.129) and for phosphor, Gaussian Process Regression (GPR) 
showed the best prediction (RMSE= 0.79). We may conclude that it is worthwhile to continue 
this preliminary study and further enlarge our spectral database in order to provide a more 
robust model for practical application. A handheld NIR device could be of great importance for 
accelerating breeding of oat with high bioactive compounds, for the food processing industry 
and in-situ chemical data capturing.  

 
Measurements Of Spectral Properties In Different Integrating Spheres 
Lucie Homolova1, Petr Lukeš1, Martin Navrátil2, Jan Hanuš1 
1Global Change Research Institute CAS, Czech Republic; 2University of Ostrava, Czech 
Republic; homolova.l@czechglobe.cz 
Leaf optical properties (LOP), directional hemispherical reflectance and transmittance are the 
essential data for calibration and verification of leaf radiative transfer models, key inputs of 
canopy radiative transfer modelling. LOP data are typically measured in laboratory/in-situ 
conditions using integrating spheres. Currently several integrating spheres that differ in 
design, inner surface coating, light source and measurement protocol are available on the 
market. For better exchange and sharing of the LOP data (e.g. EcoSIS and Specchio spectral 
databases) among researchers, it would be useful to know if leaf spectra measured using 
different protocols and instrumentation are well comparable. The main objective of this study 
was to compare reflectance and transmittance spectra of various samples measured in four 
integrating spheres using protocols recommended by the spheres’ manufacturers. 
The four evaluated integrating spheres were a set-up of two UMBB-150 spheres from 
Gigaheartz Optik GmbH, Germany (labelled as Dualsphere), RTC-060-SF sphere from 
Labsphere Inc., US (labelled as Labsphere), RTS-3ZC sphere from ASD Inc., US (labelled as 
ASD) and 1800-12S sphere from Li-cor Biosciences Inc., US (labelled as Li-cor). Reflectance 
and transmittance spectra were taken for three calibrated Spectralon® panels of various 
reflectance levels, four artificial materials and leaves of six broadleaf tree species. All 
measurements were taken with an ASD FieldSpec 4 spectroradiometer (ASD Inc., US), 
except the Dualsphere set-up, where FieldSpec 3 was used in combination with FieldSpec 4 
to measure reflectance and transmittance simultaneously. 
Despite the differences in the spheres’ design and measurement protocols, there was no one 
sphere that significantly deviated from the others. If any statistically significant differences 
were found, they were detected mainly between measurements from Dualsphere and Li-cor 
spheres. Overall good agreement among the four integrating spheres was found in the 
spectral range 400 – 1600 nm. The average standard deviation computed among the spheres 
was around 0.023 (it varied between 0.005 and 0.044). From the practical point of view, the 
measurement in the Dualsphere were the easiest and the fastest, but also the noisiest ones. 
On the one hand, ASD was the only sphere capable of measurements in wavelengths longer 
than 1600 nm, on the other hand it was most prone to measurements errors due to sample 
misplacement and the only case where leaf albedo (R+T) was higher than one. 
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HyScreen: Hyperspectral Ground Imaging System for Reflectance and 
Fluorescence 
M.Pilar Cendrero-Mateo1, Andreas Burkart1, Tommaso Julitta2, Sergio Cogliati2, Marco 
Celesti2, Luis Alonso3, Francisco Pinto4, Uwe Rascher1 
1Institute of Bio- and Geosciences, Plant Science; Forschungszentrum Jülich; 2Remote 
Sensing of Environmental Dynamics Lab., Department of Earth and Environmental Sciences, 
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University of Milano-Bicocca; 3Image Processing Laboratory (IPL), Universitat de Valencia; 
4Global Wheat Program, International Maize and Wheat Improvement Center (CIMMYT); 
u.rascher@fz-juelich.de 
As part of the German Plant Phenotyping Network (DPPN) the Forschungszentrum Jülich is 
building a new automated positioning system for high throughput plant phenotyping. To 
support the mobile platforms initiative as well as the European Space Agency’s Flex-satellite 
mission, HyScreen, a new hyperspectral imaging system for ground-based measurements of 
Sun Induced Fluorescence (SIF) and hyperspectral reflectance was developed. By using 
HyScreen, which mimick Hyplant characterisctics, we aim to improve our understanting of SIF 
signal (i.e spatial variability, contribution of shaded/sunlit components). In this study we 
present the technical requirements and acquisition protocols needed for reliable and accurate 
reflectance and fluorescence ground measurements (i.e. signal to noise ratio, flat flied, point 
spread function). Fuerthemore the first HyScreen fluorescence images obtained from 
representative samples (i.e. vegetation, non-fluorescence targets, and active reference) will 
be shown. 

 
Understanding the spatio-temporal dynamics of vegetation stress response – 
correlating vegetation indices extracted from Sentinel-2 images with sun-
induced fluorescence retrieved from HyPlant 
Ivan Seixas Barbosa, Anke Schickling, Uwe Rascher 
Forschungszentrum Jülich, IBG2 - Plant Sciences, Germany; u.rascher@fz-juelich.de 
Croplands affected by water deficit, extreme temperatures and nutrients restrictions respond 
with specific symptoms, such as reduction of leaf area, decline of chlorophyll contents and rise 
in the canopy temperature. Satellites and airborne sensors have been used to monitor these 
stress-related changes in the photosynthetic activity of plants and provide an elegant 
approach to collect valuable data to track plant stress. 
Conventional techniques that associate reflectance and plant greenness through a series of 
vegetation indices allow only indirect analyses of photosynthesis performance. Nevertheless, 
they still represent a relevant tool to assess plant stress and are largely applied on 
multispectral satellite images containing spectral bands in the visible and near infra-red 
region. The Sentinel-2 twin satellite mission is delivering valuable data to monitor plant 
function and health. The Multi-Spectral Instrument aboard of this mission collects data at the 
visible and red edge spectral regions that present a superior spatial resolution compared with 
Landsat and Spot. 
Another approach to monitor regional vegetation trends that came recently into focus of 
attention is the survey of sun-induced fluorescence (F) signals. Unlike conventional 
techniques, F signals allow the investigation of changes occurring directly in the 
photosynthetic apparatus and, thus, provide more accurate and detailed information about the 
plant status. Although the F signal has been investigated already in several studies at a small-
scale (at ranges below few meters) and large-scale (at ranges of several kilometers), its 
application at an intermediate-scale (e.g. at ranges from meters to kilometers) has been 
explored in only few studies, leading to significant knowledge gaps between small-scale field 
studies and global observations. However, intermediate-scale studies represent relatively 
cost-effective and easy-to-operate (via e.g. airborne) observation techniques and obtain highly 
detailed information about plant traits. The first maps based on F signals at this critical 
intermediate-scale using the novel airborne imaging HyPlant Spectrometer showed that F 
emission is associated to different types of crops and temporal dynamics. The HyPlant 
spectrometer enables measurements of the reflectance and sun-induced fluorescence at an 
intermediate-scale with a remarkable spectral resolution. HyPlant comprises one module for 
the analysis of the surface reflectance and another module for the detection of fluorescence 
using high spectral resolution in the red and far-red spectral region. 
This study aims to evaluate the use of Sentinel-2 to retrieve information about plant stress at 
an intermediate-scale based on vegetation indices and will further investigate the correlations 
between these indices and sun-induced fluorescence data acquired using HyPlant. The study 
will be conducted at the core site of the German Research Foundation, Jülich, Germany, 
where intense agricultural activities suffer restrictions on water supply according to soil depth, 
and at the agricultural research station Campus Klein-Altendorf, Bonn, Germany, where a 
series of experiments are conducted in order to assess the adaptation of different crops to 
climate changes. 
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Transferring algorithms for mapping canopy foliar chemical and 
morphological traits from American to Central European Forests 
Henning Buddenbaum1, Joachim Hill1, Aditya Singh2, Philip A. Townsend2 
1Environmental Remote Sensing and Geoinformatics, University of Trier, Germany; 
2Department of Forest and Wildlife Ecology, University of Wisconsin, Madison, USA; 
buddenbaum@uni-trier.de 
In a recent study by Singh et al. (2015), partial least squares regression (PLSR) models for 
mapping foliar traits of Northern American forests based on dozens of AVIRIS overflights and 
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field campaigns have been published. 
We tested the transferability of these models to Central European Forests and different 
sensors. Airborne hyperspectral datasets of several forested areas that had been recorded 
either with HyMap or with HySpex were spectrally resampled to the AVIRIS spectral setup. 
The PLSR coefficients were applied on these images to create maps of the seven leaf traits 
considered in the original study (leaf mass per area, percentage nitrogen, carbon, fiber, lignin, 
and cellulose, and isotopic nitrogen concentration, Delta-15-N). 
Furthermore, a field campaign with tree climbers was organized to collect leaf and needle 
samples from tree crowns of beech (Fagus sylvatica), Norway spruce (Pica abies), and 
Douglas fir (Pseudotsuga menziesii). The samples are currently being analysed in a chemical 
laboratory for the parameters of interest. A HySpex dataset of the area was recorded 
concurrently, so that the transferability of the PLSR models can be tested when the chemical 
results are available and the hyperspectral images has been pre-processed. 
Reference: 
Singh, A., Serbin, S.P., McNeil, B.E., Kingdon, C.C. and Townsend, P.A., 2015. Imaging 
spectroscopy algorithms for mapping canopy foliar chemical and morphological traits and their 
uncertainties. Ecological Applications, 25(8): 2180-2197. 

 
Quantifying Vegetation Composition in the San Francisco Bay Area Using 
Support Vector Regression Models Trained with Synthetically Mixed Data and 
Simulated Hyspiri Data 
Clemens Jänicke1, Akpona Okujeni1, Matthew Clark2, Patrick Hostert1, Sebastian van 
der Linden1 
1Geography Department, Humboldt-Universität zu Berlin, Berlin, Germany; 2Department of 
Geography and Global Studies, Sonoma State University, California, USA; jaenikec@cms.hu-
berlin.de 
Vegetation mapping by means of remote sensing supports the assessment of natural 
ecosystem properties, e.g., species or community composition, ecosystem extent and 
fragmentation, ecosystem function or habitat structures. This type of information is an 
important component of the Essential Climate and Biodiversity variables, which underlines the 
great use of satellite imagery for supporting natural resource management or conservation 
planning. Various sensors have acquired optical images over the terrestrial surface, with 
multispectral Landsat images at 30 m resolution being probably the most frequently used 
source for regional to global scale vegetation mapping. Forthcoming hyperspectral satellite 
missions, e.g., HyspIRI or EnMAP, will enrich this data pool with imaging spectrometer data at 
30 m, which will help to improve mapping and to gain better insights into detailed process 
understanding. This, in turn, requires powerful methods that make best use of the high 
spectral information and that are capable of coping with spectral diversity, spectral similarity 
and mixed pixels. This work investigates the use of support vector regression models trained 
with synthetically mixed data for quantifying vegetation composition in the San Francisco Bay 
Area using a simulated HyspIRI image. Image simulation was based on 11 adjacent AVIRIS 
scenes covering an area of ~30.000 km². The final HyspIRI mosaic comprises 185 bands at 
30 m resolution, and is affected by across-track brightness gradients in each AVIRIS flight 
line. The synthetically mixed training data was derived from an image spectral library, which 
accounts for the spectral diversity and variability of the present surface types. The brightness 
gradient during the analysis was accounted for by a brightness normalization of the data and 
by including double spectra from overlapping seam zones into the library. Fraction maps for 
five spectrally challenging vegetation types in two different ecoregions were derived, including 
coniferous (MAE = 8.2%), deciduous broadleaf (MAE = 11.3%) and evergreen broadleaf trees 
(MAE= 9.8%) in the northern part, and Mediterranean shrubs (MAE = 16.7%) and upland 
grasses and forbs (MAE =11.8 %) in the southern part of the Bay Area. Findings underline the 
potential of both the combination of support vector regression with synthetically mixed data 
and future HyspIRI images for quantifying vegetation composition at local to regions scale. 
Future work will focus on the benefit of phenological information by incorporating seasonal 
data into the vegetation mapping workflow. 
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Altitude-dependent Influence of Snow Cover and Accumulation on Start of 
Alpine Phenology 
Jing Xie, Mathias Kneubühler, Michael E. Schaepman 
Remote Sensing Laboratories RSL/Unversity of Zurich, Switzerland; jing.xie@geo.uzh.ch 
Snow plays a vital role in alpine ecosystems. Yet our knowledge on the influence of snow 
cover and accumulation on start of alpine phenology independent of altitude is still limited, 
particularly when it comes to the identification of the most important snow parameter. In this 
study, we deployed MODIS derived Snow Cover Duration (SCD), Last Snow Day (LSD) and 
Start Of Season (SOS) and modeled gridded mean Snow Water Equivalent (SWEm) for the 
period 2003–2014 in the Swiss Alps. With the contributions of partial Spearman’s correlation, 
multiple linear regression and relative weight analysis, we tested on a regional basis the 
relationship between snow (i.e., SCD, LSD and SWEm) and phenology (i.e., SOS) parameters 
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change with altitude, and subsequently identified the most important snow metric. We found 
that the variations in SCD, LSD and SWEm explained 70.6% of the interannual changes in 
SOS of 17.2% natural vegetation pixels across the entire Swiss Alps. SCD showed the 
strongest influence on SOS, followed by SWEm, associated with altitude. The relationships 
between snow parameters and SOS were stronger at high altitudes (>2000 m a.s.l.) than at 
mid (1000-2000 m a.s.l.) and low (<1000 m a.s.l.) altitudes. Accordingly, the stronger 
relationships were more pronounced in high altitudinal regions of the western and eastern 
Swiss Alps, and in natural grassland and sparsely vegetated areas. No considerable influence 
of LSD on SOS was present across all altitudes, except for a weak correlation between LSD 
and SOS (0.4>R>0.3) at high altitudes. We conclude that start of alpine phenology proves to 
be particularly influenced by snow cover and snow accumulation and could be more sensitive 
to future climate change in high altitudinal regions than in mid and low altitudes.  

 
Multi-Angular Analysis of PRI and Shadow Fraction of Boreal Forest in 
Finland. 
Vincent Robert Leon Markiet1,2, Dr. Matti Mõttus1, Viljami Perheentupa2, Dr. Rocio 
Hernández-Clemente3 
1VTT Technical Research Centre of Finland / University of Helsinki, Finland; 2University of 
Helsinki, Finland; 3Swansea University, Wales, United Kingdom; vincent.markiet@vtt.fi 
The Photochemical Reflectance Index (PRI) is one of the most promising tools for quantifying 
light use efficiency remotely. PRI can be used to detect plant stress and photosynthetic 
downregulation. Photosynthetic downregulation, light use efficiency and PRI depend on 
illumination conditions. Local variations in PRI within the forest canopy, when corrected for 
spectral composition of illumination, give information on the photosynthetic status of the forest. 
As PRI values are view angle and illumination angle depended canopy structure and internal 
shadowing affect the PRI values detected by a sensor. Local PRI variations can be quantified 
using remote sensing by calculating sunlit and shaded PRI values. Such variations in sunlit 
and shaded values become visible when observing a forest canopy using a spatial resolution 
smaller than the tree crown.  
In July of 2015 we flew over the Hyytiälä forest research station in Finland (61⁰50’N, 24⁰17’E) 
using an Aisa Eagle II (Specim – Spectral Imaging Ltd., Finland) airborne imaging 
spectrometer mounted on a tilting platform. The airborne sensor has a 37.5⁰ across-track field 
of view and measures in the 400-1000 nm spectral range with a 4.6 nm spectral resolution 
resulting in 128 spectral bands. Three flight lines were flown at 1 km above the ground 
resulting in a pixel resolution of 0.6m at nadir. Two flightlines were flown in opposite directions 
with the sensor tilted at 35 degrees, one flightline was flown looking in nadir. Thus, the study 
area was measured from three different observation angles within 30 minutes. 
We georectified the image using 15 ground control points, digital elevation model from the 
National Land Survey of Finland, and a smoothed tree canopy height model created from data 
provided by Natural Resources Institute of Finland using Parge (ReSe Applications Schläpfer, 
Switzerland). Even with extensive geolocation the spatial distortion in pixel locations was 
approximately 2 meters. Using tree biomass maps and a NDVI=0.8 threshold we collected 
tree canopy pixels from 2 pure Scots pine (Pinus sylvestris L.) stands measured from the 
three view directions. The data was atmospherically corrected to top-of-canopy radiance and 
reflectance using Atcor (ReSe Applications Schläpfer, Switzerland). 
We estimated the fraction of sunlit and shaded canopy in each pixel using the high spatial 
resolution airborne imaging spectroscopy data for all observation angles. We calculated PRI 
values and performed a regression analysis with the canopy shadow fraction. Next, we 
corrected the canopy reflectance for local illumination conditions of the foliage using 
information of shadow fraction and top-of-canopy downwelling diffuse and direct radiation. 
Hereafter, we compared the results of the variation in shadow fraction and PRI of the two 
methods for different observation angles. We validated the robustness of PRI and shadow 
fraction relationship and thus its applicability to estimate photosynthetic downregulation in pine 
stands. Furthermore, we demonstrated that the use of multi-angle airborne imaging 
spectroscopy enabled us to observe more reliably the variations in PRI by extending the 
range of shadow fraction. However, correct separation of shaded crown pixels remains 
challenging as understory pixels affect shaded canopy PRI values. 

 
Using spectroscopy to identify vegetation type, phenology and 
photosynthetic activity in a heterogeneous low Arctic tundra, Toolik Lake, 
Alaska 
Alison Leslie Beamish1, Birgit Heim1, Sabine Chabrillat2, Nicholas Coops3 
1Alfred Wegener Institute, Periglacial Research, Potsdam, Germany; 2Deutsches 
GeoForschungsZentrum, Remote Sensing, Potsdam, Germany; 3IRSS, Faculty of Forestry, 
University of British Columbia, Vancouver, Canada; abeamish@awi.de 
Arctic ecosystems are highly heterogeneous with small-scale variations in species 
composition, microtopography, and surface moisture. Additionally, the low stature of tundra 
vegetation and lack of major structural changes seasonally creates uncertainties in the 
application of broadband remote sensing vegetation indices. The goal of this research is to 
examine the potential of high spectral resolution visible and near infrared (VNIR) spectroscopy 
to accurately differentiate vegetation communities as well as identify phenological stage and 
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photosynthetic activity. Ground-based reflectance spectra were collected in 8 distinct 
vegetation communities at early, peak and late season in a low Arctic tundra ecosystem at the 
Toolik Research station on the Alaskan North Slope. The field-based reflectance spectra were 
used to simulate spectral data from the upcoming Environmental Mapping and Analysis 
Program (EnMAP) satellite to examine its applications in Arctic tundra ecosystems. Using an 
instability index (ISI), a waveband selection algorithm, and absorption feature band depth 
between 400 and 985 nm, we examined the performance of these two techniques in 
differentiation vegetation type and identifying biophysical parameters. Results show overall 
high and consistent waveband selection at major pigment absorption and reflectance features 
in the visible spectrum and red-edge transition when differentiating phenological stage. We 
expect that waveband selection when differentiating between vegetation communities will also 
be high in these spectral regions. Spectral band depth was well correlated to bulk pigment 
concentrations of chlorophyll and carotenoids. This indicates the potential to use band depth 
to infer photosynthetic activity. We will also examine the ability of band depth to differentiate 
vegetation type and phenology. The results of this research supports spectral remote sensing 
applications (airborne as well as current and future satellite missions) to assess vegetation 
heterogeneity and biophysical properties of the Arctic under a changing climate regime. 

 
Utilizing UAV Hyperspectral Imagery to Assess Tree Diversity and 
Productivity by Determining Canopy Structural and Chemical Traits 
Kyle Ryan Kovach, Charles Andrew Nock 
University of Freiburg, Germany; kyle.kovach@biologie.uni-freiburg.de 
Next generation tools for canopy research like unmanned aerial vehicles (UAVs) equipped 
with hyperspectral imaging may provide an efficient method of measuring plant canopy traits 
from a birds-eye-view perspective. However, to date most drone-based hyperspectral imaging 
has focused on crop monocultures, despite the clear advantages of applying such an 
approach to the study of tall forest canopies. Furthermore, recent studies of forest ecosystems 
suggest that key canopy processes such as primary production may be tightly linked to just a 
few traits which can potentially be quantified from hyperspectral imaging. In the TreeSpec 
project, we will test a novel method of snapshot-hyperspectral imaging as a tool to assess the 
influence of tree diversity on ecosystem function and productivity in experimental sites. We will 
address the following research questions: 1) are experimental mixed forest sites significantly 
more productive than monocultures? and 2) do differences in productivity relate to variation in 
LAI and/or leaf nitrogen in response to neighborhood diversity (i.e. crown plasticity, 
complementarity). Data gathering will involve flying missions over biodiversity ecosystem 
function (BEF) experiment sites in the TreeDiv network in Germany. Tools necessary to 
remotely sample these sites consist of a lightweight octocopter, fitted with a visible/near-
infrared mobile hyperspectral imaging device. A field spectrometer will provide ground based 
reflectance measurements to assist in validating aerial measurements. This remotely sensed, 
hyperspectral data is then validated against ground data derived from an LAI-2000, 
measurements of tree stem growth and laboratory analysis of leaf nitrogen. In summary, our 
project seeks to accomplish two main goals: the development of novel methods of measuring 
key canopy traits, and the assessment of their potential role in diversity-productivity 
relationships. 

 
Spectral-temporal analysis of above ground carbon in the Brazilian Cerrado 
using Hyperion imagery 
Marcel Schwieder1, Pedro J. Leitão1, Fernando Pedroni2, Jose R. Pinto3, Maryland 
Sanchez2, Mercedes Bustamante4, Patrick Hostert1,5 
1Geography Department, Humboldt-Universität zu Berlin, Germany; 2Instituto de Ciências 
Biológicas e da Saúde, Universidade Federal de Mato Grosso, Brazil; 3Departmento de 
Engenharia Florestal, Universidade de Brasília, Brazil; 4Departmento de Ecologia, 
Universidade de Brasília, Brazil; 5Integrated Research Institute on Transformations of Human-
Environment Systems (IRI THESys), Humboldt-Universität zu Berlin, Germany; 
p.leitao@geo.hu-berlin.de 
Above ground carbon (AGC) stored in vegetation has a regulating function in the global 
carbon cycle and plays a pivotal role in the ongoing global climate change debate. Accurate 
mapping and monitoring approaches are thus crucial to keep track of changes in carbon 
stocks, in order to analyze and understand ongoing natural and anthropogenic processes and 
to inform decision makers. Remote sensing data have been proven to be valuable for this 
purpose and hyperspectral data are known to cover spectral regions of the electromagnetic 
spectrum with continuous narrow bandwidths, which are related to above ground biomass and 
subsequently carbon stored in vegetation. At the same time the temporal dynamic of 
vegetation throughout a season holds important phenological information that can be related 
to AGC, which cannot be captured in single date imagery. We therefore explored the spectral-
temporal relationship between AGC and multi-temporal hyperspectral Hyperion imagery. As a 
case study we chose the Brazilian Cerrado, which is a vast savanna ecoregion with an extent 
of approximately 2 mio. km². Due to its weak conservation status and a growing demand for 
agricultural products, large areas of the Cerrado vegetation have already been converted, 
which stresses the importance of focusing the analysis on the remaining natural areas. 
Structural vegetation parameters, collected in the field within three study sites across the 
Cerrado, enabled the individual calculation of above ground carbon values, which in turn were 
spatially allocated to the pixel level (30 x 30 m resolution). For each study site a set of multi-
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temporal hyperspectral Hyperion imagery, distributed throughout one year, was used to 
analyze the relationship of spectral-temporal variations and above ground carbon using a 
Random Forest regression approach. Our results revealed robust model performances with 
variations between the different study sites. Based on variable importance measures we could 
identify spectral regions and acquisition dates that strongly influenced the model outcomes. 
Our findings are beneficial for potential applications using imagery from future satellite 
missions such as EnMAP or HsypIRI, which will enable the acquisition of spaceborne 
hyperspectral imagery at important phenological dates. 

 
Monitoring Functional Traits of Alpine Vegetation using Remote Sensing 
Chengxiu Li, Hendrik Wulf, Michael Schaepman 
University of Zurich, Switzerland; chengxiu.li@geo.uzh.ch 
Plant functional traits can be used to study the interactions between plants and ecosystem 
functioning as well as the response of plants to various environmental pressures. Continuous 
mapping of plant functional traits and understanding how different environmental variables 
and human activities contribute to their spatial distribution on a large spatial scale is important 
to understand the status of ecosystem function. This is the case for the Qinghai-Tibet Plateau, 
where is characteristic of ecosystem function degradation in recent decades. In this study, we 
estimate two functional traits chlorophyll content (Chl) and aboveground biomass (proxy of 
leaf mass) based on the multi-sensor satellite data and field observations at four spatial scales 
(ground-truth data at 1 m, Sentinel-2 at 10m, Landsat at 30 m and MODIS at 500 m). Then we 
use multiple regression method to analyze how soil properties, topographic parameters and 
climatic variables explain biomass variation in different elevation zone. Furthermore, we 
analyze how biomass changes with distance to roads and residential points to evaluate how 
human activities influence biomass distribution. 
The preliminary result show that mainly surface temperature explain biomass variation in low 
elevation (2000 m – 3000 m) while precipitation, soil PH, and soil available nitrogen are main 
contributing factors for biomass spatial distribution in higher elevation (3000 m – 5000 m). 
Biomass increase with distance to roads and residential points within 3 kilometers meaning 
that human activities have negative influence on biomass and its destruction radius is up to 3 
kilometers. 
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ASD Spectroradiometer Tablet Control 
Raphael Bolliger1, Andreas Luescher1, Martin Gwerder1, Andreas Hueni2 
1University of Applied Sciences and Arts Northwestern Switzerland; 2University of Zurich, 
Switzerland; raphael.bolliger@students.fhnw.ch 
Analytical Spectral Devices (ASD) field spectroradiometers [1] are one of the dominant family 
of instruments in the domain of remote sensing. The instruments are by default controlled by 
laptops running the proprietary RS3 software. The user interface has remained virtually static 
in the past decade and must be considered suboptimal by modern standards. Devices like 
tablets offer an alternative to standard laptops, allowing the implementation of user friendly 
touch screen interfaces. 
This project develops a mobile application for the iOS range of devices to wirelessly control 
ASD full range spectroradiometers. The application will implement that standard features 
offered by the RS3 software. Additionally, new envisaged features include the wireless 
transfer of data to storage infrastructure, the spatial augmentation of spectral data by the built-
in tablet GPS device, photographic documentation via the tablet’s camera and support for 
configurable measurement protocols. 
The poster presentation will include a live demonstration of the newly developed ASD 
spectroradiometer control system. We believe that this application will be of interest to many 
ASD users, making field acquisitions easier and faster. Full control over the acquisition 
software will also enable the development of future capabilities like automated quality checks 
of irradiance stability, support of in-field metadata capturing and linking to spectral information 
systems, such as SPECCHIO (www.specchio.ch) [2]. 
[1] Analytical Spectral Devices, "FieldSpec4 User Manual," 2016, p. 79. 
[2] A. Hueni, J. Nieke, J. Schopfer, M. Kneubühler, and K. Itten, "The spectral database 
SPECCHIO for improved long term usability and data sharing," Computers & Geosciences, 
vol. 35, pp. 557-565, 2009. 

 
Analysis of the LUCAS soil database for the development of regional-scale 
soil spectroscopic models 
Kathrin Jennifer Ward, Sabine Chabrillat, Saskia Foerster, Luis Guanter 
GFZ German Research Centre For Geosciences, Germany; ward@gfz-potsdam.de 
Imaging spectroscopy has proven its capability to successfully predict key soil properties in 
local areas provided adequate soil data are available for model calibration. Current limitations 
are observed for the development of regional spectral models that should account for more 
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variability in the soil characteristics and that are dependent on related soil databases. 
Upcoming satellite hyperspectral imagery will soon be available and improving the methods 
for the prediction of key soil properties by means of imaging spectroscopy at regional and 
global scale which is important to advance global soil mapping and monitoring. The goal of 
this study is to analyse the potential of large soil spectral databases such as the EU-wide 
LUCAS (Land Use/Cover Area frame Statistical Survey) database for the development of 
regional soil spectral models that can be subsequently used for deriving more precise and up-
to-date spatial information of soil properties. This will open up new options for more 
sustainable soil usage and for monitoring and preventing soil degradation, as soil is an 
extremely valuable and finite resource. 
For this purpose, my PhD project is in a first step focusing on the analysis of the data 
variability and chemical-spectral links within the European soil database LUCAS. LUCAS 
constitutes to date the most complete and consistent soil spectral library at continental scale, 
with ∼20,000 geo-referenced top-soil samples collected following the same sampling protocol, 
from which thirteen chemical and physical properties, including Vis-NIR reflectance, were 
analysed following standard analyses. We aim at clustering the large amount of samples 
within the database into smaller, more homogeneous groups. Hereby, the focus is set on 
agricultural areas because they can be mapped by remote sensing when they are temporary 
free of vegetation. Different clustering approaches (e.g. fuzzy c-means) based on the principal 
components of spectrally pre-treated data, are used with the intention of finding the best 
method. Furthermore, different modelling approaches (e.g. PLSR) will be investigated for each 
cluster to determine the best methodology to predict soil organic carbon and clay content 
based on the spectral information. The first results show that the clustering is improving the 
prediction results in comparison to non-clustered data.  
A further goal is to validate this approach with new spectra from test sites which will be 
assigned to the clusters. Afterwards the regional models trained on LUCAS data will be 
transferred to airborne scale and applied to hyperspectral images with the aim to generate 
good prediction accuracy of several soil properties, validated with ground truth data. This 
includes the application of the established models to simulated EnMAP image data of Demmin 
which is an agriculture dominated test site in north-east Germany within the TERENO 
(Terrestrial Environmental Observatories) Network. This poster will focus on presenting the 
aim of the PhD work and preliminary results achieved so far in terms of LUCAS database 
clustering and development of cluster-specific soil spectroscopic models.  

 
Development of Soil Spectral Libraries: Assessment of the Influence of 
different Laboratory Set-ups and Instrumentation 
Sabine Chabrillat1, Eyal Ben-Dor2, Carsten Neumann1, Amihai Granot2, Yaron Ogen2, 
Robert Milewski1, Christian Rogass1, Daniel Berger1 
1Helmholtz Center Potsdam GFZ German Research Centre for Geosciences, Section 1.4 
Remote Sensing, Telegrafenberg, 14473 Potsdam, Germany; 2Tel Aviv University (TAU), 
Remote Sensing Laboratory (RSL), Department of Geography and Human Environment, Tel 
Aviv, Israel; chabri@gfz-potsdam.de 
Hyperspectral technology for soil uses point and image spectroscopy (IS) that enable 
quantitative evaluation of many soil attributes remotely. Nonetheless, the full potential of such 
technology for soil applications has not been exploited due to limitations in big data availability 
such as global soil spectral libraries (SSL) databases. Regarding the upcoming availability of 
high quality space borne imaging spectroscopy data (EnMAP, HISUI, PRISMA, SHALOM), 
such global soil databases will allow developing robust calibrations for multivariate prediction 
of soil properties applicable at regional and global scale. Then, based on the high level 
recognition of soil spectroscopy importance, extensive efforts are being devoted to establish 
soil spectral libraries on a regional, national, continent-wide and global domain. Currently 
there are many national spectral libraries that are being developed at the country scale 
(France, Israel, Brazil, China, Australia), at the continent scale (EU-wide LUCAS soil database 
with 22,000 soils), or at the global scale (World Soil Spectral Library of Viscarra-Rossel et al). 
One of the main issues in the development of such spectral libraries is about the use of 
standards and protocols so that (i) data are controlled and reproducible, (ii) current databases 
acquired at different locations with different protocols can be merged one to the other. 
In this study, we test the application and robustness of the Internal Soil Standard (ISS) 
Method of Ben-Dor and Ong (2015) using white reference sands standards, almost pure 
quartz sands from Australia, Lucky Bay and Wiley Bay, to be scanned and merged with a 
comparable ring-study in other laboratories. Then 124 soil samples from Israel from different 
background and with variable content in soil organic matter are scanned at GFZ with different 
setups protocols (one light, 2 lights, different light angle), different illuminations (ASD lamp 
Pro, Halogen-quartz lamps), and using different instrumentations (ASD Field Spec, HySpex). 
All scans are completed by the repeated scans of the white Australian sands through all scan 
batches to harmonize and to correct the spectral measurements in relation with the standard 
reference Spectrum measured at CSIRO laboratory. In this paper we will show the setups 
configurations used, spectral measurements acquired, and will show preliminary results on the 
comparability of such spectral library measurements, and issues regarding protocols and 
instrumentation used. 

 
SPECCHIO Spectral Information System Web Interface 
Andreas Hueni1, Christian Schibli2, Remo Rossi2, Martin Gwerder2 
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1Remote Sensing Laboratories, University of Zurich, Switzerland; 2University of Applied 
Sciences and Arts Northwestern Switzerland; ahueni@geo.uzh.ch 
The discovery of spectral signatures within spectral databases is often restricted by the 
access methods and search functionality. The SPECCHIO spectral information system has for 
a long time relied on a Java based graphical user interface or Java API to allow users 
interacting with the database. Providing access via a web browser is often more attractive to 
users, at least during the data discovery phase. 
This project develops an intuitive and easy to use web interface to SPECCHIO, making use of 
the rich metadata space to identify spectral data matching a multitude of freely definable 
restrictions. The functionality encompasses the definition of search criteria to narrow down the 
matching spectral datasets, the display of spectral signatures and metadata, and the export of 
selected datasets. 
The new interface is being developed using the Glassfish Web Service framework with the 
majority of the code being written in Java, making use of the SPECCHIO Java API. It will be 
deployed to the operational online SPECCHIO server to enable easy access for the remote 
sensing community. 
  

12:30pm - 1:00pm L3-P-PLA: Posters - Spectroscopy from Ground, Drone, Air- and Spaceborne 
Platforms Gallery  

  

Drone-Drived Phenology, Irrigation Treatment and Yield Prediction 
Ittai Herrmann1, Eyal Bdolach1,2,3, Yogev Montekyo2, Shimon Rachmilevitch3, Arnon 
Karnieli1 
1The Remote Sensing Laboratory, Jacob Blaustein Institutes for Desert Research, Ben-Gurion 
University of the Negev, Sede Boker 84990, Israel.; 2Evogene Ltd.Rehovot, Israel.; 3French 
Associates Institute for Agriculture and Biotechnology of Drylands, The Jacob Blaustein 
Institutes for Desert Research, Ben-Gurion University of the Negev, Israel.; Karnieli@bgu.ac.il 
The use of aerial remote sensing by drones is gradually adopted worldwide in the field of 
precision agriculture for assessing the state and conditions of field crops as well as yield. In 
the summer of 2015, in Evogene Ltd. farm at Israel 20 commercial maize hybrids were 
planted in four replicas under two irrigation regimes (i.e., full and deficit) resulting in 160 plots. 
Spectral data were obtained, from air, by a MiniMCA12 Tetracam camera with 11 bands in the 
range of 400 to 1000 nm. These bands are similar to the bands onboard the forthcoming 
Israeli-French satellite named Vegetation and Environmental New Micro Spacecraft (VENµS). 
The pixels of each plot where averaged to produce one spectrum to represent each plot. In 
order to spectrally separate between different development stages as well as irrigation 
treatments the partial least squares – discriminant analysis regression (PLS-DA) was applied. 
Yield (i.e., grain weight and ears weight per area) prediction was implemented by partial least 
squares – regression (PLS-R). Both models types were calibrated and validated for each 
development stage separately. Spectrally classifying the different development stages for both 
irrigation treatments resulted in total accuracy higher than 90% for all stages together and of 
100% for spectral separation between vegetative stage 10 and reproductive stage 2. After 
applying the irrigation treatment, the total accuracy of spectral separation between irrigation 
treatments was higher than 91% for each of the dates. The total accuracy values are of 
calibration as well as validation. For reproductive stage 2, Grain weight per area prediction 
resulted in R2 values of 77% and 73% (p<0.01) and the ears weight per area resulted in R2 
values of 54% and 49% (p<0.01) for calibration and validation, respectively. Therefore it is 
concluded that this band formation is an efficient tool in the field of precision agriculture.  

 
Quantification Of Post-treatment Soil Roughness Using DEMs Obtained From 
UAV Photogrammetry 
Jakub Ceglarek1, Karolina Herodowicz1, Cezary Kazmierowski1, Jaroslaw Jasiewicz2, 
Jerzy Cierniewski1, Slawomir Krolewicz1 
1Department of Soil Science and Remote Sensing of Soils, Adam Mickiewicz University in 
Poznań; 2Geoecology and Geoinformation Institute Adam Mickiewicz University Poznań; 
jakub.ceglarek@amu.edu.pl 
The roughness of soil surface, together with its moisture are two of the most varying in time 
and space characteristics of the state of soil. Influence of moisture on soil's reflectance level is 
well documented, therefore remote sensing data are commonly used to assess soil moisture. 
However, effect of roughness state on remote sensed data is omitted during interpretation 
process. Soil roughness depends on farming practices, and “intrinsic” soil aggregation 
resulting from rearrangement of particles. Depending on the type of cultivation, soil undergoes 
number of treatments through the year. Quantification of roughness can be achieved by 
various methods. With decreasing cost of UAVs equipped with decent cameras allowing for 
quick and cheap collection of data for photogrammetric image processing. For this work a 
couple of farming fields, located in Wielkopolska province in Poland were selected. Testing 
plots were selected to be at least 100m2, in order for area to be both representative and big 
enough to correlate with satellite images. Fields were revisited each time theirs surface was 
alerted by farming tools, and airborne UAV images were taken. 
Digital elevation models were prepared by photogrammetric processing of images previously 
captured with DJI Phantom 3 4k UAV. Dense point clouds were computed using Agisoft 
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Photoscan Professional 1.2.6. software. Those point clouds then served as a basis for 
computing DEMs of field surface after each treatment. Quantification of roughness was 
conducted using traditional parameters, namely standard deviation of height of analyzed 
surface from its average height (HSD) and ratio between area of its real surface (irregular) to 
its area projected on flat, horizontally positioned surface (T3D). They have been proven to 
work well when applied to small surface, like tray of soil in laboratory or a small plot on the 
field. However, as analyzed plots were of the size of 100m2 or more, global trend of the field 
was often masking out local micro irregularities. Therefore, another set of indices, 
insusceptible to the aforementioned global trend, was also used. Those indices were derived 
from geomorphons, a novelty approach to DEM classification. Geomorphons are self-adapting 
in spatial scale of classification at each location, resulting in better representation of local 
irregularities. 
It was found that DEMs obtained from UAV photogrammetry have sufficient quality and 
resolution for parameterization surface roughness. As for indices, traditional ones were found 
to accurately describe roughness of whole surface, whereas indices derived from geomorphon 
classification could also distinguish local patterns, and was independent from influence of 
global trend. However, both types of parameters portray useful information about state of 
post-treatment soil roughness.  
(Studies were supported by the Polish National Centre within the framework of the project 
2014/13/BST10/02111)  

 
Integrated Drone-Borne And Ground-Based Hyperspectral Imaging For 
Exploration Targeting 
Erik Herrmann, Robert Zimmermann, Richard Gloaguen 
Helmholtz Zentrum Dresden- Rossendorf, Germany; e.herrmann@hzdr.de 
The Iberian Pyrite Belt (IPB) in Southwest Spain and South Portugal is best known for its 
numerous massive sulphide deposits. With their 4000 years history of mining, the mines of 
Rio Tinto are of important economic importance in the IPB. Orebodies and related alteration 
zones were mined for copper, gold, silver and many other precious metals. We selected this 
site as a case study for the exploration of massive sulphide deposits due to its excellent data 
basis, economic importance and excellent outcrops. Ground-based and drone-borne 
hyperspectral data were acquired during 3 field campaigns in 2017 and 2017. Drone-borne 
hyperspectral images are acquired by a RIKOLA Hyperspectral Imager in the wavelength 
range from 500 to 900 nm. Not only spectral information can be gathered that way, 
overlapping images can also be used to calculate 3D surface models using Structure-from-
Motion photogrammetry. Resulting point cloud can be basis for 3D data integration and 
correlation of spatial orientation of surfaces to spectral characteristics. Ground-based data are 
acquired with a Specim AisaFenix hyperspectral camera with a wavelength range from 400 to 
2500 nm. 
A complex geological history lead to the appearance of numerous regional geochemical and 
structural characteristics correlated to the orebodies that comprise different types of syn- and 
post-mineralisation alteration zones. These features are hardly recognisable using classical 
geological fieldwork techniques. Until now, time consuming and expensive geological 
interpretations rely almost exclusively on geochemical data. Instead, we argue that by using in 
hyperspectral data, those alteration zones can easily be determined, due to characteristic 
features in the VNIR and SWIR range. This provides a powerful tool for a fast, low-cost and 
spatially precise alteration mapping to guide the exploration process. The result of this data 
integration is comparable to an early stage geological surface model. It can provide a very 
precise tool for exploration and mining at all stages. 
We chose the Corta Atalaya in Riotinto/Spain, one of the most profitable mines in the Spanish 
part of the Iberian pyrite belt, to demonstrate this approach of modern, remote sensing based 
geological exploration methods. Methods include traditional algorithms like Spectral Feature 
Fitting and Mapping absorption wavelength, but also non-linear unsupervised classification 
algorithms. Different kind of alteration zones are discriminated and interpreted in terms of their 
spectral-spatial distribution. 

 
Simulation of EnMAP Data using AVIRIS Data 
Peter Fischer, Jakub Bieniarz, Peter Schwind, Tobias Storch 
German Aerospace Center, Germany; Tobias.Storch@dlr.de 
This contribution focuses on mosaicking of airborne data of AVIRIS (Airborne Visible InfraRed 
Imaging Spectrometer) that is used for various preparatory activities of the spaceborne 
mission EnMAP (Environmental Mapping and Analysis Program; www.enmap.org) planned to 
be launched in 2019. Such data can e.g. be used for validating the fully-automatic image 
processing chain or to provide, in advance and as realistic as possible, example products to 
future EnMAP users. AVIRIS is selected since it covers a spectral range from 380 nm to 2500 
nm which is slightly larger than that of EnMAP (420 nm to 2450 nm). Both sensors exhibit a 
similar contiguous spectral sampling distance of 10 nm. The dataset consists of 11 stripes 
covering an area in California/USA and was acquired on April 14 2007 between 17:05 and 
22:55 UTC with the sensor to ground distance ranging from approximately 16 km to 20 km, 
which results in many atmospheric effects similar to the spaceborne data. AVIRIS data have a 
higher geometric resolution and a swath of only 11 km. In order to obtain EnMAP's geometric 
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parameters with the swath of 30 km and geometric resolution of 30 m × 30 m at least four 
flight lines have to be combined taking appropriate overlaps and margins into account. 
To close the gap between AVIRIS and EnMAP data, three steps have to be conducted, (a) a 
single mosaic has to be generated using the AVIRIS data, (b) the dataset has to be spectrally 
resampled and (c) a geometric transformation has to be applied. 
The mosaic should not have visible seamlines between the single stripes, as this would lead 
to unrealistic results for the simulated EnMAP scenes. Different sources (e.g. changing 
illumination and atmospheric conditions between single image acquisition times) lead to 
radiometric changes within the overlapping regions of the stripes. The determination of 
appropriate seamlines has to be driven by an algorithm which considers such effects. Our 
solution determines appropriate seamlines using dominant gradients within the overlapping 
regions. Gradients occur in most cases at pseudo-invariant features which shape the surface 
(e.g. rivers, highways). We introduced an algorithm following the mentioned intention and 
applied it successfully for mosaicking multispectral imagery (e.g. Landsat 7, Spot 4/5) and 
also cross-sensors mosaicking (e.g. Landsat 8 and Sentinel 2A). The algorithm is now used to 
mosaic the airborne hyperspectral data. In the second step AVIRIS mosaic is spectrally 
resampled to match the central wavelengths and full width maximum of EnMAP spectral 
bands. Finally a detailed geometric simulation based on the current specifications of the 
EnMAP SWIR and VNIR instruments is done. This simulation comprises a filtering of the data 
to EnMAP resolution to avoid aliasing effects and the calculation of artificial orbit and attitude 
values based on the planned EnMAP orbit and sensor model. Using these simulated orbit and 
attitude values the mosaic is rescanned to create an output image in EnMAP sensor 
geometry. 
The final dataset can serve as starting point for a broad range of experiments for the 
development of the EnMAP processing chain. 

 
Pit-wall face mapping of carbonate mixtures using LWIR remote sensing 
Iwan Felix Vitins1, Alexandrine Huot2, Andreas Eisele3, Andreas Hueni4, Robert Hewson5 
1Swiss Geotechnical Comission, ETH, Switzerland; 2Telops, Quebec, Canada; 3SphereOptics, 
Herrsching, Germany; 4RSL, UZH, Switzerland; 5ITC, University of Twente Enschede, The 
Netherlands; iwan.vitins@erdw.ethz.ch 
Carbonates are the focus of this study because of their common use in the local mineral 
industry. The Swiss cement industry consumes approximately 4 Mtpa of raw limestone 
material to produce cement. The chemical (mineralogical) requirements of carbonates in a 
limestone quarry are specifically determined by the content of MgO weight percent (≤ 2.8 wt% 
MgO) used as input for the production of cement. Primary source of that MgO impurity is 
dolomite, which is occurring in the stratigraphical units of the Portlandian (Twannbach 
Formation late Jurassic 140ma) and in the Purbeckian (Goldberg Formation, early Cretaceous 
>145ma). 
Carbonate lithology mapping has already been undertaken using hyperspectral imaging within 
the NIR-SWIR wavelength region (Kurz et al 2012), as based on laboratory work from Hunt et 
al (1971), Gaffey (1986,1987) and Zaini et al (1995). 
This current study aims to map the calcite dolomite mixtures using HyperCam LWIR 
hyperspectral imagery on a pit wall. In a first pass the identification of these different mineral 
species is targeted and will be tested against mineralogy determined by x-ray diffraction 
(XRD) from field samples. The other goal is to quantitatively determine the content of MgO 
interpreted by in the imagery and tested using x-ray fluorescence (XRF) analysis of pit wall 
samples. 
A feasibility study measured artificial dolomite and calcite mixtures with a Bruker FTIR Vertex 
70-VTX and showed the potential of the LWIR to quantify CaO or MgO weight percentages 
compared to XRF. Such analysis is possible due to the fundamental internal vibrational modes 
within LWIR wavelengths related to bending and stretching movements of C-O bonds. In this 
study the position of the symmetric bend  

 
Next Generation UAS Based Spectral Systems for Environmental Monitoring: 
Concept and Developments 
Petya K. Campbell1,2, Philip A. Townsend3, Daniel J. Mandl1, Clayton C. Kingdon3, 
Vuong T. Ly1, Robert Sohlberg4, Patrice G. Cappelaere1, Jyoteshwar Nagol4, Vincent G. 
Ambrosia5, Lawrence Ong1 
1NASA Goddard Space Flight Center, United States of America; 2University of Maryland - 
Baltimore County, United States of America; 3University of Wisconsin, Madison, United States 
of America; 4University of Maryland - College Park, United States of America; 5NASA Ames 
Research Center, United States of America; ptownsend@wisc.edu 
At present, UAVs used in environmental monitoring collect mostly low spectral resolution 
imagery, capable of retrieving canopy greenness or properties related to water stress. We are 
developing a UAV based capacity for accurate measurement of spectral radiance and 
reflectance at high temporal frequencies and stability to depict diurnal/seasonal cycles in 
vegetation function. The goal is to produce science-quality spectral data from UAVs suitable 
for scaling ground measurements and comparison against airborne or satellite sensors. 
Because of the potential for rapid deployment, spatially explicit data from UAVs can be 
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acquired irrespective of many of the cost, scheduling and logistic limitations to satellite or 
piloted aircraft missions. There is considerable interest in UAVs from the agricultural and 
forestry industries but there is a need to identify and automate a workflow that yields 
calibrated comparisons through space and time. A key benefit is that UAV collections at 10-
150m altitude bridge the gap between ground/proximal measurements and airborne 
measurements typically acquired at 500m and higher, allowing better linkage of comparable 
measurements across the full range of scales from the ground to satellites. Here, we 
demonstrate the acquisition approaches using spatially-resolved discrete point measurements 
characterizing VNIR reflectance and solar-induced fluorescence and imaging spectroscopy. 
We are evaluating the consistent retrieval of calibrated surface reflectance, as well as 
biological parameters including chlorophyll fluorescence, photosynthetic capacity, nutrient and 
chlorophyll content, specific leaf area and leaf area index- all important to vegetation 
monitoring and yield. We present preliminary results related to calibration and application of 
existing trait retrievals to proximal data. He illustrate the steps required to move toward 
acquisition of science-grade spectral measurements from UAVs to advance the use of UAVs 
in remote sensing to provide measurements of a quality comparable to those from handheld 
instruments or well-calibrated air- and spaceborne systems. Spectral data are provided 
through NASA’s in-development EcoSIS online spectral library. 
  

1:00pm - 2:00pm LB-3: Lunch & Poster Session 3 
  

2:00pm - 3:00pm L1-O-EPF: Ecosystem Processes and Functions 
Session Chair: Thomas Painter 
Session Chair: Anna Jarocinska Y-16-G-15  

  2:00pm - 2:15pm 

The Green, the Brown, and the Thick-leaved One - Optical Traits Retrieved 
from Canopy Spectra as Predictors of Plant Species Composition in Natural 
Vegetation Stands 
Hannes Feilhauer1, Ben Somers2, Sebastian van der Linden3 
1FAU Erlangen-Nürnberg, Germany; 2KU Leuven, Belgium; 3HU Berlin, Germany; 
hannes.feilhauer@fau.de 
Most plant species feature similar biochemical compositions and thus similar spectral signals. 
Still, empirical evidence suggests that the spectral discrimination of vegetation patterns is 
possible. Success depends on the presence or absence of faint but detectable differences in 
optical traits that include biochemical (e.g., pigments, leaf water and dry matter content) and 
structural properties (e.g., leaf area, angle, and leaf structure). These leaf and canopy optical 
traits act as link between reflectance patterns and spatial patterns of plant species 
composition, functional ecosystem properties, or ecosystem services. Information on these 
traits as retrieved from spectral data may thus be powerful remote sensing products for 
ecological applications. A systematic analysis of this potential and of the spatio-temporal 
variability of optical traits for the remote sensing of vegetation patterns has, however, not yet 
been conducted. We thus aim to answer the following questions: How are optical traits related 
among patterns of canopy reflectance and floristic composition? How variable are these 
relations in space and time? Are optical traits indeed suitable predictors of plant species 
composition? 
To answer these questions, we conducted a case study of three temperate grass- and 
heathland sites with semi-natural vegetation. The canopy reflectance of permanent plots was 
measured on multiple dates over the vegetation period using a full-range ASD fieldspec 3JR 
spectrometer. We recorded the cover fractions of all plant species found in the plots and 
extracted gradients of species composition from these data. Random forest regression models 
trained with the leaf and canopy optical properties model PROSAIL were used to retrieve time 
series of optical trait values for each plot from the reflectance spectra. We analyzed these 
data sets using correlation analyses. This approach allowed us to describe the distribution of 
optical trait values across gradients of species composition. The predictive performance of 
optical traits was tested in relation to canopy reflectance using random forest models. 
The retrieved optical traits show pronounced relationships with floristic patterns in all three 
study sites. These relationships were subject to considerable temporal variability. Such 
variability was driven by short-term vegetation dynamics introduced by local resource stress. 
Still, some consistent trends in the relationships between plant species composition and 
optical traits emerged. Optical traits were able to predict plant species composition in the three 
study sites with up to R²=0.71, 0.57, and 0.72, respectively. The reflectance-based models 
used as benchmark resulted in fits up to R²=0.59, 0.47, and 0.60, respectively. In 72% of all 
cases the retrieved optical trait values out-performed the corresponding canopy reflectance 
spectra as predictors of plant species composition. Optical traits are also easier to interpret in 
an ecological sense than spectral bands or features. We thus conclude that leaf and canopy 
optical trait data retrieved from canopy reflectance spectra present great potential for 
applications of remote sensing in ecological research and applications. 

 
2:15pm - 2:30pm 

Estimating Net Ecosystem Exchange From Imaging Spectroscopy, A 
Comparison Between Airborne And Satellite Data 
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Margaret Kalacska1, Juan Pablo Arroyo-Mora2, Raymond Soffer2, George Leblanc2 
1McGill University, Canada; 2Flight Research Laboratory, National Research Council of 
Canada; JuanPablo.Arroyo-Mora@nrc-cnrc.gc.ca 
Peatlands play a significant role in the global carbon cycle as well as in the maintenance of 
biodiversity and the protection of endangered species. Nevertheless far less is known about 
their structure and function in comparison to other terrestrial ecosystems. Northern peatlands 
ranging from 45°- 69° N store one third of the terrestrial carbon derived from atmospheric 
CO2. While they are estimated to cover 12% of the Canadian landmass, their response to 
environmental change is uncertain. Simulation models show that northern peatlands could 
undergo significant changes to their carbon cycling under current climate change scenarios 
where they become either reduced sinks or potentially sources of carbon to the atmosphere. It 
is generally accepted however, that peatland structure and function are heavily reliant on 
water storage, which is heterogeneous over both space and time. Hyperspectral remote 
sensing has shown promise in several ecosystems, including peatlands, to estimate key 
biogeochemical and structural characteristics including water content. Others have further 
examined models of light use efficiency (LUE) as the basis for estimation of carbon exchange 
from remotely sensed data. Ecosystem LUE, the carbon fixed per unit of absorbed incoming 
radiation, is a fundamental parameter in models predicting gross primary production (GPP). 
While regional GPP (or net ecosystem exchange (NEE): GPP minus respiration) estimations 
would be immensely valuable to assess terrestrial-atmospheric feedbacks to better 
understand ecosystems in light of climate change, these models are inherently challenging 
due in large part to the spatial heterogeneity of the landscape. A number of studies have 
demonstrated that spectral indices specifically related to resource availability were the best 
estimators in peatlands. Given the strong relationship between NEE and water content 
expressed as water table depth in peatlands, spatial models of NEE can be generated from 
remotely sensed estimations of moss water content or water table depth. In this study, we 
demonstrate the retrieval of NEE for an ombrotrophic bog in Canada using a water content 
retrieval index from optical satellite imagery over a 12 year period and compare the results to 
high spatial resolution NEE retrieval derived from airborne hyperspectral imagery acquired as 
part of the MBASSS (Mer Bleue Arctic Surrogate Simulation Study) S2/L8 Validation Project 
over the period of a growing season. 

 
2:30pm - 2:45pm 

Spatiotemporal variability of snow properties derived from AVIRIS 
Felix C. Seidel1, Karl Rittger2, S. McKenzie Skiles3, Noah P. Molotch4,1, Thomas H. 
Painter1 
1Jet Propulsion Laboratory/California Institute of Technology, Pasadena, CA, USA; 2National 
Snow and Ice Data Center, University of Colorado, Boulder, CO, USA; 3Earth Science 
Department, Utah Valley University, Orem, UT, USA; 4Department of Geography, University of 
Colorado, Boulder, CO, USA; Felix.Seidel@jpl.nasa.gov 
Understanding the local energy balance at the snow surface is important to predict snowmelt 
and hydrological processes. This requires quantitive observations of the spatial distribution 
and temporal changes in snow cover, microphysical, as well as optical snow surface 
properties. 
In this presentation, we show examples of changes in snow cover, optical-equivalent snow 
grain size (radius), snow albedo and radiative forcing by light-absorbing impurities in snow 
and ice (LAISI) with respect to terrain elevation and aspect at multiple times during a 
snowmelt period. These snow properties are derived from the NASA/JPL Airborne 
Visible/Infrared Imaging Spectrometer (AVIRIS) data from 2009 in California's Sierra Nevada 
and from 2011 in Colorado's Rocky Mountains, USA. 
Our results show a linearly decreasing snow cover during the ablation period in May and June 
in the Rocky Mountains and a snowfall-driven change in snow cover in the Sierra Nevada 
between February and May. At the same time, the snow grain size is increasing primarily at 
higher elevations and north-facing slopes from 200 microns to 800 microns on average. We 
find that intense snowmelt renders the mean grain size almost invariant with respect to 
elevation and aspect. Our results confirm the inverse relationship between snow albedo and 
grain size, as well as between snow albedo and radiative forcing by LAISI. At both study sites, 
the mean snow albedo value decreases from approximately 0.7 to 0.5 during the ablation 
period. The mean snow grain size increased from approximately 150 to 650 microns. The 
mean radiative forcing increases from 20 W/m2 up to 200 W/m2 during the ablation period. 
The variability of snow albedo and grain size decreases in general with the progression of the 
ablation period. The spatial variability of the snow albedo and grain size decreases through 
the melt season while the spatial variability of radiative forcing remains constant. 

 
2:45pm - 3:00pm 

Constraining Physically-Based Modeling Of The Dwindling Cryosphere With 
Imaging Spectroscopy Of Snow And Ice 
Thomas Painter1, McKenzie Skiles2, Robert O. Green1 
1California Institute of Technology, United States of America; 2Utah Valley University, United 
States of America; thomas.painter@jpl.nasa.gov 
Perhaps the most iconic image of global change is the worldwide retreat of snow, glaciers, 
and ice sheets. The retreat of the cryosphere is well documented from satellite 
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measurements, and has massive consequences for climate, water resources, sea level rise, 
and the biosphere. The loss of ice mass and snow cover is often attributed to increasing 
temperatures. However, process studies suggest that acceleration of melt by dust/black 
carbon (BC) may dominate in some regions. We are exploring mission concepts such as the 
NASA Hyperspectral Infrared Imager to attribute global changes in snow and ice mass to 
specific forcings rather than relying on physically-disconnected, empirical models.  
While many spaceborne missions internationally have been committed to understanding the 
magnitude of change in snow and ice mass, the global community has not had a mission to 
address the pressing question of What controls the melting of snow and ice on Earth? 
Spectrally resolved measurements of snow and ice albedo from visible to shortwave IR across 
the world’s key cryosphere regions are required to quantify the time- and space-variation in 
these forcings.  
The science objective must be addressed with an imaging spectrometer that accurately 
determines the time and space variation of radiative forcings by impurities and snow grain 
size.  
Quantifying the contributions of dust/BC radiative forcings and grain size variations to changes 
in net solar absorption requires spectral measurements across the visible, near IR, and 
shortwave IR wavelengths. Such a mission will measure spectral radiances across critical 
gradients in polar ice sheets and mountain glacier and seasonal snow systems. 
With these measurements derived from heritage snow spectroscopy algorithms, we will then 
constrain physically-based mesoscale and global scale models to markedly improve our 
understanding of the distribution of forcings and the physical processes that remain highly 
uncertain in modeling Earth’s changing climate and its cryosphere-feedbacks. The retrieval 
algorithms are mature and have been validated over multiple years with data from AVIRIS-NG 
and the Airborne Snow Observatory. Calibration and validation will use the PI’s mountain 
snow and ice energy balance and radiation monitoring sites in the US and long-heritage 
international sites operated by established investigators. 
  

2:00pm - 3:00pm L2-O-SDB: Spectral Data Bases and Information Systems 
Session Chair: Andreas Hueni 
Session Chair: Philip A Townsend Y-16-G-05  

  2:00pm - 2:15pm 

Spectral library of Eurasian and North American tree species 
Aarne Hovi1, Pekka Raitio1, Matti Mõttus2, Miina Rautiainen1 
1Aalto University, Finland; 2VTT Technical Research Centre of Finland, Finland; 
aarne.hovi@aalto.fi 
Vegetation spectral libraries are urgently needed in interpretation of remote sensing data as 
well as in modeling radiative transfer in vegetation canopies. To date, there has been lack of 
an extensive spectral library that would contain reflectance and transmittance spectra of 
leaves and needles of the most important Eurasian and North American tree species, 
spanning over the entire shortwave spectral domain. Here we present results of a 
measurement campaign that was conducted in arboretums and botanical gardens in Helsinki 
area, Finland (24°56’ E, 60°15’ N). Leaf and needle samples of 13 broadleaved and 12 
coniferous species were collected and measured in a laboratory, using ASD FieldSpec4 
spectroradiometer and two integrating spheres: ASD single integrating sphere for conifer 
species, and OceanOptics SpectroClip double-integrating sphere for broadleaved species. 
The sampling was conducted such that the collected spectral library contains spectra from 
both sun-exposed and shaded canopy positions, adaxial and abaxial sides of the leaves, as 
well as different age classes of the conifer needles. Two broadleaved and two coniferous 
species were also monitored through growing season. We describe the measurement 
techniques used, with particular emphasis on the double integrating sphere that enabled 
markedly faster measurements compared to the single integrating sphere applying a 
substitution method. In addition, we discuss the spectral traits of the species and the 
seasonality of leaf and needle spectra, with implications for interpretation of remote sensing 
signals. 

 
2:15pm - 2:30pm 

Mt Etna (Italy) and Sahara Desert (Algeria) Sites: CAL/VAL Activities for 
Hyperspectral Data and Development of Spectral Libraries for Outcropping 
Surfaces Characterization. 
Laura Colini, Fawzi Doumaz, Malvina Silvestri, Massimo Musacchio, Claudia Spinetti, 
Maria Fabrizia Buongiorno, Valerio Lombardo 
Istituto Nazionale di Geofisica e Vulcanologia, Italy; fabrizia.buongiorno@ingv.it 
In the frame of Italian Space Agency (ASI) funded project “ASI-AGI” (Analisi Sistemi 
Iperspettrali per le Applicazioni Geofisiche Integrate) INGV has developed specific algorithms 
and products for various geophysical applications, finalized to environmental observation and 
risk management, to be applied to hyperspectral data that will be acquired during lifetime of 
the next ASI-PRISMA (Precursore IperSpettrale della Missione Applicativa). PRISMA is a pre-
operative small Italian hyperspectral mission aiming to observe routinely and characterize 
Earth surface by coupling an hyperspectral and a panchromatic sensor. 
One of the main targets of the project was represented by the identification and 
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characterization of test sites to be used as a reference for the calibration of different sensor 
types and for external calibration. Vicarious CAL/VAL sites must be selected following specific 
criteria that verify their suitability (Berthelot and Santer ,2008). Such criteria regard mainly the 
test sites location, logistic, climatology, including also specific spectral characteristics of 
outcropping surfaces. In fact, for the definition of the level of compliancy with respect to site 
climatology requirements, surface spectral measurements have been performed over all 
investigated sites during field measurements campaigns. 
In this context two sites were chosen for our purposes: Mt. Etna volcano (Italy) and an area 
located in the Bechar province of the Western Sahara region (Algeria). 
Mt Etna has been selected as vicarious site for the peculiar spectral properties of some areas 
with very homogeneous low reflectance surfaces such as Pian delle Concazze site, 
chraracterized by outcropping recent lava flows. The hyperspectral data acquired by space 
and airborne sensors on Mt Etna have been validated during ten years of field measurements 
campaigns were the spectral signatures of volcanic surfaces have been collected using a 
portable field spectroradiomer . All spectra collected during the field work have been 
organized into a spectral library based on a metadata structure compliant with those belonging 
to some standard spectral libraries such as USGS ones. Each spectral signature is described 
in a table containing ancillary data such as the location of the acquisition, description of the 
selected samples etc... 
For what concern the Saharian test site, INGV has explored the possibility to set up a new 
CAL/VAL site by organizing a field campaign in the Bechar province in order to acquire the 
parameters needed for the CAL/VAL site identification and characterization of possible 
vicarious sites for external calibration. During the field campaign several measurements have 
been performed in order to characterized the site surfaces, such measurements have allowed 
to collect surface spectral signatures, surface temperature, 3D surface modelling and also 
athmosphere definition. Moreover, surface geology information have been collected to 
complete the requirements analysis necessary for the CAL/VAL site proposition. The result of 
our study has allowed to define both Mt Etna and the Saharian sites appropriate for the 
definition of CAL/VAL area suitable for both the next ASI-PRISMA mission and future space 
missions. 
The spectral signatures of the Saharian site surfaces will be soon included in a spectral library 
characterized by the same structure of Mt Etna one. 

 
2:30pm - 2:45pm 

EcoSIS: The Ecosystem Spectral Information System, A New Web Based 
Library for Spectral Measurements, Ancillary Measurements and Metadata 
Clayton C Kingdon1, Justin R Merz2, Aidan Mazur1, Prabu Ravindran1, Philip A 
Townsend1 
1University of Wisconsin, USA; 2University of California, Davis, USA; ptownsend@wisc.edu 
EcoSIS.org is an easy-to-use online database for storing, documenting, and distributing 
ecology-themed spectroscopic datasets. The EcoSIS data portal makes contribution of 
rigorously-attributed datasets intuitive and uncomplicated. Ancillary data, such as chemical 
and physiological traits, as well as spectroscopy metadata, are easily added to make datasets 
discoverable across the internet, facilitate synergistic studies, and provide data to inform 
remote sensing studies. Datasets published via EcoSIS are eligible to receive a DOI, 
providing persistent access by the user community. Here, we present the overall EcoSIS 
concept, as well as an overview of the datasets currently populating EcoSIS, including 
important archival spectral libraries. Finally, we present SpecDal and associated open-source 
Python library of scripts intended to enable consistent and traceable processing of 
spectroscopic data to better enable synthesis of datasets across investigators, instruments 
and measurement conditions. 

 
2:45pm - 3:00pm 

Applied Spectral Databases - APEX Spectral Ground Control Point Handling 
Sonja Bertschi, Andreas Hueni 
University of Zurich, Switzerland; ahueni@geo.uzh.ch 
Vicarious calibration and validation (CAL/VAL) of airborne imaging spectroscopy data is an 
important aspect of data quality control [1]. The collection of spectral ground control data is a 
prerequisite for vicarious methods that base on in situ spectroscopy, but does not provide 
tangible information per se. Only rigorous processing of spectral ground data including 
metadata augmentation and structured storage transforms these data into an information 
source that can be utilised in automated CAL/VAL approaches. 
This contribution presents recent combined efforts within the Airborne Prism Experiment 
(APEX) [2] and SPECCHIO spectral database (www.specchio.ch) [3] projects to uniformly 
process and structure all spectral ground control data acquired during APEX flight missions 
since 2009. A focus is placed on the data structuring approaches, the practical implementation 
of radiance to reflectance transformations with live database access and the augmentation of 
metadata. 
The presented work acts as a case study for other users of the SPECCHIO system, who wish 
to enter their own data and require custom written, higher-level algorithms to directly connect 
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to the spectral database for efficient data pre-processing and metadata augmentation. 
[1] A. Hueni, A. Damm, M. Kneubuehler, D. Schläpfer, and M. Schaepman, "Field and 
Airborne Spectroscopy Cross-Validation - Some Considerations," IEEE Journal of Selected 
Topics in Applied Earth Observations and Remote Sensing, vol. PP, pp. 1 - 19, 2016. 
[2] M. Schaepman, M. Jehle, A. Hueni, P. D'Odorico, A. Damm, J. Weyermann, F. D. 
Schneider, V. Laurent, C. Popp, F. C. Seidel, K. Lenhard, P. Gege, C. Küchler, J. Brazile, P. 
Kohler, L. D. Vos, K. Meuleman, R. Meynart, D. Schläpfer, and K. I. Itten, "Advanced 
radiometry measurements and Earth science applications with the Airborne Prism Experiment 
(APEX)," Remote Sensing of Environment, vol. 158, pp. 207-219, 2015. 
[3] A. Hueni, J. Nieke, J. Schopfer, M. Kneubühler, and K. Itten, "The spectral database 
SPECCHIO for improved long term usability and data sharing," Computers & Geosciences, 
vol. 35, pp. 557-565, 2009. 
  

2:00pm - 3:00pm L3-O-PLA-2: Spectroscopy from Ground, Drone, Air- and Spaceborne 
Platforms 
Session Chair: Zbynek Malenovsky 
Session Chair: Martin Bachmann 

Y-15-G-60  

  2:00pm - 2:15pm 

HyperDiver: An Underwater Hyperspectral Surveying Tool For High-
Resolution Mapping Of Marine Habitats 
Arjun Chennu 
Max Planck Institute for Marine Microbiology, Germany; achennu@mpi-bremen.de 
Shallow marine habitats represent some of the most significant assemblages of biodiversity 
and coastal structure, providing precious resources and ecosystem services for a large portion 
of the population. Describing and studying these habitats represents a significant challenge 
due to constraints of logistics and accessibility. While airborne or satellite remote sensing 
efforts represent a cost-effective means to monitoring large coastal areas, there remain 
several hurdles to improve upon, such as inversion of the variable effects of the water column, 
which limit the reliability and accuracy of mapping benthic habitats. 
We describe a novel instrument and method to survey and map the biodiversity of benthic 
habitats using a diver-operable system called HyperDiver. The system has been successfully 
employed in coral reefs, freshwater lakes and seagrass beds. The HyperDiver survey 
technique captures spectral and visual images, topography, water chemistry and light field 
data from survey transects. The technique combines the information derived from high-
resolution spectra and imagery to feed a machine learning analysis, which can be used to 
create classified habitat maps with great taxonomic and spatial detail. Comparison of machine 
classification against expert analysis of taxa shows very good congruence. Consequently, the 
hyperdiver technique allows us to rapidly visualize the biodiversity of the benthos from the 
centimeter scale upwards, along with profiling the bedform rugosity and light climate. The 
capabilities enabled by HyperDiver and its data scales up the throughput of diver-based 
surveys to covering kilometer-length transects and automatically mapping the surveyed 
dataset. The technique uses similar technology and modality to airborne and satellite remote 
sensing platforms, and represents state of the art in capturing spatially coherent and optically 
detailed ground truthing data to improve large-scale mapping efforts. Simultaneous use of 
underwater and airborne spectral imaging promises a synergistic outcome towards improving 
spectral inversion models, habitat mapping at multiple scales and generating richer 
descriptions of biodiverse marine habitats. 

 
2:15pm - 2:30pm 

Fabry-Perot Interferometer Based Imaging Of Atmospheric Trace Gases 
Jonas Kuhn1,2, Ulrich Platt1,2, Nicole Bobrowski1,2, Peter Lübcke1, Thomas Wagner2 
1Institute of Environmental Physics, Heidelberg University, Germany; 2Max Planck Institute for 
Chemistry, Mainz, Germany; jkuhn@iup.uni-heidelberg.de 
Within the last decades, progress in optical remote sensing of atmospheric trace gases in the 
UV and visible wavelength range led to a better understanding of many important processes 
including air pollution, stratospheric ozone destruction, halogen chemistry and the evolution of 
volcanic plumes. Narrowband structures in the trace gas molecule’s absorption spectrum are 
used to quantify the amount of gas within a line of sight and to separate its signal from 
interfering species or processes. This allows the detection of trace gas concentrations in the 
ppb to ppt range. In standard techniques (e.g. Differential Optical Absorption Spectroscopy), 
dispersive spectrometers record radiance data with high spectral resolution, however, with 
limited spatial resolution, due to the limited light throughput of the required optical setup. 
Imaging can only be performed by spatial scanning, which limits the time resolution to the 
order of several minutes per image. 
Many processes in the atmosphere involving trace gases proceed on time and length scales 
that cannot be resolved with these techniques. These processes include e.g. the observation 
and monitoring of emission plumes of point sources (e.g. volcanoes …) and the quantification 
of variations in their emissions on short time scales (order of seconds). Moreover, the 
separation of fast chemical conversions from transport and mixing is limited in by the low 
spatio-temporal resolution of dispersive spectroscopy. 
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With non-dispersive wavelength selective elements (WSEs, e.g. interference filters, 
interferometers …) it is possible to reach much higher light throughput and thereby higher 
spatio-temporal resolution at a similar sensitivity. The selectivity is optimized by the correlation 
of the WSE’s spectrum with the absorption spectrum of the trace gas. 
The Fabry-Perot interferometer (FPi) exhibits a periodical, comb-shaped spectral transmission 
pattern that can be matched to approximately periodical absorption structures of trace gas 
molecules in the UV and visible wavelength range. Thereby a high correlation is reached. 
Moreover, tuning is possible, allowing for the quantification of differential radiances in two (or 
more) slightly shifted FPi transmission wavelength ranges. Thereby, impacts of broadband 
spectral variations (e.g. scattering on molecules and aerosol) can be excluded very efficiently 
from the trace gas signal. These measurements then exhibit detection limits that are similar to 
those of conventional dispersive optical remote sensing methods. The FPi technique can be 
implemented in cost effective, light weight, small and robust setups, greatly simplifying their 
application in the field. 
We present a proof of concept study of the FPi detection principle for volcanic sulfur dioxide in 
the UV. In first tests, the high sensitivity and selectivity could already be observed. Moreover, 
the application of the technique in imaging setups is discussed and sample calculations for the 
application to other trace gases (e.g. bromine oxide, chlorine dioxide) are introduced. This 
technique bears for instance the potential to give unprecedented insight into short timescale 
chemistry of reactive trace gas species in volcanic plumes or other point sources. 

 
2:30pm - 2:45pm 

Hyperspectral LWIR imaging using a Fabry-Perot interferometer and an 
uncooled microbolometer 
Robert Wright, Paul Lucey, Harold Garbeil, Casey Honniball, Andrea Gabrieli 
HIGP, University of Hawaii at Manoa, United States of America; wright@higp.hawaii.edu 
Measurements of reflectance or emittance in tens of narrow, contiguous wavebands, allow for 
the derivation of laboratory quality spectra remotely, from which the chemical composition and 
physical properties of targets can be determined. Although spaceborne (e.g. EO-1 Hyperion) 
hyperspectral data in the 0.4-2.5 micron (VSWIR) region are available, the provision of 
equivalent data in the log-wave infrared has lagged behind, there being no currently 
operational high spatial resolution LWIR imaging spectrometer on orbit. This is attributable to 
two factors. Firstly, earth emits less light than it reflects, reducing the signal available to 
measure in the TIR, and secondly, instruments designed to measure (and spectrally 
decompose) this signal are more complex, massive, and expensive than their VSWIR 
counterparts, largely due to the need to cryogenically cool the detector and optics. However, 
this measurement gap needs to be filled, as LWIR data provide fundamentally different 
information than VSWIR measurements. The TIRCIS instrument (Thermal Infra-Red Compact 
Imaging Spectrometer), developed at the Hawaii Institute of Geophysics and Planetology, 
uses a Fabry-Perot interferometer, an uncooled microbolometer array, and push-broom 
scanning to acquire hyperspectral image data in the 8-14 micron spectral range. Radiometric 
calibration is provided by blackbody targets while spectral calibration is achieved using 
monochromatic light sources. The instrument has a mass of <15 kg and dimensions of 53 cm 
× 25 cm × 22 cm, and has been designed to be compatible with integration into a micro-
satellite platform. (A precursor to this instrument was launched onboard a 55 kg microsatellite 
as part of the ORS-4 mission in October 2015). The optical design yields a 120 m ground 
sample size given an orbit of 500 km. Over the wavelength interval of 7.5 to 14 microns up to 
50 spectral samples are possible. Our performance model indicates signal-to-noise ratios of 
400-800:1.  

 
2:45pm - 3:00pm 

Performance, stability and real time capabilities of the HySpex Mjolnir-1024 
hyperspectral camera for UAVs 
Trond Løke, Ivar Baarstad, Julio Hernandez, Pesal Koirala, Andrei Fridman 
Norsk Elektro Optikk AS, Norway; trond@neo.no 
The HySpex Mjolnir-1024 hyperspectral camera provides a unique combination of small form 
factor and low mass combined with high performance and scientific grade data quality. Top 
level specifications include a spatial resolution of 1024 pixels and a spectral resolution of 200 
bands and high light throughput (F1.8). A rugged design with good thermal and mechanical 
stability makes this camera an excellent option for a wide range of scientific applications for 
UAV operations and field applications. The optical architecture is based on the high-end 
ODIN-1024 system and features a total FOV of 20 degrees. 
With a total mass of less than 4.5Kg including hyperspectral camera, data acquisition unit, 
battery, IMU and GPS, the system is suitable for even small UAVs. The system is generic and 
can be deployed on a wide range of UAVs with various downlink capabilities. The ground 
station software enables full control of the sensor settings and also has the capability to show 
in real time where the UAV is located, plot the track of the UAV and display the image footprint 
in order to give instant feedback on spatial coverage. Real time processing results can also be 
displayed directly on the ground control station. The system can be triggered automatically by 
the UAV’s flight management system, but can also be controlled manually. 
In this presentation, we will present results from tests of the performance and stability of the 
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system and give an overview of the complete system from the hyperspectral camera to 
computer, navigation system and software. We will also present the methods used to calibrate 
and characterize this system. We will also introduce a new real time processing software that 
will be running on the data acquisition unit inside Mjolnir. This software will enable real time 
georeferencing and rectification, real time indices maps and real time classification for various 
applications. 
  

3:15pm - 4:15pm CS: Closing Session 
Session Chair: Andreas Müller 
Session Chair: Andreas Hueni Y-15-G-60  

4:15pm - 4:45pm CB-6: Farewell Coffee Break 
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