


 
 

 

4th
 INTERNATIONAL SYMPOSIUM 

 
 
 

RECENT ADVANCES IN 
QUANTITATIVE  
REMOTE SENSING  

 
 
 

PROGRAMME AND 
ABSTRACT BOOK 

 
 
 
 
 
 

22 – 26 SEPTEMBER 2014 
TORRENT (VALENCIA) SPAIN 

  



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright 2014 by the Authors 
 
All rights reserved 
 
No parts of this publication may be reproduced or transmitted in any form by any means, electronic 
or mechanical, including photocopy, recording, or any information storage and retrieval system, 
without permission in writing from the authors. 
 
GLOBAL CHANGE UNIT 
Image Processing Laboratory 
Universitat de València 
C/ Catedratico José Beltrán, 2 
E-46980 Paterna – Valencia 
SPAIN 
 
E-mail: sobrino@uv.es 
 
 
© Cover: GLOBAL CHANGE UNIT 
  



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

3 

RAQRS 2014 - TIMETABLE  
 

 
 

Time 
 

Monday 
22th Sep 2014 

Tuesday 
23th Sep 2014 

Wednesday 
24th Sep 2014 

Thursday 
25th Sep 2014 

Friday 
26st Sep 2014 

8:00 -  9:00 REGISTRATION 
(8:00-9:30) 

 

 9:00 -  9:30 

ORAL 
SESSION 4 

ORAL 
SESSION 8 

ORAL 
SESSION 12 

9:30 - 10:00 
OPENING 
SESSION 

10:00 - 10:30 
OPENING 

CONFERENCE 
SESSION  
REPORT  

BY SESSIONS  
CHAIRPERSONS 

10:30 - 11:00 Coffee Break Coffee Break Coffee Break Coffee Break 

11:00 - 11:30 ORAL 
SESSION 1 

ORAL 
SESSION 5 

ORAL 
SESSION 9 

ORAL 
SESSION 13 11:30 - 12:00 

12:00 - 12:30 
POSTER 

SESSION 1 
 

POSTER 
SESSION 2 

 

POSTER 
SESSION 3 

 

POSTER 
SESSION 4 

 

CLOSING  
CEREMONY 

12:30 - 13:00 
Refreshment & 

Snacks 
13:00 - 13:30 

 

13:30 - 14:00 

Lunch Break Lunch Break Lunch Break Lunch Break 14:00 - 14:30 

14:30 - 15:00 

15:00 - 15:30 

ORAL 
SESSION 2 

ORAL 
SESSION 6 

ORAL 
SESSION 10 

ORAL 
SESSION 14 

15:30 - 16:00 

16:00 - 16:30 

16:30 - 17:00 

17:00 - 17:30 Coffee Break Coffee Break Coffee Break 

 

17:30 - 18:00 
ORAL 

SESSION 3 
ORAL 

SESSION 7 ORAL 
SESSION 11 

18:00 - 18:30 

18:30 - 19:00 

19:00 - 19:30 
WELCOME 

RECEPTION 
(19:00-21:00) 

DINNER 
(19:00-22:00) 

19:30 - 20:00 

 

20:00 - 20:30 

20:30 - 21:00 
GALA 

DINNER 
(20:30-24:00) 

21:00 - 22:00 
 22:00 - 23:00 

23:00 - 24:00 
 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

4 

PROGRAMA RESUMIDO/PROGRAMME OVERVIEW  
 

LUNES 22 SEPTIEMBRE 2014 -  MONDAY 22th SEPTEMBER 2014 

 

  8:00 –  9:30 
Inscripción y entrega de documentación / Welcome and registration.  
AUDITORI de Torrent. C/Vicent Pallardó nº 25, 46900 TORRENT (Valencia). 
  9:30 – 10:00 
Acto de apertura / Opening session 
10:00 – 10:30 
Conferencia de Apertura / Opening Conference 
10:30 – 11:00 
Pausa café / Coffee break 
11:00 – 12:00 
Sesión Oral / Oral session 

SESSION 1:  - Land Surface Radiation and Inversion Modelling 
Presidentes / Chairpersons: Y. L. DESNOS, J. MORENO 

12:00 – 13:30 
Sesión Poster / Poster session 

POSTER 1:   - Land Surface Radiation and Inversion Modelling 
                      - Multispectral and Hyperspectral Remote Sensing and 
     Imaging Spectroscopy 

13:30 – 15:00 
Pausa comida / Lunch break 
15:00 – 17:00 
Sesión Oral / Oral session 

SESSION 2:  - Land Surface Radiation and Inversion Modelling 
Presidentes / Chairpersons: E. VERMOTE, A. GILLESPIE 

17:00 – 17:30 
Pausa café / Coffee break 
17:30 – 19:00 
Sesión Oral / Oral session 

SESSION 3:   - Multispectral and hyperspectral Remote Sensing and  
    Imaging Spectroscopy  
Presidentes / Chairpersons: F. PRATA, F. NERRY 

19:00 
Acto Social / Welcome Reception  
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MARTES 23 SEPTIEMBRE 2014 – TUESDAY 23th SEPTEMBER 2014 
 
  9:15 – 10:30  
Sesión Oral / Oral session 

SESSION 4:  - Multiangular and Multitemporal Measurement 
Presidentes / Chairpersons: F. BARET, M. MENENTI 

10:30 – 11:00  
Pausa café / Coffee Break 
11:00 – 12:00  
Sesión Oral / Oral session 

SESSION 5:   - Multiangular and Multitemporal Measurement 
Presidentes / Chairperson: A. HUETE, A. ROYER 

12:00 – 13:30  
Sesión Poster / Poster session 

POSTER 2:    - Multispectral and Hyperspectral Remote Sensing and 
                          Imaging Spectroscopy  

                        - Multiangular and Multitemporal Measurement 
                        - Scaling, Fusion, reduction and assimilation of data               
13:30 – 15:00  
Pausa Comida / Lunch break 
15:00 – 17:00  
Sesión Oral / Oral session 

SESSION 6:   - Carbon and Water Cycle Observation and Modelling                     
Presidentes / Chairperson: G. CHEHBOUNI, A. OLIOSO 

17:00 – 17:30  
Pausa café / Coffee break 
17:30 – 19:00  
Sesión Oral / Oral session 

SESSION 7:   - Carbon and Water Cycle Observation and Modelling                     
Presidentes / Chairperson: G. CHEHBOUNI, A. OLIOSO 

19:00  
Cena / Dinner   
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MIERCOLES 24 SEPTIEMBRE 2014 – WEDNESDAY 24th SEPTEMBER 2014 
 
  9:15 – 10:30 
Sesión Oral / Oral session 

SESSION 8:   - Scaling, Fusion, reduction and assimilation of data               
Presidentes / Chairpersons: J. MORENO, P. J. ZARCO-TEJADA 

10:30 – 11:00  
Pausa café / Coffee Break 
11:00 – 12:00  
Sesión Oral / Oral session 

SESSION 9:   - Passive and active Microwaves & SAR Data  
Processing / Applications 

Presidentes / Chairpersons:  Y. KERR, J. SHI 
12:00 – 13:30  
Sesión Poster / Poster session 

POSTER 3:    - Carbon and Water Cycle Observation and Modelling 
- Land Cover/Use and Change 
- Global Change and sustainable development 
- Laser Active Remote Sensing and Fluorescence 

13:30 – 15:00  
Pausa Comida  / Lunch break 
15:00 – 17:00  
Sesión Oral / Oral session 

SESSION 10: - Passive and active Microwaves & SAR Data   
Processing / Applications  

Presidentes / Chairpersons: J. P. WIGNERON, A. ROYER 
17:00 – 17:30  
Pausa café / Coffee break 
17:30 – 19:30  
Sesión Oral / Oral session 

SESSION 11: - The GLASS products: algorithm, validation and 
application 

Presidentes / Chairpersons: S. LIANG, Z. L. LI  
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JUEVES 25 SEPTIEMBRE 2014-THURSDAY 25th SEPTEMBER 2014 
 
  9:15 – 10:30  
Sesión Oral / Oral session 

SESSION 12: - Sensor Calibration, Atmospheric Correction and  
  Product Validation 

Presidente / Chairperson: J. C. CALVET, F. CAMACHO  
10:30 – 11:00  
Pausa café / Coffee Break 
11:00 – 12:00  
Sesión Oral / Oral session 

SESSION 13: - Sensor Calibration, Atmospheric Correction and  
  Product Validation 

Presidentes / Chairpersons: M. WEISS, F. NERRY 
12:00 – 13:30  
Sesión Poster / Poster session 

POSTER 4:  - Sensor Calibration, Atmospheric Correction and  
  Product Validation 
- Passive Microwaves & SAR Data Processing / 
Applications 
- Earth Observation Missions & Services 

13:30 – 15:00  
Pausa Comida  / Lunch break 
15:00 – 17:00  
Sesión Oral / Oral session 

SESSION 14: - Earth Observation Missions & Services 
Presidentes / Chairpersons: G. DEDIEU, J. MORENO 
20:30  
Cena oficial del congreso / Gala Dinner 

 

VIERNES 26 SEPTIEMBRE 2014- FRIDAY 26th SEPTEMBER 2014 
 
10:00 – 12:00  
Conclusiones de sesiones por los presidentes / Session report by session chairpersons 
12:00 – 12:30  
Acto de clausura / Closing ceremony 
12:30 – 13:00  
Refrigerio / Refreshments & Snacks
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CONTENTS 
 
 

LUNES 22 SEPTIEMBRE 2014 – MONDAY 22th SEPTEMBER 2014 
 

  8:00 –   9:30  INSCRIPCIÓN Y ENTREGA DE DOCUMENTACIÓN / REGISTRATION 
 
  9:30 – 10:15  ACTO DE APERTURA / OPENING SESSION 
 
10:15 – 10:45  CONFERENCIA/ OPENING CONFERENCE 

The Copernicus Programme - an European Achievement 
S. Jutz, Head, Copernicus Space Office (EOP-CO), ESA. 
 

10:45 – 11:15  Pausa café / Coffee break 
 
11:15 – 12:00  Sesión Oral / Oral session 
  SESSION 1: - Land Surface Radiation and Inversion Modelling 

Presidentes / Chairpersons: Y. L. DESNOS, J. MORENO  
S1.1 Transitioning VIIRS Observations into the Global Agriculture Monitoring (GEOGLAM) 

system: Status and Long-term Prospective  ......................................................................... 33 
E. Vermote, NASA Goddard Space Flight Center, USA 
C. Justice, I. Becker-Reshef  

S1.2 Optical-thermal Surface-atmosphere Radiative Transfer Modelling with Direct-diffuse 
Atmospheric Transfer Functions and Surface Reflectance Factors ..................................... 33 
W. Verhoef, University of Twente, The Netherlands 
C. van der Tol  
 

12:00 – 13:30  Sesión Poster / Poster session 
  POSTER 1: - Land Surface Radiation and Inversion Modelling 

- Multispectral and Hyperespectral Remote Sensing and Imaging Spectroscopy 
P1.01 Prototyping of physically based methods to retrieve leaf area index and canopy water 

content from satellite data .................................................................................................... 34 
M. Campos-Taberner, University of Valencia, Spain 
F.J. García-Haro, F. Camacho, G. Camps-Valls, M.A. Gilabert, B. Martínez, A. Moreno, S. 
Sánchez, J. Meliá  

P1.02 Evaluation of LibRadtran Radiative Transfer Model for remote sensing applications  .......... 34 
L. Carretero, INTA, Spain 
E. de Miguel, M. Jiménez  

P1.03 A remote sensing model integration platform oriented the quantitative remote sensing 
research: design and Implementation .................................................................................. 35 
Y. Du, RADI, Chinese Academy of Sciences, Beijing, China 
H. Li, Q. Liu, B. Cao, H. Wang  

P1.04 Parameterizing a split-window algorithm for MTSAT satellites using coincident MODIS 
data  .............................................................................................................................. 36 
A. Ershadi, University of New South Wales, Australia 
M. McCabe, L. Renzullol   

P1.05 A three-channel method for estimating land surface temperature from MODIS data for dust 
aerosol skies ........................................................................................................................ 36 
X. Fan, IGSNRR, Chinese Academy of Sciences, Beijing, China 
B.-H. Tang, H. Wu, G. Yan, Z.-L. Li   
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P1.06 Determining Optimal Conditions for Direct Detection of Sub-Pixel Archaeological Materials 
Using Airborne and Satellite Spectral Data .......................................................................... 37 
D. E. Jr. Sabol, Desert Research Institute, Reno, Nevada, USA 
P. Buck 

P1.07 Determination of the cloud radiative forcing and its relationship with the properties of 
clouds in the Iberian Peninsula ............................................................................................ 38 
M. D. Freile-Aranda, University of Valencia, Spain 
J. L. Gómez-Amo, M. P. Utrillas, J. A. Martínez-Lozano  

P1.08 Soil reflectance modeling using spectral vectors derived from a global soil spectral library . 38 
C. Jiang, LREIS, IGSNRR, Chinese Academy of Sciences, Beijing, China  
H. Fang 

P1.09 Estimation of total, direct and diffuse FAPARs from Landsat surface reflectance data: 
algorithm and validation ....................................................................................................... 39 
W. Li, LREIS, IGSNRR, Chinese Academy of Sciences, Beijing, China 
H. Fang 

P1.10 Assessment of CALIOP level 2 daytime data during Saharan dust outbreaks in Southern 
Europe  .............................................................................................................................. 40 
C. Marcos, University of Valencia, Spain 
J. L. Gómez-Amo, R. Pedrós, M. P. Utrillas, J. A. Martínez-Lozano  

P1.11 Thermal hyperspectral remote sensing using the Telops-LW airborne sensor- First results 40 
M. Schlerf, Centre de Recherche Public-Gabriel Lippmann, Belvaux, Luxembourg 
G. Rock, C. Hecker, F. Ronellenfitsch, M. Gerhards, K. Mallick, L. Hoffmann, T. Udelhoven 

P1.12 Atmospheric correction effect on land surface temperatures derived from Landsat-7 ETM+ 
data  .............................................................................................................................. 41 
M. Mira, INRA Avignon, France 
A. Olioso, V. Rivalland, D. Courault, O. Marloie, P. Guillevic 

P1.13 Urban land cover mapping with hyperspectral airborne data at very high spatial resolution: 
the challenges for atmospheric correction in shaded areas ................................................. 42 
K. Adeline, Onera, France 
X. Briottet 

P1.14 Sensitivity of soil property prediction obtained from VNIR/SWIR data to spectral 
configurations ....................................................................................................................... 43 
K. Adeline, INRA, France 
C. Gomez, N.Gorretta, J.M. Roger 

P1.15 Retrieval of land surface temperature products in Heihe River basin by infrared image 
sensors of HJ-1B .................................................................................................................. 43 
X. Ouyang, RADI, Chinese Academy of Sciences, Beijing, China 
Y. Pan, G. Hu, L. Jia, J. Zhou 

P1.16 Spectral separation of maize and soybean crops using logarithmic equations applied to 
MODIS time-series ............................................................................................................... 44 
C. L. Arraes, Amazonas University, Brazil 
R. A. C. Lamparelli, J. V. Rocha, J. C. D. M. Esquerdo, P. Salvador, J. Rodríguez, J.-L. 
Casanova Roque, J. Sanz Justo 

P1.17 An approach to quickly generating land surface temperature products from MODIS data for 
agro-drouhgt monitoring in China ......................................................................................... 45 
Z. Qin. Chinese Academy of Agricultural Sciences, Beijing, China 
W. Li, S. Zhao, B. Xu   

P1.18 The use of PROBA-V data for global agricultural monitoring ............................................... 45 
L. Bydekerke, VITO, Belgium 
S. Gilliams, E. Swinnen, B. Smets, H. Eerens, I. Piccard 
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P1.19 Estimating of air deep temperature using thermal remotely sensed data ............................. 46 
S. K. Alavipanah, University of Tehran, Iran 
A. Rezaei, M. E. Khusfi, M. Bakhtiari 

P1.20 Future of remote sensing applications: thermal infrared remote sensing of human emotions 46 
S. K. Alavipanah, University of Tehran, Iran 
H. Rezvani 

P1.21 An Improved Algorithm for Retrieving Land Surface Temperature from Geostationary 
Meteorological Satellite data ................................................................................................ 47 
X. Song, University of Chinese Academy of Sciences, Beijing, China 
Y. Wang, Z.-L. Li, B. Tang, P. Leng 

P1.22 Effect of clumping on the directional escape probability and canopy BRF ........................... 48 
P. Stenberg, University of Helsinki, Finland 
T. Manninen 

P1.23 A split-window algorithm for estimating land surface temperature from Chinese FY-3 VIRR 
data  .............................................................................................................................. 49 
B.-H. Tang, IGSNRR, Chinese Academy of Sciences, Beijing, China 
Z.-L. Li, H. Wu, F. Nerry, K. Shao, G. Zhou 

P1.24 Uncertainty of Meteosat climatological Land surface temperature ....................................... 49 
A. Tetzlaff, Federal Office of Meteorology and Climatology MeteoSwiss, Switzerland 
V. Bento, R. Stöckli, C. Da Camara, I. Trigo, F. Göttsche 

P1.25 ARTMO’s retrieval toolboxes for optimizingparametric, non-parametric and physically-
based biophysical variable mapping .................................................................................... 50 
J. Verrelst, University of Valencia, Spain 
J. P. Rivera, G. Camps-Valls, J. Moreno 

P1.26 Effects of water vapor absortion qand land surface emissivity on retrieval of land surface 
temperature .......................................................................................................................... 51 
C. Wang, IGSNRR, Chinese Academy of Sciences, Beijing, China 
Z.-L. Li, H. Wu 

P1.27 Estimation of snow thermal infrared polarization properties ................................................. 52 
T.-T. Wang, IGSNRR, Chinese Academy of Sciences, Beijing, China 
Z.-L. Li, B.-H. Tang, Y.-S. Zhao 

P1.28 Improvements of the universal triangle method to estimate soil moisture ............................ 53 
D. Zhang, IGSNRR, Chinese Academy of Sciences, Beijing, China 
Z. L. Li, R. Tang, B. Tang, H. Wu  

P1.29 A comparison of two LST retrieval methods with simulated MODIS MIR and TIR nighttime 
data  .............................................................................................................................. 53 
E. Zhao, University of Chinese Academy of Sciences, Beijing, China 
C. Gao, Y. Qian, H. Huo, X. Jiang, Y. Zhang, Y. Du 

P1.30 A Physics-Based Algorithm for Retrieving Precipitable Water Vapor from Passive 
Microwave Remote Sensing Data ........................................................................................ 54 
F. Zhou, University of Chinese Academy of Sciences, Beijing, China 
X. Song, Z.-L. Li, R. Wang 

P1.31 Comparison of total-column and tropospheric ozone from IASI with OMI-, ozonosonde-, 
and surface- Spectrophotometer- measurements. ............................................................... 55 
N. Peinado, University of Valencia, Spain 
J. V. Miro, E. López-Baeza 

P1.32 Analysis of the temporal relationship between settlement density metrics & land surface 
temperature .......................................................................................................................... 55 
C. Berger, University of Jena, Germany 
J. Rosentreter, M. Voltersen, S. Hese, C. Schmullius   
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P1.33 INTA AHS and CASI hyperspectral images ......................................................................... 56 
E. de Miguel, INTA, Spain 
E. Prado, M. Jiménez, O. Gutiérrez de la Cámara, C. Linés, A. Fernández-Renau 

P1.34 An application of the temperature vegetation dryness index for surface soil moisture 
estimation based on airborne data in semi-arid regions ....................................................... 57 
L. Fan, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, 
Beijing, China 
Q. Xiao, J. Wen, Q. Liu, X. Li 

P1.35 Assessing the influence of stratification and sample setstructure on aboveground forest 
biomass estimations from LiDAR and hyperspectral data .................................................... 57 
F. E. Fassnacht, Karlsruhe Institute of Technology, Germany 
H. Latifi, F. Hartig, C. Berger, J. Hernández, P. Corvalán, B. Koch 

P1.36 Improvements on the estimation of land surface emissivity with NDVI thresholds method 
from MODIS data ................................................................................................................. 58 
B.-H. Tang, IGSNRR, Chinese Academy of Sciences, Beijing, China 
Z.-L. Li, H. Wu, R. Tang 

P1.37 Impact of the frequency of conducting  a white reference calibration on the accuracy of 
acquiring spectral reflectance coefficients using a spectroradiometer in laboratory 
conditions ............................................................................................................................. 59 
P. Kaminski, Military University of Technology, Warsaw, Poland 
A. Orych, A. Jenerowicz   

P1.38 Analysis of the impact of the spatial resolution on soil property prediction from 
hyperspectral VNIR-SWIR imagery ...................................................................................... 60 
R. Oltra-Carrió, CESBIO, France 
C. Gomez, S. Bacha, P. Lagacherie, X. Briottet 

P1.39 Improvement of the soil moisture content retrieval indexes from hyperspectral VNIR-SWIR 
data using clay content  information. .................................................................................... 60 
R. Oltra-Carrió, CESBIO, France 
F. Baup, S. Fabre, R. Fieuzal, X. Briottet 

P1.40 Remote sensing monitoring of grassland vegetation growth in China .................................. 61 
H.L.MA, Chinese Academy of Agricultural Sciences, China 
B.Xu, X.C.Yang, Y.X.Jin, Z.Yang, S.Liu, J.Y.Li, T.Gao, H.D.Yu 

P1.41 Hyperspectral TIR sensor for building heat-loss detection  .................................................. 61 
L. Pipia, Institut Cartogràfic i Geològic de Catalunya, Spain 
F. Pérez, A. Tardà, J. Corbera, M. Morera, A. Ruiz Casas 

P1.42 First geoscientific applications usingan emissive thermal infrared imaging spectrometer .... 62 
G. Rock, University of Trier, Germany 
M. Gerhards, C. Hecker, F. Ronellenfitsch, M. Schlerf, T. Udelhoven 

P1.43 An Automatic Sky Spectral Thermal Infrared Radiometer (ASSTIR) system ....................... 63 
A. Royer, Université de Sherbrooke, Canada  
P. Cliche, N. Marchand, A. Roy, Y. Blanchard, N. O’Neill, D. Crozel   

P1.44 Landsat surface albedo product based on MODIS data ....................................................... 64 
B. Franch, University of Maryland, USA 
E. F. Vermote, M. Claverie, J. A. Sobrino 

P1.45 Global Atmospheric Profiles from Reanalysis Information (GAPRI): a new dataset for 
forward simulations in the thermal infrared region ................................................................ 64 
C. Mattar, University of Chile, Chile 
C. Durán-Alarcón, J. C. Jiménez-Muñoz, J. A. Sobrino   

 
13:30 – 15:00 Pausa Comida / Lunch break 
 
 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

12 

15:00 – 17:00 Sesión Oral / Oral session 
SESSION 2: Land Surface Radiation and Inversion Modelling 
Presidentes / Chairpersons: E. VERMOTE, A. GILLESPIE 

S2.1 Discrete Anisotropic Radiative Transfer Simulation of High-Dimensional Imaging 
Spectrometer Data Based on LiDAR and In Situ Data ......................................................... 65 
F. D. Schneider, University of Zurich, Switzerland 
R. Leiterer, F. Morsdorf, J.-P. Gastellu-Etchegorry, N. Lauret, N. Pfeifer, M. E. Schaepman  

S2.2  Visualizing the ill-posed problem: a case study for Sentinel-2 .............................................. 65 
R. Zurita-Milla, University of Twente, The Netherlands 
V.C.E. Laurent, J. A. E. Van Gijsel 

S2.3 Bio-optical modeling to monitor submerged coastal vegetation  .......................................... 66 
N. Oppelt, University of Kiel, Germany 
K. Dörnhöfer, P. Gege   

S2.4 Quantify the impact of cloud cover on radiation fluxes ground measurements from 
hemispherical images ........................................................................................................... 67 
L. Roupioz, University of Strasbourg, France 
L. Jia, J. Colin, F. Nerry, M. Menenti 

S2.5 How atmospheric turbulence affects measurements of surface temperature from space .... 67 
J. P. Lagouarde, INRA, Villenave d’Ornon, France  
M. Irvine, S. Dupont 

S2.6 Data processing and temperature-emissivity separation for tower based imaging Fourier 
transform spectrometer data ................................................................................................ 68 
C. Borel, Air Force Institute of Technology, USA 
D. Rosario, J. Romano  

 
17:00 – 17:30 Pausa café / Coffee break 
 
17:30 – 19:00 Sesión Oral / Oral session 

SESSION 3: Multispectral and Hyperspectral Remote Sensing and  
Imaging Spectroscopy 

  Presidentes/ Chairpersons: F. PRATA, F. NERRY 
S3.1 Ground-based imaging Thermography................................................................................. 69 

A. J. Prata, NILU, Norway 
C. H. Bernardo, D. Moriano, H. E. Thomas, P. Ahonen 

S3.2 Thermal Infrared: key integrator of multi-spectral/multi-resolution data for surface energy-
water balance studies in semi-arid regions .......................................................................... 69 
O. Merlin, CESBIO, France 
Y. Malbéteau, V. Stefan, S. Er-Raki, M. J. Escorihuela, S. Gascoin, S. Khabba, V. Le 
Dantec, C. Mattar, B. Molero, C. Rüdiger, L. Jarlan 

S3.3 Early detection and quantification of Verticillium wilt in olive using hyperspectral and 
thermal imagery acquired by manned platforms at regional scale ....................................... 70 
R. Calderón, IAS CSIC, Spain 
J. A. Navas-Cortés, P. J. Zarco-Tejada.  

S3.4 Directional Hyperspectral Observations to Detect Plant Stress with the PRI and SIF in a 
Cornfield  .............................................................................................................................. 71 
E. M. Middleton, NASA GSFC, USA 
Y.-B.Cheng, P.E. Campbell, Q. Zhang, K.F. Huemmrich, L.A. Corp, D.R. Landis 

 
19:00-21:00 Acto Social / Welcome Reception 
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MARTES 23 SEPTIEMBRE 2014 – TUESDAY 23th SEPTEMBER 2014 
 
 
9:15 – 10:30 Sesión Oral / Oral session 
  SESSION 4: - Multiangular and Multitemporal Measurements 
  Presidentes/Chairpersons: F. BARET, M. MENENTI 
S4.1 Directional signatures of land surface reflectances: Measurements and corrections ........... 72 

F.-M. Bréon, Laboratoire des Sciences du Climat et de l’Environnement, France 
E. Vermote, E. Murphy, B. Franch 

S4.2 Comparing vegetation structural variables retrieval performances when using nadir 
viewing, multidirectional observations or albedo top of canopy reflectance ......................... 72 
F. Baret, INRA-EMMAH UMR 1114, France 
M. Weiss, A. Verger   

S4.3 30 years of land surface albedo from geostationary satellites: status of the SCOPE-CM 
LAGS project ........................................................................................................................ 73 
A. Lattanzio, EUMETSAT, Darmstadt, Germany 
J. Matthews, M. Takahashi, K. Knapp, J. Schulz, R. Roebeling, R. Stoeckli 

 
10:30 – 11:00 Pausa café / Coffee break 
 
11:00 – 12:00 Sesión Oral / Oral session 
  SESSION 5: - Multiangular and Multitemporal Measurement 
  Presidentes / Chairpersons: A. HUETE, A. ROYER 
S5.1 A hint of the revolutionary potential of Sentinel-2 time series, using the SPOT4 (Take 5) 

data set    .............................................................................................................................. 74 
O. Hagolle, CESBIO, France 
M. Huc, M. Kadiri, J. Inglada, M. Arias,  S. Valero Valbuena, M. Le Page, D. Clesse, J. 
Donadieu, S. Bontemps, G. Sepulcre Canto, S. Sylvander, M. Leroy, M. Claverie, P. 
Defourny, G. Dedieu 

S5.2 Evidence of seasonal productivity dynamics along a longitudinal rainfall equatorial forest 
transect  .............................................................................................................................. 75 
A. Huete, University of Technology, Sydney, Australia 
K. Davies, N. Restrepo-Coupe, P. Ratana 

S5.3 The DEIMOS-1/PERSEUS constellation: High-resolution, high-frequency worldwide 
monitoring for agriculture and forestry applications .............................................................. 75 
A. Romo, Elecnor Deimos Imaging, Spain 
F. Pirondini 

 
12:00 – 13:30 Sesión Poster / Poster session 
  SESSION 2: - Multispectral and Hyperspectral Remote Sensing and  
  Imaging Spectroscopy 

- Multiangular and Multitemporal Measurements 
- Scaling, fusion, reduction and assimilation of data  

P2.01 Plume speed using optical flow and a fast sampling infrared imaging camera ..................... 76 
H. Thomas, Nicarnica Aviation AS, Norway 
D. Moriano, A. Prata 

P2.02 Determining spectral reflectance coefficients of water in laboratory conditions .................... 76 
P. Walczykowski, Military University of Technology, Warsaw, Poland 

P2.03 Determining methodology for acquiring spectral reflectance coefficients using a chosen 
monochromatic camera with interference filters ................................................................... 77 
P. Walczykowski, Military University of Technology, Warsaw, Poland 
A. Orych, A. Jenerowicz 
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P2.04 The use of optoelectronic filters for registering hyperspectral images in laboratory 
conditions ............................................................................................................................. 77 
P. Walczykowski, Military University of Technology, Warsaw, Poland 
M. Wilinska, D. Wierzbicki 

P2.05 Comparison of two inversion methods for grassland leaf area index using hyperspectral 
remote sensing ..................................................................................................................... 78 
Q. Wu, Inner Mongolia Normal University, Hohhot, China 
Y. Bao, Y. Jin, Q. Hai, Z. Li, X. Li, B. Zhang, R. Yan, B. Chen,H. Zhang, X. Xin 

P2.06 Spectral information based atmospheric correction method for hyperspectral thermal 
infrared image ...................................................................................................................... 79 
X. Zhong, IGSNRR Chinese Academy of Sciences, China 
H. Wu, B.-H. Tang, R. Tang, Z.-L. Li 

P2.07 Surface temperature downscaling of low resolution (kilometric) thermal infrared 
measurements based on data assimilation technics ............................................................ 79 
R. Mechri, LSCE-IPSL, France 
C. Ottlé, O. Pannekoucke, A. Kallel, D. Courault 

P2.08  Index system and suitability evaluation of grassland vegetation growth for remote sensing 
monitoring in Xilingol grassland of Inner Mongolia, China .................................................... 80 
X. C. Yang, Chinese Academy of Agricultural Sciences, China 
B. Xu, X.H. Zhu, Y.X Jin, H.L. Ma, J.Y. Li, B.L. Shi, F. Zhao, H.D. Yu 

P2.09 Earlywater stress detection in desert Tamarugotrees based onleaf pulvinar movements .... 81 
R. O. Chávez, Wageningen University, The Netherlands 
J. G. P. W. Clevers 

P2.10 Un índice sinóptico de turbidez anual para la desembocadura del río Guadalquivir con 
imágenes Landsat: el turbiperiodo. ...................................................................................... 81 
R. Díaz-Delgado, Estación Biológica de Doñana, Sevilla, Spain 
D. Aragonés, I. Afán, J. Bustamante  

P2.11 Remote sensing of vegetation cover dynamics over South Africa using decadal medium 
spatial resolution MODIS time-series ................................................................................... 82 
O. Dubovyk, University of Bonn, Germany 
T. Landmann, A. Trewes, J. Schellberg 

P2.12 Sensitivity of thermal infrared directional anisotropy to canopy and meteorological 
conditions ............................................................................................................................. 83 
C. Duffour, INRA, France 
A. Olioso, J. Demarty, J. L. Roujean, J. P. Lagouarde 

P2.13 Obtaining pure time series of biophysical variables describing different plant functional 
types by using a proxy for landscape heterogeneity ............................................................ 84 
G. Duveiller, European Commission Joint Research Centre, Italy 
A. Cescatti  

P2.14 Biomass and Soil Moisture simulation and assimilation over Hungary with using of Surfex 
model  .............................................................................................................................. 84 
H. Tóth, Hungarian Meteorological Service, Hungary 
B. Szintai, L. Kullmann 

P2.15 Improved field method for determining land surface emissivity ............................................ 85 
F.- M. Göttsche, Karlsruhe Institute of Technology, Germany 
F. S. Olesen, G. C. Hulley 

P2.16 Assessment of interpolation and approximation algorithms for high temporal and spatial 
resolution image time series ................................................................................................. 86 
J. Inglada, CESBIO, France 
I. Rodes, M. Arias, M. Kadiri, O. Hagolle 
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P2.17 Field Directional Reflectance and Albedo Measurement Using Digital Hemispherical 
Photography (DHP) .............................................................................................................. 86 
C. Jiang, Chinese Academy of Sciences, China 
H. Fang 

P2.18 Surface Temperature Anomalies monitoring over the Amazon forests ................................ 87 
J. C. Jiménez-Muñoz, University of Valencia, Spain 
J. A. Sobrino, C. Mattar, Y. Malhi 

P2.19 Remote sensing on grassland growth monitoring and its correlativity with the 
meteorological factors in temperate grassland, northern China ........................................... 87 
Y. Jin, Chinese Academy of Agricultural Sciences, China 
B. Xu, J. Qiu, X. Yang, Q. Wu, H. Ma, J. Li, F. Zhao 

P2.20 Retrieving and broadcasting near-real time biophysical parameters from MODIS and 
SEVIRI receiving stations at the Global Change Unit of the University of Valencia ............. 88 
Y. Julien, University of Valencia, Spain 
J. A. Sobrino, G. Sòria, J. C. Jiménez -Muñoz, D. Skokovic 

P2.21 Deforestation and forest degradation mapping over Kenya using medium resolution 
(MODIS) time-series data and thematic forest loss maps from 2000 to 2012 ...................... 89 
T. Landmann, International Center of Insect Physiology and Ecology, Kenya 
O. Dubovyk, G. Mosomtai 

P2.22 Experimental study of angular effects on radiometric surface temperature measurement ... 89 
S. Peng, Chinese Academy of Sciences, China 
B.-H. Tang, H. Wu, R. Tang, Z.-L. Li 

P2.23 Beyond Sentinel-2 time series: complementing Sentinel-2 observations with two-day 
monitoring for precision agriculture applications .................................................................. 90 
M. Díez, Elecnor Deimos Imaging, Spain 
C. Moclan, A. Romo, F. Pirondini 

P2.24 Effects of Soil Moisture Content on Reflectance Anisotropy ................................................ 91 
P. Roosjen, Wageningen University, The Netherlands 
H. Bartholomeus, J. Clevers 

P2.25 Evaluating thermal image sharpening over irrigated crops in a desert environment ............ 91 
J. Rosas, King Abdullah University of Science and Technology, Kingdom of Saudi Arabia 
M. McCabe, R. Houborg, F. Gao 

P2.26 Estimate of daily surface albedo over highly heterogeneous area on the Tibetan Plateau 
using geostationary data ...................................................................................................... 92 
L. Roupioz, CNRS - U. Strasbourg, France 
F. Nerry, L. Jia, M. Menenti 

P2.27 Energy release by forest fires in China................................................................................. 93 
P. Salvador, LATUV, Spain 
J. Sanz, J. Rodríguez, V. Molina, J.L. Casanova 

P2.28 Use of low-resolution satellites for permanent pasture yield estimation at regional scale .... 93 
L. Seguini, European Commission Joint Research Centre, Italy 
R. Lopez-Lozano, S. Garcia Condado, G. Duveiller, B. Baruth  

P2.29 Production of land surface temperature for JPSS mission ................................................... 94 
Y. Yu, NOAA/NESDIS, USA 
Y. Liu, P. Yu, Z. Wang, I. Csiszar 

P2.30 Spatio-temporal evaluation of spectral indices in a forest environment and implications for 
change detection .................................................................................................................. 94 
F. Thonfeld, University of Bonn, Germany 
H. Feilhauer, G. Menz, O. Dubovyk 
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P2.31 Anomalies and Trends in Vegetation Responses to Climate Change from Global Satellite 
Observations ........................................................................................................................ 95 
A. Verger, CREAF, Catalonia, Spain 
F. Baret, I. Filella, J. Peñuelas  

P2.32 WSN-based coarse scale albedo observation and its representation evaluation ................. 96 
X. Wu, Chinese Academy of Sciences, China 
J. Wen, J. Peng, Q. Liu, B. Dou, X. Li, Y. Tang, Q. Xiao 

P2.33 Reconstruction of global NDVI time series dataset using a hybrid model ............................ 97 
J. Zhou, State Key Laboratory of Remote Sensing Science, China 
L. Jia, M. Menenti 

P2.34 Optimization of Samples Layout in Spatial Sampling Schemes for Estimating Winter Wheat 
Planting Acreage .................................................................................................................. 97 
D. Wang, Ministry of Agriculture, China 
Z. - L. Li, Q. - B. Zhou, J. Liu  

P2.35 Towards Buildings’ Automatic Change Detection (Build-ACD) using VHSR Satellites 
Images: Application to Tetuan (Morocco) ............................................................................. 98 
O. Benarchid, University of Abdelmalek Essaadi, Morocco 
N. Raissouni, J.A. Sobrino 

P2.36 Application of the Mean-shift Segmentation Parameters Estimator (MSPE) to VHSR 
satellite images: Tetuan-Morocco ........................................................................................ 99 
O. Benarchid, University of Abdelmalek Essaadi, Morocco 
N. Raissouni 

P2.37 ForestBiomass – Multi‐sensor remote sensing to assess aboveground forest biomass 
within a new German research project ............................................................................... 100 
C. Berger, University of Jena, Germany 
C. Thiel, F. Enssle, F. Fassnacht, C. Schmullius, B. Koch 

P2.38 Effect of Qinghai-Tibet (Qingzhang) Railroad on Vegetation Abundance .......................... 100 
G. Wang, China University of Geosciences, China 
A. R. Gillespie, S. Liang 

P2.39 Effectiveness of MISR multiangular observations in the new generation of Earth 
Observation Land Data Assimilation System (EO-LDAS) .................................................. 101 
M. Chernetskiy, Friedrich Schiller University, Germany 
N. Gobron, J. Gómez -Dans, P. Lewis, C. Schmullius 

P2.40 Crop cycle monitoring by combining medium and high resolution optical imagery ............. 102 
F.J. García-Haro, Universitat de València, Spain 
C. Gevaerts, M. Campos 

P2.41 A novel approach to burned area detection using edge-preserving data assimilation and a 
spectral model of burned scenes ....................................................................................... 103 
J. Gómez-Dans, University College London, United Kingdom 
P. Lewis, M. Disney, D. Roy, M. Wooster 

P2.42 Characterizing the surface dynamics for land cover mapping: current achievements of the 
land cover component of the ESA Climate Change Initiative ............................................. 103 
C. Lamarche, Université catholique de Louvain, Belgium 
S. Bontemps, A. Verhegghen, J. Radoux, E. Vanbogaert, V. Kalogirou, F-M. Seifert, O. 
Arino, P. Defourny  

P2.43 The assimilation of remote sensing data to overcomeinsecurities of model 
parameterization ................................................................................................................ 104 
M. Machwitz, Centre de Recherche Public - Gabriel Lippmann, Luxemburg 
C. Bossung, L. Giustarini, R. Retzlaff, P. Willems, M. Schlerf, T. Udelhoven 
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P2.44 A first evaluation of an operational method to estimate actual evapotranspiration by using 
MODIS data over the semi-arid region of Chile .................................................................. 105 
L. Olivera-Guerra, University of Chile, Chile 
C. Mattar, C. Durán-Alarcón, A. Santamaría-Artigas, R. Fuster. 

 
13:30 – 15:00 Pausa Comida / Lunch break 
 
15:00 – 17:00 Sesión Oral / Oral session 

SESSION 6:  - Carbon and Water Cycle Observation and Modelling 
Presidentes/Chairpersons: G. CHEHBOUNI, A. OLIOSO 

S6.1 Application of Thermal-based Two-Source Energy Balance Model for Estimating Vineyard 
Evapotranspiration at Field and Regional Scales ............................................................... 106 
W. Kustas, USDA, USA 
M. Anderson, K. Semmens, J. Prueger, L. McKee, J. Alfieri, F. Gao, C.Hain, H. Geli, C. 
Neale, L. Sanchez, M. Mendez-Costabel. 

S6.2 Remote Sensing and Surface-atmosphere interactions in Drylands : Lessons learned, 
current status and future challenges .................................................................................. 107 
A. G. Chehbouni, CESBIO, France 
L. Jarlan, O. Merlin, G. Boulet, R. Escadafal, S. Khaba, S. Erraki, L. Hanich, C. Watts, D. 
Goodrich, Y. Kerr, S Sorooshian 

S6.3 Evaluation of EVASPA, a tool for mapping evapotranspiration from space ........................ 107 
A. Olioso, INRA, France 
B. Gallego-Elvira, M.Bahir,  A.G. Garcia, J. Hunink, Y. Inoue, A. Baille, G. Boulet, O. 
Boutron, P. Chauvelon, C. Di Bella, S. Garrigue, O. Marloie, B. Martin, O. Merlin, M. Mira, 
S. Reyes-Castillo, V. Rivalland, M. Weiss 

S6.4 Evapotranspiration and water stress retrieval performances of single-pixel energy balance 
models over irrigated and rainfed agricultural crops ........................................................... 108 
G. Boulet, CESBIO, France 
B. Mougenot, Z. Lili-Chabaane, P. Fanise, A. Olioso, M. Bahir, V. Rivalland, L. Jarlan, B. 
Coudert, J.-P. Lagouarde. 

S6.5 Remote Sensing of Water Resources in the semi-arid Mediterranean areas: The Joint 
International Laboratory TREMA ........................................................................................ 109 
L. Jarlan, CESBIO, France 
S. Khabba, M. Le Page, S. Er-Raki, L. Hanich, Y. Fakir, S. Mangiarotti, J. Ezzahar, M.H. 
Kharrou, B. Berjamy, O. Merlin, A. Saaïdi, S. Gascoin, A. Boudhar, M. Leblanc, G. Boulet, 
A. Benkaddour, J. Abaoui, A. Tavernier, V. Simonneaux, F. Driouech, S. Belaqziz, G. 
Bigeard, F. Raibi, J. Chirouze, B. Coudert, L. Drapeau, M. El Adnani, A. El Fazziki, O. 
Hagolle, N. Laftouhi, A. El Mandour, A. Marchane, A. Diarra, G. Aouade, J. Toumi, Y. 
Hajhouji, P. Fanise, H. Ibouh, N. Filali,  B. Mougenot, H. Marah, A. Mokssit, Y. Kerr, G. 
Chehbouni 

 
17:00 – 17:30 Pausa café / Coffee break 
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17:30 – 19:00 Sesión Oral / Oral session 
  SESSION 7:  - Carbon and Water Cycle Observation and Modelling 
  Presidentes/Chairpersons: G. CHEHBOUNI, A. OLIOSO 
S7.1 Influence of atmospheric variability on turbulent flux estimates over the heterogeneous 

Barrax site .......................................................................................................................... 110 
W. Timmermans, University of Twente, The Netherlands 
A. Andreu, F. Porté-Agel, J. D. Albertson 

S7.2 Global monitoring of agricultural productivity with spaceborne measurements of sun-
induced chlorophyll fluorescence ....................................................................................... 111 
L. Guanter, Freie Universität Berlin, Germany 
Y. Zhang, M. Jung, J. Joiner, M. Voight, J. A. Berry, C. Frankenberg, A. Huete, P. Zarco-
Tejada, J. E. Lee, M. Susan Moran, G. Ponce-Campos, C. Berr, G. Camps-Valls, N. 
Buchmann, D. Gianlelle, K. Klumpp, A. Cescatti, J. M. Baker, T. J. Griffis 

S7.3 Re-introducingradiometric surface temperature into Penman-Monteith equation for 
estimating surface energy balance fluxes and conductances ............................................ 112 
K. Mallick, Centre de Recherche, Public – Gabriel Lippmann, Luxembourg 
E. Boegh, M. Schlerf, L. Hoffmann, A. Jarvis 

S7.4 Using field observations and satellite data for the energy and water cycle study over 
heterogeneous landscape of the Tibetan Plateau and surrounding region ........................ 113 
Y. Ma, Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing, 
China 
B. Wang, C. Han, L. Lu, Z. Zhu, P. M. Amaty 

 
19:00 – 21:00 Cena / Dinner 
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MIÉRCOLES 24 SEPTIEMBRE 2014 – WEDNESDAY 24th SEPTEMBER 2014 
 
 
9:15 – 10:30 Sesión Oral / Oral session 
  SESSION 8: - Scaling, fusion, reduction and assimilation of data  
  Presidentes / Chairpersons: J. MORENO, P.J. ZARCO-TEJADA   
S8.1 Data fusion techniques for mapping daily water use and vegetation stress at field scales. 114 

M. C. Anderson, USDA-ARS, Beltsville, MD, USA 
C. Cammalleri, K. Semmens, F. Gao, C. Hain,W. P. Kustas 

S8.2 Use of Near-Real-Time Albedo and Leaf Area Index in the ECMWF Integrated Forecasting 
System: preliminary results and perspectives .................................................................... 114 
S. Boussetta, ECMWF, UK 
E. Dutra, G. Balsamo, A. Beljaars 

S8.3 Data Assimilation of Optical EO data using Spatial and Temporal Regularisation ............. 115 
J. Gómez-Dans, University College London, UK 
P: Lewis, M. Disney, T. Kaminski, P. van Bodegom, J. Styles, P. P. Mathieu 

 
10:30 – 11:00 Pausa café / Coffee break 
 
 
11:00 – 12:00 Sesión Oral / Oral session 
  SESSION 9: - Passive and actives microwaves & SAR data 
  processing/applications 
 Presidentes / Chairpersons: Y. KERR, J. SHI 
S9.1 SMOS mains results over land after 4 years in orbit  ......................................................... 116 

Y. H. Kerr, CESBIO, France 
J.-P. Wigneron, P. Ferrazzoli, P. Richaume, P. Waldteufel, A. Mialon, A. AlBitar, S. 
Bircher, F. Cabot, A. Choné, D. Leroux, B. Molero, M. Parrens, N. Rodriguez, A.  Alyaari, 
J. Grant, S. Delwart, M. Drusch, S. Mecklenburg 

S9.2 A review of the latest improvements in the L-MEB Model (SMOS mission) ....................... 116 
J. P. Wigneron, INRA, France 
Y. Kerr, M. Schwank, E. Lopez Baeza, M. Parrens, R. Fernandez, A. Alyaari, S. Wang, P. 
Richaume, S. Bircher, A. Mialon, A. Al Bitar, H. Lawrence, J. P. Grant, M. Miernecki,  A. 
Mahmoodi, S. Delwart, M. Drusch, S. Mecklenburg 

S9.3 Spanish Earth Observation Satellite System ...................................................................... 117 
M. López, CDTI, Spain 

 
 
12:00 – 13:30 Sesión Poster / Poster session 
  SESSION 3: - Carbon and Water Cycle Observation and Modelling 

 - Land Cover/Use and Change 
  - Global Change and sustainable development 
  - Laser active remote sensing and fluorescence 

P3.01 Using Remote Sensing to Characterize the Influence of Field-Scale Heterogeneity on In-
Site Measurements of Evapotranspiration. ......................................................................... 118 
J. Alfieri, Agricultural Research Service (USDA), USA 
W. Kustas, J. Prueger, C. Neale 

P3.02 Influence of thermal component derivation for dual source energy flux estimates over a 
drip-irrigated vineyard. ........................................................................................................ 118 
A. Andreu, IFAPA, Spain 
W. Timmermans, D. Skoković, M. P. González-Dugo 
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P3.03 Validation of evapotranspiration maps from 100-m to the 1-km scale over a semi-arid 
irrigated agricultural area .................................................................................................... 119 
M. Bahir, CESBIO, France 
G. Boulet, J. Chirouze, A. Olioso, V. Rivalland, B. Gallego-Elvira, M. Mira, O. Merlin, L. 
Jarlan, J.P. Lagouarde 

P3.04 Evapotranspiration estimation from Surface Energy Balance and SVAT Models with 
thermal infrared monitoring over agricultural landscapes ................................................... 120 
G. Bigeard, CESBIO, France 
B. Coudert, L. Jarlan, S. Er-Raki 

P3.05 Use of remote sensing data fusion for daily evapotranspiration monitoring at watershed 
scale over a dehesa ecosystem ......................................................................................... 121 
E. Carpintero, IFAPA Centro Alameda del Obispo, Spain 
K. Semmens, M.C. Anderson, A. Andreu, F. Gao, W.P. Kustas, M.P. Gonzalez-Dugo 

P3.06 Forcing a land surface model with satellite-derived biophysical products in the Sahel: 
Impacts of carious sources on the simulated energy and water cycles .............................. 122 
J. Demarty, HydroSciences Montpellier, France 
P.-A. Solignac, B. Cappelaere, D. Feurer, C. Ottlé, T. Vischel, S. Saux-Picart, I. 
Mainassara 

P3.07 Improved Regional Evapotranspiration from the Penman-Monteith Equation Accounting for 
the Influence of Soil Moisture Variation .............................................................................. 122 
S. Di, CAS, China 
Z.-L. Li, R.-L. Tang, H. Wu, B.-H. Tang, J. Lu 

P3.08 Improving Remote Sensing Derived Dry Matter Productivity By Reformulating The 
Efficiency Factors: Case Studies For Wheat And Maize .................................................... 123 
Y.O. Durgun, VITO, Belgium 
S. Gilliams, G. Duveiller, B. Djaby, B. Tychon 

P3.09 Evaluating satellite-based evapotranspiration estimates over irrigated agriculture in a 
desert environment............................................................................................................. 124 
R. Houborg, King Abdullah University of Science and Technology, Kingdom of Saudi 
Arabia 
M. McCabe, J. Rosas, O. Lopez, M. Anderson, C. Hain   

P3.10 Separation of Overstory and Understory Leaf Area Index over Global Forest Area by 
Combination of MODIS and MISR Data ............................................................................. 125 
Y. Liu, Institute of Geographic Sciences and Natural Resources Research, China 
R. Liu, T. Jiao, J. M. Chen 

P3.11 Comparison of daily evapotranspiration estimation from two temporal information-based 
models over the Southern Great Plains.............................................................................. 125 
J. Lu, CAS, China 
Z.-L. Li, R. Tang 

P3.12 Estimation of water requirements and biomass of maize crops using high spatial and 
temporal resolution images and a simple crop model, in the perspective of the Sentinel 2 
mission  ............................................................................................................................ 126 
M. Battude, CESBIO, France 
D. Morin, V. Simonneaux, A. Al Bitar, J. Cros, L. Lhuissier, V. Demarez  

P3.13 Mapping daily gross primary production over Africa using SEVIRI/MSG satellite products 127 
B. Martínez, Universitat de València, Spain 
A. Moreno, S. Sánchez, F.J. García-Haro, F. Camacho, M.A. Gilabert, J. Meliá, J. Ardö, 
W. Kutsch 

P3.14 Spectroradiometer characterization for continuous operation in an Eddy Covariance flux 
tower  ............................................................................................................................ 128 
J. Pacheco-Labrador, SpecLab (CSIC), Spain 
M. P. Martín 
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P3.15 Remote Sensing for Monitoring Irrigation Practice ............................................................. 129 
M. Romaguera, University of Twente, The Netherlands 
M.S. Krol, M.S. Salama, Z. Su, A.Y. Hoekstra 

P3.16 Monitoring crop water budget and irrigation consumption using high and low resolution 
NDVI image time series. Calibration and validation in the Kairouan plain (Tunisia) ........... 129 
S. Saadi, INAT, Tunisie 
V. Simonneaux, G. Boulet, Z. Lili Chabaane, B. Mougenot, P. Fanise, H. Ayari, M. Zribi 

P3.17 Impact of water stress on GPP estimation from remote sensing data in Mediterranean 
ecosystems ........................................................................................................................ 130 
S. Sánchez-Ruiz, Universitat de València, Spain 
A. Moreno, B. Martínez, M. Piles, F. Maselli, A. Carrara, M. A. Gilabert 

P3.18 Field to regional scale mapping of energy, water, and carbon fluxes through remotely 
sensed indicators of light-use-efficiency ............................................................................. 131 
M. A. Schull, USDA ARS, USA 
M. C. Anderson, K. Semmens, B. Kustas, R. Houborg   

P3.19 Using daily field-scale evapotranspiration (ET) derived with multi-sensor data fusion for 
monitoring crop condition and yield in central Iowa, United States .................................... 132 
K. Semmens, USDA ARS, USA 
M. Anderson, F. Gao, W. Kustas, I. Mladenova, C. Cammalleri, C. Hain, D. Johnson, J. 
Otkin, J. Prueger 

P3.20 On the temporal upscaling of instantaneous evapotranspiration from the constant 
reference evaporative fraction method using public weather forecast information ............. 132 
R. Tang, CAS, China 
Z.-L. Li 

P3.21 Estimation of carbon and water budgets for crops by combining remote sensing data with 
a crop model and validation with ground data .................................................................... 133 
A. Velosos, CESBIO, France 
M. Battude, M. Claverie, J. F. Dejoux, O. Hagolle, C. Marais-Sicre, M. Huc, J.Inglada, J. 
Cros, A. Brut, M. Ferlicoq, E. Ceschia, V. Demarez 

P3.22 Spatial scaling of remotely sensed evapotranspiration for heterogeneous land surfaces .. 134 
H. Wu, CAS, China 
R. Tang, B.-H. Tang, Z.-L. Li 

P3.23 Global sensitivity analysis of the A-SCOPE model in support of future FLEX fluorescence 
retrievals  ............................................................................................................................ 135 
J. Verrelst, University of Valencia, Spain 
J. P. Rivera, C. van der Tol, F. Magnani, G. Mohammed, J. Moreno  

P3.24 A protocol to use quantitative remote sensing to validate the capacity of DGVMs to 
represent albedo and land surface temperature per plant functional type at a                 
sub-grid level ...................................................................................................................... 136 
G. Duveiller, European Commission Joint Research Centre, Italy 
R. Alkama, A. Cescatti  

P3.25 Filtering of airborne lidar point clouds by combining a morphological filter and a causal 
autoregressive model ......................................................................................................... 136 
L. Sui, Chang’an University, China 
K. Lu, C. Su 

P3.26 Grassland and arable land differentiation to update a Land Management Model .............. 137 
M. Gómez, University of Zurich, Switzerland 
A. Keller, M. Schaepman, R. Jong   

P3.27 Remote sensing of grassland desertification change in Horqin in recent 30 years ............ 137 
J. Li, Chinese Academy of Agricultural Sciencies, China 
X. Yang, Y. Jin, F. Zhao, S. Chen, L. Zhao, H. Ma, Z. Qin, B. Xu   
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P3.28 Potential summer crop detection using high spatial resolution image time series .............. 138 
C. Marais-Sicre, CESBIO, France 
J. Inglada, R. Fieuzal, S. Valero, J. Cros, M. Huc   

P3.29 Multisource analysis strategies for remote sensing change detection ................................ 139 
E. Martínez, UPM, Spain 
I. Molina, A. Arquero   

P3.30 Intensity of human lights and analysis of nocturnal background radiance using VIIRS day-
night band .......................................................................................................................... 139 
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Mongolia  ............................................................................................................................ 147 
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      -Sensor calibration, atmospheric correction and product validation 
  Presidente / Chairperson: J. C. CALVET, F. CAMACHO 
S12.1 Multi-year global land cover mapping at 300 m and characterization for climate modelling: 
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Initiative  ............................................................................................................................ 160 
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surface model ..................................................................................................................... 161 
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Land Product Validation ..................................................................................................... 162 
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10:30 – 11:00 Pausa café / Coffee break 
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  SESSION 13: - Sensor calibration, atmospheric correction and product  
  validation 
  Presidentes / Chairpersons: M. WEISS, F. NERRY 
S13.1 Landsat-8 TIRS Radiometric Performance ......................................................................... 163 
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12:00 – 13:30 Sesión Poster / Poster session 

SESSION 4:- Sensor Calibration, Atmospheric Correction and Product 
Validation 
- Passive and actives Microwaves & SAR Data Processing Applications 
- Earth Observation Missions & Services 
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R. Pérez, G. González, F. Pedrera, M. J. Latorre  
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region  ............................................................................................................................ 166 
L. Chen, CAS, Chinese Academy of Sciences, Beijing, China 
M. Zou, J. Tao, M. Fan, B. He 
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20:30 Cena de Gala / Gala Dinner 
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12:30 – 13:00 Refrigerio / Refreshments & Snacks 
 
 
  



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

31 

 
 
 
 
 
 
 
 
 
 
 

WELCOME MESSAGE 

 
 
 
 
 
 
 We are pleased to welcome you to the fourth International Symposium on Recent 
Advances in Quantitative Remote Sensing, which will be held in Valencia, Spain, from 22 
to 26 September, 2014. 
 
 
 The Symposium addresses the scientific advances in connection with real 
applications, its main goal being to assess the state of the art of both theory and 
applications in the analysis of Remote Sensing data. This symposium should greatly 
contribute to define common research priorities. 
 
 
 The Symposium will offer a unique framework for socializing and interacting with 
the members of the international remote sensing community, at the same time enjoying a 
stay in Valencia. 
 
 
 Presentations by scientists from around the world will provide an in-depth view 
and evaluation of the current advances of remote sensing. 
 
 
 
See you in Valencia! 
 
 
 
Cordially 
José A. Sobrino 
Symposium Chairman 
Universitat de València 
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TRANSITIONING VIIRS OBSERVATIONS INTO  
THE GLOBAL AGRICULTURE MONITORING (GEOGLAM) SYSTEM: 

STATUS AND LONG-TERM PROSPECTIVE 
 

Vermote E.F.1, Justice C.2 and Becker-Reshef I.2 
1NASA Goddard Space Flight Center, Code 619, Greenbelt, MD 20771, USA 

email: evermote@umd.edu 
2Department of Geographical Sciences, University of Maryland, College Park, MD 20742, USA 

 
Surface reflectance is one of the key products from VIIRS and as with MODIS, is used in 

developing several higher-order land products. The VIIRS Surface Reflectance (SR) IP is based on the 
heritage MODIS Collection 5 product (Vermote et al. 2002). The quality and character of surface reflectance 
depends on the accuracy of the VIIRS Cloud Mask (VCM) and aerosol algorithms and of course on the 
adequate calibration of the sensor. Early evaluation of the VIIRS SR product in the context of the maturity of 
the operational processing system, the Interface Data Processing System (IDPS) has been a major focus of 
work to-date. We will present the calibration performance and the role of the surface reflectance in calibration 
monitoring, the performance of the cloud mask with a focus on vegetation monitoring (no snow conditions), 
the performance of the aerosol input used in the atmospheric correction, some quantitative results of the 
performance of the SR product over the AERONET sites. Based on those elements and further assessment, 
we will address the readiness of the SR product for agricultural monitoring and integration into the global 
agricultural monitoring (GLAM) system developed at UMd.  Finally from the lessons learned, we will 
articulate a set of critical recommendations to ensure consistency and continuity of the JPSS mission with the 
MODIS data record for agricultural monitoring. 
 
 

OPTICAL-THERMAL SURFACE-ATMOSPHERE RADIATIVE TRANSFER 
MODELLING WITH DIRECT-DIFFUSE ATMOSPHERIC TRANSFER 

FUNCTIONS AND SURFACE REFLECTANCE FACTORS 
 

Wouter Verhoef 1, Christiaan van der Tol 1 
1 University of Twente, Faculty of Geo-Information Science and Earth Observation ITC 

Tel. +31-53-4874289, Fax.  +31-53-4874336 
e-mail w.verhoef@utwente.nl 

 
Radiative transfer in the surface-atmosphere system can be described effectively with the so-called 

four-stream approach, which considers direct solar radiation, upward and downward diffuse fluxes, and the 
radiance in the observer’s direction. Analyzing all possible radiative interactions between the Earth’s surface 
and the atmosphere, for the surface we can identify four essential reflectance factors, two fluorescence terms, 
and in addition two thermal emissivities can be distinguished. For the atmosphere a total of 18 spectral 
transfer functions can be defined. These functions are uniformly applicable to the entire optical-thermal 
range, and they can be derived from four model runs with a radiative transfer code like MODTRAN. A 
Model Interrogation Technique (MIT) can be applied to extract the spectra of all 18 transfer functions from 
the outputs of the four model runs. The so-called T-18 system of atmospheric transfer functions can deal with 
problems related to the finite width of spectral bands, which leads to a violation of Beer’s Law in strong 
atmospheric absorption bands. The system can be applied for the forward modelling of surface-atmosphere 
interactions involving surface BRDF effects, adjacency effects, directional fluorescence and directional 
thermal emissivity. It has been applied already for the generation of simulated Sentinel-3 satellite images. In 
addition, it can be used to study the impact of certain approximations often applied in the atmospheric 
correction of remotely sensed images, like the Lambertian assumption, and the assumption of a uniform 
Earth’s surface. A particular application is illustrated with the generation of a database of simulated 
observations of vegetation reflectance and fluorescence by coupling the model SCOPE (Soil-Canopy-
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Observations, Photosynthesis and Energy balance) with MODTRAN5. For the calculation of the direct and 
diffuse incident radiation spectra at ground level, the propagation of emitted vegetation canopy fluorescence 
and for the calculation of top-of-atmosphere radiance spectra, use was made of the T-18 system of 
atmospheric transfer functions. 
 
 

PROTOTYPING OF PHYSICALLY BASED METHODS TO RETRIEVE LEAF 
AREA INDEX AND CANOPY WATER CONTENT FROM SATELLITE DATA 

 
M. Campos-Taberner1, F.J. García-Haro1, F. Camacho2, G. Camps-Valls3, M.A. Gilabert1, B. Martínez1, 

A. Moreno1, S. Sánchez1, J. Meliá1 
1Facultat de Física, Universitat de València, Dr. Moliner, 50. 46100-Burjassot, Spain 

2EOLAB, Parc Científic Universitat de València. Catedrático José Beltrán, 2. 46980 Paterna,  
3IPL, Parc Científic Universitat de València, C/ Catedrático José Beltran, 2. 46980 Paterna 

 
Regional scale vegetation monitoring and yield forecasting require the estimation of biophysical parameters, 
such as Leaf Area Index (LAI), biomass and canopy water content (CWC). The CWC is also targeted for fire 
risk and drought monitoring. The estimation of these biophysical parameters from remotely sensed data 
represents a challenging and important topic. Methods relying on vegetation indices have been used to predict 
bio-physical variables from reflectance data adopting a semi-empirical approach. However, the lack in 
transferability, generalization capability, or robustness may make difficult their application to other agro-
ecological zones.  
This work presents a methodology for jointly retrieval of CWC and LAI from coarse resolution satellite data. 
The method combines the use of databases generated by radiative transfer models (PROSAIL) and powerful 
nonlinear regression approaches. The advantage of physical models is that they can be coupled each other, 
thereby providing a physically-based linkage between optical data and biochemical or structural state 
variables. Suitable parameter combinations of leaf and optical properties were used as inputs into the model 
to avoid unrealistic simulated spectra. 
During the CDOP-2 phase of the EUMETSAT Satellite Application Facility on Land Surface Analysis (LSA 
SAF), it is foreseen the development of a processing chain of LAI and CWC products from AVHRR/Metop. 
The feasibility of the proposed methodology is demonstrated using prototyping exercises on available satellite 
data (MODIS/EOS, SEVIRI/MSG). The derived maps are evaluated by the inter-comparison with similar 
products such as Copernicus Global Land. 
 
 

EVALUATION OF LIBRADTRAN RADIATIVE TRANSFER MODEL FOR 
REMOTE SENSING APPLICATIONS 

 
L. Carretero, E. de Miguel and  M. Jiménez 

Área de Teledetección, Instituto Nacional de Técnica Aeroespacial (INTA),  
Cta de Ajalvir s/n, Torrejón de Ardoz, 28850 Madrid, Spain. 

carreteroml@inta.es 
 
LibRadtran Radiative Tranfer Model (RTM) is a free software package available from 
http://www.libradtran.org, commonly used so far in atmospheric applications. However, its flexibility in how 
and what input may be specified could make possible its implementation in remote sensing (RS) atmospheric 
correction and image simulations. 
In this study we present a comparison, focused in RS applications, between libRadtran and the MODerate 
resolution atmospheric TRANsmission code (MODTRAN), which is the standard RTM currently used in RS. 
We compare as well modelled data obtained with libRadtran and field measurements performed with the 
ASD FieldSpec3 (ASD-FS3) spectroradiometer. 
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For this purpose, we have compared at-surface VNIR (0.4 to 1.1 µm) and SWIR (2.0 to 2.2 µm) spectral 
global irradiance measurements performed with the spectroradiometer ASD-FS3 and the simulations 
modelled with the RTM libRadtran. Experimental data were obtained on 4 July 2013, during the SUNIR13 
campaign, which took place in Dehesa de la Villa (Madrid), near the AErosol RObotic NETwork 
(AERONET) station. Modelled results differ less than 10 % with the experimental data out of absorption 
zones, which can be associated mainly with instrument calibration errors and uncertainties in the atmospheric 
conditions.  
In addition, we have compared at-surface VNIR and SWIR spectral direct irradiance and at-sensor VNIR-
SWIR plus TIR spectral radiance obtained by the two RTMs, libRadtran and MODTRAN, for several cases 
concerning different solar positions, observation geometries and atmospheric parameters (water vapour and 
aerosol content), in order to notice their influence in the results. In general, we have obtained equivalent 
results with libRadtran and MODTRAN except in absorption features, where there could be significant 
differences depending on the slit function used. LibRadtran calculations were generated using the line by line 
atmospheric transmittance and radiance model genln2 and the low-resolution (20 cm-1) propagation band 
model LOWTRAN, and MODTRAN calculations were performed employing different resolution band 
models (0.1 and 15 cm-1 ).  
The results obtained in this paper are a previous step for the use of libRadtran in RS applications at INTA, as 
an alternative to MODTRAN. 
 
 
A REMOTE SENSING MODEL INTEGRATION PLATFORM ORIENTED THE 

QUANTITATIVE REMOTE SENSING RESEARCH: DESIGN AND 
IMPLEMENTATION 

 
Yongming Du, Hua Li, Qinhuo Liu, Biao Cao, Heshun Wang 

State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earth, Chinese 
Academy of Sciences, Beijing 100101, China 

Tel/Fax: +86 1064889229 E-mail: Duym@radi.ac.cn 
 
With the development of remote sensing technology in the past forty years, scholars from all over the world 
have carried out a lot of research in the field of the electromagnetic wave propagation in the earth's surface 
environment and the generating mechanism of remote sensing information. A large number of research 
achievements have been accumulated in the form of various scale models. Remote sensing models based on 
the physical principle have been widely applied to different fields of quantitative analysis of remote sensing 
data.  
The purpose of the model integration is to build a universal calculation circumstance, in which the remote 
sensing models can be freely recalled and jointed. Our platform includes 4 parts. They are the basic dataset, 
models library, link module and interface module. The basic dataset includes a spectral library, land cover 
maps, atmospheric profile data and field measured data. These are the input data to drive the remote sensing 
models. The models library is a dataset in which stored records of the remote sensing models’ information. 
The link module is the core component, whose duty is to transfer the parameters between the remote sensing 
models and the platform. By this way the platform can assign the models’ input parameters, recall the models 
and read the models output results. The interface module offers an interactive interface for user to operate the 
platform, also plot the data output from models on the screen. The interface module includes a set of 
redevelop language. With the help of the redevelop language we can make the model variable assignment, 
circulation, judgment, logic operations and so on. By this way we can unify multiple models by jointing their 
inputs and outputs, and realize complex simulation which single model cannot achieve, to assist to carry out 
the quantitative remote sensing research.  
This paper introduces our design of the remote sensing model integration platform, the key technologies in 
implementation process of the platform, the current development stage. Till now we have integrated a limited 
number of models into the platform, including SAIL, PROSPECT, 6S. In the end we demonstrate a set of 
simulation test, which is used to verify the correctness of the integration platform. 
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PARAMETERIZING A SPLIT-WINDOW ALGORITHM FOR MTSAT 
SATELLITES USING COINCIDENT MODIS DATA 

 
Ali Ershadi1, Matthew McCabe2, Luigi Renzullo3  

1University of NSW, Sydney, Australia 
2The King Abdullah University of Science & Technology, Saudi Arabia 

3CSIRO, Australia 
 
Obtaining high-temporal resolution land surface temperature data from geostationary satellites provides an 
important source of data for a range of application, including hydrological monitoring and forecasting at 
regional to continental scales. Traditionally, synthetic data from a Radiative Transfer Model (RTM) have 
been used for parameterizing so called split-window algorithms in order to convert geostationary multi-band 
brightness temperatures to surface temperatures. Instead of utilising synthetic data, we explore the use of 
coincident surface temperature retrievals from the Moderate Resolution Imaging Spectroradiometer (MODIS) 
sensor. These data are then used to parameterize a generalized split-window algorithm to convert at sensor 
data from the Multi-functional Transport Satellites MTSAT-1R and MTSAT-2 radiance measurements, with 
a focus on developing a continental scale surface temperature product over Australia. Application of the 
parameterized split-window model resulted in relatively accurate surface temperature estimations, with R2 
values greater than 0.96 and root mean squared difference of less than 2.4K. In comparison, using a 
parameterisation scheme based on synthetic radiative transfer model simulations showed reduced efficiency 
surface temperature estimates, with R2 less than 0.9 and root mean squared difference greater than 8.8K. The 
results imply the need for caution in the interpretation of the radiative transfer based split-window model 
parameterizations, and the potential advantages of cross-sensor validation/parameterization using available 
MODIS T_s products. 
 
 

A THREE-CHANNEL METHOD FOR ESTIMATING LAND SURFACE 
TEMPERATURE FROM MODIS DATA FOR DUST AEROSOL SKIES 

 
Xiwei Fan1, 2, 3, Bo-Hui Tang1, 3, Hua Wu1, Guangjian Yan4, Zhao-Liang Li5 

1State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences 
and Natural Resources Research, Chinese Academy of Sciences, Beijing, 100101, China; E-Mails: fan-

xiwei@163.com; tangbh@igsnrr.ac.cn; wuhua@igsnrr.ac.cn  
2University of Chinese Academy of Sciences, Beijing, 100049, China 

3ICube, UdS, CNRS, 300 Bld Sebastien Brant, CS10413, 67412 Illkirch, France 
4State Key Laboratory of Remote Sensing Science, School of Geography, Beijing Key Laboratory for Remote 

Sensing of Environment and Digital Cities, Beijing Normal University, Beijing 100875, China; E-Mail: 
gjyan@bnu.edu.cn 

5Key Laboratory of Agri-informatics, Ministry of Agriculture/Institute of Agricultural Resources and 
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing, 100081, China; E-Mail: 

lizhaoliang@caas.cn 
 
Land surface temperature (LST) is one of the key parameters in the physics of land-surface processes on 
regional and global scales. Many algorithms up to now have been proposed for estimating LST from remotely 
sensed data. Note that a default aerosol type (rural aerosol) and a fixed aerosol loading (ground horizontal 
visibility equals to 23 km) were commonly used in the development of those algorithms. The effects of 
different aerosol types and loadings on the estimation of LST have not been considered. However, numerical 
simulations show that a significant bias up to -3 K is found at nadir view if dust aerosol is not considered in 
the LST retrieval algorithm, which imply that the effect of dust aerosol on the estimating of LST should not 
be ignored. This work focuses on developing a three-channel method to improve the LST retrieval accuracy 
for dust aerosol skies. The vertical atmospheric column profile is proposed to divide into two layers: the 
lower-layer (from ground to approximately 2 km height) affected by dust aerosol and the upper-layer (above 
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2 km height) without dust aerosol. Considering that dust aerosols mainly occur in arid or semiarid region with 
low water vapor content in the atmosphere, the transmittances of the upper-layer for thermal window 
channels can be regarded as constants. Consequently, the brightness temperature for a given channel 
measured at the top of the atmosphere (TOA) in dust aerosol skies can be expressed as a linear function of 
LST, the equivalent atmospheric temperature of the lower-layer and the equivalent atmospheric temperature 
of the upper-layer. There are three unknowns in the function: LST and two equivalent atmospheric 
temperatures. Assuming that the equivalent atmospheric temperatures corresponding to different thermal 
infrared (TIR) channels are the same, the LST can be determined using a three-channel method for dust 
aerosol skies, provided that the aerosol optical depth (AOD) and the channel emissivities are known. It is well 
known that the middle infrared (MIR) is relatively insensitive to the variations of the aerosol in the 
atmosphere, the MIR channel of MODIS 20 (centered at 3.8 μm) is proposed to reduce the effect of dust 
aerosol on the LST retrieval. As the observations in this channel at satellite altitudes during the daytime 
consist of a combination of reflected radiance due to sun irradiance and emitted radiance from both the 
surface and the atmosphere, the MODIS channels 20, 31 (centered at 11.0 μm) and 32 (centered at 12.0 μm) 
are used to estimate LST in dust aerosol skies for nighttime, and the channels 29 (centered at 8.6 μm), 31 and 
32 are used for daytime. Comparisons of the estimated LSTs and the actual inputs of the numerical 
simulations show that the root mean square error (RMSE) is 0.6 K for nighttime and that of 0.9 K for daytime 
at nadir view, which indicate that the proposed three-channel method is feasible to estimate LST for dust 
aerosol skies. Note that the performance of the proposed method is also influenced by the uncertainties of 
instrument noise, AOD, and channel emissivities, a comprehensive analysis will be conducted in the near 
future work. 
 
 

DETERMINING OPTIMAL CONDITIONS FOR DIRECT DETECTION OF  
SUB-PIXEL ARCHAEOLOGICAL MATERIALS USING  

AIRBORNE AND SATELLITE SPECTRAL DATA 
 

Sabol, Donald E. Jr., Buck, Paul 
Desert Research Institute, 2215 Raggio Parkway, Reno, Nevada, 89512, USA 

E-mail: don.sabol@dri.edu 
 

Most previous applications of direct detection of archaeological sites using remote sensing required that the 
target site be: 1) spectrally distinct from the surrounding landscape, and 2) physically larger than the spatial 
resolution of the imaging system being used.  However, many, if not most, archaeological artifacts occur at 
the sub-pixel scale.  For this NASA-funded project we examine the detectability of sub-pixel artifacts (i.e. site 
midden, obsidian artifacts, and pottery sherds) using airborne and spaceborne image data. Our objectives are 
to: 1) use NASA image data in conjunction with actual field/laboratory measured spectra of archaeological 
materials to test the detection limits of the selected artifact classes  at the sub-pixel scale by applying 
previously demonstrated theoretical detection limit modeling, 2) examine the influence that background, 
seasonal vegetation change and other on-site changes have for the detectability of these objects in image data, 
3) establish the instrumentation, spatial scale, and spectral bands needed to improve the detectability of these 
objects, and 4) to test predictions of new locations for artifacts at specific (spatial) densities in other image 
scenes and ground truth these predictions. We are investigating two locations with common concentrations of 
obsidian (Glass Mountain, CA) and pottery/midden (lower Rio Grande, NM).  Image data used in this study 
to analyze spectral detectability of artifacts include: NASA’s MODIS/ASTER airborne simulator (MASTER) 
imaging system, the Airborne Visible/Infrared Imaging Spectrometer (AVIRIS), and the Advanced 
Spaceborne Thermal Emission and Reflection Radiometer (ASTER).  Visible, SWIR, and TIR spectral 
characteristics of targets (archaeological material) and background (other non-archaeological materials) are 
measured in the field and laboratory.  A mixture model is then constructed linking these spectra to image 
data. The success is evaluated by mapping predicted concentrations nearby and conducting ground truthing to 
determine accuracy.  This research will give archaeologists and prehistorians a new way of using NASA data 
to examine the archaeological record, and may provide land managers in the US with new tools for 
identifying and protecting cultural resources, a clear societal benefit. 
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DETERMINATION OF THE CLOUD RADIATIVE FORCING AND ITS 
RELATIONSHIP WITH THE PROPERTIES OF CLOUDS IN THE IBERIAN 

PENINSULA  
 

Freile-Aranda M.D.1, Gómez-Amo J.L.1,2, Utrillas M.P.1, Martínez-Lozano J.A.1  
1Departamento de Física de la Tierra y Termodinámica, Universidad de Valencia, Tel: 96 3543255, Fax: 96 

3543385  
2Laboratory for Earth Observations and Analyses, ENEA, Rome  

M.Dolores.Freile@uv.es, Jose.L.Gomez-Amo@uv.es, Maria.P.Utrillas@uv.es, Jose.A.Martinez@uv.es  
 
Clouds affect the propagation of the radiation in the atmosphere and, accordingly, they alter the Earth climate. 
They act scattering and absorbing solar and thermal radiation, making themplay an important role in the Earth 
radiation budget. The magnitude used to quantify how much do clouds modify the radiation budget in the 
Earth-atmospheresystemis the cloud radiation forcing (CRF), defined as the difference between the net flux in 
allsky and clear sky conditions. The aim of this work is to study the CRF at surface and at the top of the 
atmosphere (TOA), and its connection with some of the properties of clouds, like cloud effective temperature 
or cloud area fraction, taking into account different clouds types. To avoid possible dependences on the solar 
zenith angle or the surface albedo, we will use the normalized cloud radiative forcing (NCRF), which is the 
CRF normalized to the net radiation flux on clear sky conditions. We will also analyse, through the NCRF, 
the different behaviour between the longwave and shortwave radiation when they interact with clouds.  
The data used in this study have been obtained by the instruments CERES (Clouds and Earth’s Radiant 
Energy System), on board of the satellites Terra and Aqua, from March of 2000 to December of 2012. The 
temporal resolution of the CERES products is daily and the spatial resolution is of 1º latitude x 1º longitude. 
The selected region for this work is the Iberian Peninsula, which latitude goes from 44ºN to 33.5ºN and with a 
longitude between -9.67ºW and 4.40ºE.  
As expected, the effect of clouds on the radiation is not the same depending if we talk about the shortwave of 
longwave spectral region. Furthermore, the relation of NCRF with the clouds properties will not be the same 
for surface and TOA. One of the most influent properties is the cloud area fraction, which can induce changes 
of even the 60% in the NCRF. We will also find cases of properties with a low influence in the NCRF, as 
happens with the cloud effective temperature for high cloud at surface, changing the NCRF a 20% 
approximately.  
 
 

SOIL REFLECTANCE MODELING USING SPECTRAL VECTORS DERIVED 
FROM A GLOBAL SOIL SPECTRAL LIBRARY 

 
Chongya Jiang, Hongliang Fang 

State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences 
and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China.  

Email: fanghl@lreis.ac.cn 
 
Soil background reflectance is a critical component in simulating the canopy radiative transfer and modeling 
the land surface processes. Empirical soil reflectance models such as the Price spectral vector model (Price 
1990) and the CYCLOPES typical spectra model (Baret et al. 2007) have been widely used in vegetation 
remote sensing and biophysical parameter retrieval studies. Nevertheless, those models are usually derived 
from local soil reflectance datasets and large uncertainties may occur when applied globally. This study 
proposes a general spectral vector (GSV) model derived from a global soil spectral library in order to improve 
the global soil reflectance simulation performances. The global soil spectral library includes 5131 soil 
samples collected from 8 datasets. A simple optimization method is used to select the optimal wavelength 
combinations describing the spectral variability of the global soil reflectance, and then to compute the 
spectral vectors through a matrix inversion procedure. The newly derived GSV model can simulate the full 
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shortwave range (400 ~ 2500 nm) soil spectra with high accuracy (absolute error < 0.015, relative error < 6%) 
using only three spectral invariant parameters, and has considerably improved over the existing Price and 
CYCLOPES models. The error propagation of reflectance simulations from soil background to canopy level 
are also investigated by coupling with two canopy reflectance models PROSAIL and ACRM. It turns out that 
the soil background effect is really significant for sparse canopy. Using the new GSV model leads to a 4% 
canopy reflectance error level when LAI = 1 and to 2% level when LAI = 2 only. This study indicates that the 
new GSV model has global representativeness of soil reflectance and has its potential for global vegetation 
remote sensing applications. 
 
 
ESTIMATION OF TOTAL, DIRECT AND DIFFUSE FAPARS FROM LANDSAT 

SURFACE REFLECTANCE DATA: ALGORITHM AND VALIDATION 
 

Wenjuan Li, Hongliang Fang 
LREIS, Institute of Geographic Sciences and Natural Resources Research,  

Chinese Academy of Sciences, Beijing 100101, China,  
Tel:(8610)64888018, Email: liwj@lreis.ac.cn, 

 
The fraction of photosynthetically active radiation (PAR) absorbed by green vegetation (FAPAR) is an 
essential climate variable in quantifying the canopy absorbed PAR (APAR), gross and net primary 
production. Currently, many satellite FAPAR products have been generated and most of them correspond to 
black-sky FAPAR with direct illumination only. However, this assumption cannot be satisfied in real 
environment. Vegetation growth requires direct and diffuse PAR. Direct and diffuse PAR differs in the way 
transferring through the canopy. Therefore, there is a need to quantify total FAPAR, direct FAPAR and 
diffuse FAPAR. 
An one-dimension canopy radiative transfer model (ACRM), and a look up table algorithm were used to 
inverse total, direct and diffuse FAPARs from Landsat-5 TM surface reflectance over six sites (covering 
crops, deciduous broadleaf forest and evergreen needleleaf forest) from 2003-2010. Ground-based direct and 
diffuse FAPARs at the satellite pass time were estimated from total FAPAR measured in the morning and 
near the sunset, by assuming total FAPAR near sunset is a good replacement of white-sky FAPAR. FAPARs 
with different definitions from both model and field measurement were compared. APARs calculated from 
field black-sky, total,  direct and diffuse FAPARs were also compared to reflect the impacts of FAPAR on 
APAR. 
The differences between Landsat modeled FAPARs and field measured FAPARs are within the accuracy 
requirements provided by GCOS (<0.05; 10%). Black-sky FAPAR derived from both model and ground 
measurements are systematically smaller than total FAPAR (~-23%), and the underestimation increases with 
diffuse fraction. Direct FAPAR is systematically smaller than diffuse FAPAR (-15.9% ~ -9.9%) under 
various atmospheric conditions. The differences show an obvious seasonal trend over crop and deciduous 
broadleaf forest sites, with small differences in growing stage, which may be resulted from diffuse fraction, 
canopy structure and leaf pigment contents. In terms of APAR, black-sky APAR underestimates total APAR 
by nearly -142.7 umol/s/m2. Direct APAR tends to be higher than diffuse APAR by 164.9% before diffuse 
ratio of 46.8% and smaller by -70.1% when diffuse ratio increases. Our study demonstrates the potential to 
estimate the total, direct and diffuse FAPARs from satellite reflectance data and field measurements. Our 
results highlight the importance of appropriate FAPAR definitions for the adequate quantification of canopy 
APAR and possible influences on modeling canopy primary production. 
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The CALIOP (Cloud-Aerosol lidar with Orthogonal Polarization) instrument on board the CALIPSO (Cloud-
Aerosol Lidar and Infrared Pathfinder Satellite Observation) platform has provided us with vertical lidar 
profiles of the atmosphere since June 2006. These lidar measurements, together with other auxiliary 
information, are processed by several automatic algorithms that retrieve different aerosol properties such as 
extinction profiles or column optical depth at 532nm (AOD). However, the accuracy of these retrievals under 
daytime conditions is highly affected by the presence of background solar noise. For example, comparisons 
made by Bréon et al. (2011) show that the CALIOP-derived daytime AOD has little correlation (R = 0.4) with 
reference measurements.  
In this work we focus on the performance of CALIOP daytime measurements for Southern Europe during 
Saharan dust outbreaks, which are a major source of aerosols in this region [e.g. Prospero, 2002].  We 
compare CALIOP level 2 data with the results obtained from the combination of CALIOP level 1 data and 
AERONET measurements, and analyze the differences between both methods.  
From June 2006 to December 2013, a total of 29 cases coincident with CALIOP overpasses were classified as 
desert dust outbreaks based on back-trajectories analysis from the HYSPLIT model and measurements from 
13 different AERONET sites in Southern Europe. Comparison between AERONET and CALIOP-derived 
AOD show no correlation (R = 0.07), with a mean absolute bias of 0.17. Two main reasons, or the 
combination or both, may explain these great differences: CALIOP algorithms use a low lidar ratio value (S) 
associated to desert dust (40 sr), or they misclassify the desert dust. 
From the combination of the CALIOP level 1 data and AERONET measurements, we obtain a mean S of 
50sr, with a standard deviation of 4sr. Although this value is 10sr higher than the one used by CALIOP 
algorithms, it does not explain by itself the great differences seen in the comparison of the AOD.  
An analysis of the aerosol classification made by CALIOP algorithms show that, on average, only 51% of the 
aerosols that we classified as desert dust are also classified as dust by CALIOP algorithms, while 7% is 
classified as other type of aerosol, 26% is classified as clear sky, and a the remaining 16% is classified as 
cloud. We also find that for the 6 cases with the lowest difference between CALIOP Level 2 and AERONET-
derived AOD, 5 of them show the highest agreement in the classification of desert dust (>70%). These results 
show that under daytime conditions, the differences between AERONET and CALIOP level 2 AOD are 
mainly caused by the misclassification of desert dust by CALIOP algorithms.   
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A new hyperspectral thermal infrared imaging facility has been setup at the Centre de Recherche Public-
Gabriel Lippmann to measure spectral emissivity values of typical earth surface samples in the 8 to 12 μm 
range at a spectral resolution of up to 0.25 cm−1. The instrument is based on a Hyper-Cam-LW built by 
Telops with a modified fore-optic for vertical measurements at ground level and a platform for airborne 
acquisitions. Here we present first results from an airborne image campaign conducted on 24 September 
2013. 
On the 24th of September 2013 airborne thermal hyperspectral images have been acquired over a test site 
near Trier University, Germany. On this test site five calibration targets of 2 x 2 m2 were prepared: quartz 
sand, aluminium foil, black body paint on cast aluminium, and two water pools with water at ambient and 
below ambient temperature. During the overflight, emitted radiance spectra were measured over the targets 
using a field spectrometer (Midac) working at the 3-16 micrometer range. In addition, balloon sondes 
measured water vapour concentration and temperature. Further targets, for which image and ground spectra 
were measured, were available from a geological map (quartzite, calcite, etc.). Hyper-cam radiance spectra 
were converted into land surface temperature (LST) and emissivity (LSE) using i) a simple temperature 
emissivity separation (TES) algorithm and ii) an advanced algorithm combining atmosphere correction and 
TES. Midac radiance spectra were converted into emissivity spectra. Resulting image emissivity spectra were 
compared to the corresponding ground spectra. 
In general, airborne and ground emissivity spectra reveal a reasonable correlation. The quartz target shows a 
pronounced doublet in the ground spectrum which is also present in the image spectrum. However, absolute 
values differ. In a next step, the available data will be used for re-calibration of the airborne data. The 
collected dataset of airborne and ground-based spectra in the thermal infrared is novel and will contribute to a 
better understanding of the phenomenology of thermal hyperspectral data. 
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Remote measurement of surface temperature (Ts) allows assessing surface energy balance. However, 
measured radiation includes not only the radiation emitted by the surface but also the radiation emitted by the 
atmosphere. The signal from the surface is also attenuated by the transfer through the atmosphere. Correction 
of these atmospheric effects requires information on the atmospheric profiles in temperature (Ta) and vapor 
pressure (ea) along the atmospheric path of the thermal infrared measurement. The effect of surface 
emissivity must also be accounted, since it directly affects the level of emitted radiation at a given 
temperature. Poor knowledge in either surface emissivity or atmospheric and reflection effects results in error 
in the determination of Ts from remote sensing measurement. 
The objective of this study is to analyze the impact of using non-coincident radiosoundings to correct the Ts 
retrievals for atmospheric effects. We considered 27 Landsat-7 ETM+ images acquired from 2007 to 2010 
over the lower Rhône Valley in France. Emissivities were estimated by considering the analysis of the NDVI 
– emissivity relationship together with in-situ measurements of soil and vegetation canopy emissivities 
performed in our study area. Ts derived from Landsat-7 were evaluated with their comparison with ground 
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measurements performed at four surface energy balance stations set on different ecosystems. Ts were derived 
considering atmospheric corrections performed using: 
(1) the MODTRAN-4 radiative transfer code and atmospheric information derived from nearby 
radiosoundings with a time difference of 1h 45m with satellite overpass, and 
(2) the operational atmospheric-correction tool from NASA, which allows to introduce the surface conditions 
and uses atmospheric profiles from the NCEP interpolated to our particular date, time and location. 
We analyzed the effect of local topography and the variability of Ta and ea at surface level in space and time 
into atmospheric transmission (τa) and upwelling radiance (L↑), two parameters of the radiative transfer 
equation used for the atmospheric correction. These uncertainties led to an error of 1.6 K and to a systematic 
underestimation of 0.14 K for brightness temperature Tb, the temperature of a black body that would have the 
same radiance as the radiance actually observed with the radiometer. From the analysis of the entire images 
and completely clear sky days, there was a good correlation between Tb values atmospherically corrected by 
both methods (absolute RMSE and bias <1 K). Otherwise, highest temperatures were significantly 
underestimated or overestimated (subject to the atmospheric conditions) and the absolute RMSE and bias 
could be up to 2 K. The omission of surface atmospheric conditions (which characterize the lowest 
atmosphere layers) implied higher errors than considering them but acquired 1h 45m later (the error in Tb is 
almost double, while the bias is smaller). 
Our study showed that in the conditions of our images, the effect of local topography and the atmosphere 
variability in space and time could be considered as negligible into the estimation of Ts. However, it is more 
important for Tb and consequently for the derivation of surface energy fluxes (particularly the sensible heat 
flux, and exceptionally negligible for net radiation). 
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At very high spatial resolutions (GSD < 1m), urban land cover mapping is a challenging task mainly due to a 
rugged terrain with the presence of high buildings and a large variety of materials with different spectral 
behaviour and structural shape. As such, most of the atmospheric correction tools are firstly limited if they 
assume a flat field assumption. Moreover, in most classification processes, shadows are considered as a class 
by their own. However this could induce a relative lack of information because shadows can represent a large 
percentage of pixels in urban images whatever the illumination conditions during their acquisition. Among 
the state of the art correction tools adapted to urban areas, we used ICARE whose main limitations are that it 
only considers opaque lambertian materials. Consequently, one of its main difficulties is raised when dealing 
with tree shadows because they are partially semi opaque. Therefore, ICARE has been recently updated with 
ICAREVEG which brings a physical-based correction factor to accounts for the light transmitted through a 
tree crown and received at ground shadow. The performances of both ICARE and ICARE-VEG in terms of 
material reflectance retrieval in the sun and the shade are assessed at two levels. First, the Spectral Angle 
Mapper (SAM) is performed in order to observe possible distortions in the shape of the spectra in the shaded 
areas compared to their sunlit counterparts. Secondly, the use of Support Vector Machine (SVM) evaluates 
the best classification rate that could be achieved. The goal is to highlight the good results of ICARE in 
building shadows and show the improvements of ICARE-VEG in tree shadows. This process is assessed 
using an airborne hyperspectral dataset acquired with HySpex cameras during the UMBRA campaign which 
took place at Toulouse, France, in 2012. 
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Based on a high increasing of knowledge in VNIR-SWIR Laboratory spectroscopy (350-2500nm), VNIR-
SWIR hyperspectral imaging is an emerging technology for soil properties mapping. In particular, the use of 
VNIR-SWIR hyperspectral airborne data is increasing, meanwhile developments of hyperspectral Unmanned 
Aerial Vehicle (UAV) and satellite sensors (such as HYPXIM, PRISMA, Shalom, ENMAP and HyspIRI) are 
in progress. The objective of this study was to assess the sensitivity of soil property prediction results to 
different spectral configurations (including the spectral resampling, the spectral resolution and the number of 
spectral bands); which may offer a first analysis of the potential of future hyperspectral UAV and satellite 
sensors, for soil applications.  
Two datasets of soil samples are used in this study, collected over two Mediterranean sites with distinct soil 
environments: near Lebna in Cap Bon, Tunisia, and near La Peyne, in the South of France. Respectively 262 
and 148 VNIR-SWIR laboratory spectra have been acquired, together with laboratory measurements to 
estimate 4 soil properties: clay (granulometric fraction < 2 µm), calcium carbonate (CaCO3), iron oxides (Fe) 
and pH. Firstly, 9 hyperspectral configurations were built from the original laboratory spectra, from 1nm to 
40nm (spectral resolution equals the spectral interval) with a number of bands decreasing from 1961 to 50. 
Secondly, 2 multispectral configurations were also built from the satellite specifications of ASTER and 
LANDSAT. The soil properties prediction performances were studied at each spectral configuration, using 
either partial least squares regression method (PLSR) for hyperspectral cases, or multivariate linear regression 
(MLR) for multispectral ones because of the reduction of the number of spectral bands. 
Whatever the hyperspectral configurations, the regression results show no significant degradation (Tunisia 
clay: Rcv

2 between 0.91-0.92, Peyne clay: Rcv
2 between 0.80-0.82) except for soil properties having a 

particular spectral signature such as CaCO3 near 2340nm (Tunisia: Rcv
2 between 0.31-0.57, Peyne: Rcv

2 
between 0.61-0.88). Then for the multispectral configurations, clay and CaCO3 contents were better predicted 
by ASTER (Rcv

2>0.84) than LANDSAT for instance. This is due to the choice of the instrumental spectral 
filters: LANDSAT has only one band in the large clay absorption peak near 2200nm and no band near 
2340nm. 
Following these results, one can question about the effective number of spectral bands and spectral resolution 
that is required for soil characterization, and if actual lab spectroscopy instruments are not too highly 
designed for this purpose. To reinforce our conclusions and the guideline, this study would be enlarge to 
additional soil databases. And future tests will be done on VNIR-SWIR hyperspectral airborne data in order 
to observe the impact of spectral configurations in imaging context. 
 
 

RETRIEVAL OF LAND SURFACE TEMPERATURE PRODUCTS IN HEIHE 
RIVER BASIN BY INFRARED IMAGE SENSORS OF HJ-1B 

 
Xiaoying Ouyang, Yingqi Pan, Guangcheng Hu, Li Jia, Jie Zhou 

State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earth, Chinese 
Academy of Sciences. Beijing 100101, China. 

Xiaoying Ouyang (email: ouyangxy@radi.ac.cn; phone: 86-10-13522792960). 
 
A practical algorithm is developed to derive land surface temperature (LST) in Heihe River Basin in China 
using the infrared image sensors (IRS) on Chinese ‘Environmental (HuanJing in Chinese) and disaster 
monitoring and forecasting with a small satellite constellation’ (HJ-1B). A single-channel method for HJ-
1B/IRS is developed by using ancillary water vapor information from Moderate Resolution Imaging 
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Spectroradiometer (MODIS) products (MOD05) and CE318 photometer data. In situ LST data from the time 
period of mid-June through mid-September 2012 are acquired from automatic weather stations (AWS) from 
the HiWATER (Heihe Watershed Allied Telemetry Experimental Research) project. Comparisons among in 
situ LST, MOD05 based LST and CE318 based LST are done. Seventeen independent AWS sites including 
vegetable, maize and orchard cropland are analyzed. Thermal heterogeneity are also analyzed in maize area. 
The results show that usage of the MOD05 product could ensure a retrieval accuracy that is comparable to 
that of the CE318 data, in which the greatest LST difference of the MOD05_based_LST and 
CE318_based_LST is 0.84 K (when the WVC difference between them is 0.38cm). Although the days 
studied in HJ-1B/IRS are fewer than that in MODIS, the comparison with in situ data yields similar results: 
the HJ-1B/IRS standard deviation (STD), RMSE, and R values (linear correlation coefficient) are 2.45 K, 
2.78 K, and 0.67 (with 204 samples), whereas those for the MODIS 1 km LST values are 4.07 K, 2.98 K, and 
0.79 (with 886 samples), respectively. Exact comparisons of LST values in spatial distribution were not 
proper as mentioned earlier because of the differences of the sensor viewing zenith angle and other input 
parameters. The spatial distributions of HJ-1B/LST over Heihe River Basin generally agreed to the MODIS 
1km LST product. 
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The information on the dynamics of cultures in Brazil is crucial, because the spaces occupied by 
them are constantly changing due to market conditions, environmental issues, migration and public policy. In 
Brazil, there are several Federal and State agencies responsible for the assessment of agricultural production. 
However, usual methodologies, such as census and field sampling, are expensive and have a high degree of 
subjectivity, therefore remote sensing techniques are useful for determining agricultural areas, mainly 
commodities such as soybean [Glycine max (L.) Merr.], and maize (Zea mays L.). Nevertheless, not always 
the mapped areas correspond to the reality, due to spectral confusion, which occurs among these two crops. 
The objective of this study was to develop a methodology to distinguish these two crops, based on the angular 
coefficients of logarithmic equations, adjusted to Enhanced Vegetation Index (EVI) time-series, in 
municipalities of the State of Paraná, Brazil, during the 2007-08 cropping season. These regions are 
responsible for approximately 45% of the soybean and maize production in the State. The EVI product, 
generated by MODIS sensor, allows plotting temporal profiles for soybean and maize crops and correlating 
them with its initial stage of the phenological development, enabling the adjustment of logarithmic equations 
to this phase. The results indicate that the proposed methodology has (or shows) a higher potential for the 
discrimination of these two crops in flat terrains, with a Kappa coefficient of 0.71 and a global accuracy of 
81.2%. However, in areas with hilly terrain or where the agrarian structure is more segmented or diversified, 
this discrimination is not possible, due especially to the spectral confusion among these two crops. At the 
southern portion of Paraná, this perception was not possible because this area has hilly terrain and plantations 
in small fields, which precludes its distinction from sensor systems with a spatial resolution of 250 m like 
Modis/Terra. 
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Water and heat are two important factors governing dynamic changes of soil moisture available for crop 
growing in farmland, hence become the basic indicators for agricultural drought monitoring. Due to its 
directly relating to soil moisture and heat flux characteristics, thermal remote senisng has been extensively 
applied to agricultural drought monitoring through soil water content estimation. In this paper, we present an 
applicable approach for quickly generating land surface temperature from MODIS thermal band data, which 
were extensively employed in agricultural drought monitoring in China. Though MODIS data contains 8 
thermal bands for earth observation, bands 31 and 32 are especially suitable for land surface temperature 
retrieval required by agricultural drought monitoring. Two-factor split window algorithm was selected to 
quickly generating land surface temperature products from MODIS data for agro-drought monitoring in 
China. The characteristics of the algorithm were in its relatively high accuracy in LST retrieval while 
maintaining only the two essential parameters i.e. ground emissivity and atmospheric transmittance, for the 
LST retrieval. Focus was given to discussion of details about etimation of the algorithm’s essential parameter, 
especially how to fastly estimate the ground emissivity and atmospheric transmittance from other bands of the 
same scene MODIS data. Specifically, the ground structure in pixel scale was used as the basis for estimation 
of ground emissivity. Band 2 and 19 were used for estimation of atmospheric vapor content, which is the vital 
factor determining variation of atmospheric transmittance. Viewing angle on pixel scale was used to correct 
the atmospheric transmittance. A complete procedure was present for quickly generating the LST product for 
agro-drought monitoring in China. Finally we conducted an experiment of applying the approach for agro-
drought monitoring in China. It had been observed that severe drought was happened in early spring in north 
China, the most important winter wheat cropping region. The approach had been applied for agro-drought 
monitoring in Feburary and March of 2009 in the winter wheat cropping region of China. The results from the 
applications confirms the applicability of the proposed approach in quickly generating LST product from 
MODIS data required for agricultural drought monitoring in China. 
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PROBA-V (Project for Onboard Autonomy – Vegetation) is a small ESA (European Space Agency) satellite 
developed by the Belgian Industry. The satellite is operational since November 2013 and provides a daily 
coverage of the earth’s land masses with four spectral bands, three in the VNIR region and one SWIR band. 
VITO hosts the operational processing entity and is responsible for the generation and distribution of the 
PROBA-V products. Standard products include Level 1C, daily and ten-daily syntheses at 333m and 1km 
spatial resolution. In addition, the PROBA-V instrument consist of three separate cameras whereby the 
ground resolution of the central camera is 100m, with a global coverage every 5-8 days. PROBA-V was 
designed in such a way that compatibility is ensured between SPOT-VEGETATION (1998-2014) and 
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PROBA-V (2013, end of life foreseen in 2018). The combined PROBA-V and SPOT-VEGETATION data 
sets allow for a wide range of applications, especially for agricultural monitoring. The Copernicus Global 
Land Component further ensures the generation of time-consistent biophysical parameters for use by the 
monitoring communities. This extended time series of VEGETATION registrations is used in the SIGMA 
project, which is an international partnership aiming to develop innovative methods in agricultural 
monitoring. SIGMA is part of Europe’s contribution to GEOGLAM. The data sets are used over study areas 
in Argentina, Africa, Ukraine, Europe, Russia and China to evaluate their applicability for assessing 
agricultural production. In addition, experiments over these test sites are conducted in 2014 to evaluate the 
quality and utility of the PROBA-V 100m products.  
This presentation focusses on the PROBA-V system, its compatibility with SPOT-VEGETATION,  the use of 
the time series in the various study areas and the added value of the global 100m products.  
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Temperature is an important factor in understanding some physico-chemical and biological properties, which 
can be used for describing the state of materials and for studying environmental phenomenon. Computing 
surface, above surface temperature (AST) and subsurface temperature (SubST) are important issues that 
many sciences and Scientifics deal with them. There are a lot of ways to compute temperature; one of them 
that currently have been used extremely is thermal remote sensing. Many studies have been carried out, and 
different approaches have been proposed to derive land surface temperature (LST) from satellite TIR data. 
There have been earlier reviews on LST retrieval from space, the latest one is a review by Zhao-Liang et al. 
in 2013. All mentioned reviews focused on retrieving LST and there is a gap in reviewing algorithms in 
which we can estimate SubST and AST. It is important to review temperature retrieval algorithms and to 
direct future research into deriving AST and SubST. There are some techniques to derive SubST and AST by 
using insitu data and empirical methods. Many of the parameterizations required in these complex heat flow 
models are not available at global scales. Remote sensing can provide such global data. A few studies have 
linked the TIR data and these methods to derive SubST and AST. For example Holmes et al. proposed an 
approach to model near-surface soil temperature profiles in a bare soil, using only a single temperature 
measurement, net radiation, and an estimate of the soil moisture content in 2008, and Mehmat Sahin modeled 
air temperature using artificial neural network and remotely sensed data in 2012 and Benali et al. estimated 
air temperature using MODIS LST data in Portugal in 2012. The current study provides the theoretical basis 
for retrieving temperature and reviews methodologies, algorithms, techniques and procedures that have been 
used for computing and validating AST and SubST. Finally, directions for linking satellite-derived 
temperature and SubST-AST in future are then suggested. From the obtained results we generally concluded 
that different soil, plant, water and air related parameters are needed that must be taken into account for 
model validations and retrieval subsurface and air temperature. These parameters were categorized and 
discussed in this review article. 
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Today, with the increasing development of remote sensing science, saw a dramatic expansion of it in various 
scientific fields such as meteorology, geology, Global warming Risk assessment, Water resource, but place of 
this science in the field of humanities has always been empty.  In this context, issues like global health and 
quality of human society life should be considered further. Therefore, some sciences such as medicine and 
psychology can be considered in a much broader perspective. Given the undeniable growth of medicine and 
psychology, new imaging systems have also remarkably grown in this field. Undoubtedly, All images were 
obtained in medicine obey the principles of remote sensing, but never have been studied from its perspective. 
In this area presenting a research in order to determine medical imaging methods seems essential. Scientific 
researches in medicine and psychology show that the different modes of human emotions and its relation with 
heat reactions have a direct impact on human body and vice versa. One of the key parameters that are studied 
in this field is heat and temperature of human body in different emotions.  So without a doubt one of the most 
important resources that will assist us in identifying many of these cases is measuring heat and body 
temperature. Meanwhile, in the approaches that are based on reflection of thermal electromagnetic waves, 
particularly in the area of thermal infrared range large gaps exist. To realizing this issue, emotions must be 
defined and classified first, such as happiness, sadness, love, hate, fear, stress etc. then Proceeding to apply 
remote sensing capabilities within this range of waves and its techniques in diagnosis of these conditions, But 
before that it is necessary to define close range remote sensing as a basic principle in the study of human 
emotions. In this study, after some definitions of close range remote sensing, thermal properties of matters, 
short overview of the researches in the field of emotions and body temperature are offered, then human 
emotions are classified and the capabilities of remote sensing for better diagnostics are offered. Finally, in 
order to pave more the way suggestions will be raised. By emphasizing that temperature regime or behavior is 
a unique characteristic in any phenomena, we suggest that it is possible to recognize Living and Non livings 
by analyzing their reaction to heat and their temperature behavior.  State of the art theories alluding that both 
thermodynamics and kinetic are key factors justifying the living and Non livings characteristics but for more 
information it is important to study the thermodynamic and kinetic mixture of livings and Non livings. 
Relying to the recent theories the kinetic energy controls the thermodynamic processed in animate things, this 
paper justify the different reactions of livings and non-livings to the heat transfer. 
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Land surface temperature (LST) is an essential land surface variable for understanding the water cycle and 
energy budgets in the land-atmosphere interface. As the geostationary meteorological satellites are capable of 
observing the Earth with a much higher temporal resolution (48-96 per day) compared to the polar-orbiting 
satellite, accurate LST retrieval using the geostationary satellite observations is most likely benefit of 
providing certain services for the national meteorological, agricultural, environmental, disaster monitoring 
and other related fields. In a previous study, a LST retrieval model based on FengYun (FY) geostationary 
meteorological satellite data, using the Generalized Spit-Window (GSW) algorithm proposed by [Wan and 
Dozier, 1996], was reported by [Tang et al, 2008]. As the LST retrieval model have not been validated with 
in-situ measurements and the other available satellite-derived LST products according to previous study, it is 
quite necessary to evaluate the feasibility of the previous model in a heterogeneous region. In this study, the 
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Source Region of Yellow River located in the Qinghai-Tibet Plateau that features relatively high 
heterogeneous, was selected as the study area. Both in-situ LST measurements and LST products derived 
from the Moderate-resolution Imaging Spectroradiometer (MODIS) were primarily conducted to assess the 
feasibility of the LST retrieval using FengYun-2C (FY-2C) images over the study area. Results showed a 
relatively low consistency between the two dataset. On this basis, an improved LST retrieval method 
integrating the information of the mid-infrared wavelengths of the FY-2C data and an auxiliary data, the 
Digital Elevation Model (DEM), was proposed. With the new model, FY-2C satellite observations were used 
to obtain the LST of the study area. Finally, the LST measurements in the study area and the LST products 
from the MODIS satellite were utilized to verify the retrieved LST. Results showed that the accuracy of the 
retrieved LST significantly increased compared to the previous model. 
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The spectral invariants theory predicts that canopy BRF can be expressed in terms of the canopy 
interceptance, the recollision probability and the directional escape probability. These spectral invariant 
parameters together form a novel canopy structural parameter - the directional area scattering factor (DASF), 
which can be retrieved from remotely sensed hyperspectral imagery and has been found useful e.g. for the 
separation of tree species (Knyazikhin et al., 2012). The spectral invariants theory, however, does not provide 
an interpretation of which specific canopy structural properties are captured by the DASF.  
The hypothesis tested in this study is that clumping of foliage has a major influence on the ratio of upward to 
total canopy scattering, and thus on the DASF. A simple analytical model, linking the total recollision 
probability (p) to the leaf area index (LAI) and the degree of clumping has been derived previously (Stenberg, 
2007). The directional escape probability () and its relation to LAI and clumping are not, however, correctly 
mimicked by this model due to the simplified assumption that the points of interaction (scattering) are 
uniformly distributed on the canopy leaf area. The approach applied here is based on the notion that the first 
order recollision probability (p1) deviates most from the average p, and that is dominated by first order 
scattering. In this modified spectral invariants approach, thus, the assumption of constant p is relaxed so that 
p1 and the directional distribution of single scattering are calculated separately, and canopy BRF is expressed 
as the sum of first and multiple order components. Analytical expressions are derived for the first component, 
while the multiple order component is estimated using the original approach. 
Simulations are performed on model canopies, where radiation penetration is described using a traditional 
statistical approach but allowing non-random foliage distributions caused by clumping. The aims are 1) to 
quantify the difference between p1 and p, and its effect on total canopy absorption and scattering, 2) to 
investigate the extent to which the directional properties of canopy BRF are explained by single scattering 
and, finally, 3) to assess the effect of clumping on canopy BRF, and specifically the relationship between the 
canopy clumping index and DASF. 
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FengYun-3 (FY-3), the second generation of Chinese polar orbit meteorological satellite, was launched into 
an 807-kilometer-high sun-synchronous orbit on 27 May 2008. It is an advanced earth observation satellite 
which carries ten payloads aboard of optical and microwave sensors to collect a range of remote sensing data, 
including temperature, humidity, air pressure, clouds, and radiation. One of the major payloads onboard FY-3 
is the Visible and InfraRed Radiometer (VIRR), which consists of seven visible and near infrared channels, 
and three infrared channels. This paper addresses the estimation of Land Surface Temperature (LST) from the 
FY-3 VIRR data in two Thermal InfraRed (TIR) channels 4 (wavelength centered at 10.8 m) and 5 
(wavelength centered at 12.0 m), using a split-window algorithm. The numerical values of the split-window 
coefficients are obtained using a statistical regression method from synthetic data simulated with an accurate 
atmospheric radiative transfer model MODTRAN 4 over a wide range of atmospheric and surface conditions. 
To improve the fitting accuracy, compared to previous split-window algorithms, the LST, mean emissivity, 
and atmospheric Water Vapor Content (WVC) are divided into several tractable sub-ranges with some 
overlaps. The experimental results show that the Root Mean Square Errors (RMSEs) are proportional to 
Viewing Zenith Angles (VZAs) and WVC, and they are less than 1.0 K for the sub-ranges with VZA less 
than 30° or for the sub-ranges with VZA less than 60° and the atmospheric WVC less than 3.5 g/cm2, 
provided that the Land Surface Emissivity (LSE) are known. A detailed sensitivity analysis in terms of the 
uncertainty of the Land Surface Emissivity (LSE) and atmospheric WVC as well as the instrumental noise 
has also been performed. The errors caused by the instrumental noise, LSE, and the uncertainty of 
atmospheric WVC are 0.21, 0.97, and 0.24 K, respectively. In practice, The LSE is estimated with a 
Normalized Difference Vegetation Index (NDVI) thresholds method and the WVC is derived by the use of 
the transmittance ratio of split-window channels. In addition, a preliminary validation, by taking into account 
a simulated dataset different from that one used to obtain the algorithm, has been done with the proposed LST 
split-window algorithm over a wide range of atmospheric and surface conditions. The results show that the 
split-window algorithm is capable of producing LST from FY-3 satellite data with RMSE less than 1.0 K. 
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The radiative land surface temperature (LST) is a valuable source of climate information. It is an essential 
parameter of the surface radiation budget and a key variable for a wide range of applications such as drought 
monitoring. The EUMETSAT Satellite Application Facility on Climate Monitoring (CM SAF) and on Land 
Surface Analysis (LSA SAF) currently develop LST climate data records for the period 1983–2015 covering 
all Meteosat sensors. For the data processing we will use a new set of Meteosat thermal infrared radiances 
that are currently recalibrated against HIRS / IASI reference data at EUMETSAT. Although the reference 
data appear to be stable in time, differences between the spectral response functions of the reference and 
monitored instruments, sensor degradations and collocation uncertainties may make it difficult to arrive at a 
calibration accuracy better than 1K for the older Meteosat satellites (Roebling, EUMETSAT, pers. com.). 
We present an estimation of LST retrieval errors for Meteosat climate data records. The calculated 
uncertainties take into account Meteosat calibration errors as well as expected performances of different LST 
retrieval methods for various atmospheric and surface conditions. Our study focuses on single-channel LST 
methods. First generation Meteosat sensors provide only one thermal infrared band and hence modern multi-
channel LST retrieval approaches need to be dismissed.  
We simulated Meteosat first and second generation top-of-atmosphere (TOA) clear sky brightness 
temperatures for more than 3000 radiosonde profiles from the SeeBor data base using the radiative transfer 
model RTTOV. Gaussian random noise with a standard deviation of 0.5 K was superimposed on the 
simulated TOA brightness temperature to account for calibration errors. A semi-empirical and a physical 
single-channel LST method was applied to retrieve LST from the simulated TOA brightness temperatures. 
Single channel LST approaches require accurate a priori knowledge of the atmospheric state and surface 
emissivity. We accounted for emissivity and transmissivity errors by a) replacing exact radiosonde input with 
corresponding ECMWF analysis data for the inverse modelling and by b) superimposing realistic emissivity 
noise on the SeeBor emissivity.  
First results obtained for 400 SeeBor profiles distributed over the Meteosat disk reveal an RMSE between 0.8 
K and 3.2 K. For moist atmospheres and high satellite viewing angles (55° to 65°) we observe absolute 
uncertainties of up to 4.5 K. The physical mono-channel LST model outperforms the statistical LST model at 
selected locations in Europe. Test runs with a modern split-window approach do not show lower uncertainties 
for the investigated profiles. This is probably caused by the high sensitivity of the split-window model to 
calibration errors. 
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In all generality, retrieval methods dedicated to the quantification of terrestrial biophysical variables can be 
categorized into three main domains: 1) parametric regression, 2) non-parametric regression, and 3) 
physically-based methods. For the last few years, we have made significant advances in all these domains, 
including the development of software to automate these methods. It eventually led to a scientific software 
package ARTMO (Automated Radiative Transfer Models Operator) that embodies multiple toolboxes and a 
suite of leaf and canopy radiative transfer models (RTMs); http://ipl.uv.es/artmo/. The following toolboxes 
enable to fully exploit the three retrieval domains: 
Parametric methods refer to the use of regression models through spectral indices. The ‘Spectral Indices’ 
toolbox allows systematic calculation of all possible band combinations of a sensor according to the 
formulation of an established index. The prediction efficiency of each index can be automatically evaluated 
against in-situ data or input data coming from a RTM by using a fitting curve (e.g. linear, exponential, 
power). Options to add noise, to control calibration/validation partitioning and various goodness-of-fit 
measures to assess the performances (e.g., r2, RMSE) are provided. The best performing regression model 
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can subsequently be applied to an imagery, which leads to instantaneous mapping of the targeted biophysical 
variable.  
Non-parametric methods refer to the use of machine learning regression algorithms (MLRA). The ‘MLRA’ 
toolbox encompasses a collection of linear and non-linear nonparametric regression techniques such as partial 
least squares (PLS), neural networks (NN), support vector regression (SVR), kernel ridge regression (KRR) 
and Gaussian processes regression (GPR) and others. Depending on the chosen MLRA, multi-output is 
possible (PLS, NN, KRR) or associated uncertainty estimates are delivered (GPR). This toolbox is designed 
in a similar way as the Spectral Indices toolbox; with the same type of calibration and validation options and 
goodness-of-fit measures provided. The best performing MLRA model can subsequently be applied to an 
imagery which leads to instantaneous mapping of the targeted biophysical variable(s).  
Physically-based methods refer to the inversion of Lookup-table (LUT)-based RTMs through cost functions. 
This method is considered a physically-sound and robust to retrieve biophysical variables, but regularization 
strategies are required to mitigate the drawback of ill-posedness. The ‘Inversion’ toolbox encompasses a 
collection of more than 60 cost functions, originating from three different mathematical families, being: 
information measures, M-estimates and minimum contrast methods. Various regularization options can be 
introduced in the inversion, being: adding noise, multiple solutions, and data normalizing. Simultaneous 
retrieval of multiple variables is possible. Additional uncertainty estimates can be provided in the form of 
standard deviation and residuals. The best assessed inversion strategy can subsequently be applied to an 
imagery, which leads to mapping of the targeted biophysical variable(s).  
In this work, all these methods were evaluated by using Simulated Sentinel-2 data against ground-based 
validation data from the ESA campaign SPARC (Barrax, Spain). Results will be presented for leaf area index 
(LAI) retrieval. Apart from retrieval accuracy also processing speed was analyzed. This work will close with 
consolidated guidelines towards powerful retrieval methods that are implementable in operational processing 
chains. 
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Land surface temperature (LST) is one of the most important parameters in the physical processes of surface 
energy and water balance at local through global scales. Knowledge of the LST provides information on the 
temporal and spatial variations of the surface equilibrium state and is of fundamental importance in many 
applications. Thermal infrared channels are used to acquire surface temperature from remote sensed data, but 
it mainly affected by atmospheric attenuation and land surface emissivity (LSE) also the observation angle of 
satellite. And atmospheric attenuations of electromagnetic waves are mainly decided by water vapor 
absorption in sunny weather. This paper focuses on analyzing the influences of water vapor absorption and 
LSE to the retrieval of land surface parameters especially LST with MODIS infrared data. It also deduced the 
mathematical expressions about how the land surface brightness temperature change with the two elements of 
water vapor absorption and LSE in theory. In response to the phenomenon of the atmospheric transmittance 
attenuation of infrared channel changed more or less in high temperature with high humidity areas and low 
temperature with dry conditions, we analyzed the relationship of water vapor variations and LST. Through 
the deduction of radiative transfer equations, we established a binary polynomial fitting equation about the 
deviation value（ᇞT）of land surface temperature and ground bright temperature retrieved from infrared 
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remote sensed data with two factors of water vapor variations（ᇞQ）and LSE (ε), also made a further 
analysis of the complex effects of atmospheric water vapor variations and LSE with this model. Finally, the 
effect of satellite observation angles on the LST remote sensing is briefly discussed. Our research reflected 
that for retrieval of LST accurately with thermal infrared channels of remote sensed data, atmospheric 
correction must be carried out, and the LSE effects are important and should be considered simultaneously. It 
also provides a new method to study land surface temperature with atmospheric absorption and land surface 
emissivity. 
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Snow can directly affect the surface energy balance, climate change, while the snowstorms, avalanches, etc 
can result in significant losses and damages. It is therefore important to study the physical properties of snow. 
This paper focuses on the investigation of the emissive polarization properties of snow. The results show that 
the thermal emissive polarization properties of snow depend significantly on the wavelengths (bands) and 
view angles used to measure them. Four bands are considered in this study, their spectral response ranges are 
8~14μm for channel 1 (CH1), 11.5~12.5μm for channel 2 (CH2), 10.3~11.5μm for channel 3 (CH3) and 
8.2~9.2μm for channel 4 (CH4). The snow polarized radiance (L) and its polarized brightness temperature (T) 
manifest as LCH1>LCH3>LCH4>LCH2 and TCH4>TCH1>TCH2>TCH3, respectively, while the degree of 
polarization (P) manifests as P0>P30>P40>P20>P10>P50 where the subscript of P denotes the view angle. 
The maximum of both L and T occurs at the view angle of 50 degree and polarization angle of 90 degree 
while their minimum appears at the view angle of 30 degree and polarization angle of 75 degree for each 
band. In addition, the results show that: 

(1) CH3 is more appropriate for better investigation of the emissive polarization properties of snow.  
(2) Linear relationship is found between the snow polarized T and the polarization angle with the 
coefficient of determination larger than 0.77 for all four bands.  
(3) The polarized brightness temperature of snow is found to be increased about 0.003K per polarization 
angle within 0~135 degree. 
(4) The degree of polarization of snow is almost independent of the bands we used (CH1 to CH4). 
(5) The snow emissive polarization is isotropic and the relative azimuth view angle has no significant 
impact on the snow emissive polarization properties. 
(6) The impact of the polarization angle may be neglected if the investigation of the relative azimuth view 
angle on the snow thermal emissive polarization is conducted.  
(7) The difference of the snow emissive polarization properties mainly comes from the snow surface 
roughness and structure. 
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Soil moisture is an important parameter that influences the exchange of water and energy fluxes between the 
land surface and atmosphere. Through the simulation by a soil vegetation atmosphere transfer (SVAT) model, 
Carlson proposed a universal triangle method to estimate soil moisture. This universal triangle is insensitive 
to initial atmospheric and surface conditions, net radiation and atmospheric correction. In this universal 
triangle, Carlson raised an empirical cubic polynomial equation to determine soil moisture by fitting the 
normalized land surface temperature (T*) and normalized difference vegetation index (NDVI). The results 
demonstrated that the coefficient of determination (R2) could reach 0.9994 and the root mean square error 
(RMSE) was approximately 0.0079 m3/m3. However, Carlson’s universal triangle method needs to determine 
in advance the dry and wet limiting edges when soil moisture content is retrieved. To overcome this 
inconveniency of Carlson’s universal triangle method, this paper developed a practical method to determine 
the theoretical limiting edges based on the surface energy budget. In order to simplify the soil moisture 
estimation equation but maintain the accuracy, this paper tried to use the quadratic polynomial equation to 
regress the normalized soil moisture, T* and fractional vegetation cover (FVC). It can be found that the fitting 
results have a high correlation coefficient above 0.90 and the RMSE is approximately 0.02 m3/m3. Although 
the accuracy is a little lower than Carlson’s equation, the results are acceptable. This method was applied to 
estimate soil moisture in the North China Plain and the validation data were obtained from Yucheng 
Experimental Station. The estimation results were verified by the in-situ soil water content measurements at 
10 cm and 20 cm depth. The corresponding bias reaches 0.02 m3/m3 and 0.12 m3/m3 and the RMSE is 
approximately 0.04 m3/m3 and 0.10 m3/m3, respectively. The results demonstrate that this method can be 
used to monitor the regional drought and the obtained soil moisture can be compared with each other at 
different atmospheric forcing conditions. 
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Land surface temperature (LST) is both a good indicator of the energy equilibrium of the earth’s surface. 
With the development of remote sensing, infrared sensors such as MODIS, AVHRR and SEVIRI, provide a 
valuable way for measuring LST over the entire globe, and various algorithms have been proposed from 
thermal infrared (TIR, 8~12μm) data. Moreover, due to the more transparent atmospheric window, less 
sensitive to land surface emissivity (LSE) and water vapor content(WVC) for LST retrieval, the mid-infrared 
(MIR, 3~5μm) data is also used to retrieve LST. Since the nighttime data in MIR spectral region is not 
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affected by solar direct radiance, which is similar to the split-window method in TIR, LST also can be 
expressed as a linear combination of the brightness temperature measured in two adjacent MIR channels with 
coefficients depending on LSE, view zenith angle (VZA) and WVC. In this paper, with the aid of simulated 
data under six VZAs (0°, 33.56°, 44.42°, 51.32°, 56.25°, 60°), various land surface and atmospheric 
conditions, a comparison is carried out between a LST retrieval method (denoted as Method1) using two 
MODIS TIR channels (channel 31: 10.78~11.28μm and channel 32: 11.77~12.27μm) and that (denoted as 
Method2) using two MODIS MIR channels (channel 22: 3.929~3.989μm and channel 23: 4.02~4.08μm) with 
the knowledge of LSE. The sensitivity and error analyses for each method in terms of the uncertainty of the 
LSE, Noise Equivalent Temperature difference (NEΔT) and WVC are also performed.  
The results show that the LST can be well estimated by the two methods with a root mean square error 
(RMSE) less than 1K at a VZA of 0°. However, the RMSEs for Method1 increase significantly with the 
increase of WVCs, with a maximum of 1.9K, while the ones for Method2 is within 0.35K, and change little. 
Generally, it can be found that the LST retrieval accuracy of Method2 is better than the one that of Method1, 
the possible reason is that the MIR region has more transparent atmospheric window, and that it is less 
sensitive to WVC than TIR region. The sensitivity analyses show that the LST retrieval errors are about 1.4K 
and 0.55K for Method1 and Method2, respectively, with a uncertainty of LSE of 0.01; the errors vary from 
0.45K to 2.6K for Method1, and from 0.28K to 0.49K for Method2 when the uncertainty of WVC is 20%; 
while the corresponding error is approximately 0.3K and 0.25K, respectively, with the NEΔT of MODIS 
(TIR: 0.05 K;MIR:0.07K). It is noted that the sensitivity to NEΔT is almost the same to MIR and TIR data, 
while the same uncertainties of LSE and WVC cause more LST retrieval error for Method1 than that for 
Method2. The reason may be that the MIR region is less sensitive to LSE and WVC.  
From the analyses above, it can be noticed that LST retrieval from MIR nighttime data performs better than 
that from TIR data both in terms of retrieval accuracy and sensitivities to LSE, NEΔT and WVC. However, in 
practice, due to the serious noise effect and high LSE uncertainty of nighttime data in MIR channels, the 
performance of the application of the two. 
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Water vapor is the greatest mutative element in the atmosphere. Although the content is low, water vapor 
plays an important role in atmospheric physical and chemical processes. Microwave remote sensing is 
suitable for inversion of whole atmospheric water vapor that it is not affected by cloud.This paper developed 
a physical-based precipitable water vapor (PWV) inversing algorithm from brightness temperature 
differences and land surface emissivities at different frequencies. This new PWV algorithm was validated 
with the inversing land surface emissivities and surface temperature conditions from FY-3B microwave 
radiation imager (MWRI) data for 11 sets of band brightness temperature at different frequencies when it 
measured radiosonde sounding observations at the same time. Comprehensive sensitivity and error analysis 
has been made to evaluate the performance of the new PWV algorithm and its dependence on variations in 
surface temperature and atmospheric conditions. The root mean square error in retrieved PWV is 0.47cm, 
indicating that this algorithm is credible. The algorithm can provide the fundamental quantitative calculation 
to inverse the atmospheric effects from passive microwave remote sensing data. 
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Ozone plays a central role in theclimate system and in the photochemical equilibrium of the atmosphere. On 
the one hand, stratospheric ozone is essential to protect the Earth from the harmful ultraviolet solar radiation 
and, on the other hand, tropospheric ozone is a major secondary atmospheric pollutant that harms both human 
health and the environment due to its strong oxidative capacity. Therefore, monitoring ozone at different 
scales and in the different atmospheric layers is essential, being the satellite-based instruments the only 
system to provide ozone observations over those conditions. However, measurements of ozone in the 
troposphere are difficult because the contribution to the measured signal from the stratosphere is typically 
large. 
Nowadays, atmospheric contamination constitutes an increasing motive of concern not only in urban and 
industrial areas, but also in distant and remote zones where concentration of secondary contaminants may be 
significant and originating from the contaminating air masses proceeding from industrial areas. 
Significant efforts and resources are usually dedicated to analyse and study the atmosphere and its 
components. Ozonesondes, air quality stations, and sensors on board Earth Observation satellites allow to 
carry out these studies at different scales (global, regional or local) and with different view points. IASI 
(InfraredAtmosphericSoundingInterferometer) is a singular and robust instrument and a key payload element 
of theMetOp series of the European Meteorological Polar-Orbit Satellites. It is developed by the Centre 
National d'Études Spatiales (CNES) in the framework of a co-operation agreement with EUMETSAT. 
In this work, total and tropospheric ozone measurements from IASI have been compared to measurements 
obtained from ozonesondes, UV Brewer and Dobson spectrophotometers and from OMI (Ozone Monitoring 
Instrument). The final objective of this work will be to obtain ozone estimations at surface level to be 
compared to the air quality stations network observations. So far, the analysis has been made over the IASI 
orbit that contains data from the stations Madrid-Barajas (Spain), Uccle (Brussels, Belgium), 
Hohenpeissenberg (Germany), and Summit (Greenland) fortheyears 2011 and 2012. The comparisons 
between the different instruments are quite reasonable - depending on the station and on the atmospheric 
layer - and we have been able to estimate surface ozone (0-10 m height) for the Madrid-Barajas station by 
using linear regressions between IASI and ozonesonde-equivalent atmospheric layer estimations with a 
correlation coefficient R = 0,85. We are currently now trying to obtain and compare these estimations with 
the measurements provided by the air-quality station network. 
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This study investigates the temporal relationship between settlement density metrics (SDMs) and land surface 
temperature (LST) for the City of Berlin, Germany. Particular emphasis is put on the analysis of potential 
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intra‐ and inter‐seasonal differences in this relationship and the identification of general linkages between 
SDMs and LST that are independent from the acquisition date of the thermal infrared (TIR) data. To this end, 
a four‐stage methodology is presented that makes use of airborne multi‐spectral UltraCam‐X (UC‐X) 
imagery, an object height model derived from the UC‐X data, as well as TIR information provided by the 
Landsat 7 satellite mission. In a first step, a geographic object‐based image analysis (GEOBIA) approach is 
employed to infer six basic urban land cover (LC) classes from the UC‐X data. In a second step, and based on 
the extracted LC and object height information, several existing and new measures of settlement density are 
computed that take into account the horizontal and/or vertical characteristics of a city. In a third step, an 
overall number of eight LST images are produced from multitemporal Landsat Enhanced Thematic Mapper 
Plus (ETM+) data. To study the intra‐ and inter‐seasonal variations of the SDM‐LST relationship, five ETM+ 
summer acquisitions and three scenes recorded in the remaining seasons are considered. In the fourth and 
final step, values of the individual SDMs are compared to those obtained from the LST images to analyze 
their mutual correlation. In addition, two further composite maps representing the mean LST of all summer 
scenes and of all seasons are also taken into account to infer potential relational characteristics that are 
independent from the date of acquisition. The results of this study suggest that the relationship between 
SDMs and LST does not only depend on the season in which the TIR data are acquired, but it is also highly 
sensitive to the particular date of acquisition within a season and the prevailing meteorological conditions 
prior to and on that specific date. These findings are supported by ground measurements taken from nearby 
climate stations and emphasize that great care should be taken when selecting suitable TIR data for studies of 
the SDM-LST relationship. 
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The INTA airborne hyperspectral system is based on the tandem use of the AHS and CASI-1500i 
hyperspectral sensors. This system is fully operational since 2009, having performed over 50 flight 
campaigns throughout Europe up to the present time.  
A specific processing chain is implemented within the INTA airborne data Processing and Archiving Facility. 
In this chain, raw data (level 0 product) are transformed to at-sensor radiance (level 1b) and later to 
geolocated at-sensor radiance (level L1c). Other processing levels, as atmospherically corrected 
reflectance/temperature/emissivity (L2b / L2c), can also be produced. The resulting image products are 
delivered to the users together with radiometric statistics, metadata and quality descriptors according to 
EUFAR HyQuaPro recommendations.  
In this paper, details about this processing chain are given. First, the overall processing approach is presented. 
Next, the specific procedures for radiometric calibration and image geolocation, which are critical for a 
quantitative use of the images, are discussed in detail. Then, the tools for retrieval of surface parameters are 
presented, including details on water vapour and aerosol optical thickness estimations for atmospheric 
correction. Some new features of the processing chain related to cloud and shadow masking and a tool to 
sample geolocated information from the original (not orthorectified) images are also presented. Finally, image 
metadata and quality descriptors are shown, discussing the difficulties in reporting in a simple and compact 
way the radiometric, spectral and spatial accuracy of the delivered products. 
All the issues described above are shown using imagery and results from actual AHS and CASI flight 
campaigns performed by INTA. 
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Land surface temperature (LST) and vegetation index (NDVI) were used to create the LST-NDVI space, 
from which a dryness index-Temperature Vegetation Dryness Index (TVDI) was calculated by the equation 
of dry and wet line. Based on satellite data with low or moderate spatial resolution, TVDI has been 
commonly applied to estimate soil moisture. However, few studies were to apply TVDI based on high spatial 
resolution data. In this paper, TVDI was used to estimate surface soil moisture in semi-arid regions at high 
resolution (2.5m) which were supported by the Compact Airborne Spectral Imager (CASI) sensor and the 
Thermal Airborne Spectrographic Imager (TASI). The LST-NDVI space from the airborne data displays an 
irregular triangle and an inflection point, beyond which a non-linear trend along the dry edge is observed at 
higher NDVI values. There are two reasons resulting in the irregular triangle. On the one hand, the saturation 
of the NDVI results in the obvious sloping dry edge at higher NDVI values in virtue of LAI data of the study 
area. In order to solve the saturation of NDVI, enhanced vegetation index (EVI) was used to replace NDVI to 
produce triangular scatters with LST. On another hand, the non-linear trend of dry edge was caused by 
buildings pixels, roads pixels, greenhouse pixels, shadow pixels and the mixed pixels of building and crops. 
These interfering pixels cannot describe surface soil moisture. Therefore, the buildings and roads were 
removed by land classification data. Based on a prior knowledge of histogram of greenhouse pixels, the 
shadow pixels and the mixed pixels combined with NDVI and LST data, the appropriate thresholds of the 
Root Mean Square Error (RMSE) were determined to remote these interfering pixels based on window size 
40×40 pixels. The processed data described regular triangle space and linear dry edge with correlation 
coefficients 0.91. With the TVDI based on the processed data, the surface soil moisture can be obtained with 
a RMSE of 0.04m3/m3. 
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Reliable models of aboveground forest biomass are required for estimating carbon budgets as well as for 
regional, national and international bioenergy assessments. Various remote sensing products have been 
employed for local and regional biomass estimates, but there is still little knowledge to which extend these 
different data types, as well as other factors such as reference data, stratification of units and model choice 
affect quality and robustness of the models. We addresses this by analyzing model performance for two 
structurally-different forest sites in southwestern Germany and central Chile, using five parametric and 
nonparametric extrapolation methods with predictors from airborne LiDAR and airborne/spaceborne 
hyperspectral data. We tested 1) how the distribution of reference biomass values affect model performance 
by comparing models based on datasets with normally distributed biomass reference values with models 
based on a relatively drastic bi-modal distribution of biomass reference values. Furthermore, we tested 2) how 
post-stratification of sampling units to major forest types (broadleaved, coniferous, mixed stands) affect 
model performance. We were assessing the effects of both, performance differences between the defined 
strata and between the summarized model performances of the stratified run, compared to performances 
retrieved without stratification. Effects of varying sample sizes, data (sensor) type and extrapolation methods 
were also considered in the analysis. Analysis of Variance (ANOVA) was used to rank the effect of these 
different options on cross validated RMSE and r2. The results of 1) showed a significant effect of the 
distribution of the reference biomass values on model performance, whereas 2) revealed only a small effect of 
stratification on model performance. Data (sensor) type and statistical extrapolation method were found to be 
the two most crucial factors for model performance. Quality of input reference data also had a substantial 
influence on model performance, which should be taken into consideration when designing a sample-based 
inventory or when augmenting reference data from earlier measurement campaigns. 
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Land Surface Emissivity (LSE), as a measure of the inherent efficiency of the surface in converting heat 
energy into radiant energy above the surface, is one of the key input parameters for the studies of surface 
energy budgets, climatic, hydrological, ecological, and biogeochemical models. The estimation of LSE has 
been ongoing for several decades and many methods up to now have been developed. Among them the 
Normalized Difference Vegetation Index (NDVI) thresholds method is an operative simplified method, which 
is based on a theoretical approach introducing surface effective parameters that model a given surface, 
considering it as constituted by a mixture of bare soil and vegetation. Note that the Thermal InfraRed (TIR) 
channel LSEs are usually derived as functions of the reflectance of red channel for bare soil and are often 
assigned as constants for fully vegetation (Sobrino and Raissouni, 2000; Sobrino et al., 2001, 2002 ). 
However, it is well known that the LSE depends on the composition, roughness and moisture content of the 
surface and on the observation conditions (i.e., wavelength, pixel resolution and observation angle). It is very 
difficult to accurately estimate the LSE with only one visible channel and may cause some significant errors 
for the types of soil when the relationship between the spectral emissivity and the reflectance of red channel 
is not good. In addition, it may introduce large errors for the estimation of Land Surface Temperature (LST) 
with fixed spectral emissivities for vegetation when the viewing zenith angle is larger than 50°. This paper 
proposed an improved NDVI thresholds method to estimate the LSEs for bare soil and fully vegetation from 
the Moderate Resolution Imaging Spectroradiometer (MODIS) data. The LSEs for MODIS channels 29 (8.4–
8.7 m), 31 (10.78–11.28 m) and 32 (11.77–12.27 m) are expressed respectively as functions of the 
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atmospherically corrected reflectances of MODIS visible and near-infrared channels 1 to 7 with wavelength 
ranging from 0.4 m to 2.2 m for bare soil. To keep the angular information, the LSEs for vegetation are 
explicitly expressed in function of the NDVI. To validate the proposed method, the MODIS LST product 
MOD11_L2 with LSE derived using the classification-based method is used to compare with the resultant 
LSE. The results show that the statistics variance and entropy of LSEs estimated with the improved method 
are larger than those of the LSEs derived with the classification-based method for the same region in North 
China for different land covers, which indicates that the proposed method is more feasible to depict the LSE 
variation of different land covers. Furthermore, the MODIS LST product MOD11_C1 with LSE estimated 
using the physics-based Day/Night operational method is also used to validate the improved method. The 
comparisons show that the resulting LSEs are in good agreement with those from MOD11_C1 products for 
different land covers in China with Root Square Mean Errors (RMSEs) less than 0.02 for the channels 29, 31 
and 32, respectively. 
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Determining spectral reflectance coefficients consists of measuring the intensity of the reflected 
electromagnetic radiation in specific wavelengths. These measurements are always calibrated using a white 
reference standard. Measurements of the reference standard should be carried out each time any geometrical 
parameters or lighting conditions change. Within the “IRAMSWater - Innovative remote sensing system for 
the monitoring of pollutants in rivers, offshore waters and flooded areas” (PBS1/B9/8/2012) research project 
financed by the polish National Centre for Research and Development, the authors have built a laboratory 
measuring station, which will be used to acquire spectral reflectance coefficients. It consists of a 
spectroradiometer and a lighting system mounted on a specially constructed platform, which allows the user 
to conduct research using different geometrical parameters. This measuring station was used to conduct a 
cycle of measurements of the spectral reference standard. During these tests, the impact of the length of time 
allocated to warm up the measuring station on the accuracy and precision of the acquired data was 
researched. The next aspect, was testing the stability of the measurements on a fully warmed up (to an 
optimal temperature) measuring station. By conducting very long series of measurements, the authors had 
concluded how the accuracy of the determined spectral reflectance coefficients changes with time. This 
research was conducted in the 350-2500nm range. Based on these measurements and their analyses it was 
possible to determine the optimal frequency for calibrating the sensor using the white reference standard. This 
research was crucial in order to be able to determine the accuracy of the entire measuring station. They are 
the basis for correctly planning and conducting long measurement series of chosen water pollutants. These 
results will the basis for developing a methodology for detecting these pollutants from muti- and 
hyperspectral imagery. 
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Visible and near-infrared (VNIR, 400-1000 nm) and short-wave infrared (SWIR, 1000-2500 nm) 
hyperspectral satellite imaging is one of the most promising tools for soil property mapping because i) it is 
derived from a lab technique that has proven to be a good alternative to costly physical and chemical 
laboratory soil analysis for estimating a large range of soil properties; ii) it can benefit from the increasing 
number of methodologies developed for VNIR-SWIR hyperspectral airborne imaging; and iii) it provides a 
synoptic view of the area under study. Despite the great potential of VNIR-SWIR hyperspectral airborne data 
for soil property mapping, the transposition to satellite data must be evaluated. The objective of this study 
was to test the sensitivity of soil property prediction results to atmospheric effects and to degradation in 
image spatial resolutions. This may offer a first analysis of the potential of future hyperspectral satellite 
sensors (HYPXIM, PRISMA, Shalom, ENMAP and HyspIRI) for Soil applications. This study employed 
VNIR-SWIR AISA-DUAL hyperspectral airborne data acquired in the Mediterranean region over a large area 
(300 km²) with an initial spatial resolution of 5 m. These airborne data were simulated at the top of 
atmosphere, aggregated at 6 spatial resolutions (5, 15, 20, 30, 60 and 90m) and then atmospherically 
corrected, to fit with future hyperspectral satellite sensors. The predicted soil property maps were obtained 
using the partial least squares regression (PLSR) method, and the studied soil property was the clay content. 
The large area of the studied region allows us to analyze different pedological patterns in terms of soil 
composition and spatial structures. Our results showed that (i) the regression methods have robust 
performances from images from 5 to 30m and are inaccurate from images at 60 and 90m; (ii) when a correct 
compensation of the atmosphere effects was done, no differences were detected between the clay maps 
retrieved from airborne imagery and the ones from spaceborne imagery; (iii) the spatial aggregation of the 
images meant a loss of the variance of the clay prediction from 15 m of spatial resolution and a loss of 
pedological information from 30 m of spatial resolution. 
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Soil moisture content (SMC) is a key parameter in many environmental applications involved in soil-
vegetation-atmosphere processes. The objective of this work is to study the contribution of the a priori 
knowledge of soil textural properties like clay content for the SMC retrieval in the VNIR and SWIR regions 
(from 0.4 to 2.5 µm).  
Three SMC retrieval methods were selected: the WISOIL index, used as the reference index from the 
literature and the NINSOL and NINSON indexes, both developed at the ONERA (France).  
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Two databases were used for this study. The first one was the reference database, composed of 464 spectra 
measured in laboratory from 57 samples collected at different locations in the south of France and 
corresponding to different SMC and clay content (CC) (ranging from 10% to 57%). The second one was a 
field database composed of nine spectra, with its corresponding SMC values, measured in-situ during a field 
experiment performed in April 2013 (campaign realized in the frame of the HUMPER - Mission HYPXIM 
project). 
The reference database was divided in two parts: 50% for calibration of the empirical relations between SMC 
and the three indexes, and 50% for validation. The calibration step highlighted two phenomena: first, the 
good potential of these indexes for SMC retrieval (R2 for the WISOIL, NINSOL and NINSON methods were 
of 0.92, 0.85 and 0.72, respectively); second, the strong dependence between the clay content and the 
retrieved SMC for the indexes NINSOL and NINSON. Then, NINSOL and NINSON SMC mean bias were 
correlated with the samples CC, with a R2 around 0.8 in both cases. Thus two new approaches were proposed 
including these CC dependences: NINSOLCC and NINSONCC.  The validation step consisted in the 
comparison of the measured and the retrieved SMC. NINSOLCC and NINSONCC improved the statistical 
results of NINSOL and NINSON, respectively. Best results were obtained for the WISOIL and NINSOLCC 
indexes (RMSE around 5% and R²=0.92). 
Once validated, the five methods were applied to retrieve the SMCs from the field samples. For NINSOLCC 
and NINSONCC the performances were similar in laboratory than in field conditions, while for WISOIL, 
NINSOL and NINSON cases the values got worse. Finally, results positioned the NINSOLCC approach as 
the best one to retrieve the SMC from field reflectance measurements, with an RMSE of 5.36 %v and a R2 of 
0.91. 
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Grassland Vegetation Growth (GVG) refers to the overall growth status and trend of the grassland 
vegetation. The comparison between GVG at present and past is often used to illustrate the current growth 
status of GVG. The remote sensing monitoring of GVG is an approach to indirectly reflect GVG through 
processing of remote sensing data over different periods according to the characteristics of close correlation 
between ground remote sensing data and grassland vegetation status. This paper monitored and analyzed the 
GVG of China in 2012 using 3S technology and EOS/MODIS satellite remote sensing data. The result shows: 
(1) the GVG of China in 2012 is obviously better than the yearly average, and the grassland area with better 
growth, poor growth and average growth accounts for 45%, 9% and 46% of China's total grassland 
respectively; (2) compared with the yearly average, provinces with better GVG include central and western 
Inner Mongolia, most of Xinjiang, central Tibet, central and eastern Qinghai, most of Gansu, Ningxia, 
western Jilin, northern Hebei and northern Sichuan; provinces with poor GVG include part of central 
Xinjiang, western Tibet and southern Sichuan; provinces with average GVG include northeastern Inner 
Mongolia, Heilongjiang, Chongqing, Yunnan and Guizhou. 
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Building energy-efficiency is the first step toward achieving sustainability in buildings and infrastructures. 
Energy-efficiency helps control rising energy costs, reduce environmental footprints and increase the value 
and competitiveness. This issue, already important when dealing with private homes, becomes crucial for 
industrial facilities: a better management of the energy involved in the production activity leads to saving 
fixed production costs and eventually to a more competitive positioning in the market. Besides, buildings 
heat-loss and inefficient use of indoor heat cause a great waste of energy, with consequences also for people’s 
livelihood in terms of quality of the indoor thermal environment. 
The Thermal Airborne Spectrographic Imager 600 (TASI-600) is a hyperspectral infrared sensor 
manufactured by the Canadian company ITRES© (http://www.itres.com), which started being operated by 
the Institut Cartogràfic i Geològic de Catalunya (ICGC) at the end of 2009 (Pipia et al., 2010; Pipia et al., 
2011). The system works in a pushbroom configuration and provides the user with 32-band hyperspectral 
data in the 8-11.5µm spectral range. The nominal Field-Of-View (FOV) is approximately 40°, and it spreads 
over 600 spatial pixels. The TASI gives the opportunity to measure and retrieve information concerning skin-
temperature and emissivity spectrum of the imaged scene. When flown over man-made areas, such as an 
industrial district, TASI-based absolute temperature becomes a reliable descriptor of heat leaks through roof 
covers, whereas patterns detected within hyperspectral emissivity images usually account for different 
properties of the cover material. 
Following this approach, TASI data were acquired over an industrial area in Rubí, the second largest 
industrial district in Catalonia (Spain), in the framework of the project Rubí Brilla (http://www.rubi.cat). The 
project aims to make the town a reference, both at national and international scale, for energy efficiency and 
renewable energy use in industrial, commercial and domestic scenarios. In order to assess the thermal 
behaviour of a set of selected industrial premises, two TASI datasets were acquired over the whole 
municipality area on February 5th 2013. The two acquisition processes were carried out at 00am and 6am, 
which roughly correspond to the times when most of the product chains of the area are idle and resumed, 
respectively. In this paper, the measurement campaign carried out by ICGC in the framework of the project 
Rubí Brilla is described. The temperature maps corresponding to each flight are retrieved using the NCEP 
atmospheric profile and the TES algorithm adapted to TASI spectral properties (Pipia et al., 2012). 
Afterwards, both thermal maps are compared on a pixel-by-pixel basis in order to detect changes in the 
temperature patterns, which can be related to heat-loss fluxes. Similar thermal dynamics will be looked for 
and compared to hyperspectral emissivity information. Principal Component Analysis (PCA) will be applied 
in order to stress the existence of possible relationships between thermal behaviours and cover materials. 
Finally, ground-truth information concerning the factory production activity will be also used in an attempt to 
explain the temporal behaviour of temperature patterns in terms of cover insulation efficiency.  
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During the summer 2013 many different experiments were conducted using the Telops HyperCam-LW. This 
spectrometer is a Fourier-transform imaging spectrometer designed for airborne, field and laboratory 
application. Nadir view is available using a custom build mirror system. Compared to laboratory 
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spectrometers, this spectrometer allows fast measurements in the thermal Infrared (TIR) spectral range from 8 
- 12 μm at a spectral resolution up to 0.25 cm1. 
Preliminary results of some experiments will be presented in order to demonstrate the potential as well as the 
difficulties of this spectrometer for different geoscientific applications. In a first step, the different 
experiments are presented with the corresponding measurement setups and processing algorithms. Outdoor 
measurements mainly focus on vegetation emissivity measurements at leaf and canopy scale. A species 
discrimination experiment was carried out using 8 different plant species. Using the leaf scale spectra, the 
subtle variations in emissivity could be recorded and an overall accuracy of 89% for a random forest 
classification was reached. 
While outdoor experiments mainly focused on vegetation, indoor measurements focus on typical earth 
surface samples, pedologic and geologic samples. TIR imaging spectroscopy data was captured of different 
soil profiles where the samples were heated up to 50K above ambient temperature. Using the spatial data, 
good correlations between emissivity spectra and soil constituents were achieved. In order to collect 
emissivity spectra of temperature sensitive samples, a special measurement setup was designed. This setup 
creates a synthetic thermal contrast between cooled surroundings and sample temperature that was kept at 
20°C. A variety of samples were measured in these different measurement setups, in order to elucidate the 
benefits and drawbacks of the measurement setup in question. In order to assess the potential of the Telops 
HyperCam-LW, we’d like to present the derived emissivity spectra, compare it to laboratory reference 
measurements and evaluate the spectra in terms of signal-to-noise and atmospheric correction. 
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Sky thermal infrared radiometry measurements of sky and aerosol thermal emissions is one of various 
techniques used to study atmospheric pollution and thin ice clouds and to infer their microphysical properties. 
In particular, during the Arctic night, this approach could be useful to complement Lidar measurements 
and/or stellar photometry. The Cimel© multispectral radiometer CLIMAT 312-2n has been mounted in an 
automatic station (ASSTIR: Automatic Sky Spectral Thermal Infrared Radiometer) for nadir sky monitoring 
and validated. To ovoid precipitations in the optical system of the radiometer, an indirect viewing of the sky 
is performed using a gold mirror. The calibration with the help of a black body was performed allowing to 
determine the mirror Golden Plate type reflectivity. The correction on the measurements thus enables to 
improve the results of the RMSE between measured and known temperatures from 1.27 to 0.21 K. 
Comparisons between sky measurements at the SIRENE station (U. Sherbrooke, Qc) and modeling (using 
North American Regional Reanalysis atmospheric profiles) allowed to test the system. The results show a 
good relationship existing between clear sky atmospheric brightness temperatures and humidity, as well as an 
analysis of the range of temperatures for different kinds of clouds. The observed strong contrast between 
clouds and clear sky allows to retrieve clouds by thresholding the corrected brightness temperatures. 
However, we show that, for thin cold cirrus, an adjustable threshold along the atmospheric conditions 
(integrated water vapor content), that can be simulated with a radiative transfer model (MODTRAN), appears 
necessary. Results also show that cloud height and optical depth cannot be retrieved simultaneously. A 
terrestrial atmospheric Lidar, given the bottom cloud height at nadir, associated with ASSTIR data, allow to 
retrieve cloud optical depth between 0 and 5 (before saturation). The proposed system, robust and 
thermostated, could be useful to monitor the cloud optical depth and effective particle diameter of thin ice 
clouds under extreme Arctic night conditions along the polar winter. 
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Surface albedo is an essential parameter not only for developing climate models, but also for most fluxes 
studies. While climate models are usually applied at coarse resolution, the fluxes studies, which are mainly 
focused on agricultural applications, require a high spatial resolution. In this context Landsat is one of the 
most used remote sensing sensors.  
The albedo is estimated through the angular integration of the Bidirectional Reflectance Distribution Function 
(BRDF). Thus, it requires an appropriate angular sampling of the surface. However, Landsat sampling 
characteristics, with nearly constant illumination and observation geometry, prevent from deriving a surface 
albedo product. 
In this paper we present an algorithm to derive a Landsat surface albedo based on the BRDF parameters 
estimated from the MODerate Resolution Imaging Spectroradiometer (MODIS) Climate Modeling Grid 
(CMG) surface reflectance product (M{O,Y}D09). We base our method on Landsat unsupervised 
classification to disaggregate the BRDF parameters to the Landsat spatial resolution. We tested the proposed 
algorithm over five different sites of the Surface Radiation (SURFRAD) network. The results show that with 
this method we can derive the surface albedo with a Root Mean Square Error (RMSE) of 0.015. 
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The new Global Atmospheric Profiles derived from Reanalysis Information (GAPRI) dataset is presented in 
this work. This data base can be used for forward simulations in the thermal infrared region. GAPRI is a 
comprehensive compilation of selected atmospheric vertical profiles at global scale which can be used for 
LST algorithms development. GAPRI includes information about geopotential height, atmospheric pressure, 
air temperature and relative humidity derived from ERA-Interim reanalysis data during year 2011. The 
vertical atmospheric profiles are structured for 29 vertical levels and extracted from a global spatial grid 
about 0.75º x 0.75º latitude-longitude. The selection method was based to extract a clear sky profiles over 
different atmospheric weather conditions such as tropical, mid-latitude summer, sub-arctic and arctic 
considering sea and land areas and also daytime and nightime conditions. Comparisons between GAPRI and 
other existing atmospheric profiles datasets shows the potential of this dataset for studies related to forward 
simulations. GAPRI dataset is available for users in MODTRAN format. The comparison was carried out for 
TERRA-MODIS and MSG-SEVIRI using the following data bases TIGR61, TIGR1761, TIGR2311 and 
STD66. The results obtained ranging between 0.1 and 0.3 K. GAPRI can also be modified for any specific 
user request such as vertical profile with low or high concentrations of precipitable water, day/night or 
masking the land or sea for every year between 1979 to the present. 
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Scaling spectral information from the leaf to the sensor level is one of the main challenges in the remote 
sensing of forest ecosystems. The estimation of biochemical constituents of leaves or needles from remotely 
sensed data is of high interest, but not trivial due to the structural complexity of natural forests. The 
reflectance of a forest canopy is not only determined by the leaf optical properties but also by canopy 
structure, illumination conditions and viewing geometry. Thus, a common solution for scaling spectral 
information is the use of physically-based radiative transfer models. 
The coupled canopy-atmosphere 3D radiative transfer model DART (Discrete Anisotropic Radiative 
Transfer) was used to model the radiative regime of a temperate mixed forest in Switzerland. The model 
parameterization was mainly based on multitemporal airborne laser scanning (ALS) and in situ measurements 
such as terrestrial laser scanning, leaf optical properties measurements, digital hemispherical photography. 
The study was performed on the Laegern site, a temperate mixed forest characterized by steep slopes, a 
heterogeneous spectral background, and high species diversity (dominated by beech trees; 47°28'42.0“ N, 
8°21'51.8“ E, 682 m asl, Switzerland). It is one of the few studies performed on a mixed forest with a 
complex sometimes multilayered canopy structure with relatively low disturbance over time. The 3D forest 
reconstruction (including reconstruction of terrain, canopy background, canopy architecture) was based on 
ALS data and linked to the in situ measurements using an individual tree and a voxel grid approach. To assess 
the ability of the two approaches to simulate imaging spectrometer data, we compared the model results to the 
at-sensor radiance data of the airborne imaging spectrometer APEX (Airborne Prism Experiment). 
Our results show that the newly developed voxel grid approach is favorable over a parameterization based on 
individual trees. Especially in a dense forest with a mainly closed canopy, the application of the voxel grid 
approach leads to a more coherent, realistic distribution of plant material in the 3D model. In comparison with 
the measured data at the sensor radiance level, the simulated images exhibit comparable spatial patterns in the 
visible part of the spectrum. The tree level structure is well described, whereas differences occur mainly due 
to small-scale structural effects. In the near infrared, there is an overestimation of the reflectance of needle 
trees due to the clumping of needles into shoots, whose effect on shoot scattering and absorption is not 
directly described by the turbid medium approach used to model vegetation. 
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Biophysical and biochemical vegetation variables can be estimated from remotely sensed imagery using 
statistical or physically-based methods. The latter are more general because they rely on the inversion of 
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canopy radiative transfer models (RTM), which can easily be parameterized for different sensors and 
acquisition geometries. Because of the complexity of RTMs, however, the inverse problem does not have an 
analytical solution, and numerical algorithms have to be used. Despite noticeable progress on both numerical 
methods and sensor technology, estimating vegetation variables through RTM inversion remains a 
challenging task. The two main limitations are residual pre-processing errors in the RS data and the ill-posed 
nature of the inversion problem. The ill-posedness arises from variable compensation effects, which can 
cause different combinations of soil and canopy variables to yield extremely similar spectral responses. The 
problem of inverting a given spectral signature may consequently have several solutions, as the mapping 
between canopy variables and spectral signatures is not unique. In this presentation, we demonstrate how to 
study and visualize the ill-posed problem using self-organizing maps (SOM), which are a data mining 
clustering method based on unsupervised artificial neural networks. The Soil-Leaf-Canopy (part of SAIL 
model family) RTM was chosen for the study because of its relatively small number of input variables and its 
computational speed. A look-up table (LUT) of 100’000 entries was built for the configuration of the 
upcoming Sentinel-2 optical sensor (13 bands), using 2 soil types with varying brightness, and by sampling 
seven free variables randomly between their minimum and maximum allowed values: leaf area index (LAI: 0-
8), canopy cover (Cv: 0-1), fraction of brown leaves (fB: 0-0.5), leaf chlorophyll content (Cab: 0-100 
µg/cm2), leaf water content (Cw: 0.005-0.05 cm), leaf dry matter content (Cdm: 0.001-0.01 g/cm2), and leaf 
mesophyll parameter (N: 1-2.5). The 50 x 100 SOM was trained on the 13-dimensional spectral part of the 
LUT. This allowed mapping clusters of similar spectral signatures in contiguous neurons. The 50 x 100 
spectral component planes can easily be visualized as 2D maps. Tracing back each spectral signature to its 
combination of input variables in the LUT, we created one 50 x 100 map for each of the 8 input variables. 
Small noisy areas with a wide range of input values indicate ill-posed situations, where very similar spectral 
signatures can correspond to very different input values. Globally, the results showed that variables having 
maps with clear patterns (soil, Cv, LAI, Cab, Cw) are less confused in the inversion than variables with 
noisier maps (Cdm, fB, N). These results will be useful to continue improving inversion algorithms, and to 
estimate the uncertainties of the retrieved canopy biophysical and biochemical state variables. 
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In recent years, programmes such as the European Water Framework Directive or Marine Stategy Framework 
Directive have increasingly drawn public attention to coastal areas; they are important ecosystems offering 
wildlife habitat and tourist destinations, as well as functioning as important nutrient cycling capacity for 
maintaining water quality. According to the Marine Strategy Framework Directive, major threats to coastal 
ecosystems are climate change and entailing effects such as sea level rise as well as shifts and changes in 
flora and fauna. Information on the type and distribution of marine vegetation therefore is necessary for 
monitoring, management and understanding of coastal ecosystems. 
Hyperspectral sensors with their narrow band widths enable the detection of local absorption features of 
pigments and increased the number of possibilities to determine these features. This led to growing research 
interest to identify and monitor coastal vegetation using hyperspectral sensors. To gather informationabout 
submerged vegetation bio-optical models are applied, which describe the complex interaction of bio-physical 
parameters with down-and upwelling radiation in a water body and form the basis for water column 
correction. In coastal regions, bio-physical parameters continuously vary in time and space, even during 
recording of the remote sensing data. Additional factors such as bottom reflection, varying water depth and 
effects on the water surface (e.g. sun glint, waves, whitecaps) aggravate a correct parameterization of water 
column correction models. Applying these models, however, we gain an insight into the habitat quality of 
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shallow water bodies via assessing and monitoring bottom substrate. Open source bio-optical models are rare; 
therefore we adapted the freely available bio-optical model WASI-2D (Gege 2014), which has originally been 
developed for inland waters, to coastal waters. We discuss itsperformance to assess water quality parameters 
(chlorophyll, organic and inorganic suspended matter) and bottom substrate (i.e. sediments, marine macro-
algae) on the rocky shores of Helgoland (North Sea, Germany). Strong currents, varying sediment loads 
originating from the Elbe river and the rugged bottom morphology create complex flow patterns of the water 
bodies with varying and spatially uncorrelated concentrations of the bio-physical parameters. In August 2010, 
an airborne flight campaign was conducted using the hyperspectral AISA eagle sensor. AISA eagle is an 
airborne pushbroom scanner covering the spectral range between 400nm and 900nm with a nominal spectral 
resolution of 2 nm. Simultaneously to image acquisition, in situ measurements of water constituents and 
Secchi depth were carried out; RAMSES underwater light field measurements were taken for calibration and 
validation. To validate WASI-2D results, diving transects have been performed providing information about 
sublitoral vegetation distribution and coverage. 
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Due to its location along with its geomorphological and physical characteristics, the Qinghai-Tibet Plateau 
plays a major role in the hydrology and the climate scheme of the whole Asia. In the current context of 
climate change, an estimation of surface radiation fluxes at fine spatial and temporal resolution is 
fundamental to understand and model convective exchanges in the troposphere and their evolution. This 
requires the quantification of the physical processes happening at the surfaceatmosphere interface and the 
definition of hydro-climatic indicators to characterise the soil water status and by extension to predict drought 
events. A lot of research work has been performed and studies are still ongoing to improve the estimation of 
solar radiative fluxes from satellite data. Even in rough terrain, like in the Qinghai-Tibet Plateau, quite some 
satisfying results can be obtained under clear sky conditions. However, cloudy skies remain a challenge when 
quantifying solar radiation. From this observation, a fieldwork campaign has been set up in order to collect 
data about cloud cover conditions and daily evolution to directly analyse its impact on solar radiation fluxes. 
To do so daytime hemispherical images have been collected at a very high frequency simultaneously to 
ground measurements of solar radiation fluxes in a scientific station close to the NamCo lake. After 
calibration, one of the main tasks was the classification of those hemispherical images and the extraction of 
meaningful indices to describe the cloud cover, such as cloud cover percentage or cloud cover distribution. 
Once the indices are defined and extracted, they can be correlated to the measured solar radiation values and 
to conduct a fine analysis about the impact of cloud cover on surface radiation fluxes. The results showed that 
several cloud indices could be successfully derived from the hemispherical images even if very thin clouds 
can be difficult to detect. From this analysis, a new way to integrate cloud cover impacts in a high spatial and 
temporal resolution all skies radiation fluxes modelling is tested. 
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Surface temperatures (Ts) display temporal fluctuations due to micrometeorological field variability, leading 
to potentially significant errors on instantaneous satellite measurements in the thermal infrared (TIR). Most 
models deriving fluxes from surface temperature assume stationary conditions over time steps ranging from 
15 to 30 minutes. The retrieval of such fluxes is therefore prone to errors induced by the departure between 
the instantaneous measurements of Ts measured from space and their average value <Ts> over the model 
time step. 
The main turbulent structures present in the surface (SBL) and planetary (PBL) boundary-layers influence the 
temporal fluctuation intensity of Ts according to their spatial and temporal scales. Hence, high frequency 
turbulent structures within the SBL, corresponding to a few meters, are likely to be averaged by TIR sensors 
with pixels of a few tens of meters (50-100 m) such as those proposed for HyspIRI or THIRSTY (Hook et al., 
2014) missions currently being defined. On the other hand, low frequency turbulent structures within the 
PBL, corresponding to a few hundreds of meters, exceed the pixel size of high spatial resolution TIR sensors 
and thus may induce significant temperature variations, in amplitude and duration. 
We focus on the important -but generally ignored- problem of uncertainty in the Ts measurement resulting 
from the surface turbulence of the atmospheric flow and its relation with the spatial resolution of TIR sensors. 
We present several experimental studies performed over different surfaces (pine forest, maize, bare soil) 
using TIR cameras either ground based or helicopter borne, designed to evaluate (i) how the spatial resolution 
operates a smoothing of the temporal fluctuations of the surface temperature measurements from space, and 
(ii) the resulting uncertainty on these measurements. Additionally, a simulation of instantaneous surface 
temperatures of a Maritime pine stand of 3×3 km size, performed using a Large Eddy Simulation (LES) 
airflow model coupled with a canopy model (MuSICA), is presented. A comparison between field 
measurements and numerical simulations is made using the classical assumption of frozen turbulence. 
The results confirm that the impact of the SBL turbulence rapidly vanishes with spatial resolution in the range 
between 50 and 100 m, Ts fluctuations are primarily governed by the low frequency PBL turbulence. For 
these resolutions, it is shown that the resulting uncertainty on Ts lies within a 1 K interval. The implications 
for designing the specifications of future high spatial resolution TIR missions, in particular NeDT and revisit, 
are thereafter discussed.  
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In this paper we describe the end-to-end processing of image Fourier Transform spectrometry data taken at 
Picatinny Arsenal in New Jersey with the long-wave hyper-spectral camera from Telops. 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 213ft high tower of 
surrogate tank targets for a project sponsored by the Army Research Laboratory in Adelphi, MD.  An 
automatic calibration and analysis program was developed which creates calibrated data files and HTML 
files. The first processing stage is a flat-fielding operation where for the minimum and maximum extent of 
the interferogram is used to estimate the gain or vignetting and the mean value or baseline of the 
interferogram is the offset. During this step the mean base line is used to find dead pixels (baseline low or at 
the maximum).  Noisy pixels are detected where the standard deviation over the part of the interferogram 
which is outside of the center-burst region is computed. If a pre-defined threshold is exceeded then the pixel 
is flagged as noisy. A bad pixel map for dead and noisy pixels is created and for each scan line the bad pixels 
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interferograms are replaced. Then a flat-fielded and bad pixel corrected calibration cube using the gain and 
offset determined by a single blackbody measurement is created. In the second stage each flat-fielded cube is 
Fourier transformed and a real-valued un-calibrated radiance cube is created for a pre-defined wavenumber 
range. Next the radiometric calibration is performed using a 2-point calibration computed from the two 
blackbody measurements and then applied to each data cube.  Two-point calibrated radiance cubes are then 
created in ENVI format and the HTML file contains quicklooks of spectra of selected pixels, the original and 
flat-fielded cubes as animated GIF images and links to all the intermediate files that are created. For selected 
cubes a temperature-emissivity separation algorithm is applied. 
The second part discusses environmental effects such as diurnal and seasonal atmospheric and temperature 
changes and the effect of cloud cover on the data. To test the effect of environmental conditions the range-
invariant anomaly detection approach is applied to raw, calibrated radiance and emissivity data. 
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A fast-sampling multispectral imaging infrared camera system has been developed for applications in 
thermography.  The system-nicAIR 2 has been designed to operate in the thermal infrared window between 
8–12 µm, where atmospheric gases have only a small interference with the signal from the scene being 
imaged.  The camera offers up to four narrow wavelength (~1 µm) channels that permit the use of spectral 
information to infer information on the composition or structure of the scene.  The channels can be selected 
but standard wavelengths include, 8.6, 10, 10.9, 11.8, 12.2 µm and a broadband channel.  The camera has 
been carefully characterized and pre-calibrated in the laboratory, but a self-calibration method is made 
possible by utilizing a shutter, in addition to the internal shutter supplied with the camera.  Typical frame 
rates of 0.5–0.3 Hz are achieved for multispectral measurements using a filter wheel, while frame rates of 50 
Hz are possible for single channel data.  The NEDT for broadband measurements at 300 K is ~30 mK, while 
for spectral data the NEDTs are ~100–200 mK.   Inclusion of a webcam, a near-infrared camera, GPS and 
Wi-Fi connectivity make nicAIR 2 useful in many applications.  Imaging in potentially hazardous areas, such 
as at erupting volcanoes, or in remote regions where autonomous operation may be useful is a feature of the 
camera system.  A full description of the camera will be provided, including its calibration and operation and 
some applications described.  Some of the applications include, measurements of atmospheric gases using 
spectral methods, temperature mapping of landscapes, measurements of narrowband radiation from the 
atmosphere and clouds and identification of ice on road surfaces. 
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The land surface temperature (LST) derived from thermal infrared bands is a signature of the thermodynamic 
equilibrium of the land surface-atmosphere interface. Consequently LST data theoretically contain 
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information about all the factors controlling the coupled surface energy-water budget such as: atmospheric 
forcing, soil water availability, vegetation water status, soil hydraulic properties, surface macro- and micro-
topography, and surface radiative properties. This is especially valid under semi-arid conditions where the 
surface fluxes are not limited by the incoming solar energy.  
This paper describes several approaches to combine multi-sensor remote sensing data within energy-water 
budget studies via LST data. In this case, multi-sensor data are those data available in the various spectral 
(visible, near infrared, medium infrared, thermal infrared, microwave L/C) bands and at a range of spatial 
resolutions (from about 10 m to several tens of km): 

-DISPATCH-LST is a remote sensing algorithm dedicated to improve the spatial resolution of currently 
available LST data using higher resolution ancillary data including vegetation index, surface albedo, 
surface soil moisture, and potentially all the variables included in the surface energy balance. 
-DISPATCH-SM is a remote sensing algorithm dedicated to improve the spatial resolution of currently 
available surface soil moisture data using higher resolution LST and other ancillary data including 
vegetation index, atmospheric forcing and potentially all the variables involved in the surface energy 
balance. 
-SEB-1S is a monosource crop evapotranspiration model that unifies for the first time the interpretation of 
the two classical spaces defined by LST and vegetation index data, and by LST and surface albedo data.  
-SEB-4S is a four-source version of SEB-1S that separates the surface of agricultural fields in four 
components including unstressed green vegetation, water-stressed green vegetation, senescent vegetation, 
and bare soil. In SEB-4S, the explicit partitioning of evapotranspiration into soil evaporation and plant 
transpiration makes it possible to further integrate other variables involved in the surface energy budget 
such as surface soil moisture and vegetation water deficit index.  

Results from recent applications over experimental sites in semi-arid regions indicate that the spatial 
resolution and accuracy in LST, surface soil moisture and evapotranspiration estimates can be improved by 
combining multi-spectral/multi-resolution remote sensing data. In each case, we discuss the role of LST as a 
key integrator of remotely sensed vegetation index, surface albedo, surface soil moisture, vegetation water 
stress, surface elevation, surface roughness and soil texture for energy-water balance studies. 
 
 
EARLY DETECTION AND QUANTIFICATION OF VERTICILLIUM WILT IN 
OLIVE USING HYPERSPECTRAL AND THERMAL IMAGERY ACQUIRED 

BY MANNED PLATFORMS AT REGIONAL SCALE 
 

R. Calderón, J.A. Navas-Cortés, P.J. Zarco-Tejada 
Instituto de Agricultura Sostenible (IAS), Consejo Superior de Investigaciones Científicas (CSIC), 

Córdoba, Spain. E-mail: rcalderon@ias.csic.es 
 
Verticillium wilt (VW) of olive (Olea europea L.) trees, caused by the soil-borne fungus Verticillium dahliae 
Kleb., is the most serious disease affecting olive orchards worldwide and may cause severe yield losses and 
plant death. This pathogen infects the plant by the roots and colonizes its vascular system, blocking water 
flow and eventually inducing water stress. The objective of this study was to develop a robust and accurate 
method to detect the water stress caused by VW infection and severity in olive growing areas to design 
located VW control strategies at regional scale. Thus, a flight with a manned aerial vehicle was conducted to 
acquire thermal and hyperspectral imagery of a 3 thousand-ha commercial olive region on 12 June 2013. 
Hyperspectral and thermal images were acquired at 50 cm and 62 cm pixel resolution, respectively. The olive 
region flown was also assessed ‘in situ’ to assess actual VW incidence and severity. The mean radiance and 
reflectance spectra calculated for the 260 spectral bands obtained by the hyperspectral imager were used to 
calculate several spectral indices related to the tree crown structure (e.g. NDVI), the epoxidation state of the 
xanthophyll cycle (PRI570 and PRI515), the chlorophyll and carotenoid concentration (e.g. TCARI and 
SIPI), the blue/green/red ratio indices, the chlorophyll fluorescence and the spectral disease indices (healthy 
index HI). The FLD principle was applied to estimate the fluorescence signal using a total of three bands, the 
“in” (radiance at L763) and “out” bands (radiances at L750 and L780). Results indicate that VW incidence 
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and severity is correlated with the canopy temperature (Tc) minus air temperature (Ta), showing higher Tc-Ta 
values as the VW severity level increased. Furthermore, the structural, chlorophyll content, blue/green/red 
and spectral disease indices were also correlated with VW incidence and severity. A combination of these 
VW indicators allowed the detection of VW affected areas. Implementation of a VW detection and 
quantification at regional scale is in progress. 
 
 

DIRECTIONAL HYPERSPECTRAL OBSERVATIONS TO DETECT PLANT 
STRESS WITH THE PRI AND SIF IN A CORNFIELD 

 
E. M. Middleton1, Y.-B. Cheng1, P. E. Campbell2, Q. Zhang3, K. F. Huemmrich2, L. A. Corp1, D. R. 

Landis1  
1Biospheric Sciences Laboratory, NASA/Goddard Space Flight Center, Greenbelt, MD, USA 

2University of Maryland at Baltimore County, Catonsville, MD, USA 
3Universities Space Research Association, Columbia, MD, USA 

E-mail: Elizabeth.M.Middleton@nasa.gov 
 
We examined the impact of drought stress and temperature on plant hyperspectral, fluorescence, and 
photosynthetic responses during the 2012 growing season at an experimental USDA cornfield in Beltsville, 
MD.  The cornfield had dedicated plots with four levels of applied nitrogen (N) treatments: 0, 70, 140, and 
280 kg/ha (corresponding to 0, 50, 100, or 200% of optimal N).  An irrigation system was installed to supply 
a drip line to one half of each plot, so that eight treatments (with replicates) were created for non-watered 
(nw, natural precipitation only) and watered (w) subplots (each 10 m wide x 20 m long).  These 8 non-
watered & watered treatments were designated as 0Nnw & 0Nw; 50Nnw & 50Nw; 100Nnw & 100Nw; and 
200Nnw & 200Nw.  In addition to these experimental treatments, the study site experienced unseasonably 
high temperatures with little precipitation for the first half of the growing season.  Throughout the growing 
season, we collected in situ canopy and leaf fluorescence, in situ canopy hyperspectral reflectance, and 
canopy and leaf biophysical measurements; leaf optical properties and leaf pigments were determined in the 
laboratory.  The canopy spectra were obtained with a high resolution spectrometer (Ocean Optics USB 4000, 
Dunedin, FL USA) from a pole-mount at mid mornings and mid-afternoons.  These canopy spectra were 
acquired at 7 view zenith angles (VZAs) along the solar principal plane (SPP): nadir, ±30º, ±45º, and ±60º.  
Reference spectra were collected over a spectralon panel.  These spectra were used for: (i) computing the 
Photochemical Reflectance Ratio (PRI), a normalized difference spectral ratio of two green bands (531, 570 
nm); and (ii) Solar Induced Fluorescence (SIF) retrievals, which were performed in the two atmospheric 
oxygen absorption bands centered at 687 and 760 nm (O2-B, O2-A) using the 3FLD retrieval approach to 
obtain SIF687 and SIF760, and their ratio (SIF687/SIF760).  We determined the corresponding quantities 
normalized to incoming Photosynthetically Active Radiation (PAR) as SIF yields (SIF/PAR).  We produced 
bi-directional SPP curves in the mornings and the afternoons for the PRI and SIF-related indices across the 
growing season.  Both the PRI and SIF curves displayed significant anisotropy with VZA in the SPP, which 
differed for canopies in growth stages before and after the onset of senescence.  We show that the pre-
senescence bi-directional PRI curves are bowl-shaped, with lowest values at nadir (or at VZA=30º on the 
sunlit limb).  Lower PRI values were observed for the sunlit canopy limbs as compared to the shaded limbs of 
the bi-directional SPP curves.  On many days when the drought conditions were most severe, these bi-
directional PRI curves produced a nested gradient ranging from 0Nnw (most stressed, with lowest PRI 
values) up to 100-200Nw (least stressed, with highest PRI values).  The SIF variables showed a less 
pronounced nested gradient among treatment groups.  The highest SIF values were observed in the afternoons 
and were associated with the 0Nnw (most stressed) group, whereas the lowest SIF values were associated 
with the 100-200Nw groups.  Therefore, the highest SIF values occurred in conjunction with the lowest PRI 
values, and both indices captured canopy responses to stressful environmental conditions.  After a significant 
mid-season rainfall event combined with a lower maximum temperature, the PRI directional curves collapsed 
into a single curve at higher (less stressed) values, and SIF values also dropped. We show that both the PRI 
and SIF variables respond to nitrogen levels, drought conditions, high air temperatures, and growth stage 
(e.g., stem elongation, flowering, and senescence). 
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DIRECTIONAL SIGNATURES OF LAND SURFACE REFLECTANCES: 
MEASUREMENTS AND CORRECTIONS 
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The directional signature of land surface reflectance generates an apparent noise on the time series 

acquired from satellites with variable observation geometries.  This apparent noise can be corrected through 
appropriate modelling of the Bidirectional Reflectance Distribution Function (BRDF).  MODIS operational 
processing derives BRDF models from the analysis of measurements acquired over 16 day periods.  We argue 
that the directional sampling during this period is often insufficient to properly constrain the BRDF model, in 
particular when the input data is noisy. We have developed an alternative method (referred to as VJB) to 
invert the BRDF model based on a full year of measurements.  This method is based on the assumption that, 
although the reflectance magnitude may change rapidly, the shape of the BRDF (i.e. the directional signature, 
or the BRDF normalized to 1) varies slowly.  In addition, we hypothesize that the first order variations of the 
BRDF shape can be modelled as a linear function of the NDVI. 

We have evaluated the performance of the two sets of BRDF modelling through the analysis of 
MODIS reflectance time series, after normalization to a standard observation geometry.  The criteria for 
quality is the smoothness of the corrected reflectances, i.e. the reduction of the high-frequency variability.  
We show that the VJB method performs significantly better than the operational products from MODIS, in 
particular when considering observation geometry that are not sampled by the observations. In addition, we 
show that the residual noise (i.e. the high frequency variations after correction) is significantly larger when 
using the MODIS data at full resolution (i.e. 500 m) rather than the aggregated measurements at lower 
resolutions. Besides, this noise is very much a function of the spatial heterogeneity in the surrounding of the 
target.  These results strongly indicate that the multi-temporal MODIS measurement at high spatial resolution 
is affected by a change in the effective resolution for off-nadir observation or by inaccurate registration.  The 
resulting noise in the measurements precludes an accurate measurement of the BRDF at such scale. An 
optimal resolution for the measurement of BRDF from MODIS using the VJB method is 2 km. 
 
 

COMPARING VEGETATION STRUCTURAL VARIABLES RETRIEVAL 
PERFORMANCES WHEN USING NADIR VIEWING, MULTIDIRECTIONAL 

OBSERVATIONS OR ALBEDO TOP OF CANOPY REFLECTANCE 
 

Baret, F., M. Weiss and A. Verger 
INRA-EMMAH UMR 1114, Avignon, France 

CREAF, Barcelona, Spain 
 

The monitoring of vegetation is of paramount importance for a number of applications including 
the description and understanding of the Earth-system, the evaluation of resources or the short to medium 
term weather forecasting. Radiative transfer models (RTM) allow simulating the reflectance factor from a 
detailed description of vegetation canopy characteristics that may be roughly be split into canopy structure, 
optical properties of the vegetation elements and soil-background reflectance. However, the estimation of 
these canopy and soil biophysical variables from the remote sensing signal recorded requires to invert a RTM. 
The inversion process is a difficult task that may be limited by a number of aspects including (i) the RTM 
selected mainly characterized by the assumptions on canopy structure, (ii) the inversion technique, and the 
(iii) the amount of prior information on the distribution of the input variables of the RTM. The retrieval 
performances may also depend on the quantity (spectral, directional, spatial sampling) and quality 
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(radiometric uncertainties) of the reflectance measured. The current algorithms used operationally are either 
using single direction observations (decametric spatial resolution or kilometric observations normalized to a 
standard configuration), multiple observations used per se or synthesized into albedo –directional 
hemispherical reflectance). The objective of this study is to evaluate the impact on the retrieval performances 
on LAI (leaf area index) and FIPAR (Fraction of intercepted radiation) vegetation structural variables 
depending on the quantity of directional observations used. 

The study is based on the SLC model, an hybrid RTM where the canopy is represented as 
protrusions corresponding to the crown of the plants in which the foliage is approximated by a turbid 
medium. The clumping at the stand level is therefore represented by the vertical crown fraction that varies 
from 1 (pure turbid medium) to very clumped situations for low Cv values. In a simple version where only 
the green leaves are represented, the RTM needs at minimum 10 variables to describe a scene. Simulations 
were conducted for PROBA-V set of bands under realistic observational geometry. Top of canopy reflectance 
measurements were considered, assuming that the atmospheric effects were corrected for. 

The retrieval method uses a LUT (look up table) was generated by simulating a large range of 
combinations of the input RTM variables for either pure turbid medium cases (Cv=1) or variable clumped 
cases (1<Cv<0.1). Additional simulations were computed to be used as ‘pseudo measurements’ for the turbid 
and clumped cases. Pseudo measurements were contaminated by uncertainties to simulatethe actual 
reflectance measurements. The retrieval performances are quantified on the pseudo measurements using the 
RMSE metrics. The results from several inputs of the retrieval (nadir viewing, multiple directions, albedo) are 
discussed with due attention to the operational application depending on the type of sensor used. 
 
 

30 YEARS OF LAND SURFACE ALBEDO FROM GEOSTATIONARY 
SATELLITES: STATUS OF THE SCOPE-CM LAGS PROJECT. 
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The Land surface Albedo from Geostationary Satellites (LAGS) project of the Sustained and 

Coordinated Processing of Environmental Satellite Data for Climate Monitoring (SCOPE-CM) activity is 
involving the operational meteorological satellite agencies in Europe (EUMETSAT), in Japan (JMA: Japan 
Meteorological Agency) and in the USA (NOAA: National Oceanic and Atmospheric Administration). The 
project started in January 2014 and aims at the generation of a Land Surface Albedo Climate Data Record 
enclosing almost 30 years starting in the early 1980s. The first issue addressed is the limitation in quality due 
to clouds not removed by the embedded cloud screening procedure. As also demonstrated in a study 
performed by independent researchers, the loss of quality in the retrieval is quite significant over dark dense 
vegetated areas. Two alternative strategies are followed to efficiently improve the cloud detection and 
removal. The first, in order to screen out outliers values, relies on a post processing analysis of the albedo 
seasonal variation together with the usage of a priori information contained in a background albedo map. The 
second is based on the application of a robust and reliable cloud mask during the retrieval taking advantage of 
the information contained in the measurements of the infrared and visible channels. The second issue 
addressed in the project concerns the homogenization, for all exploited geostationary satellites, of the 
ancillary information needed for the atmospheric correction and of the input reflectance data. This 
presentation discusses the activities performed and the results obtained. 
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A HINT OF THE REVOLUTIONARY POTENTIAL OF SENTINEL-2 TIME 
SERIES, USING THE SPOT4 (TAKE 5) DATA SET. 
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Starting in 2015-2016, Sentinel-2 mission will be the first satellite mission ever to provide image 
time series with the four following features :  
- High resolution images (10 to 20m) 
- Worldwide systematic coverage of all lands 
- Repetitivity of observations every 5th day with 2 satellites, under constant viewing angles 
- Thirteen spectral bands from visible to Near Infrared 

On top of these features, the data access will be free and open and the mission has an expected 
lifetime of 15 years thanks to the likely renewal of the constellation after 7.5 years. This mission will 
certainly foster new applications, products and services, and will enhance the accuracy of existing ones. 
Sentinel-2 frequent revisit will ensure that a given surface will be observed at least once a month, except in 
the most cloudy periods and regions, enabling to develop operational applications. 

New methods and algorithms will have to be developed, in order to handle time series covering 
very large areas. The methods will need to be robust to data gaps due to clouds that will be present on most 
Sentinel-2 300*300 km images. Given the number of images to handle, the methods will have to be 
automatized and the large area covered will push users to develop methods that can handle large territories 
with variations in climate and land cover. However, as this kind of data set has never been available before, 
simulation data are needed to help users get ready for the arrival of Sentinel-2. 

This paper presents the lessons learned from the SPOT4 (Take 5) experiment, which was held 
during the first half of 2013. This experiment aimed at providing time series of optical images simulating the 
repetitivity, resolution and large area of Sentinel-2 images, in order to help users set up and test their 
applications and methods, before the mission is launched. CNES started this experiment on the 31st of 
January 2013, and it lasted until June the 19th 2013. Time series of SPOT4 images have been acquired every 
5th day, over 45 sites scattered in nearly all continents, with a total of 28 acquisitions above each of the 45 
sites. The time series may be used for very diverse applications (land cover and land use, agriculture, 
phenology, hydrology, snow monitoring, coasts monitoring, habitats characterization and biodiversity...). 
Several space and research agencies (ESA, NASA, CCRS, JRC) also contributed to the mission by funding 
the cost of edition of the products acquired on the sites they selected. Only one month after the end of the 
acquisitions, the THEIA Land Data Center operated by CNES delivered the whole time series of Level 1C 
ortho-rectified images expressed in reflectance at the Top of Atmosphere, and Level2A ortho-rectified images 
expressed in surface reflectance after atmospheric correction, provided with a cloud mask. The processors are 
based on CNES (L1C, SIGMA) and CESBIO (L2A, MACCS) pre-processing methods. 

The SPOT4 (Take5) data set can be downloaded free of charge for all users, after acceptation of a 
very open licence, from the following web site: https://www.ptsc.fr/en/products/spot4-take5. Even if the 
experiment only lasted 5 months, it is possible to complement it with the LANDSAT 8 acquisitions which 
started by the end of April 2013, in order to obtain whole vegetation cycles in the Northern hemisphere. 

This communication will draw the lessons learned in terms of: 
 cloud free observation probability (despite a very poor weather in Western Europe, it was possible 

to achieve at least a cloud free observation each month for each pixel of most sites) 
 data usage  (on the 1st of January 2014, 264 users had downloaded data, 70% of users downloaded 

Level 2A products, and users who downloaded level 1C often also downloaded Level 2A) 
 data quality of Level 1C and Level 2A processing methods 
 preparation of a Level 3A Monthly composite product 
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 suitability of the data to various applications, among which land cover, agriculture (with the S2-
Agri project), forestry, meadows monitoring. 

 
 

EVIDENCE OF SEASONAL PRODUCTIVITY DYNAMICS ALONG A 
LONGITUDINAL RAINFALL EQUATORIAL FOREST TRANSECT 

 
Alfredo Huete, Kevin Davies, Natalia Restrepo-Coupe, Piyachat Ratana 
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 Recent studies on Amazon forest functioning have raised new questions on existing paradigms of 
light and water controls on tropical forest seasonal productivity and functioning.  Such results have enormous 
implications to the carbon balance of tropical forests as well as in predicting the fate of Amazon forests to 
future climate change.  A recent study by Morton et al. (2014) suggests that Amazon forests are structurally 
and seasonally invariant during the dry season and that satellite measures of forest greening during drought 
seasonal periods are optical artefactsresulting from shifting sun- sensor view configurations between the 
solstice in June to the equinox in early October. Here we investigate both spatial and seasonal variations in 
MODIS enhanced vegetation index (EVI) along a 3,000 km ecological rainfall, equatorial transect(45o to 75o 
W. Long.), using fully BRDF-corrected EVI data at a fixed solar zenith angle of 30o.  Along the longitudinal 
transect, total annual rainfall varies from 2,000mm to over 4,000mm with dry season duration ranging from 
>4 months, over seasonally-dry eastern forests, to <1 month in everwet western forests. We hypothesized that 
such longitudinal variations are independent of sun-induced BRDF artefacts, given that lines of longitude 
have no significance with regard to the Earth or its relationship to the sun.  
 Our results demonstrate significant broad scale greening patterns, both spatially and seasonally, 
corresponding with variations in dry season duration and light availability. The amplitude of seasonal 
greening was most pronounced over eastern forests (50-60o W Long.) and weaker over western forests that 
lacked a clear dry season.  Although, there was seasonal covariance with solar zenith angle, we found the 
peak of seasonal greening periods (~day 320) to extend well beyond the September equinox (day 273), 
suggesting that BRDF influences could not explain observed greening in neither space or time.  These results 
are further validated with in situ measures of gross primary productivity derived from an equatorial network 
of eddy covariance flux towers.  Although, we were able to confirm ‘potential’ sun-induced optical artefacts 
in satellite reflectances and VI values, our analyses shows that ‘actual’ VI composited observations reveal 
such artefacts to be secondary to the dominant forest greening patterns.  The principal plane artefact became 
minimal as backscatter observations were compensated by forward scatter observations. We conclude that the 
complexity of this ecologic issue can only be explained as a combination of multiple factors rather than a 
contest between competing explanations. 
 
 

THE DEIMOS-1/PERSEUS CONSTELLATION:  
HIGH-RESOLUTION, HIGH-FREQUENCY WORLDWIDE MONITORING  

FOR AGRICULTURE AND FORESTRY APPLICATIONS 
 

Alfredo Romo, Fabrizio Pirondini 
Elecnor Deimos Imaging, Boecillo, Spain 

 
The Deimos-1, owned and operated by Elecnor Deimos Imaging (Spain), is the first Spanish Earth 
Observation Satellite. With a mass of 100-kg, it was launched in 2009, and provides 22m, 3-band imagery 
with a very wide (650-km) swath. It has been specifically designed to assure very-high-frequency revisit on 
large areas (every 3 days on average for any mid-latitude region), with precision agriculture and forestry 
monitoring applications in mind. Deimos-1 is nowadays one of the leading sources of high-resolution data 
worldwide. 
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Elecnor Deimos is partnering with Dauria Aerospace, a Russian private-equity company, in order to develop 
the Perseus constellation of Earth Observation satellites. By using state-of-the-art technology, each Perseus 
satellite will weigh less than 15 kg, and yet it will deliver data fully compatible with Deimos-1 (same 22m 
resolution, same three spectral bands), on a 220-km-wide swath. The first four Perseus satellites are already 
under construction and are scheduled to be launched at the end of 2014, followed by at least other four 
satellites in 2015. Dauria Aerospace and Elecnor Deimos are collaborating to set up a coordinated 
constellation service, in order to provide worldwide high-resolution, high-frequency coverage that will highly 
improve the service level offered by the US Landsat system and (in the near future) by the EU/ESA 
Copernicus Sentinel 2. The combined, fully-private Deimos-1/Perseus system, which now produces up to 8 
million sqkm per day with Deimos-1 alone, will be capable of acquiring 24 million sqkm per day in 2015 and 
between 40 and 60 million sqkm per day in 2016. This capacity would allow, for example, to monitor daily 
the whole agriculture land worldwide. 
This presentation describes the Deimos-1/Perseus constellation, detailing its expected performances, its main 
products, and the development status. 
 
 

PLUME SPEED USING OPTICAL FLOW AND A FAST SAMPLING  
INFRARED IMAGING CAMERA 
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Uncooled microbolometer imaging cameras, sensitive in the region 8-14 µm have been demonstrated as 
effective in measuring sulfur dioxide from anthropogenic sources such as industrial plume stacks as well as 
sulfur dioxide and silicate ash emissions from volcanoes. Information regarding the concentration of species 
can be determined using a number of different waveband filter channels.  If plume speed is known, then 
emission rate of the species being measured can be calculated which is of interest in both industrial and 
environmental settings. Here we present the use of rapidly sampled infrared camera data combined with a 
dense optical flow algorithm to characterize plume dynamics from a range of case studies showing a variety 
of plume types and styles. We demonstrate that plume dynamics elucidated from optical flow can provide 
detailed information about species dispersion which can be used as inputs to plume dispersion models, which 
are key in determining the wider scale contribution and dispersion of these species. Furthermore, plume 
dynamics of volcanic emissions can have important consequences for aircraft hazard mitigation and for the 
more accurate estimation of volcanic contributions of gaseous species to the atmosphere.  

 
 

DETERMINING SPECTRAL REFLECTANCE COEFFICIENTS OF WATER IN 
LABORATORY CONDITIONS 
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Water monitoring is one of the key areas of remote sensing applications. Water is a very important 
part of the environment. Remote, non-contact monitoring of pollutants can be performed based on the 
analysis of hyperspectral and multispectral imaging. In quantitative studies, particularly when detecting the 
percentage concentration of impurities in water, it is necessary to know the spectral reflectance coefficients of 
the water itself. It is very difficult to acquire these data with sufficient accuracy. For this purpose, the authors 
had constructed a specialized laboratory Measuring Station. It had been set up in a room isolated from any 
external factors. It consists of an ASD Field Spec 4 Spectroradiometer and a lighting system based on ASD 
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Illuminator Reflectance Lamps. Both the spectroradiometer and lighting system are mounted on a specially 
constructed platform, which allows the user to conduct research using different geometrical parameters 
between the instrument, lighting system and the test sample. The test samples are placed in glass containers, 
which differ from one another in height and cubic volume. Due to the fact that water is characterized by a 
high translucency (transmission), the walls and the bottom of these tanks have to be covered with a suitable 
material impervious to radiation. This allowed for the elimination of external factors not related to the test 
samples. Two types of materials were used - one with high reflectance coefficients and the other with a low 
reflectance. The article presents a methodology for determining the spectral reflectance coefficients of water 
in the 350 – 2500nm range and the impact of various factors, such as the height and volume of the water, on 
the acquired values of spectral reflectance. 
 
 

DETERMINING METHODOLOGY FOR ACQUIRING SPECTRAL 
REFLECTANCE COEFFICIENTS USING A CHOSEN MONOCHROMATIC 
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Spectral reflectance coefficients are one of the most widely used and most vital data of modern 

remote sensing. They are very useful in environmental and ecosystem studies, crop analysis, mineralogy and 
hydrology. They are usually acquired using discrete methods such as spectrometric measurements. These 
however can be very time consuming, therefore image-based methods are used more and more often. 
According to published studies, in order to acquire these spectral characteristics in a precise manner from 
hyperspectral data, it is necessary to have reference panel visible on the photographed scene. This approach is 
based on acquisition the imagery first, ensuring that each scene contains at least one reference panel with a 
well know spectral characteristic, and then transforming the imagery and calculating the spectral response 
curves during post-processing. The research team from the Department of Remote Sensing and 
Photogrammetry from the Military University of Technology in Warsaw are proposing a method of extracting 
precise reflectance coefficients in quasi real time without the need for using a reference panel on the scene. 
This method is based only on the precisely determined exposure parameters of a chosen monochromatic 
camera together with interference filters. This research was conducted as part of the project entitled 
“IRAMSWater - Innovative remote sensing system for the monitoring of pollutants in rivers, offshore waters 
and flooded areas” (PBS1/B9/8/2012) financed by the polish National Centre for Research and Development. 
Its main aim is the creation of a remote sensing system based on hyperspectral sensors which will enable the 
evaluation, detection and distribution of biological, physical and chemical pollutants in the examined waters 
in real time. These analyses are conducted based on spectral characteristics of a wide selection of pollutants. 
As most of these contaminants could only be measured in field conditions we needed to determine an optimal 
methodology for acquiring these data in an accurate and quick way. 
 
 

THE USE OF OPTOELECTRONIC FILTERS FOR REGISTERING 
HYPERSPECTRAL IMAGES IN LABORATORY CONDITIONS 
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In this article had been described a methodology of acquiring hyperspectral images using 
optoelectronic filters in laboratory conditions. It also presents the methodology for determining the 
transmission of two electronically tunable interference filters Varispec CRI-VIS and CRI-SNIR. The aim of 
the research was to determine the filter transmission values and to compare them with the results provided by 
the filter’s producer. The tested interference filters are built with the intent of being integrated with 
panchromatic video cameras (400 - 1100 nm). The acquired data could then be used to determine spectral 
characteristics, and on that basis it will be possible i.e. detection of masked objects, examination of the 
vegetation and detection of water pollutants.  The precise determination of the filters transmission values is 
necessary to establish the correct exposure parameters. Thanks to a correct methodology of data acquisition, 
the collected images could be used for qualitative and quantitative analyses. Within the framework of the 
presented research, laboratory measurements of the filter transmissions were carried out for the CRI-SNIR-
10-20 filter (for the interval from 650 nm to 1100 nm) and the CRI-VIS-20-20 filter (for the interval from 400 
nm to 720 nm). The main concept of the research was to calibrate a spectroradiometer using a reference panel 
and then to perform a series of measurements of the light transmitted through the filter which had been tuned 
to a specific wavelength. The measurements were conducted using Field Spec 3, Field Spec 4 Wide-Res 
spectroradiometers and a JASCO V670 spectrophotometer. Moreover there were carried out measurements 
with goniometer, that provided important data about the impact of the light angle on the filters transmission 
values. On the basis of the determined transmission filters’ values, the methodology for obtaining 
hyperspectral images in laboratory conditions had been developed.  
 
 

COMPARISON OF TWO INVERSION METHODS FOR GRASSLAND LEAF 
AREA INDEX USING HYPERSPECTRAL REMOTE SENSING 
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Leaf area index (LAI) is one of the most basic feature parameters of canopy structure. It controls 
the major biological and physical processes of plant canopies, such as photosynthesis, respiration, 
transpiration and the carbon cycle, and is applied widely in agriculture, ecology, meteorology, etc. Remote 
sensing technique captures spectral and spatial information of vegetation canopy and provides an effective 
approach to estimate grassland LAI at regional scale. Comparison with LAI inversion method by remote 
sensing is a great significance in a particular area. In this study, we developed and compared different models 
to inverse LAI of temperate meadow-steppe in HulunBuir, Inner Mongolia, China, based on hyperspectral 
image and field measured LAI data. Then we explored the spatial-temporal distribution of LAI. The results 
indicated that: (1) We combined field measured LAI with HJ CCD data, and calculated three vegetation 
indices (VIs), including normalized difference vegetation index (NDVI), atmospherically resistant vegetation 
index (ARVI) and modified soil adjusted vegetation index (MSAVI). Three VIs and band3 (red) investigated 
were strongly correlated with field measured LAI (α < 0.01). We established grassland LAI remote sensing 
inversion model based on the statistical regression model and BP neural network. (2) Comparing with the 
accuracy of estimation for two methods, BP neural network method was better than the statistical regression 
model estimating grassland LAI. The model accuracy of BP neural network method was 82.8%. (3) Based on 
BP neural network the grassland LAI was estimated using multi-temporal HJ CCD data in the study area. LAI 
showed a rising trend from June to August in 2013 under three utilization ways-grazed, cut, fenced. The 
spatial distribution pattern of grassland LAI showed large variations in different utilization ways. In specially, 
owing to livestock grazing on grazing region, LAI was lower than fencing and cutting region. This study can 
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provide an important basis on assessing the grassland growth, estimating grassland productivity and utilizing 
grassland resources. 
 
 

SPECTRAL-INFORMATION-BASED ATMOSPHERIC CORRECTION 
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Land surface temperature (LST) is an important parameter for numerical weather forecasting, 
drought monitoring, water resources management and global climate change studies. Atmospheric correction 
is one of key processes for the retrieval of LST from hyperspectral thermal infrared radiances measured at the 
top of the atmosphere (TOA). Nowadays, atmospheric correction methods for hyperspectral thermal infrared 
images still require accurate atmospheric temperature and moisture profiles, but spatial and temporal 
collocated atmospheric profiles are usually not available. Consequently, significant error of the retrieved LST 
can be caused by using inaccurate atmospheric profiles to perform atmospheric correction when the 
atmosphere is very wet. Based on the spectral information of hyperspectral thermal infrared radiances 
themselves, this paper aims to build a new model to correct for the atmospheric effects. To reduce the 
influence of land surface emissivity (LSE) on the atmospheric correction, several atmospheric window bands 
corresponding to the Infrared Atmospheric Sounding Interferometer (IASI) channels with spectrum ranging 
from 810 cm-1 to 875 cm-1 where the spectral emissivity values are high for natural surfaces, are only selected 
to perform atmospheric correction. Based on the simulated IASI data, the surface brightness temperatures are 
proposed to express directly as functions of the TOA brightness temperatures through principal component 
stepwise regression method.  The accuracy of the atmospheric correction model is analyzed by comparing the 
surface brightness temperature retrieved by the proposed method with the input surface brightness 
temperatures using the simulations. The biases and the root mean square errors (RMSEs) vary between -0.02 
K and 0 K, and between 0.57 K and 0.74 K, respectively. In addition, this paper also tests the accuracy of the 
proposed atmospheric correction method and the sensitivity of the model to instrumental noise by using the 
hyperspectral thermal infrared simulations with six MODTRAN built-in profiles and 24 water-vapor-content-
scaled profiles (scale factors: 0.8, 0.9, 1.1, 1.2) derived from the six profiles. Comparisons of the retrieved 
surface brightness temperatures with the input actual ones show that the RMSEs vary from 0.73 K to 0.84 K. 
Furthermore, sensitivity analysis shows the accuracy of the atmospheric correction model doesn’t degrade 
much when instrumental noise is set at the level of IASI. 
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Land Surface Temperature (LST) is one of the most important variables giving access to water and 
energy budgets in the continuum soil-biosphere-atmosphere. Many applications require high spatial and 
temporal resolution LST data. The development of remote sensing instruments make possible to retrieve 
thermal data from satellite sensors at different temporal and spatial resolutions. However, satellite thermal 
data present either high spatial resolution or high temporal one. To assess the utility of LST satellite data in 
monitoring hydric and energy budgets at appropriate scales, solutions to combine these multi-scale and multi-
temporal data have been so far proposed. This paper presents a new methodology for CSR thermal infrared 
(TIR) data sharpening based on Genetic Particle Smoother GPS. The methodology consists in constraining a 
dynamic model with CSR observations, assuming that LST is mostly dependant on land cover and hydric 
status. The GPS Thermal Sharpener (GPSTS) was implemented and applied to a land surface model (LSM) 
that simulates prior end-member temperatures dynamics. The application was performed on the Crau-
Camargue region where micro-meteorological data, land cover mapping and thermal infrared (TIR) data were 
available to force the LSM and to validate the assimilation tool. GPSTS performances were evaluated against 
prior model estimations and high resolution TIR data (Landsat 7-TM). Results show that the GPSTS 
outperforms the prior model estimations. The performance variability to observation error statistics and 
observation period and frequency will be discussed. 
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As an important part of assessment of ecological conditions, the remote sensing monitoring of 

grassland vegetation growth may directly reflect the growth conditions of the vegetation and provide 
guidance for grazing management of animal husbandry. This paper takes the Xilingol grassland of Inner 
Mongolia, China as a study area, uses 16-day MODIS-NDVI/EVI data with 250m resolution from May to 
September from the year 2000 to 2010, and integrates the ground sample data so as to perform the 
establishment of remote sensing growth index system and suitability evaluation by means of building ground 
growth model. The conclusions are as follows: (1) Taking the year 2000 as the base year, use two vegetation 
indexes of NDVI and EVI, and adopt difference method and anomaly method to build grassland vegetation 
growth remote sensing index system, which consists of MGI-NDVI, GI-EVI, GI-NDVI and GI-EVI; (2) 
Adopting experts grading method and analytic hierarchy process to build ground growth (g) evaluation 
model: g=0.025434c+0.184787h+0.560864y on the basis of confirming the weighted value of ground sample 
vegetation coverage (c), height (h) and yield (y); (3) Perform the correlation evaluation of remote sensing 
monitoring growth value in the counterpart positions in accordance with ground growth value calculated by 
ground growth model, so as to get the conclusion that the remote sensing growth index suitable for temperate 
grassland is GI-EVI, that suitable for meadow grassland is MGI-NDVI and that suitable for desert grassland 
is GI-NDVI; (4) Using the optimal remote sensing growth index monitoring in different regions and appraise 
the Inner Mongolia Xilingol grassland’s vegetation growth. The growth conditions of temperate steppe region 
got worse in 2001, 2007 and 2009 and those in other years from 2001 to 2010 were better than that in 2000. 
The temperate meadow steppe region witnessed the best growth in 2005 during the monitoring period, 
followed by the year 2008. The growths got worse in other years and the year 2007 saw the worst growth. 
The temperate desert steppe region witnessed the best average growth in 2003, and it got better from 2007 to 
2009 and got worse in 2001 and 2005. In respect of spatial pattern, the north of temperate steppe region 
witnessed the best growth, followed by the middle of temperate grassland, while the south witnessed the 
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worst growth. The juncture between the temperate steppe and temperate meadow steppe boasted the better 
growth, while the growth is better in the south than that in the north. The growth of temperate desert steppe 
region was better in the south than in the north, and that was better in the east than in the west. The 
conclusions boast important reference value for promoting the economic development of pasturing area and 
semi-pasturing area, the improvement of ecological environment, and the rational utilization and scientific 
management of the grassland. 
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Heliotropic leaf movement or leaf “solar tracking” occurs in a wide variety of plants, including 

major crops like beans, and may have an important effect on the canopy spectral reflectance measured from 
satellites. For this reason, monitoring systems based on spectral vegetation indices should account for 
heliotropic movements in evaluating the actual condition of such species. Tamarugo (Prosopis tamarugo 
Phil.) is an endemic and endangered tree species adapted to the hyper-arid conditions of the Atacama Desert 
in Northern Chile. Diurnal leaf movements were observed in this Leguminoseae tree species both in the lab 
and in the field and this had an important effect on canopy reflectance as measured with a radiometer. 
Tamarugo leaves moved towards an erectophile angle distribution to decrease the direct solar irradiation on 
the leaves at the hottest time of the day (paraheliotropism) and this way minimize photoinhibition. Since 
pulvinar movement is triggered by cell water turgor and thus limited for trees under water stress, we 
hypothesize that the expected changes in canopy spectral reflectance of Tamarugo plantations can be detected 
by remote sensing and used to assess water stress. 

A 25 years Landsat time series showed a strong seasonal variation in the normalized difference 
vegetation index (NDVI) for Tamarugo plantations with peak values in winter, which was negatively 
correlated to solar irradiation (R2 = 0.66). This seasonal variation of the NDVI could be explained by pulvinar 
movement. Trees with water stress exhibited significantly less seasonal variation. In addition to the seasonal 
component, we observed a decreasing trend in the Landsat NDVI series for the period 1996-2007, which was 
positively correlated to groundwater depletion. 

An analysis of 10 years MODIS data of the Tamarugo plantations showed a similar seasonal 
variation in NDVI as observed in the Landsat time series (R2 = 0.65 with solar irradiation). In addition, a 
positive difference between the NDVI in the morning (Terra satellite) and the NDVI at midday (Aqua 
satellite) was observed, which again could be explained by the pulvinar movement. This difference was 
smaller for trees with water stress. This difference also became smaller in time because of an increasing 
ground water depletion, thus reducing the leaf pulvinar movement. We conclude that this NDVI difference 
obtained from the MODIS Aqua and Terra satellites has potential to detect early symptoms of water stress for 
Tamarugo trees at the stand level. 
 
 

UN ÍNDICE SINÓPTICO DE TURBIDEZ ANUAL PARA LA 
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En el siglo pasado, el río Guadalquivir fue transformado dramáticamente para facilitar la 
navegación afectando su funcionamiento ecológico e hidrológico. Ante la propuesta de realizar un nuevo plan 
de dragados para aumentar el calado del canal de navegación se llevó a cabo un extensivo estudio científico 
del estuario del Guadalquivir. El LAST-EBD participó en el proyecto reconstruyendo a partir de imágenes 
Landsat el régimen de turbidez del río en los últimos 29 años. La frecuencia de episodios de alta turbidez en 
la desembocadura han implicado graves problemas para los diferentes usos y servicios que presta el río 
(pesca, piscicultura, turismo). Mediante la implementación de un modelo empírico sobre cada escena 
disponible de Landsat TM y ETM+ se obtuvieron las cartografías de turbidez del río en su tramo de 
desembocadura (100 km). El modelo fue validado con datos de turbidez medida in situ coincidentes o 
cercanos a adquisiciones de Landsat y en diferentes periodos cubriendo un gradiente amplio de valores de 
turbidez (31-2500 NTU).  

A la hora de analizar retrospectivamente el régimen espacio-temporal de la turbidez se calcularon 
sumatorios y promedios anuales que permitieron poner de manifiesto las tendencias recientes de incremento 
en la frecuencia de eventos extremos de turbidez. No obstante, estos eventos diferían en magnitud y duración 
indicando las circunstancias y condiciones causantes (nivel mareal, desaguado de la presa de Alcalá del río, 
intensas precipitaciones, etc.). Por ello, se propuso la formulación de un índice sinóptico capaz de representar 
la variabilidad interanual considerando la duración y magnitud de los eventos. Este nuevo índice anual, 
denominado turbiperiodo, aglutina la misma información que el sumatorio de turbidez anual, si bien permite 
diferenciar situaciones de años de alta turbidez con eventos únicos o con una continuidad temporal de valores 
medios. Se calculó para los diferentes años hidrológicos de toda la serie pudiendo constatar como evento más 
frecuente la ocurrencia de eventos puntuales extremos en los últimos años. 
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In southern Africa, increased frequency and intensity of extreme climatic events in combination 
with anthropogenic pressures have been causing major changes in vegetation cover and productivity. 
Deterioration of vegetation and thus land productivity adversely affects the ability of agro-ecological systems 
to render important ecosystem services. Knowledge regarding vegetation dynamics is important for 
understanding the potential impact of climatic or anthropogenic change. Currently, however, there is lack of 
understanding of how land-use and land-cover changes and rainfall variability affect vegetation variations in 
space and time. By using available land-cover maps and spatially-explicit rainfall metrics from passive radar 
remote sensing observations, integrative assessments of vegetation responses to rainfall patterns and land-
cover changes can be effectively performed. We investigated seasonal trends in vegetation cover across 
southern Africa covering partly such countries as South Africa, Mozambique, Botswana, Zimbabwe, Lesotho 
and Swaziland, based on the 250m 16-day MODIS (Moderate Resolution Imaging Spectroradiometer ) EVI 
(Enhanced Vegetation Index) time-series. We further used land cover information from Global Land Cover 
2000 and Globcover 2009 and 0.25km TRMM (Tropical Rainfall Measuring Mission) monthly time-series 
(2000–2013) to analyze the observed trends in annual vegetation productivity as well as trends in peak and 
timing of annual vegetation productivity. The results showed that up to 15% of the analyzed area (1.3 million 
km2) experienced vegetation productivity declines over the monitoring period, while only 1% exhibited 
increase in vegetation productivity. Most of the vegetation productivity decline areas were found within 
grasslands (36%) and croplands (28%), possibly indicating over-usage of these areas for cropping and 
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grazing. The most dynamically changing land-cover classes between the analyzed years were shrublands and 
grasslands that might be associated with conversion of the grasslands to croplands and ongoing bush 
encroachment. Increase and decrease in annual peak of productivity occurred on 6% and 4% of the total study 
area respectively, while positive and negative shifts in timing of annual peak of productivity were detected on 
4% of the total study area. There was almost no significant seasonal trend in rainfall detected probably due to 
low spatial resolution of the TRMM datasets and highly localized and erratic pattern of rainfall across the 
region. The results confirms the potential of satellite-time series data for monitoring vegetation cover and 
productivity at medium spatial scale over large areas in semi-arid regions. 
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Land Surface Temperature measurements are prone to important directional anisotropy and hot spot 

effects. These are governed by the coupled energy and radiative transfer within canopies, and therefore 
depend on the viewing angles, on the Sun position (i.e. time and season), on the canopy (structure and water 
status), and on micrometeorological conditions. The future missions combining both high spatial resolution 
and revisit capacities in the thermal infrared (TIR) such as THIRSTY (Crebassol, et al. 2014) require the 
directional anisotropy (defined as the difference between oblique and nadir temperatures) to be correctly 
assessed. That’s why we must develop correction algorithms simple and robust enough to be compatible with 
the processing of data from space and the elaboration of final products. The development, calibration and 
validation of these algorithms require large amounts of data. For this purpose we use the SCOPE (Soil 
Canopy Observation, Photochemistry and Energy fluxes, Van der Tol et al. 2009) model. It is a soil 
vegetation atmosphere transfer (SVAT) multilayer model coupling radiative transfer (4SAIL) and energy 
balance able to simulate energy fluxes and directional brightness temperatures.  

We first briefly describe the model and its validation against experimental data over wheat and 
forest canopies, and illustrate its ability to simulate the directional anisotropy of brightness surface 
temperatures in a large range of zenithal and azimuthal viewing directions.  

The model is then used to evaluate the sensitivity of anisotropy to different canopy structure and 
meteorological variables. Among the parameters tested, the wind speed, the LAI and the stomatal 
conductance reveal to have major impact as expected because they directly govern the sensible and latent heat 
fluxes and therefore surface temperature. Results show that the anisotropy significantly decreases with wind 
speed, LAI increase and especially when water needs are satisfied (i.e. increase of stomatal conductance). 
These will have to be introduced in TIR data processing algorithms for either correcting temperatures from 
directional anisotropy effects or normalizing them into a given reference viewing geometry. Their 
determination from complementary data obtained from meteorological networks or from remote sensing 
(such as vegetation indices or water stress indices) is discussed and guidelines provided. 
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PROXY FOR LANDSCAPE HETEROGENEITY 
 

G. Duveiller, A. Cescatti 
European Commission Joint Research Centre 

gregory.duveiller@ext.jrc.ec.europa.eu Tel: +39 033278 9161 Fax: +39 033278  5704 
 

Many applications based on quantitative remote sensing need time series of observations for pure 
land cover or land use types. Yet, land surface is typically characterized by a strong spatial heterogeneity, 
complicating the extraction of pure time series, especially when the information is needed at global scale. 
One such application is evaluating the capacity of dynamic global vegetation models (DGVMs) to represent 
biophysical variables (such as albedo, fAPAR or surface temperatures) for different plant functional types 
(PFTs). Such assessments can typically be done using dataset of remote sensing products calculated on a 
coarse grid, such as the MODIS products’ climate modeling grid (CGM) that has a spatial resolution of 0.05 
degree. That is 10 times finer that the grid at which DGVMs typically operate, thereby allowing disentangling 
some sub-grid patterns. However, it is still much too coarse to fully resolve the actual patterns of land cover 
in most landscapes and it also underexploits the spatial detail offered by MODIS products in their finer L2G 
grid at 1km, 500m or even 250m spatial resolution. This work starts from a postulate that a spatially 
exhaustive representation of the landscape is not strictly necessary to characterize the behavior of PFTs 
within each DGVM 0.5 degree grid cell. Instead, a population of time series that adequately fall within 
homogeneous zones can be used to describe the behavior of each PFT over a wider area. To identify the time 
series that fall in such homogeneous areas, a proxy for spatial heterogeneity is derived at 250m resolution by 
analyzing the variance of the temporal noise around a MODIS NDVI daily time series. MODIS is a 
whiskbroom sensor with a large swath, and so for any given place, consecutive MODIS observations are 
made with substantially different viewing angles according to the daily change in orbit. Consequently, the 
footprint of these observations varies considerably, thereby sampling the vicinity around the grid cell in 
which the time series is ultimately recorded. If consecutive observations that have sampled the vicinity 
provide similar NDVI values, the resulting temporal signal is relatively stable indicating that the signal comes 
from a spatially homogeneous surface. If the resulting temporal signal looks “noisy”, it is probable that the 
consecutive daily observations have sampled different land uses (or PFTs), thus contaminating the overall 
temporal NDVI trajectory with otherwise distinct NDVI temporal signatures. This landscape heterogeneity 
proxy is used to select populations of ‘purer’ time series of MODIS albedo and LST products at the finer L2G 
grid and to compare them with those available at the coarser CMG grid, demonstrating the scaling biases 
committed when using the coarse resolution product. 
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In the framework of ImagineS project a Land Data Assimilation System (LDAS) is applied at the 
Hungarian Meteorological Service (HMS) to monitor the above ground biomass, surface fluxes (carbon and 
water) and the associated root-zone soil moisture at the regional scale (spatial resolution of 8km x 8km) in 
quasi real time. In this system the Surfex model is used, which applies the ISBA-A-gs photosynthesis scheme 
to describe the evolution of vegetation. Surfex is forced using the outputs of the ALADIN numerical weather 
prediction model run operationally at HMS. In the first part of the presentation the impact of data assimilation 
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is shown. First, Surfex is run in open-loop (i.e. no assimilation) mode. Secondly the Extend Kalman Filter 
(EKF) method is used to assimilate LAI Spot/Vegetation and SWI ASCAT/Metop satellite measurements. 

The EKF run is compared to the open-loop simulation and to observations (LAI and Soil Moisture 
satellite measurements) over the whole country and also to a selected site in West-Hungary (Hegyhátsál). In 
Hegyhátsál the measurements (LAI, moisture and CO2 fluxes) are made at 3 m and 80 m heights of the 
tower. The results are evaluated with both kinds of samples. The fluxes measured at 3 m are representative 
for the grassland of the measurement garden and can be compared with the grassland path of Surfex. The 
fluxes measured at 80 m are representative for a larger (mainly agricultural) domain and thus can be 
compared with the whole 8 km x 8 km Surfex grid box. It is shown that with data assimilation we got more 
realistic biomass and soil moisture analyses than in open-loop mode.  

In the second part of the presentation a new diffusion soil scheme (ISBA-DIF) is tested and 
compared to then operational force-restore scheme. Again, results are validated in two-dimensions using 
satellite data and in one-dimension using the Hegyhátsál measurements. 
 
 

IMPROVED FIELD METHOD FOR DETERMINING  
LAND SURFACE EMISSIVITY 

 
Frank-M. Göttsche1, Folke S. Olesen1, Glynn C. Hulley2 
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Phone: +49 721 608-23821, Fax: +49 721 608-27285, E-mail: frank.goettsche@kit.edu 
 

Especially over arid regions the relatively high uncertainty in land surface emissivity (LSE) limits 
the accuracy with which land surface temperature (LST) can be retrieved from thermal infrared (TIR) 
radiance measurements. LSE uncertainty affects LST obtained from satellite measurements and in-situ 
radiance measurements alike. Therefore, accurate validation of LST satellite products, e.g. LST retrieved 
from MSG/SEVIRI by the Land Surface Analysis – Satellite Application Facility (LSA-SAF), requires 
knowledge of emissivity at the spatial scale of the in-situ measurements as well as at the – usually 
considerably larger – satellite spatial scale.  

At two of KIT's four dedicated LST validation stations, namely Gobabeb (Namibia; hyper-arid desert 
climate) and Dahra (Senegal; hot-arid steppe-prairie climate), LSE was determined from in-situ 
measurements performed with the so-called ‘emissivity box method’. The box method consists of a sequence 
of thermal infrared radiance measurements and employs a box with highly reflective inner walls (in the TIR) 
to control the radiation from the environment. Gobabeb station is located on vast and flat gravel plains 
(several 100 km2), which are mainly covered by coarse gravel, sand, and desiccated grass. The gravel plains 
are highly homogeneous in space and time, which makes them ideal for validating a broad range of satellite-
derived products. Dahra station is located in so called ‘tiger bush’ and is covered by strongly seasonal grass 
(95%) and sparse, evergreen trees (dominantly acacia trees) with a background of reddish sand. The strong 
seasonality is caused by a pronounced rainy season, during which LST retrieval is highly challenging. 
Outside the rainy season, both sites have relatively large fractions of bare ground and desiccated vegetation: 
therefore, they are particularly prone to be misrepresented in satellite-retrieved LSEs. In the field method 
employed by KIT all measured radiances are recorded at a sampling rate of one second, which allows the 
picking of the first undisturbed temperature after each change of the box configuration. The fast sampling 
also allows the later identification of erroneous measurements, e.g. caused by incorrect handling of the box 
during the experiment. The in-situ LSEs determined at the two sites are compared to emissivity spectra of soil 
and grass samples obtained in the laboratory as well as to LSE retrieved from the Moderate Resolution 
Imaging Spectroradiometer (MODIS) on EOS-Terra. 
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ASSESSMENT OF INTERPOLATION AND APPROXIMATION ALGORITHMS 
FOR HIGH TEMPORAL AND SPATIAL RESOLUTION IMAGE TIME SERIES 

 
J. Inglada, I. Rodes, M. Arias, M. Kadiri, O. Hagolle 

CESBIO - UMR 5126, 18 avenue Edouard Belin 31401 TOULOUSE CEDEX 9 – France 
jordi.inglada@cesbio.cnes.fr Tel. : +33 561 55 86 76 

 
Remote sensing image time series have been used for a long time in many different applications 

thanks to the availability of good quality data as those provided by operational missions as MODIS and SPOT-
Végétation. Thanks to the daily revisit of these sensors, temporal synthesis achieving high quality time series 
with regular temporal sampling can be provided to the users. In order to extract trends, anomalies and other 
kinds of pertinent information about the observed surfaces filtering, interpolation and approximation 
techniques have been developed. These techniques allow to denoise the data (Savitzky and Golay, 1964), 
extract seasonality parameters, detect breakpoints (Verbesselt, et al., 2010), etc. 

These techniques are easily available through software packages as the free of cost TIMESAT 
(Jönsson and Eklundh, 2004), or as the free R packages providing BFAST or STL (Cleveland et al. 1990). 
Most of these techniques were designed to work with the above-mentioned sensors and therefore assume 
either daily revisit (in order to being able to denoise), several growing seasons of vegetation, or regularly 
sampled (time composites) in order to estimate analytical models. In the framework of the preparation to the 
use of the upcoming Sentinel-2 imagery (and its possible combination with Landsat-8 data), we assessed these 
techniques and found their assumptions to be highly constrained and therefore not directly applicable in this 
context. We therefore adapted some of them to be efficiently usable with Sentinel-2 data and we assessed their 
accuracy. In particular, since directional effects will be less important in Sentinel-2 data than in the sensors 
above, algorithms working on reflectances and not only on vegetation indices can be implemented. 

Among the useful adaptations we have made we can highlight the adaptive radius estimation for 
Savitzky- Golay filtering and interpolation and the iterative estimation of double logistic phenological profiles 
for areas where vegetation may have several growing cycles in one season and where few temporal data 
points are available. Beyond the presentation of these techniques, this talk will present an overview of the 
issues related to the processing of time series for high temporal and high spatial resolution optical images. The 
problems of filtering, interpolation and model fitting will be addressed and a rationale for choosing and 
implementing the appropriate methods will be exposed. 
 
 

FIELD DIRECTIONAL REFLECTANCE AND ALBEDO MEASUREMENT 
USING DIGITAL HEMISPHERICAL PHOTOGRAPHY (DHP) 

 
Chongya Jianga, Hongliang Fanga 
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Directional reflectance is critical for understanding remote sensing mechanism and estimating 

optical and structural information of the land surface. However, there has been a notable and persistent lack 
of directional reflectance datasets. Many field directional reflectance reflectance measurement instruments 
that have been developed, such as FIGOS and PARABOLA, are structurally complicate, labor consuming and 
costly. In addition, those instruments are made by scientific teams with different configurations. In order to 
improve the capacity of acquiring more directional reflectance and albedo data, this study develops an 
innovative approach utilizing a commercial digital hemispherical photography (DHP) camera. A detailed 
protocol from calibration, measurement and data processing has been presented. The geometrical calibration 
links camera pixel positions with view zenith angles using a number of ground control points. The 
radiometric calibration links camera pixel digital number with radiative flux using a classical response 
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recovery algorithm. The calibrated DHP camera were installed on an portable stand, which is able to take 
about 50 images from all view angles within 25 minutes by a single operator in the field. From acquired 
point-level images the plot-level directional reflectance and albedo can be derived. The new approach was 
tested on a corn field at different growth stages, an oxalis lawn and a bare soil field. Results show that the 
directional reflectance and albedo characteristics for both vegetation and soil can be well retrieved from the 
DHP measurement. The dense corn and oxalis lawn were observed to be bowl-shaped, the bare soil was 
dominated by strong backscattering features, whereas the sparse corn showed a mixed anisotropic feature of 
dense corn and bare soil. The spectral shape of albedos also varied as the corn changed from sparse to dense, 
then to maturing. Flexible and cost effective, this novel DHP method can be integrated into a surface 
observation system to acquire directional reflectance for a variety of applications. 
 
 

SURFACE TEMPERATURE ANOMALIES MONITORING  
OVER THE AMAZON FORESTS 

 
J. C. Jiménez-Muñoz1, J. A. Sobrino1, C. Mattar2, Y. Malhi3 
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3Environmental Change Institute, School of Geography and Environment, Oxford University, Oxford, UK. 
 

The Amazonian region includes about one half of the world’s tropical forests and is a key 
component of the global carbon cycle. Moreover, relatively small changes in Amazon forest dynamics have 
the potential to substantially affect the concentration of atmospheric CO2 and thus the rate of climate change 
itself. The occureence of drought events is one major aspect of Amazonian climate change. In recent years 
several studies addressed the response of Amazonian forest to drought by analyzing anomalies in vegetation 
indices retrieved from satellite sensors. These studies were motivated by the occurrecne of two major 
droughts in 2005 and 2010, which were considered amongst the most severe in a century. Variations in 
surface temperature are believed to be closely related to drought events, but very few studies have analyzed 
this variable over the Amazonian region. In this work we analyze the spatial and temporal patterns of Land 
Surface Temperature (LST) anomalies derived from Moderate Resolution Imaging Spectroradiometer 
(MODIS) in the last decade. Results show almost a sustained warming from year 2005 and a statistically 
significant (p<0.05) warming trend in the last decade (2000 to present) when compared to previous decades 
(1989-2000) using climatic records. We also present a web-based tool which allows the visualization of LST 
anomalies over the Amazon forests through a user-friendly interface. 
 
 

REMOTE SENSING ON GRASSLAND GROWTH MONITORING AND ITS 
CORRELATIVITY WITH THE METEOROLOGICAL FACTORS IN 

TEMPERATE GRASSLAND, NORTHERN CHINA 
 

Jin Yunxiang, Xu Bin, Qiu Jianjun, Yang Xiuchun, Wu Qiong, Ma Hailong, Li Jinya, Zhao Feng 
Key laboratory of Agri-informatics of the Ministry of Agriculture, Institute of Agricultural Resources and 

Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China. 
jinyunxiang@caas.cn, xubin@caas.cn, Tel. / Fax: +86-10-8210-6232 

 
Vegetation growth, particularly the dynamics of vegetation, is often used as an indicator of 

susceptibility to grassland degradation. Grassland vegetation growth monitoring using remotely sensed data, 
which is characterized by its rapid and broad coverage, has the potential for wide application. Xilingol 
grassland is the material base of the livestock production and the important ecological barrier in northern 
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China. Xilingol is the central of Inner Mongolia which is one of China's five major pastoral areas, and the 
area of the nature temperate grassland is 19.25 million hm2. Grassland ecosystems play the function of 
harmonizing the environment. 

In this study we intended to develop an applicable method for monitoring the grassland growth and 
analyzing its dynamic change using MODIS data. The normalized difference vegetation index (NDVI) was 
calculated from 2006 to 2010 during grassland growth period in August. In order to evaluate the grassland 
growth, the Growth index (GI) was proposed. According to the GI value, five grades (from grade1 to grade5) 
were obtained: worse, slightly worse, balance, slightly better and better. Combined with the grassland types, 
we obtained the grassland growth situation. Results indicated that: Compared with the multi-year average, the 
grassland growing took on the slightly worse in 2010, while the grassland growth took on fluctuation. The 
areas of grassland with ‘worse’ vegetation fluctuation growth accounted for 27.01% on average during the 
five years, and the areas with ‘better’ were only 3.71%. Compared with 2009, the grassland growing took on 
better in 2010, while worse than its in 2006. We combined meteorological factors to analyze trends on 
grassland growth and their correlation with climate variability. According to the correlativity analyzing on the 
meteorological factors, precipitation was one of the important climatic factors. In addition to climatic factors, 
the project of returning cultivated land to grassland was also an important factor. This method is timely and 
accurate way to monitoring on the grassland growing, which reveals grassland growth status from 
macroscopic view. Monitoring the grassland growth is an urgent need of administration and sustainable 
development of the grassland ecosystem. 
 
 

RETRIEVING AND BROADCASTING NEAR-REAL TIME BIOPHYSICAL 
PARAMETERS FROM MODIS AND SEVIRI RECEIVING STATIONS AT THE 

GLOBAL CHANGE UNIT OF THE UNIVERSITY OF VALENCIA 
 

Y. Julien1, J. A. Sobrino1, G. Sòria1, J.-C. Jimenez-Muñoz1, D. Skokovic1 
1 Global Change Unit, Parque Cientifico, Universidad de Valencia, C/ Catedrático Agustín Escardino n°9, 

Paterna, Spain. yves.julien@uv.es 
 

We present here the automatic processing chains implemented at the Global Change Unit of the 
University of Valencia. These automatic processing chains allow for a near-real time retrieval of various 
biophysical parameters (NDVI – Normalized Difference Vegetation Index, LST – Land Surface Temperature, 
SST – Sea Surface Temperature) from the MODIS (Moderate Resolution Imaging Spectroradiometer) sensor 
onboard the sun-synchronous TERRA and AQUA platforms on one hand, and from SEVIRI (Spinning 
Enhanced Visible and Infrared Imager) sensor onboard the geostationary MSG (Meteosat Second Generation) 
platform. Each sensor presents its own characteristics and challenges (spectral information and spatial 
resolution for MODIS, 15-minute temporal resolution for SEVIRI), especially as regards near-real time 
processing and storage of data. However, the retrieved parameters are similar for both sensors, and we present 
here how specific approaches have been developed to retrieve LST through the split-window algorithm, 
particularly through a near-real time estimation of the total amount of water vapor. These specific approaches 
allow for an end-user access to the processed data through an online server within two hours after the end of a 
MODIS acquisition, and within 15 minutes of an MSG acquisition. Additionally to the already implemented 
biophysical parameters mentioned above, a BRDF (Bidirectional Reflectance Distribution Function) 
correction still has to be implemented in both processing chains, as well as a global validation of retrieved 
parameters, although each selected algorithm for parameter retrieval has been validated independently. 
Finally, more advanced parameters are already retrieved, such as yearly phenological phases from SEVIRI-
NDVI time series, in good agreement with independent ground observations. 
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DEFORESTATION AND FOREST DEGRADATION MAPPING OVER KENYA 
USING MEDIUM RESOLUTION (MODIS) TIME-SERIES DATA AND 

THEMATIC FOREST LOSS MAPS FROM 2000 TO 2012 
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Vegetation productivity decline due to climatic variation and land transformations related to 
exploitive land uses are main drivers of ongoing land productivity decline and land degradation in East 
Africa. In Africa, deforestation is often considered as an enabling factor for environmental degradation 
in general and soil degradation in particular. However, there is no consistent dataset on deforestation and 
land productivity that can be swiftly used for concerted action and land management. In this paper, we 
use vegetation productivity trends from 250- meter MODIS (Moderate Resolution Imaging 
Spectroradiometer) NDVI time-series data (NDVI-Normalized Difference Vegetation Index), as well as an 
existing forest loss map from 30- meter Landsat to map deforestation and areas affected by forest 
degradation over Kenya for the period 2000 to 2012. The continuous (MODIS NDVI trends) and the 
thematic data sets (forest loss map from Landsat) were overlaid and reclassified using histogram 
matching and Chi- squared distribution statistics. Areas that exhibit thematic forest loss as well as 
significant declines in NDVI that is land productivity losses over the monitoring period were mapped as 
“deforested”. Areas that exhibit lower Chi-Squared scores in the NDVI trends but were mapped as forest 
loss in the thematic data layer were tagged as “forest degradation”. Pixels with no “forest loss” in the 
Landsat data but significant NDVI declines and high Chi-Squared scores were mapped as “low 
probability deforestation/degradation” areas. The results show that wide- area mapping of deforestation and 
forest degradation can be consistently and rapidly performed using NDVI productivity trends, as 
continuous time-series data sets, and higher resolution bi- temporal thematic maps  on forest cover loss. 
Moreover, the thematic data can be used to characterize the MODIS based NDVI land productivity 
trends by providing more spatially explicit information on the actual change process (i.e. forest loss as 
deforestation). The deforestation and forest degradation maps can be used to augment deforestation 
mitigation efforts and to identify areas where land restoration effort should be instigated. 
 
 

EXPERIMENTAL STUDY OF ANGULAR EFFECTS ON RADIOMETRIC 
SURFACE TEMPERATURE MEASUREMENT 
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It is well known that the radiometric surface temperature (RST) varies with viewing zenith angle 

(VZA) and the differences in the RSTs measured in nadir and off-nadir observations can be as large as 5 K 
for bare soils and even 10 K for urban areas (Lagouarde et al., 1995; 2004; Chehbouni et al., 2001; Li et al., 
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2004; Lagouarde and Irvine, 2008). It is worth noting that most hydrologicmodels or climate models need the 
RST integratedover the whole upper hemisphere (i.e. hemispherical radiometric temperature) as the 
input.Replacing the hemispherical radiometric temperature with one directional RST (i.e. directional 
radiometric temperature) in hydrologicmodels or climate modelsmay introduce large errors. However, up to 
now, most polar-orbit satellites scan the land surface in the cross-track direction with different VZAs varying 
from nadir to about 67º, angle-dependent variations in the retrieved surface temperatureare inevitable, making 
the surface temperature of different pixels in the same orbit incomparable and causing erroneous results in 
applications.Therefore, it is necessaryto conduct angular measurements of the thermal radiation at ground 
leveland to develop a hemispherical radiometric temperature retrieval model through investigating the 
angular effects on the RST.To this end, an automatic goniometer is used to adjust the directions in the ground 
angular measurements of the thermal radiation. The goniometer mainly consists of a semicircular roadway, a 
rotating arm and a fixed arm. Both arms can beequipped with sensors and the height of the goniometercan be 
adjusted. The two arms can move along the roadway to change the view angle from about 0º to 360ºin the 
azimuth direction. The rotating arm is also used to change the view angle from about -70º to 70º in the zenith 
direction and the fixed arm is used to fix the sensor at nadir view.Two infrared radiation pyrometers are 
equipped on the rotating arm. One is used to observe the surface at different view angleto measure the 
directional surface brightness temperature and the other is used to observe the sky to get the directional 
atmospheric brightness temperature. At the same time, a pyrgeometeris equipped on the fixed arm to measure 
the hemispherical incoming and outgoing long wave radiations over the surface. Several land types including 
bare soil, grass, and alfalfa are investigated in the experimental angular measurements of the thermal 
radiation. The directional radiometric temperature is estimated from the measured brightness temperatures by 
combining the thermal radiometric transfer equation and the Planck equation and the hemispherical 
radiometric temperature is calculated from those radiations by using the Stefan-Boltzmann law. Through 
analyzing the directional radiometrictemperature and the hemispherical radiometric temperature, an angular 
normalizationmodel of the RST is trying to establish and an empirical relation model between the two 
temperatures are trying to be set up.More detail results will be given and sensitive analysis will be conducted 
in the near future work. 
 
 

BEYOND SENTINEL-2 TIME SERIES: COMPLEMENTING SENTINEL-2 
OBSERVATIONS WITH TWO-DAY MONITORING FOR PRECISION 

AGRICULTURE APPLICATIONS 
 

Monica Díez, Cristina Moclan, Alfredo Romo, Fabrizio Pirondini 
Elecnor Deimos Imaging, Boecillo, Spain 

 
With increasing population pressure throughout the world and the need for increased agricultural production, 
there is a definite need for improved management of the world's agricultural resources. Water management 
systems used in crop irrigation can greatly benefit from high-quality and high-frequency geo-information 
with reliable and timely delivery, which could lead to both large water savings and better yields.  
Sentinel-2, with its 5-day global revisit, will deliver high-frequency, high-resolution time series that will 
greatly benefit agriculture worldwide. Still, some applications like irrigation management would benefit from 
an even higher observation frequency, both to increase the precision of the control loop, and thus its savings, 
and to mitigate the effects of clouds avoiding unwanted data gaps. 
The DEIMOS-1 satellite, owned and operated by ELECNOR DEIMOS Imaging (Spain), was launched in 
2009 and provides 22m, 3-band imagery with a very wide (650-km) swath. It has been specifically designed 
to assure very-high-frequency revisit on large areas (every 3 days on average for any mid-latitude region), 
with precision agriculture applications in mind.  
In cooperation with its twin satellite, DMCii’s UK-DMC2, ELECNOR DEIMOS has carried out a monitoring 
campaign over North Texas (USA), aiming to achieve the maximum possible revisit frequency over a region 
with a high density of corn and soya crop plots. The purpose of this campaign was the acquisition and fast 
delivery of orthorectified imagery, to be used as an input for the control and monitoring of irrigation practices 
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in the study area, determining irrigation recommendations. The campaign was conducted from June to 
September 2013; 72 images of both satellites were captured (one every 1.7 days on average), being 63 of 
them valid for the study. All products were delivered, ortho, within 24 hours from acquisition, thus feeding an 
early warning irrigation control system. 
The combination of such very-high-frequency revisit with the fast delivery of products was the key to 
optimising irrigation recommendations, which led to improved crop productivity, reduced the irrigation costs, 
and helped achieving a more appropriate and sustainable water management. The 2-day-revisit monitoring 
with DEIMOS-1 and UK-DMC2 is a service which is already operational, and which could be used 
worldwide. This presentation describes the 2-day-revisit monitoring campaign in North Texas, explaining 
how such a service could be used as a rehearsal test for tuning future Sentinel-2 applications, and how these 
observations could represent complementary resources to Sentinel-2, especially suited for cloudy-prone areas 
or services which demands a higher revisit frequency. 
 
 

EFFECTS OF SOIL MOISTURE CONTENT ON  
REFLECTANCE ANISOTROPY 
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aLaboratory of Geo-Information Science and Remote Sensing, 
Wageningen University, P.O. Box 47, 6700 AA Wageningen, The Netherlands. 
Phone: + 31 (0) 317483508, Fax + 31 (0) 317419000, peter.roosjen@wur.nl 

 
Several studies have explored the relation between soil moisture content (SMC) and reflectance to 

develop models for better quantification of SMC based on remote sensing data. However, these studies are 
not treating surface anisotropy with sufficient care. To improve SMC retrieval based on reflectance data, 
information on the influence of SMC on the Bidirectional Reflectance Distribution Function (BRDF) of soils 
is required. The objective of this research was to study the effects of SMC on the anisotropic reflectance 
behaviour of soils. Biconical Reflectance Factors (BCRFs) of 5 different soil types were acquired from 83 
unique directions in the 350 – 2500 nm range at different SMC levels using the laboratory goniometer facility 
of Wageningen University. The results show that the anisotropic reflectance behaviour of soils is strongly 
influenced by the SMC. Dry soils display stronger backscattering effects, with a maximum reflectance 
observed close to the hotspot position, while an increase in SMC causes the soils to scatter more in the 
forward direction. Nearly saturated and completely saturated soils display a strong specular reflectance. We 
used this information to develop an index, in which we relate the reflectance observed from a combination of 
two observation angles to the SMC. In the principal plane, observations at an angle somewhere between nadir 
and the hotspot combined with observations in the forward scatter direction between a 50° and 65° zenith 
angle, resulted in the strongest relation to SMC (R2 > 0.933). In most cases, a linear regression between SMC 
and the index resulted in higher R2 values as compared to the SMC and measurements from a single 
observation position. The measurements performed for this research provide a clear insight in the effects of 
SMC on the anisotropic reflectance behaviour of soils. It becomes clear that reflectance anisotropy should be 
taken into account when predicting SMC based on remote sensing data.  
 
 

EVALUATING THERMAL IMAGE SHARPENING OVER  
IRRIGATED CROPS IN A DESERT ENVIRONMENT 
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Satellite remote sensing provides spatially and temporally distributed data on land surface 
characteristics, useful for mapping land surface energy fluxes and evapotranspiration (ET). Multi-spectral 
platforms, including Landsat and the Moderate Resolution Imaging Spectroradiometer (MODIS), acquire 
imagery in the visible to shortwave infrared and thermal infrared (TIR) domain at resolutions ranging 
from 30 to 1000 m. Land-surface temperature (LST) derived from TIR satellite data has been reliably 
used as a remote indicator of ET and surface moisture status. However, TIR imagery usually operates 
at a coarser resolution than that of shortwave sensors on the same satellite platform, making it sometimes 
unsuitable for monitoring of field-scale crop conditions. As a result, several techniques for thermal 
sharpening have been developed. In this study, the data mining sharpener (DMS; Gao et al., 2012) technique 
is applied over irrigated farming areas located in harsh desert environments in Saudi Arabia. 

The DMS approach sharpens TIR imagery using finer resolution shortwave spectral 
reflectances and functional LST and reflectance relationships established using a flexible regression tree 
approach. In this study, the DMS is applied to Landsat 8 data (100m TIR resolution), which is scaled up 
to 240m, 480m, and 960m in order to assess the accuracy of the DMS technique in arid irrigated farming 
environments for different sharpening ratios. Furthermore, the scaling done on Landsat 8 data is consistent 
with the resolution of MODIS products. Potential enhancements to DMS are investigated including the 
use of ancillary terrain data. Finally, the impact of using sharpened LST, as input to a two-source energy 
balance model, on simulated ET will be evaluated. The ability to accurately monitor field-scale changes 
in vegetation cover, crop conditions and surface fluxes, are of main importance towards an efficient 
water use in areas where fresh water resources are scarce and poorly monitored. 
 
 

ESTIMATE OF DAILY SURFACE ALBEDO OVER HIGHLY 
HETEROGENEOUS AREA ON THE TIBETAN PLATEAU USING 

GEOSTATIONARY DATA 
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The net radiation is the main energy source at the Earth’s surface driving many processes like 
evaporation, photosynthesis, and heating of land surface and air. Thus, accurate estimates of net 
radiation at relatively high spatial resolution are essential to understand the energy and heat exchanges 
between the land and the atmosphere, as well as the impact of climate change on land surface 
processes. One of the essential parameters when modelling net radiation is the land surface albedo. 
Several datasets are providing albedo data at global level and have been proven reliable. However, in area 
with very complex relief, such as the Qinghai-Tibetan Plateau, the retrieval of albedo from satellite 
data is still difficult. One of the current method used to retrieve albedo from space, is to take advantage of 
the high temporal resolution and the variation in illumination angle of the geostationary satellite data to 
reconstruct BRDF (Bidirectional Reflectance Distribution Function) and derive the surface albedo. In the 
visible domain those data can be available at the kilometric scale while current global DEM are available 
at a spatial resolution up to 30 m. Then, in order to improve the surface reflectance retrieval and 
consequently the albedo estimation, a method has been developed to correct the geostationary satellite 
data for sub-pixel topographic effects. The objective of this study is to highlight the effect of sub-pixel 
topography and to account for this effect when retrieving land surface albedo from geostationary satellite 
FengYun-2D (FY-2D) data with 1.25 km spatial resolution using the high spatial resolution (30m) data 
of the Digital Elevation Model (DEM) from ASTER. The methodology accounts for the effects of sub-
pixel topography on the estimation of the total irradiance received at the surface, allowing the computation 
of the topographically corrected surface reflectance. The corrected surface reflectance values obtained after 
this sub-pixel topographic correction are evaluated before being used for albedo retrieval. The results show 
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significant improvement in surface reflectance retrieved from satellite data after sub-pixel topographic 
correction as compared to pixel level topographic correction. Furthermore, the albedo estimation performed 
on 3 clear sky test days for location with available ground data provided results showing a gain in accuracy 
and lead to think that, in highly rugged terrain, the sub-pixel topography correction method would give more 
accurate results than pixel level correction. The study is currently extended to a larger area and longer 
period of time which will allow to conclude about the capacity of the propose methodology to 
improve albedo retrieval over time. 
 
 

ENERGY RELEASE BY FOREST FIRES IN CHINA 
 

P. Salvador, J. Sanz, J. Rodríguez, V. Molina, and J.L. Casanova 
Remote Sensing Laboratory, LATUV University of Valladolid, SPAIN pablo@latuv.uva.es, +34-983-184378 

 
MODIS forest fire product (MOD14) includes Fire Radiative Power (FRP). By integrating FRP 

along time, Fire Radiative Energy (FRE) can be obtained, but the temporal resolution of Terra and Aqua 
platforms is not enough for this purpose. FRP is related to the rate of fuel combustion while FRE is 
proportional to the fuel mass combusted and carbon volatized. In this sense FRP and FRE are 
important fire parameters that can be estimated by remote sensing technologies. FRP power law 
probability distribution function parameters has been obtained by the analysis of more than 650000 
forest fires detected, from 2000 to 2012, by MODIS-Terra and MODIS-Aqua sensors in China region. 
The detected fires have been studied in the framework of a land cover provided by ESA, the GlobCover, 
by splitting the fires list attending to the land use. Forest fires have been studied separately in three 
different regions (West, East and North China). These areas show different patterns due to anthropogenic 
issues such is population, agronomy and industry that induce different kinds of fires and false alarms. 
These false alarms have been analyzed too by comparing the MOD14 with the MODIS burnt area 
mapping product (MCD45), showing high discrepancies in the East region of China between both products. 
In such way, the fire radiative energy FRE will be estimated as a product of the fire duration and the 
expected FRP value derived from the FRP power law probability distribution function. Taking into 
account that the sparse satellite sampling is unable to provide enough data for complete coverage during 
the fire life, this methodology allow us to determine the FRE by means of the temporal integral of FRP. 
 
 

USE OF LOW-RESOLUTION SATELLITES FOR PERMANENT PASTURE 
YIELD ESTIMATION AT REGIONAL SCALE. 

 
Seguini L., Lopez-Lozano R., Garcia Condado S., Duveiller G., Baruth B. 
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Near real time monitoring of agricultural production, especially through the development of 

quantitative forecasting approaches, contributes to ensure a sustainable food supply. Permanent pastures are 
an important agricultural land use in Europe representing about 13% of total EU land surface and constituting 
one of the main sources for livestock feed. An operational assessment of permanent pastures productivity 
along the season is important, especially under extreme weather conditions: the share of livestock energy 
needs that are not satisfied by permanent pastures creates a demand for other agricultural products, which 
may have a considerable impact on agricultural markets.  

In this general context, remote sensing observations have proved to be a useful tool for agricultural 
monitoring over large regions and for quantitative crops forecasting. The present study explores the use of 
biophysical indicators, derived from low-resolution satellite time-series, to operationally estimate yield over 
permanent pasture areas. The main objective is to evaluate the correspondence between the inter-annual 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

94 

variability of permanent pasture yields, as captured by official yield statistics, and temporal anomalies 
identified using low-resolution imagery, across different geographical areas in Europe.  

Regional biomass yield and area statistics available in Europe for permanent pasture were collected 
and homogenised. The countries providing relevant series –at least, ten years– were France, Italy, Hungary 
and Estonia. Remote sensed data (the JRC-fAPAR product, computed form SPOT VEGETATION) available 
in the MARS Crop Yield Forecasting System (MCYFS) were used to extract regional (NUTS3 scale) time-
series over permanent pastures as defined, thematically and spatially, by specific land cover maps.  

Cumulated fAPAR over specific time windows, within the growing season, were statistically 
related to official regional yields. The results allowed to assess the degree of relationship between biophysical 
products time-series at regional levels and official permanent pasture yields, evaluating their accuracy 
through robust statistics. Moreover, the variability of that correlation along the growing season was analysed 
to identify the period of the year –site-specific– when fAPAR becomes more reliable for yield forecasting and 
thus grant the use of this forecasting methodology in operational activities. 
 
 

PRODUCTION OF LAND SURFACE TEMPERATURE FOR JPSS MISSION 
 

Yunyue Yua*, Yuling Liub, Peng Yub, Zhuo Wangb, Ivan Csiszara 
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The U.S. Joint Polar-orbiting Satellite System (JPSS) program launched its first satellite, the Suomi NPP (S-
NPP) satellite, in October 2011. Subsequent satellites of the JPSS mission have been scheduled for launch in 
2017 (JPSS-1 satellite) and in 2022 (JPSS-2 satellite). The Center for SaTellite Applications and Research 
(STAR) at the National Environmental Satellite Data and Information Service (NESDIS) of the U.S. National 
Oceanic and Atmospheric Administration (NOAA) is responsible for producing operational land surface 
environmental data record (EDR) products for the JPSS mission, including land surface temperature (LST) 
EDR. The JPSS LST product has been planned to release to public through beta version, provisional version, 
and validated version corresponding to different maturity stages.  Beta version release of the JPSS LST 
product was approved by the JPSS Algorithm Engineering Review Board (AERB) in October 2012; the 
provisional version was approved in July 2013. However, a significant underestimate of the provisional LST 
was found in late 2013. The LST retrieval LUT (e.g. the algorithm coefficients) was updated in early 2014 for 
the correction. The validated version of the JPSS LST is scheduled to release by late 2014, or early 2015. The 
STAR JPSS LST EDR has also built up a tool of monitoring the operational JPSS LST production. This 
presentation gives details of the JPSS LST production status, issues and future improvement. 
 
 
SPATIO-TEMPORAL EVALUATION OF SPECTRAL INDICES IN A FOREST 

ENVIRONMENT AND IMPLICATIONS FOR CHANGE DETECTION 
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3Remote Sensing Research Group, University of Bonn, Meckenheimer Allee 166, D-53115 Bonn, Germany, 
g.menz@uni-bonn.de 

 
Forests are dynamic ecosystems that are subject of manifold changes. The ongoing processes are 

mainly caused by natural drivers and human activities. Natural drivers comprise amongst others climate, 
topography, sunlight, and ecological interactions (e.g., insect defoliation) which in turn affect phenology, tree 
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growth, forest health, and biomass accumulation. Human activities may comprise steady influences such as 
air pollution, as well as abrupt forces such as logging. Both, natural and human drivers, may cause changes in 
forest condition (e.g., degradation due to pollutants, accelerated growth due to nutrition) or may lead to 
partial or total replacement of forest stands (e.g., storm damage, harvest). Monitoring of forest dynamics is 
therefore essential for an effective management and forest rehabilitation practices. In the past, most of the 
attention was focused on forest and forest change mapping based on repeated observations with a time 
interval of 3-10 years. Recent studies take advantage of time series, usually annual data. Annual data ensure 
identical illumination conditions. The exploitation of dense time series of medium to high resolution sensors 
such as Landsat allows for an improved understanding of forest dynamics by accounting for seasonal and 
intra-annual changes in addition to inter-annual changes. Illumination conditions – which affect reflectance 
and hence the response of spectral indices – change considerably over the course of a year. In the present 
study, we evaluated a number of spectral indices that have been used for forest and forest change studies for 
many years along with less frequently used ones. The indices comprise the Normalized Difference Vegetation 
Index (NDVI), the Enhanced Vegetation Index (EVI), the Normalized Difference Moisture Index (NDMI), 
the Normalized Difference Built-up Index (NDBI), the Normalized Burn Ratio (NBR), the Tasseled Cap 
features brightness (B), greenness (G) and wetness (W), and the Tasseled Cap based indices Disturbance 
Index (DI) and Tasseled Cap Angle (TCA). We calculated the indices for a conifer forest site on Vancouver 
Island, British Columbia, Canada based on Landsat. The images cover the course of a year. Hence, 
illumination conditions vary considerably. Our results show that all indices are affected by illumination. 
However, DI and TCA are less sensitive to illumination than Tasseled Cap features alone. The spectral 
indices that include short-wave infrared (NDMI, NDBI, NBR) are generally less sensitive to changing 
illumination conditions and topography than those that include visible bands (NDVI, EVI). Out findings may 
help to better understand the response of spectral indices in time series covering all seasons. 
 
 

ANOMALIES AND TRENDS IN VEGETATION RESPONSES TO CLIMATE 
CHANGE FROM GLOBAL SATELLITE OBSERVATIONS 
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Long term data records from global mapping satellite platforms are valuable tools for monitoring vegetation 
responses to climate change at the global scale. Quantification of anomalies and trend detection from 
satellite time series are expected to contribute to improve our understanding of climate forcing on 
vegetation dynamics. The capacity of monitoring ecosystem responses to global climate change was 
evaluated in this study. The time series of global Leaf Area Index (LAI) and Fraction of Absorbed 
Photosynthetically Active Radiation (FAPAR) product which have been recently derived from 
VEGETATION data (1999 to present) and from AVHRR data (starting in 1981) have been used. 

In this study, LAI/FAPAR time series were aggregated at 0.5º spatial resolution. The CACAO 
(Consistent Adjustment of the Climatology to Actual Observations) method was applied to characterize 
seasonal anomalies in the time series. For a given pixel, CACAO computes, for each season, the 
time shift and the amplitude difference between the current temporal profile and the climatology 
computed as the interannual mean over the entire period. These CACAO parameters allow quantifying 
shifts in the timing of seasonal phenology and inter-annual variations in magnitude as compared to the 
average climatology. Interannual variations in the timing of the Start of Season and End of Season, 
Season Length and scale level in the peak of the growing season are analyzed. Trend analysis with 
robust statistical test of significance is conducted using parametric and non-parametric methods. 

Climate variables (temperature, precipitation, radiation) from WATCH forcing data are then 
used to interpret the anomaly patterns detected in the vegetation response. The global gridded 
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dataset of the Standardized Precipitation- Evapotranspiration Index (SPEI) at time scales between 1 and 
48 months was also used for interpretation purposes. 

Significant greening (browning) trends were found for about 25% (1%) of land pixels of the 
Globe. Results seem to indicate an apparent correlation between greening trends and trends in temperature 
and precipitation (SPEI): greening trends are mostly related with an increase in air temperature while 
browning trends with drought. Analysis per biomes, latitudes and years with the quantification of observed 
anomalies and trends in vegetation and their correlation with climate variables will be presented in RAQRS 
conference. 
 
 

WSN-BASED COARSE SCALE ALBEDO OBSERVATION AND ITS 
REPRESENTATION EVALUATION 

 
Wu Xiaodan1, Wen Jianguang1, Peng Jingjing1, Liu Qiang2, Dou Baocheng1, Li Xiuhong2, Tang Yong1, 
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2 Beijing Normal University, Beijing 100875, China 
 

Wireless sensor network(WSN) has the function of transmitting and archiving automatically 
observed data and controlling sensors nodes and instruments remotely. A WSN has been set up in the study 
region which aims to offer coarse scale albedo observation. The towers are reconfigured with wireless 
transmission capacities. Optimal spatial sampling strategy of the sensor nodes have been performed to capture 
the spatiotemporal variations of albedo over heterogeneous land surface or the coarse pixel scale. HJ albedo 
products have been used as the prior knowledge to guide the wireless sensor’s optimization sample which is 
based on the principle of stagnation point. Pixel-Scale ground truths are obtained by different weights on 
sensor nodes which are calculated according to the representativeness over the pixel scale. 

The experiment have been performed in Huailai remote sensing test station, Hebei province. A 1.5 
km*2 km area around this station are selected as study region, which locates between 115.78° E-115.80° E 
and 40.35° N-40.37° N. This area is characterized by its distinct landscapes: bare ground between January 
and April, corn form May to Octorber. That is, this area is relatively homegeneous from January to Octorber, 
but in Novermber and December, the surface is very heterogeneous because of straw burning, as well as snow 
fall and snow melting. This WSN is composed of 8 nodes to capture the heterogeneity of albedo and work 
stably form 18 July 2013. The quality and stability of ground measurement are analyzed which show that the 
data is reliable and believable. 

In this paper, the representativeness of the measurement site were assessed by using multispectral 
high spatial resolution imagery with a geostatistical framework. And on this basis, the single point 
measurement and multipoint measurement are used to evaluate the MOD43B3 albedo products respectively. 
The results show that: (1)WSN measurment is of high quality; (2)The spatial representativeness of a given 
measurement site changed with the time; (3) A single point ground measurement can represent the albedo 
value over the region covering a satellite pixel in growing seasons, but when land surface is heterogeneous, a 
number of well-sampled ground observations are required to matches well the mean albedo at the satellite 
scale. (4) Our sample strategy of WSN can capture the spatial heterogeneity of the region extending to a 
satellite pixel and it can provide coarse scale observation for the validation of albedo. 
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RECONSTRUCTION OF GLOBAL NDVI TIME SERIES DATASET USING A 
HYBRID MODEL 
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The Normalized Difference Vegetation Index (NDVI) time series observed by satellites, which 
reflects the evolution of terrestrial vegetation globally, is inevitably contaminated by clouds, aerosol, 
snow and ice cover. As such, both a negative bias and gaps are often existing in the satellite based NDVI 
datasets. Intensive studies have been focused on developing methods to reconstruct time series and 
many of these methods have presented promising applications in some study areas. However, until now 
there is no consensus on which method outperforms other ones in all conditions. This study intends to 
develop a hybrid time series reconstruction model to reconstruct MODIS Climate Modelling Grid 
NDVI data over ten years. This hybrid time series reconstruction model adaptively self-selects an optimal 
method among several alternative reconstruction methods with best performace for certain regions. The 
candidate methods include Harmonic Time Series Analysis (HANTS), Double logistic (DL), 
Asymmetric Gaussian(AG), Savitzky–Golay (SG), Whittaker smoother (WS). In particular, ten annual 
NDVI series are used to synthesize a reference series for each pixel, and also the possible 
contaminated data, i.e. outliers, in the annual time series are identified. Then all candidate methods listed 
above are used to reconstruct reference series with artificially introduced gaps. The reconstruction error of 
the methods are evaluated by the difference between the reference series and the corresponding 
reconstructed series using above mentioned time series reconstruction methods. Finally, the methods 
with the minimum reconstruction error is regarded as the local optimal reconstruction method. The 
hybrid reconstruction model provides a framework for adaptive reconstruction model selection in 
different regions where annual curve of NDVI might have shown different number of gaps and position 
of gaps in the series. Other methods can be easily included in the hybrid model and the global selection 
result will benefit   by using other NDVI dataset. 
 
 
OPTIMIZATION OF SAMPLES LAYOUT IN SPATIAL SAMPLING SCHEMES 

FOR ESTIMATING WINTER WHEAT PLANTING ACREAGE 
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Sample layout is one of key factors in spatial sampling schemes for estimating crop planting 

acreage. Optimization of sample layout plays an important role for improving the representativeness of 
samples versus population and the accuracy of population extrapolation, decreasing the cost of survey 
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sampling. In this study, focusing on the problem that the formulation of samples layout in the spatial sampling 
scheme for crop acreage estimation is not reasonable (e.g. samples units are not all independent of each other, 
when simple random sampling method is used to formulate samples layout; sampling intervals are not able to 
be reasonably defined, when systematic sampling method is used in the design of samples layout), we tried to 
propose a optimal formulation of samples layout to improve the efficiency of the spatial sampling scheme. 
Mengcheng County in Anhui Province, China was chosen as the study area, winter wheat planting acreage as 
the study object, and square girds as the shape of sampling units. Geostatistics, “3S” techniques (Remote 
Sensing, Geographic Information Systems and Global Positioning techniques) and traditional sampling 
methods are used in this study. Firstly, 8 kinds of sampling unit sizes are formulated, and then the study area 
is split by the sampling units with these 8 kinds of sizes to construct the sampling frame. The winter wheat 
acreages in all sampling units are calculated based on the spatial distribution data of winter wheat in 2009 and 
2010 (derived by ALOS AVNIR-2 and Landsat5 TM image, respectively); Secondly, in order to build the 
Variogram theoretical model of winter wheat planting acreage proportion within the sampling unit (WPS), 
simple random sampling method is used to draw the initial samples. Spatial correlation and variability of 
sampling units are analyzed, and spatial correlation threshold is quantitatively determined by the Variogram 
theoretical model; Thirdly, the equi-spaced pattern (sampling intervals are identical in vertical and horizontal 
directions, and spatial correlation threshold of samples is chosen as the sampling interval) is used to 
reasonably formulate the samples layout, following the principle that samples units are independent of each 
other in the traditional sampling methods; Finally, the population extrapolation accuracy, stability and 
sampling cost are estimated according to the samples that the spatial layout are reasonably formulated. In 
order to evaluate the design efficiency of samples layout, relative error, coefficient of variation (CV) and 
sampling size are selected as the indices, and simple random sampling method as the control treatment. The 
experimental results demonstrate that, the variability of WPS increases with sampling unit size increasing. CV 
of WPS varies from 32.75% to 43.46% under 8 kinds of sampling unit size levels; There is an intense spatial 
correlation among all of WPS within a certain range, and the spatial correlation is mainly dominated by 
structural factors (climate, topography, soil type). Spatial correlation thresholds of WPS increase with 
sampling unit size increasing; The relative error and CV of population extrapolation that samples layout is 
optimized are obviously less than those of simple random sampling method at the same sample size, while 
sampling unit size is small (500m×500m~2 000m×2 000m); Compared those of simple random sampling 
method, although the relative error and CV are not decreased after optimized design of sample layout, there is 
an obvious decreasing on sample size, when sampling unit size is larger (2 500m×2 500m~4 000m×4 000m). 
In this way, this research can provide a solution for improving the efficiency of spatial sampling scheme to 
estimate crop planting acreage.  
 
 
TOWARDS BUILDINGS’ AUTOMATIC CHANGE DETECTION (BUILD-ACD) 

USING VHSR SATELLITES IMAGES: APPLICATION TO TETUAN 
(MOROCCO) 
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Nowadays, mapping agencies need to update their topographic and information systems databases 
in order to draw: i) urban planning (e.g., urban sprawl, road networks, etc.), and ii) environmental planning 
(e.g., ecological corridors, forest change, etc.). Until now, the update is achieved manually by using 
photogrammetric restitution and ground survey. This work is boring, time consuming, and does not satisfy the 
user’s update frequency need. In this context, since 1999, Very High Spatial Resolution (VHSR) satellites 
images (e.g., IKONOS, QuickBird, GeoEye, and recently Pléaides) are interesting tools to satisfy the needs of 
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both scientific community and decision makers in local authorities. Accordingly, the number of non-experts 
in using VHSR images is increasing, and the requirements of automated processing using less parameters is 
an expanding need. 

Commonly, two principal objects of interest are identified by the data producers: roads and 
buildings which need the most frequent update. Change detection techniques could be divided into two main 
categories: i) image-image comparison, and, ii) image-database comparison. Regarding the image-database 
method two steps ought to be followed; first, a spectral based classification process accomplishment, second, 
an overlapping with vector database achievement in order to detect corresponding changes. Afterward, 
Object-Based Image Analysis (OBIA) classification/segmentation method for VHSR satellite images should 
be carried out. Nonetheless, each classification step, need considerable amount of input parameters for 
processing in addition to the intervention of experts by visual interpretation of landscape types/categories 
which is a challenging, demanding and difficult task. 

In the present research, we propose a method to automatically detect the change of buildings; we 
call Buildings’ Automatic Change Detection (Build-ACD) which kernel is essentially and partially based on 
the Mean-shift Segmentation Parameters Estimator (MSPE) method for automatic selection of segmentation 
parameters. Build-ACD method has been applied and tested using GeoEye VHSR satellites images 
corresponding to Tetuan city (Northern Morocco). Finally, an analysis study was achieved in terms of 
accuracy assessment and time processing showing promising results with performance parameter greater than 
95% and speedup of x15 to x1000 compared to existing methods. 
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Although image segmentation techniques exist since the ‘70’s, they really spread in the Remote 
Sensing (RS) field in the early 2000 years with the launch of Very High Spatial Resolution (VHSR) sensors, 
the availability of commercial software, and therefore the increasing use of the Object-Based Image Analysis 
(OBIA) techniques. OBIA consists in two major steps: i) segmentation; is a partition of the image into 
homogenous objects, followed by, ii) classification; of these objects according to their spectral, textural, 
morphological and contextual features. 

Image segmentation is a crucial step in OBIA; high-quality image segmentation should result in a 
minimum of over- or under-segmentation. Under-segmentation is the most important; it cannot be recovered 
during the classification because of the miss-identified objects. While a very large number of segmentations 
can be produced by combining all possible parameters values (spectral and spatial), the selection of optimal 
parameters is usually done by visual interpretation using a trial-and-error approach. Therefore, defining the 
optimal combination of parameters values is a big challenge. 

In the present research, Mean-shift Segmentation Parameters Estimator (MSPE) proposed tool is 
applied to automate the selection of segmentation parameters values to VHSR satellite images in the region of 
Tetuan city (in northern Morocco). MSPE is based on mean-shift segmentation. However, this algorithm 
needs as inputs: i) existing vector database, and, ii) spectral data to define automatically the segmentation 
parameter values. Finally, application of the MSPE method on different landscape’s types show accurate 
results with Under Segmentation (US) values lower than 0.20. 
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FORESTBIOMASS – MULTI-SENSOR REMOTE SENSING TO ASSESS 
ABOVEGROUND FOREST BIOMASS WITHIN A NEW GERMAN RESEARCH 

PROJECT 
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In 2013, the German Universities of Freiburg and Jena joined forces to kick‐off and conduct a new 
research project called ForestBiomass. The present contribution aims at providing an overview of this 
project and presenting some of the first project results. As can already be told from its name, ForestBiomass 
focuses on the retrieval of aboveground biomass (AGB) in forest ecosystems. In order to estimate AGB, use 
is made of a large variety and volume of satellite‐ and airborne remote sensing data. Therefore, the data 
analysis task within the project is split into two domains: While the University of Freiburg’s Department of 
Remote Sensing and Landscape Information Systems (FELIS) is in charge of the analysis of optical (i.e., 
multi‐spectral, hyperspectral, and LiDAR) data, the University of Jena’s Department of Earth Observation 
deals with the analysis of SAR data acquired at multiple frequencies (i.e., X‐, C‐, and L‐band). Amongst 
others, the project has three key features. First, ForestBiomass takes advantage of the multi‐concept. The 
complementary information contained in multi‐sensor, multi‐ temporal, and multi‐scale optical and SAR 
data is fully exploited within a dedicated data fusion and synergy framework. Emphasis is put on the 
analysis of surrogate data simulating imagery to be acquired by the upcoming Sentinel‐1/2 and EnMap 
satellite missions. Second, ForestBiomass builds upon functional modeling. Rather than establishing a direct 
empirical relationship between remote sensing measurements and AGB, the project follows a two‐step 
approach. Initially, crucial parameters like forest type, height, and density are extracted from the data basis. 
Afterwards, the extracted information are used in combination with the remote sensing data to assess AGB. 
Third, ForestBiomass benefits from consistent field data. During the first year of the project, field data were 
collected at three different test sites in Germany and Chile. Thanks to the uniform sampling scheme applied 
at all sites, a rigorous validation of the project results and a comprehensive testing of methodological 
transferability is enabled. Considering these and other distinct features of the project, ForestBiomass will 
not only make a vital contribution to the fields of forest remote sensing and image processing, but it will also 
help preparing the scientific and commercial usage of data provided by upcoming European and German 
satellite missions. 
 
 
EFFECT OF QINGHAI-TIBET (QINGZHANG) RAILROAD ON VEGETATION 

ABUNDANCE 
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Large-scale engineering projects such as mines and dams cause ecological damage that can persist 

after construction is complete. The Qingzhang Railroad from Xining to Lhasa was constructed entirely during 
the Landsat era and was opened in 2006. Therefore, it presents an opportunity for determining both the extent 
of ecological damage and the time required for some level of natural restoration after a major construction 
project. Although several studies have explored the effect of road or railroad construction on vegetation 
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(grasses, forbs and shrubs), mainly focusing on desertification or plant conservation, less attention has been 
paid to spatio-temporal patterns of damage. We have studied the effect of Qingzhang Railroad construction 
on vegetation abundance measured using MESMA (Multi-Endmember Spectral Mixture Analysis (MESMA) 
of a time series of six Landsat TM/ETM+ images (2000, 2007, 2010) covering the 451.9 km stretch of the 
railroad from Golmud to south of Tuotuohe Station. 2000 was before construction was started; 2010 was 4 yr 
after its completion, allowing time for some regeneration.  

The following work was done: 
(1) In order to ensure accuracy, rigorous pre-processing of the images was undertaken, including geometric 

registration limited within 0.5 pixel RMS, radiometric calibration, atmospheric correction, and 
topographic correction. 

(2) Seven endmembers including three common types of vegetation and four types of soil were selected 
from the images and confirmed in the field. The eight endmembers (including shade) were used to 
unmix the images, and the extracted vegetation and soil types were examined with the help of 
vegetation and soil maps. Extracted vegetation abundances were confirmed by measurement in the 
field. 

(3) Two thresholds, the MESMA RMS residual and a realistic vegetation range, were applied to the 
vegetation fraction images to mask incorrect values. The average vegetation abundances were 
calculated for nine buffer zones of different widths, all within 30 km of the track.  

(4) The differences between the spatially averaged vegetation fractions within each of the buffer zones 
(“DAZ”) for each year were used to assess the effect of railroad construction and counteract any effects 
of weather changes from year to year. The time difference of DAZ (“DDAZ”) was applied to assess the 
effect of railroad construction on the vegetation abundance as a function of distance from the railroad. 

We concluded that only within 100 m of the railroad did construction damage vegetation: there was 
a 3.6±0.3% decrease from 2000 to 2007, but only a 0.5±0.3% further decrease from 2007 to 2010. Most 
vegetation abundance decrease appears on the east of the track from 2000 to 2007, and there has been 
1.2±0.6% vegetation restoration on the east and 2.2±0.6% vegetation decrease on the west within 100 m of 
the track from 2007 to 2010. It appears that in this sensitive cold desert, vegetation damage was east of the 
track and limited to the period of construction, not operation, of the railroad, and that recovery to pre-
construction conditions requires more than 4 yr.  
 
 
EFFECTIVENESS OF MISR MULTIANGULAR OBSERVATIONS IN THE NEW 

GENERATION OF EARTH OBSERVATION LAND DATA ASSIMILATION 
SYSTEM (EO-LDAS) 
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EO-LDAS is an implementation of flexible data assimilation (DA) system that allows one to 

interpret spectral observations of the land surface to provide an optimal estimate of state of the Earth. It 
allows a consistent combination of observations from different sensors despite the difference in spatial and 
spectral resolution and acquisition frequencies. The system is based on a variational data assimilation (DA) 
scheme, and uses physically-based radiative transfer models (RTM) to map from state to observation. In 
addition the system takes into account observational uncertainty, prior information and a model of 
spatial/temporal evolution of the state. Such approach is very useful for the future satellite constellations as 
well as for reanalysis of historical data. The new generation of EO-LDAS provides possibility to solve 
complex DA problems in a practical way by using Gaussian Process (GP) emulators. For example this can 
give reasonable speed for retrieval of biophysical parameters over high spatial resolution optical data. 
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One of the possibilities to reduce output uncertainties is the multiangular information. I.e. EO-
LDAS can use multiangular observation to additionally constrain a solution. Multiangular remote sensing of 
land processes is relatively new branch in remote sensing but it was accepted as useful because it can help to 
reveal structural properties of vegetation and so to improve characterization of the vegetation canopies. The 
most advanced operational multiangular sensor which orbits the Earth is Multi-angle Imaging 
SpectroRadiometer (MISR) on the Terra platform. The main aim of this work is to validate synergy of MISR 
data with other optical sensors in the new generation of EO-LDAS. This validation was made by 
reconstruction of spectral bands of hyperspectral sensors CHRIS/PROBA and INTA AHS. The reconstruction 
was made by combination with multispectral data of Landsat ETM+ and MODIS. This allowed comparison 
of BRDF produced by CHRIS/PROBA and by multispectral data. 

In this contribution data of the ESA field campaign Barrax SPARC 2004 were used. The first set of 
experiments was done by the synthetic data. Using forward run of the system synthetic data of ETM+, 
MODIS and MISR were generated. The biophysical properties were the same as for Barrax test site. The 
view/sun geometry was the same as available CHRIS/PROBA scene. Then obtained reflectance bands were 
inverted with the different combinations of the sensors. First for MODIS, ETM+ and MISR then for 
combinations of MODIS-ETM+ and MISR-ETM+. Then obtained biophysical parameters were again used in 
a forward run of the system to obtain full spectra. Finally the same procedure was done for real data of 
ETM+, MODIS and MISR. In addition uncertainties of output spectra were considered. Spatial and temporal 
EO-LDAS models were applied what allowed more constrain the solution. Accuracy was estimated on the 
base of comparison with CHRIS/PROBA data and other spectral information from the SPARC 2004 data set. 

 
 

CROP CYCLE MONITORING BY COMBINING MEDIUM AND HIGH 
RESOLUTION OPTICAL IMAGERY 
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Information of the phenological development is a fundamental element in crop monitoring because 
it describes the actual state of the cultivated species/varieties and their relation with the pedo-climatic 
conditions. Multitemporal satellite imagery may provide occurrence estimation of the phenological stages in a 
spatially distributed model. However, factors such as inadequate spatial or temporal resolution and cloud 
cover have limited the effectiveness of utilizing satellite imagery. In order to overcome this problem we 
focussed on evaluating data fusion methods between medium-resolution imagery such as MODIS and high-
resolution datasets such as Landsat. Two prevalent data fusion methods are evaluated, the Spatial and 
Temporal Adaptive Reflectance Fusion Model (STARFM) and an unmixing-based data fusion. The study 
area is the rice district in Valencia (Spain) and the overall objective consists in obtaining time series of 
reflectance imagery during an agronomic season with enhanced spatial resolution. Improvement is achieved 
by downscaling time series of MODIS products to disaggregate the product medium resolution using the 
information about their pixel composition provided by high resolution data. The potential of data fusion 
methods to capture phenological variations is assessed. The resulting image time series benefits from an 
increased temporal resolution obtained from the MODIS imagery, and an increased spatial resolution 
obtained from the Landsat dataset. This allows timely information to force model simulation to the conditions 
observed by satellite monitoring at a local scale. 
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Detecting burned area using data from moderate resolution sensors is fundamentally a change 
detection problem: the affects of the fire affect the scene by changing its optical properties. The change is 
detected and assessed to distinguish fire from other changes in the land surface (e.g. flooding, crop 
harvesting...). Two important challenges need to be overcome: the variation in reflectance ought to be related 
just the disturbance, and other confounding effects, such as those derived from acquisition geometry changes 
ought to be mitigated. Additionally, a robust decision on whether the detected change is indeed a fire needs to 
be made, considering the spectral pre- and post-fire reflectance. In this contribution, we propose a fire 
detection approach based on (i) a more advanced signal tracking method using edge-preserving data 
assimilation techniques to fit linear kernel models to the observations and (ii) an interpretation of the change 
signal using a spectral linear model. 

For signal tracking, we use linear kernel models to interpret the surface directional reflectance 
observa- tions. The kernel weights are inferred using a 4DVAR DA system with a weak constraint. This weak 
constraint is a effectively a prior that enforces temporal smoothness, which regularises what otherwise would 
be a ill-posed problem. The major drawback of smoothness constraints is that they smooth abrupt changes, 
blurring the disturbance and hence obscuring the detection. We implement regular- isation in a way that is 
”edge-preserving”, i.e., abrupt changes in the signal are not smoothed over, resulting in adequate 
regularisation in the pre- and post-fire periods, but no regularisation over the change point itself. The 
proposed method is efficiently implemented as an iterative linear problem, and ultimately produces estimates 
of pre- and post-fire reflectance for a given geometry, as well as associated uncertainties. 

To interpret the change in reflectance caused by the fire, we assume that fire causes defoliation 
(hence exposed soils) and a deposition of a combination of char and ash. We use a simple linear mixture 
model where the post-fire signal is assumed to be a mixture of the pre-fire reflectance plus a typical burn 
signal. This burned signal can be spectrally modelled by a constrained quadratic function. The proposed 
model is also linear. Using MODIS data, we demonstrate the proposed algorithm over a number of different 
biomes. We also show that the retrieved parameters from the spectral linear mixture model that interprets the 
reflectance change due to the fire can potentially provide extra information on the impact of the fire on the 
pixel. 
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In order to define the information needs in support to climate science, the Global Climate 
Observing System established a list of Essential Climate Variables (ECV), selected to be critical for a full 
understanding of the climate system. In response, ESA initiated the Climate Change Initiative (CCI) to 
develop global monitoring datasets to contribute to the need for long-term satellite-based products in the 
climate domain. Among the 14 ESA CCI components respectively addressing the atmospheric, oceanic 
and terrestrial domains, the ESA CCI Land Cover (CCI-LC) project is dedicated to land cover (LC) 
characterization. The user requirements analysis conducted in this community highlighted the priority for 
both stable and consistent LC products over time. Interest was also expressed for more dynamic 
information reflecting LC change and vegetation phenology. Yet, it must be recognized that the land cover 
cannot, at the same time, be defined as the physical and biological cover on the Earth’s surface and 
remains stable and consistent over time as expected by most users. This conclusion called for the 
development of a new land cover ontology, which explicitly addresses the issue of inconsistency between 
annual land cover products and/or of products sensitivity to the observation period. The proposed land 
cover ontology assumes that the land cover is organized along a continuum of temporal and spatial scales 
and that each land cover type is defined by a characteristic scale. This twofold assumption requires 
introducing the time dimension in the land cover characterization, which contributes to define the land 
cover in a more integrative way. 

In addition to the three consistent CCI-LC global maps products characterizing the stable 
component of the land cover, the CCI-LC project aims at delivering three global land surface seasonality 
products (called “LC conditions”) to account for the time dimension. These products reflect, along the 
year, the average trajectory and the intra-annual variability of the green vegetation phenology (NDVI), the 
snow coverage, and the burnt scars over the 1998-2012 period. They are expressed as 7-day time profiles of 
the mean and standard deviation (NDVI) or as temporal series of occurrence probabilities for discrete 
variables (snow and BA). These climatological products are built from existing global datasets with high 
temporal frequency and long-term dataset. The NDVI climatological product is built from SPOT-
Vegetation surface reflectance datasets (1km) over the 1999-2011 period. The BA and snow product (500m) 
cover the 1998-2012 period using, for the time being, the Global Fire Emissions Database version 3 
(GFED.v3) and the MODIS maximum snow extent (MOD10A2). The main added-value of this dataset is 
the consistency through space/time between the CCI LC Maps and seasonal products as they intend to 
describe the dynamic of the terrestrial surface in a meaningful way over time. A detailed analysis of the 
discrepancies distribution allows developing a new method to build the consistency. These seasonality 
products should be considered as a first version of an integrative description of the terrestrial surface 
that help enrich the land surface characterization and modelling. The public release of these seasonal 
products, along with the three CCI global maps is planned for spring 2014. 
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Remote sensing data provide actual and spatial information on vegetation’s phenology, health, 

nutrient and water stress, offering crucial information to update vegetation models. Therefore, the agricultural 
sector is one of the main users of vegetation modelling. Accurate information on crop status and development 
can help farmers to increase yield. On a national level, crop models support political planning and can help 
ensure food security by reducing the yield gap. However, standard biophysical crop growth models like, for 
example, APSIM or FAO’s AquaCrop are point models. They are complex and require detailed 
parameterisation. Spatially distributed information on the actual crop status, represented by remote sensing, 
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data cannot be integrated directly. We developed a data assimilation scheme which allows reducing 
uncertainties in model parameterisation and forecast by incorporating multispectral remote sensing reflectance 
data (Tetracam Mini-MCA-6, 6 bands from 530-900 nm). The remote sensing data were acquired using UAV 
(unmanned aerial vehicle). UAV systems provide flexible acquisition of remote sensing data independent of 
cloud coverage. For agricultural analysis, data acquisition time is essential and, therefore, regions with high 
cloud cover like central Europe may benefit from UAV data to derive on demand spatial information on crops 
status. For this study a heterogonous maize field in Luxembourg with variable soil conditions (from very 
compact to uncompact / permeable) was chosen as test site. Biomass was harvested and analysed on three 
plots with good, medium and poor soil conditions for three time steps (DOY= 215, 251, 276). 

The model APSIM (www.apsim.info), that was chosen for crop growth modelling, was coupled with 
the radiation transfer model PROSAIL.  APSIM simulates biomass development on a daily basis, providing 
large number of output parameters. Parameters, relevant for crop growth variation within the study region like 
soil water capacity, soil organic carbon or sowing density were iterated within a realistic range. Examples are 
soil water capacity, soil organic carbon or sowing density. From the ensemble of uncertain input parameters, 
an ensemble of PROSAIL runs was computed. The PROSAIL model was used to transform each APSIM 
output into a simulated spectrum at the time of the observation. Internal APSIM parameters, relevant for 
reflectance signal computation, like leaf area index (LAI), soil moisture or nitrogen content, were used as 
input to PROSAIL. A particle filter was applied to the generated ensemble of PROSAIL outputs, attributing a 
weight to each modelled spectrum. The weights were applied to the corresponding APSIM members, in order 
to compute a weighted output. Validation of the results after data assimilation showed a clear increase in 
accuracy for all test plots. Good, medium and poor growing condition could be clearly distinguished and the 
absolute error in biomass estimation could be reduced from 2.4-7.8 t/ha to 0.4-2.4 t/ha. We could demonstrate 
that the particle filter algorithm can reduce uncertainties of crop biomass estimation. The integration of 
multispectral data has the potential to enhance yield predictions. However, research is needed and the 
algorithm should be tested under multiple growing conditions and for different crops. 
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ACTUAL EVAPOTRANSPIRATION BY USING MODIS DATA OVER THE 

SEMI-ARID REGION OF CHILE 
 

L. Olivera-Guerra1, C. Mattar1, C. Durán-Alarcón1, A. Santamaría-Artigas1, R. Fuster2. 
1Laboratory for Analysis of the Biosphere (LAB), University of Chile. email:Luis.enrique.olivera@gmail.com 

2Laboratory for Territorial Analysis (LAT), University of Chile. 
 

Agricultural activities generate one of the most important economic incomes for Chile. This 
activities area located from the semi-arid region near the Atacama Desert to the Patagonia weather conditions. 
The agricultural activities in the semi-arid region present an interesting framework. These activities are 
always developed under water use conflicts because other commercial activities presenting in the zone such 
as mining and industries need to load high amount of water. Besides, rainfall is scarce and it drives other 
restrictions to water supply intensifying the increase of water demand. Thus, agricultural water consumption 
need to be efficient and estimated in order to maximize the crop productivity. In this context, remote sensing 
is considered as the most promising tool for estimation of evapotranspiration (ET) over a large spatial scale. 
Evaluation of such large scale estimates is necessary before they can be used in applications to agriculture 
and in order to improve crop water demand. This work presents the preliminary results of the project entitled 
“An hydric demand model for improving basin water management” carried out in Copiapó Basin located in 
the southern boundary of the Atacama Desert. 

As first approach, the 8-day MODIS 1 km ET products (MOD16) and the Operational Simplified 
Surface Energy Balance (SSEBop) were contrasted over a basin with Vineyards and Olive Orchards under 
water supply problems. For this, the daily product MODIS 1 km such LST MOD11 and meteorological data 
for the whole year 2013 are used to estimate the evaporative fraction for each 8 days and to obtain images of 
aggregated ET for each 8 days at the study area. Similar ET values were retrieved at comparing both 
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estimated ETr from the model and the ETr provided by MOD16. The R2 for olives is equal to 0.622 and the 
RMSE was 3.79 mm/8day. For vineyard orchard, the R2 was estimated in about 0.634 and the RMSE equal 
to 3.62 mm/8day.  The approach presented here is based on an operational SSEB model which is able to 
estimate the spatial and temporal variability of actual ET at a basin scale throughout the year. These results 
will contribute to monitor the water consumption of crop. 
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Due to limited water availability in much of California, particularly in the Central Valley region 
where one-third of the produce consumed in the United States is grown, improvements in water and irrigation 
management practices are greatly needed. This, in turn, requires the development of tools and technologies 
for monitoring water use and at both the field and regional scale. California growers devote significant 
acreage to the cultivation of orchard crops and vineyards. These crop types share a unique canopy structure 
and row spacing. The architecture of wine-grape vineyards is characterized by widely spaced rows (∼4 m) 
and tall plants (∼2 m) with most of the biomass concentrated in the upper one-third to one-half of the plant. 
This wide row spacing and canopy architecture facilitates sunlight interception, air flow, and field operations 
and results in two distinct management zones: the vines and the inter-row. Often, the treatment of these two 
management zones is further complicated by a cover crop grown in the inter-row. A combined remote sensing 
and a land surface model that captures the micro and macro-scale exchanges between the vine, inter-row and 
atmospheric boundary layer is needed to operationally monitor vineyard water use and both vine and inter-
row plant stress. A remote-sensing-based modeling system has been developed with these capabilities and is 
called the Atmospheric Land EXchange Inverse (ALEXI) model. Additionally, a Disaggregation module 
(DisALEXI) using high resolution thermal remote sensing data has also been developed.  The 
ALEXI/DisALEXI land surface scheme is based on the Two-Source Energy Balance (TSEB) formulation that 
addresses the key factors affecting the convective and radiative exchange within the soil/substrate–plant 
canopy–atmosphere system. Both the TSEB and ALEXI/DisALEXI modeling systems have been applied and 
tested over a wide variety of landscapes and found to be robust.  An experiment was conducted at vineyard 
sites in California to collect ground validation data under the full range of environmental conditions and 
differing vine phenological stages. These data included in-situ measurements of the water and energy fluxes, 
meteorological conditions, soil moisture, and biophysical properties along with high resolution aircraft 
imagery for determining inter-row and vine cover fractions and thermal temperatures. A description of the 
field experiment and initial results applying both the TSEB with local/aircraft remote sensing data and 
ALEXI/DisALEXI with satellite observations will be presented.  The capability of the TSEB scheme to 
quantify vine plant and inter-row water and energy fluxes for the unique vineyard architecture will also be 
discussed.  
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Recent efforts have been concentrated in the development of models to understand and predict the 

impact of environmental changes on hydrological cycle and water resources in Drylands all over the world 
(SUDMED, AMMA, MEDMEX, SALSA) . In this context, remote sensing data have been widely used to 
initialize, to force or to control the simulations of these models. However, for several reasons, including the 
difficulty in establishing relationships between observational and model variables and the discrepancy of the 
space-time resolutions of data emanating from different platforms, the potential offered by satellite data has 
not been fully used. As a matter of fact, a few hydrological studies that use remote sensing data emanating 
from different sources have been performed. In this context, Several international programs have been 
designed to address the issue of improving our understanding of the hydrological functioning of basins in 
drylands all over the world. The main objective of these programs is to  develop and/or refine model where 
multi-source remotely sensed data is effectively used for both science and policies. The scope of this 
presentation is to provide an overview of the major outcomes of these programs with respect to the above 
objective , to present some of their substantial results  and to provide some future directions and challenges. 

EVALUATION OF EVASPA, A TOOL FOR MAPPING 
EVAPOTRANSPIRATION FROM SPACE 
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Evapotranspiration is a fundamental variable of the hydrological cycle and plays a major role in 

surface water and energy balances. The estimation of evapotranspiration is required for water resources 
management and climate studies. At the local scale evapotranspiration can be accurately determined from 
detailed ground observations (eddy covariance towers, lysimeters) but these measurements are too time-
consuming and costly to assess the evapotranspiration variability at the regional scale. Therefore, remote 
sensing provides cost-effective methodologies to assess the spatial distribution of evapotranspiration at 
regional scale. EVASPA (EVapotranspiration Assessment from SPAce) is a tool that has been developed to 
produce evapotranspiration maps at relevant spatial and time scales for hydrological or agronomical purposes. 
The tool includes several evapotranspiration estimation methods (S-SEBI method, the triangle approach and 
aerodynamic equations from SEBAL and SEBS) and various equations for estimating the required input 
information (e.g. albedo, net radiation and ground heat flux). Highlighted features of this tool are: (i) the 
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possibility of integrating and comparing data from various remote sensing sensors, (ii) a flexible design 
which allows easily adaptation to new sensors, (iii) options to evaluate the uncertainties related to the 
evapotranspiration estimates obtained through the different approaches and (iv) the provision of continuous 
daily evapotranspiration maps including for days without available remote sensing images (by means of 
interpolation procedures). 

Using MODIS data (freely available since 2001), EVASPA makes it possible to provide long time 
series of daily evapotranspiration with a 1km spatial resolution over areas of 1000 to 10000 square 
kilometres. In this study, evapotranspiration estimations by EVASPA are being evaluated against surface 
energy balance data acquired (using flux towers) over different ecosystems, mainly in semi-arid areas, several 
of them in the Mediterranean area. The spatial distributions produced by EVASPA are also compared with 
global remote sensing products, such as MOD16 or WACMOS, and against evapotranspiration maps obtained 
in earlier studies at higher resolution (using Landsat and ASTER data). Evaluation sites include (in brackets 
land use with flux tower) the Crau-Camargue area, south-east France (saltmarsh scrubs, dry grassland, 
irrigated grassland, agricultural area); the Campo de Cartagena in Murcia region, south-east Spain (citrus 
orchards); the Yaqui valley in the state of Sonora, north-west of Mexico (vegetable and arable crops); the 
Merguellil watershed near Kairouan, north-east Tunisia (cereals and olive trees); central and north Argentina 
(forest, dry woods, agricultural area); several network flux sites in monsoon Asia (e.g., rice paddy, upland 
crop fields, grassland). The EVASPA tool is a software currently in the prototype phase and is developed 
with support of CNES through the TOSCA research calls and within the frame of the European FP7 project 
SIRRIMED. 
 
 
 
 
 
 

EVAPOTRANSPIRATION AND WATER STRESS RETRIEVAL 
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Evaporation is an important component of the water cycle, especially in semi-arid lands. Its 
quantification is crucial for a sustainable management of scarce water resources. Up-to-now, evaporation at 
large scales is estimated through integrated water balance models forced by distributed meteorological 
forcing. This forcing includes irrigation inputs from surface and groundwater uptakes. Those amounts are 
largely unknown at most scales, including the regional scale, i.e. the working scale of institutional 
stakeholders. An alternative way to quantify evapotranspiration is to exploit the available surface temperature 
data from remote sensing as a signature of the surface energy balance, including the latent heat flux. 
Remotely sensed energy balance models enable to estimate stress levels and, in turn, the water status of most 
continental surfaces. Single-pixel energy balance models such as SEBS (Su, 2002) or TSEB (Norman et al., 
1995) are particularly well suited to derive evapotranspiration at high and low resolution over a wide range of 
land use and landscape types. Two source models, such as TSEB, are interesting since they allow deriving a 
rough estimate of the water stress of the vegetation instead of that of a mixed surface. Such frameworks can 
be used with either component surface temperatures (soil and vegetation components retrieved from 
directional surface temperature data) or a single mixed surface skin temperature. For the latter, a realistic 
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underlying assumption enables to invert two unknowns (evaporation and transpiration) from a single piece of 
information. This assumption states that, in most cases, vegetation is unstressed, and that if vegetation is 
stressed, evaporation is negligible. In the latter case, if vegetation stress is not properly into account, the 
resulting evaporation will decrease to unrealistic levels (negative fluxes) in order to maintain the same total 
surface temperature. This work challenges the limits of such hypothesis by 1- studying evaporation and 
transpiration retrievals using two versions (parallel and series resistance networks) of a two source energy 
balance model similar to TSEB, and 2- testing the water stress retrievals (vegetation water stress and 
moisture-limited soil evaporation) over contrasted test sites in Tunisia (irrigated wheat, rainfed wheat, rainfed 
olive tree) and Mexico (irrigated wheat). Results show that stress retrievals are most of the time consistent, in 
their occurrence at least rather than in their exact intensity. However, over a limited number of situations, 
none of the algorithms converge to a realistic level. Series and parallel resistance networks have similar 
performances for total evapotranspiration retrievals but lead to different evaporation/transpiration partitions. 
Bounding relationships and temporal consistency tests are proposed to ensure that convergence is reached at 
all times to provide robust estimates of evaporation and transpiration. 
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Water scarcity, potentially exacerbated by future climate change, is an inherent characteristic of the 

South-Mediterranean countries. Anticipate and develop measures to adapt to these changes are notably based 
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on the monitoring of water resources and a better understanding of the eco-hydrological processes governing 
their dynamics. The implementation, in 2011, of the Joint International Laboratory LMI TREMA (a French 
acronym for “Remote Sensing and Water Resources in the South-Mediterrannean”; http://trema.ucam.ac.ma) 
is based on more than 10 years of a fruitful collaboration between several research and water management 
institutions in France and in Morocco within the frame of the SUDMED program. Themes of research deal 
with the sustainable management of the water resources in the Southern Mediterranean area. The overall 
scientific approach of TREMA is based on the use of eco-hydrological models validated with and fed by 
satellite and in situ observations. We will see, through the experience of the project how remote sensing can 
help better monitoring and prediction of water resources of the Tensift catchment located near Marrakech 
(Morocco), taken as a typical watershed of the Southern Mediterranean with a water production area in the 
mountain and a downstream consumption mainly by agriculture. After a brief description of the institutional 
context and the experimental network implemented on the tensift catchment, this talk will present an 
overview of recent research results dealing with (1) methodological development for the retrieval of key 
component of the water cycle at the catchment scale (kilometric soil moisture based on the disaggregation of 
SMOS data, snow covered area based on daily MODIS data, and groundwater resources using GRACE 
sensor); (2) the use of remote sensing products together with physically-based models through data 
assimilation techniques; (3) phenomenological modeling based on the sole time series of various remote 
sensing data sets with application to evapotranspiration and cereal yields prediction. Finally, the issue of 
transfer of research results to water resource managers will be also addressed through two remote sensing 
based tools developed together with our management partners: (1) the Satellite Monitoring of Irrigation 
(SAMIR) for irrigation scheduling and (2) a decision support system for the surface and ground water 
management at the scale of the Tensift catchment. 
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Virtually all remote sensing based Soil-Vegetation-Atmosphere Transfer (SVAT) Schemes assume 
homogeneous, or decoupled atmospheric variables over their modeling domain. This assumption can lead to 
erroneous flux estimation since landscapes are inherently heterogeneous with variability in land surface state 
variables inducing spatial variability in the near surface air properties, which in turn affect the fluxes. 
A Large Eddy Simulation (LES) model is coupled to a RS based SVAT that accounts for soil and vegetation 
(dual source) contributions to mass and energy exchanges in order to study the feedback effects between 
spatially variable land cover and spatial variability in fluxes, through the induction of spatial variability in the 
lower atmosphere. Previous studies demonstrated that an increase in the correlation between surface and 
lower boundary layer states with increasing surface state contrast modulated relative increases in the spatial 
variance in the sensible heat flux. A multi-scale analysis of the land – atmosphere feedback, using a simple 
wavelet decomposition technique, showed the most significant correlation at scales from 500 to 1000 m. 
These feedback effects act to limit the spatial variability in the flux, implying that ignoring atmospheric 
feedback from land surface turbulent exchange rates will cause the largest errors at the extremes.  



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

111 

To improve the modelling of spatially distributed fluxes a better understanding of how the surface 
heterogeneities are transported into the lower atmospheric boundary layer is needed. Near the surface the 
momentum and scalar (temperature and moisture) transport is dominated by the smallest size eddies. 
Therefore, typically the performance of Large Eddy Simulation models near the surface depends largely on 
the performance of the so-called Sub-Grid-Scale (SGS) parameterizations of momentum and scalar fluxes. 
The effect of recently developed scale-invariant and scale-dependent dynamic SGS models for viscosity and 
diffusivity will be discussed using observations made during the REFLEX-2012 campaign. 
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Global food and biofuel production and their vulnerability in a changing climate are of paramount 

societal importance. However, model based estimates of gross primary production (GPP, output from 
photosynthesis) are highly uncertain, in particular over heavily managed agricultural areas. In this study we 
investigate the potential of space-based retrievals of sun- induced chlorophyll fluorescence (SIF), an emission 
intrinsically linked to photosynthesis, to provide a direct, global and time-resolved measure of the GPP of 
cropland and grassland ecosystems. The following data streams have been used in this analysis: (1) SIF 
retrievals have been derived from measurements of the MetOp-A / GOME-2 instrument in the 2007-2011 
time period; (2) ensembles of process-based and data-driven biogeochemistry models have been analyzed in 
order to assess the capability of global models to represent crop GPP; (3) flux tower-based GPP estimates 
covering the 2007-2011 time period have been extracted for 17 cropland and grassland sites in the Midwest 
US and Western Europe from the Ameriflux and the European Fluxes Database networks; (4) large-scale net 
primary production estimates have been derived by the agricultural inventory data sets developed by USDA-
NASS and Monfreda et al. 
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The strong linear correlation between the SIF space retrievals and the flux tower-based GPP, found 
to be substantially higher than for reflectance-based vegetation indices (EVI, NDVI and MTCI), has enabled 
the direct upscaling of SIF to cropland GPP maps at the synoptic scale. Our SIF-based annual crop GPP 
estimates are 50 to 75% higher than results from state- of- the-art carbon cycle models over the US Corn Belt 
and the Indo-Gangetic Plain, implying that current models severely underestimate the role of management. 
This finding is supported by an independent validation against agricultural inventories derived from yield 
statistics. In addition, we show that generic process-based models fail to capture the seasonality of 
agricultural areas when the lifetime of the crops differs from that of the natural vegetation in the 
surroundings. In this work we demonstrate that spaceborne SIF retrievals can provide realistic estimates of 
photosynthetic uptake  rates  over the  largest  crop belts  world-wide  without need of any additional 
information. This finding indicates that SIF data can be an essential complement to existing models and 
remotely-sensed observations for the evaluation of global agricultural yields, and that SIF-based estimates of 
crop photosynthesis may become a unique data set for both an unbiased monitoring of agricultural 
productivity and the benchmarking of carbon cycle models. 
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Radiometric surface temperature (TR) measured through thermal infrared (TIR) remote sensing 
provides direct information on the land surface moisture status and surface energy balance partitioning. 
Penman-Monteith (PM) equation is the most versatile method for estimating the surface energy balance 
fluxes (sensible heat, H and latent heat, λE) from the terrestrial surfaces. However, the use of PM equation in 
thermal remote sensing based surface energy balance modeling is often hindered due to the unavailability of 
any direct method to integrate the TR information into the PM equation and due to the lack of physical models 
expressing the surface (or stomatal) and boundary layer conductances (gS and gB) as a function of TR. Here we 
demonstrate a novel method that physically integrates the radiometric surface temperature into the PM 
equation for estimating the surface energy balance fluxes, conductances and λE components (evaporation, λEE 
and transpiration, λET). 

This study demonstrates a closure of PM equation by utilizing the TR observations in a way that 
treats gB and gS as internal unobserved components. The method combined TR data with the standard surface 
energy balance equations and a modified advection–aridity hypothesis in order to derive a hybrid closure that 
does not require specifications of the surface to atmosphere conductance terms; instead the conductances are 
analytically retrieved. We call this the Surface Temperature Initiated Closure (STIC), which is formed by the 
simultaneous solution of four state equations. Taking the advantage of the psychrometric relationship 
between the temperature and vapor pressure, this method is also capable to retrieve the land surface wetness 
(M) from the gradients of TR, surface dew point temperature (TSD), air dew point temperature (TD) and air 
temperature (TA). STIC is driven with TR, TA, relative humidity (RH), net radiation (RN), and ground heat flux 
(G). High temporal resolution (half-hourly) TR measurements from the Soil Moisture Atmospheric Coupling 
Experiment (SMACEX-SMEX02) were used in conjunction with RN, G, TA, RH measurements for estimating 
H and E. The performance of STIC has been evaluated in comparison to the measurements of E and H at 
multiple sites having variable surface moisture conditions. We found a RMSE of 32 to 45 W m−2 in E and H 
estimates and reasonable estimates of M under the conditions of strong surface atmosphere coupling. STIC 
shows particular promise to efficiently capture the λE dynamics across different surface wetness and 
vegetation conditions. Performance of STIC was also good during the dry down period where E is strongly 
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governed by the deep layer soil moisture and where the majority of the E models generally show poor 
performance. A high sensitivity of both M and E was noted due to the uncertainties in TR. A realistic 
response was also found when the retrieved conductances were compared to the observed meteorological and 
biophysical variables. This method addressed some of the stumbling blocks that previously hindered the 
direct use of radiometric surface temperature into the PM equation. 
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The Tibetan Plateau, with the most prominent and complicated terrain on the globe and an 

elevation of more than 4000 m on average above sea leave (msl), is often called the “Third Pole” due to its 
significance parallel with Antarctica and the Arctic. The exchange of energy and water vapor between land 
surface and atmosphere over the Tibetan Plateau area play an important role in the Asian monsoon system, 
which in turn is a major component of both the energy and water cycles of the global climate system. 
Supported by the Chinese Academy of Sciences and some international organizations, a Third Pole 
Environment (TPE) Research Platform (TPEP) is now implementing over the Tibetan Plateau and 
surrounding area. The background of the establishment of the TPEP, the establishing and monitoring plan of 
long-term scale (5-10 years) of the TPEP will be shown firstly. Then the preliminary observational analysis 
results, such as the characteristics of land surface heat fluxes, CO2 flux and evapotranspiration (ET) 
partitioning (diurnal variation, inter-monthly variation and vertical variation etc), the characteristics of 
atmospheric and soil variables, the structure of the Atmospheric Boundary Layer (ABL) and the turbulent 
characteristics have also been shown in this study. 

The study on the regional distribution of land surface heat fluxes and ET are of paramount 
importance over heterogeneous landscape of the Tibetan Plateau. The parameterization methods based on 
satellite data (AVHRR and MODIS) and the ABL observations have been proposed and tested for deriving 
surface reflectance, surface temperature, net radiation flux, soil heat flux, sensible heat flux, latent heat flux 
and ET over heterogeneous landscape. As cases study, the methods were applied to the whole Tibetan Plateau 
area. Four scenes of AVHRR data and eight scenes of MODIS data were used in this study. To validate the 
proposed methods, the ground-measured surface reflectance, surface temperature, net radiation flux, soil heat 
flux, sensible heat flux and latent heat flux in the TPEP are compared to satellite derived values. The results 
show that the derived surface variables, land surface heat fluxes and ET over the study area are in good 
accordance with the land surface status. These parameters show a wide range due to the strong contrast of 
surface features. And the estimated land surface variables and land surface heat fluxes are in good agreement 
with ground measurements, and all their absolute percent difference is less than 10% in the validation sites. It 
is therefore concluded that the proposed methods are successful for the retrieval of land surface variables and 
land surface heat fluxes over heterogeneous landscape of the Tibetan Plateau area. Further improvement of 
the methods and its applying field were also discussed. 
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Satellite retrievals of land-surface temperature derived from thermal infrared (TIR) imagery have 
proven to have significant value in constraining diagnostic models of surface energy balance and 
evapotranspiration (ET).  TIR-based ET retrievals capture important hydrologic features that are typically 
missed by standard prognostic land-surface models constrained by water balance, such as local ET 
enhancements due to irrigation, shallow groundwater tables, or sub-pixel surface water bodies.  Polar orbiting 
systems like Landsat collect 60-100 m resolution TIR imagery every 8-16 days, providing spatiotemporal 
capabilities for monitoring realtime ET and vegetation stress/drought globally at the scale of human 
management – nominally, the field scale.  Recent experiments have demonstrated that the temporal sampling 
of high resolution TIR imaging systems can be further enhanced by fusing lower spatial (1 km) but higher 
temporal resolution (~daily) ET retrievals using TIR data from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) systems on board the Terra and Aqua satellite platforms.  We describe 
implementations of a prototype Landsat-MODIS ET data fusion over rainfed and irrigated agricultural fields 
in the U.S., in both temperature and semiarid climate zones. Relative errors in seasonal ET retrieved using the 
fusion algorithm are on the order of 5% in comparison with observations of cumulative ET acquired using 
eddy correlation systems.  In particular, the value of data fusion is most evident when a rainfall event occurs 
between clear-sky Landsat overpasses.  Potential applications for fused ET datasets will be discussed, with 
societal benefits in the areas of food and water security. 
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The vegetation state can prominently influence the global energy, water, and carbon cycle and it is 

particularly evident during extreme droughts conditions in recent  years (e.g Europe 2003, Russia 2010). 
Weather parameters are sensitive to the vegetation state and particularly to Albedo and Leaf Area Index that 
controls the surface energy fluxes partitioning (latent, sensible and net heat fluxes), the development of 
planetary boundary conditions and clouds. The impact of assimilating a satellite based Leaf-Area-Index and 
albedo products is evaluated within ImagineS and SPECS European FP7 projects. Surface fluxes derived 
from offline runs of the ECMWF land surface scheme are evaluated for anomalous years. The near-surface 
air temperature and humidity derived from coupled runs using the ECMWF Integrated Forecasting system 
(IFS) are shown to respond to vegetation changes and the impact of considering both structural (LAI) and 
radiative (albdedo) changes in the vegetation is analysed and discussed. 
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Earth Observation data acquired by satellites are a global and nearly-continuous monitoring 

capability which is extremely valuable for monitoring of the state of Earths surface and its evolution in a 
context of climate change. The process typically requires the interpretation of the data, to convert 
reflectances, radiances or brightness temperatures, into biophysical variables of interest, such as leaf area 
index (LAI), soil moisture or chlorophyll concentration. It has long been argued that this interpretation pro- 
cess is best performed by inverting physically based models that exploit our understanding of radiative 
transfer (RT) theory, which allows the combination of different types of sensors with different spectral, 
spatial, temporal, etc characteristics. The inverse problem is typically ill-posed: the observational data are 
ambiguous, and many solutions are able to explain the observations equally well, resulting in a large 
uncertainty in the estimate of the state of the land surface. Data assimilation (DA) techniques combine the 
interpretation of observations using complex RT models, with models of the evolution of the land surface to 
reduce the uncertainties.  

The OPTImisation environment for joint retrieval of multi sensor RADiances (OPTIRAD) uses a 
variational DA method that allows the seamless integration of observations of the land surface acquired by 
different sensors through the use of RT models, prior knowledge about the state and simple models of state 
evolution. The aim is to retrieve biophysical parameters such as LAI, equivalent water thickness (EWT) or 
dry matter, with a full representation of uncertainty. 

We introduce emulators (statistical approximations to functions) as a way of practically speeding 
up the use of computationally demanding RT codes. Gaussian process (GP) emulators are trained to a number 
of RT model runs, and are used instead of the complete model. Emulators also provide an estimate of the 
partial derivatives of the model, a requirement for efficient cost function minimisation. We demonstrate the 
use of emulators with some state of the art RT models, and discuss how to emulate full spectrum outputs. 

While models for the temporal evolution of LAI exist, no such models exist for its spatial 
evolution, and no models are available for the spatial or temporal evolution of other components of the state 
vector. We demonstrate the usefulness of smoothness constraints on the state, encoded as Markov Random 
Fields. We show that they result in a significant reduction of uncertainty, but also enable the consistent 
integration of observations with different temporal and spatial sampling. The proposed approach opens the 
door to practical processing of multiple data streams from different sensors. We demonstrate this using the 
eoldas ng tool, a free software Python library, on which OPTIRAD will be based, using both synthetic 
experiments and real satellite data over an agricultural region. 
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SMOS MAIN RESULTS OVER LAND AFTER 4 YEARS IN ORBIT 
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The SMOS mission was launched in November 2009 and allows measuring the surface soil 

moisture over continental land, covering the entire surface in 3 days. The multi-angular algorithm also 
enables to estimate the vegetation opacity which is directly related to the water content of the canopy. The 
algorithm also distinguishes between low vegetation where most of the signal emanates from the leaf and 
stems of the vegetation and the forests where the signal is mainly linked to the branch biomass at L band. 
ESA’s DPGS (European Space Agency’s Data Processing Ground Segment) has been delivering the so called 
Level 2 products, consisting in ½ orbits data for both products since launch. 

The CNES (Centre National d'Etudes Spatiales) has developed the CATDS (Centre Aval de 
Traitement des Données SMOS) ground segment that now provides spatial and temporal synthesis products 
(referred to as Level 3 products) enabling to better estimate the vegetation opacity ( as well as soil moisture 
and brightness temperature over land). After now several years of availability , the soil moisture product is 
rather robust but the vegetation opacity, either obtained at level 2 or 3 still suffers from several flaws, even if 
it looks promising. Work was also performed on the improvement of dielectric constant modelling either on 
modelling site or ground measurements. A particular emphasis was done or organic rich soils. A number of 
higher level products have been developed and tested, ranging from sea ice thickness to drought indices root 
zone soil moisture and freeze indices. In this presentation we will look at the products and how they are 
obtained and validated as well as the main results obtained over both low vegetation and forested areas. 
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The L-MEB (L-band Microwave Emission of the Biosphere) is the forward model used in the 
operational SMOS algorithm. This model is based on a well-known zero-order solution of the radiative 
transfer equations: the so called - model, where the optical depth  accounts for extinction effects within 
the canopy and the single scattering albedo  accounts for scattering effects. L-MEB includes several 
parameterisations which were developed specifically to account for the multiangular and bi-polarization 
capabilities of the SMOS TB observations in the retrieval process. A detailed description of the L-MEB 
model and the analysis of soil moisture retrievals over a variety of crops have been given in Wigneron et al. 
(2007, 2010). Since then, the model has been implemented in the SMOS algorithm which produced time 
series of the Level 2 (Kerr et al., 2012, delivered by ESA) and Level 3 (Kerr et al., 2013, delivered by 
CATDS) SM products, since the beginning of 2010. These SM products have been evaluated against 
numerical modelling products (ECMWF SM-DAS-2, MERRA-Land) and in situ data from large SM 
networks included in the SMOS cal/val initiative. Moreover, the model was evaluated in a series of 
experimental campaigns based on field (SMOSREX, MELBEX, Upper Danube, etc.) or airborne 
measurements (NAFE-06, Australia; CAROLS, France; etc.). Eventually, numerical and physical models 
were used to develop new parameterizations of the soil roughness (Lawrence et al., 2013), soil permittivity 
(Mironov et al., 2012) and vegetation effects. Based on this very dense scientific activity, some major 
changes have been made and some future improvements of the L-MEB model have been proposed. This 
communication makes a review of the most significant changes.  
 
 

SPANISH EARTH OBSERVATION SATELLITE SYSTEM 
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The Spanish Earth Observation Satellite System was originated and funded by the Ministry of 
Industry and the Ministry of Defense of Spain. The system is based, in first instance, on two satellites, a high 
resolution optical satellite, called Ingenio, and a radar satellite based on SAR technology, called Paz. 

Ingenio mission is based on an Earth Observation Satellite devoted to providing high resolution 
multi-spectral land optical images. The primary payload is composed of an optical panchromatic and multi-
spectral imaging instrument with four bands in red, green, blue and near-infrared (NIR). The GSD 
corresponds to 2.5 m for the panchromatic band and 10 m for the multispectral band. The swath is around 60 
Km. Ingenio satellite will be able to provide a daily coverage more than 2,5 million km². 

Following approval by ESA Council on June 2007 an Agreement was signed between the Centro 
para el Desarrollo Tecnológico Industrial (CDTI) and the European Space Agency (ESA) concerning the 
technical and managerial assistance that ESA is providing to the Implementation phase of the Ingenio Space 
and Ground Segment activities. 

PAZ mission, the radar satellite, is being developed under the control of the Spanish operator 
Hisdesat. INTA (National Institute for Aerospace Technology), technological institute dependant of the MoD, 
is responsible of developing the Ground Segment. PAZ can obtain around 200 images per day. The satellite 
implements a very flexible instrument. The resolution varies from 16m down to 1m, depending on the swath 
width (from 100x100 Km to 5x5 Km) and operational mode. The prime contractor of both satellites is 
Astrium CASA Espacio, being INDRA the prime contractor of both ground segments. 

The system will start operations next year with the launch of the radar satellite. The Ingenio 
satellite is foreseen to be launched in 2016. This system, combining the two observation technologies, is the 
most important contribution of Spain to the European Programme Global Monitoring for Environment and 
Security, GMES. The Ground Segments, will be located in INTA, Spain (Torrejón and Maspalomas Stations), 
and will provide the capabilities for the payload data acquisition, processing and dissemination to the users' 
community of the Ingenio and PAZ products. 
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Accurate estimates of field-scale evapotranspiration (ET) are critical to maximizing the efficient 

use of water for agricultural production which, particularly in arid and semi-arid environments, is the largest 
consumptive user of fresh water. Often, these estimates are derived using numerical or remote sensing-based 
models that are developed, calibrated, and validated against in-situ data collected using techniques such as 
eddy covariance (EC). Consequently, the accuracy of the modeled estimates of ET are strongly linked to both 
the accuracy and representativeness of the in-situ measurements. Using data collected over adjacent irrigated 
cotton fields in the Texas High Plains as a part of the 2008 Bushland Evapotranspiration and Agricultural 
Remote Sensing Experiment (BEAREX08), the impact of within-field variability in vegetation density on in-
situ measurements of ET was analyzed. Each field was instrumented with a pair of EC systems that were 
crossed calibrated immediately prior to the field study and a large weighing lysimeter (LY) located in the 
center of the field. Vegetation density was measured using both in-situ techniques and remote sensing 
methods with airborne imagery. Even after accounting for factors such as local advective effects and the 
imperfect energy balance closure associated the EC measurements, differences in the cumulative ET over the 
course of the growing season were between 10 and 20%. At the same time, analyses of the high-resolution 
leaf area index (LAI) maps derived from the airborne imagery showed significant variability in the vegetation 
density; coefficients of variation ranged as high as 40%. By comparing the LAI within the source area, i.e. 
footprint, of the different measurement systems, this study demonstrated the influence of fine-scale spatial 
variability in vegetation cover on measurements of ET which can only be quantified through high resolution 
remote sensing imagery. It also underscores the need to account for the affects of surface heterogeneity on in-
situ measurements used for ET model calibration and validation. 
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The evaluation of the spatial and temporal variability in hydrological and land surface processes is 

of prime interest in disciplines such as agriculture, hydrology and climatology. The extension of this analysis 
from point/detail to regional scale, focusing on the interconnections and feedbacks between hydrological 
variables and regional hydrometeorology, have resulted in the increased use of remote sensing, to determine 
the partitioning of available energy into sensible and latent heat fluxes at the earth's surface. This partitioning 
depends on the proportion of vegetation and bare soil occupying the observed area. Due to the heterogeneity 
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of most landscapes, energy balance models that distinguish between soil or substrate and vegetation 
contributions to the radiative and turbulent fluxes have proven to be most reliable. During the last few 
decades these physically based models have evolved into an operational mode, in particular the Two-Source 
Energy Balance (TSEB) model which has been validated over a range of landscapes. Despite being physically 
based, still a number of assumptions and experimental parameterizations are used, which are not easily 
available or measured, nor is their influence on the obtained model output always known. Generally these 
type of models use resistance schemes where the turbulent fluxes are determined by the ratio of a 
concentration difference between the air and the surface over an aerodynamic resistance. The component (soil 
and canopy) temperatures generally are derived from a single observation of directional radiometric 
temperature, in combination with an estimate of the ground fractional vegetation cover. When only one 
observation of the directional temperature is available the soil and canopy temperatures are obtained from an 
iterative process within TSEB, where it is uncertain whether the proper solution is obtained. However, when 
observations under multiple angles are available the component temperatures can be directly derived and used 
as such.  

The objective of this study, conducted over the Las Tiesas agricultural test site in Barrax (Spain), is 
to explore how a physically based retrieval of the representative soil and canopy component temperatures 
influences the estimates of the turbulent fluxes, their components and the model parameters. To achieve this 
goal first the single angle version of the TSEB model, as it is commonly used, was validated over several 
landcover units at the Barrax site. Secondly the soil and canopy components were extracted from multiple 
angle airborne observations, which were then input in the dual angle version of the TSEB model. The last 
step concerned the inter-comparison of the output and parameters produced by the different versions of the 
model. Results will be shown for a vineyard in the center of the Barrax site, using data from the EODIX-2011 
and REFLEX-2012 airborne campaigns, demonstrating the effect of implementing observed soil and canopy 
component temperatures on the estimation of turbulent flux exchange at the earth’s surface.. 
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Evapotranspiration (ET) estimates are particularly needed for monitoring available water over arid 
lands. Remote sensing data offer the ideal spatial and temporal coverage needed by irrigation water 
management institutions to deal with evolving regional water table issues. Low spatial resolution products 
present strong advantages as they cover larger zones and are acquired more frequently than high spatial 
resolution images. Further, they usually offer a long record history, such as the Moderate Resolution Imaging 
Spectroradiometer (MODIS). However, validation of ET products at low spatial resolution still remains a 
difficult task. 

The objective of this study is to evaluate instantaneous fluxes obtained through local 
meteorological observations and remote sensing data (in visible, near infrared and thermal infrared domains) 
from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER; resampled to 100-m 
spatial resolution) and MODIS (resampled to 1-km spatial resolution). It was considered the Surface Energy 
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Balance System (SEBS; Su, 2002) and the Two-Source Energy Balance (TSEB; Norman et al., 1995) models. 
The study zone is a 4 km×4 km semi-arid irrigated agricultural area located in the North-West of Mexico 
(Yaqui, Sonora; 27°12’N, 109°57’W). Wheat is the dominant crop, followed by maize and vegetables. The 
ASTER dataset includes 7 dates from December 30, 2007 to May 13, 2008. Daily available MODIS products 
were considered for the same dates. 

ET retrievals from ASTER data using both models showed good performances when compared to 
eddy covariance measurements from 7 locations within the 4 km×4 km square. Next, they were linearly 
aggregated to the 1-km scale (and considered as the reference ET) and compared to the ET maps obtained 
using MODIS data considering the SEBS and TSEB models. Further, in order to analyze the effect of the 
spatial resolution of the inputs, fluxes were also derived by first considering the inputs of the TSEB and 
SEBS models estimated from ASTER radiances and reflectances previously aggregated to 1-km and then 
considering all the parameters of both models derived from high spatial resolution ASTER radiances and 
reflectances before being aggregated to 1-km. MODIS ET estimates compare well with the reference ET 
(relative bias is about 5% for SEBS and 10% for TSEB). Discrepancies are mainly related to fraction cover 
mapping for TSEB and vegetation height mapping for SEBS. This is consistent with the sensitivity of each 
model to these parameters. Low spatial resolution fluxes obtained using both models and ASTER aggregated 
input data compare well with the reference fluxes, illustrating the relatively good accuracy of using 
aggregated inputs (relative bias is about 6% for SEBS and 2% for TSEB). 
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Several approaches have been developed to retrieve evapotranspiration based on a joint use of 

remote sensing data and land surface modeling. Instantaneous Surface Energy Balance models such as TSEB 
(Norman et al., 1995) combine vegetation description inputs and thermal infrared data to estimate 
evapotranspiration fluxes at the pixel scale of thermal imagery (from decametric to kilometric resolution). 
Another approach consists in running a SVAT model (Soil Vegetation Atmosphere Transfers), here the 
SetHyS model (described in Coudert & al. 2006) calibrated at high resolution, based on the soil occupation 
map and high vegetation LAI estimates from remote sensing (8-m resolution FORMOSAT-2 sensor). Both 
approaches do not need the same amount of information for model parameters and inputs. The domains of 
validity of the models have to be considered for providing meaningful evapotranspiration estimates at 
landscape scale. 

This work has been carried out for quantifying the discrepancies between both approaches at 
landscape scale according to the type of crop, the vegetation phenology, water stress occurences, irrigated or 
rainfed crops and soil depth. More precisely, different scenarios of irrigation (dates and amount), soil depth 
spatial distribution, soil water status distribution, or temporal and spatial rainy periods distribution are 
intercompared. The experimental sites are located near Toulouse in South-West France and near Marrakech 
in central Morocco; they are part of “SudOuest” and “SUDMED” projects, respectively, run by the CESBIO 
and its partners, including Cadi Ayyad University of Marrakech. The impact of scenarios uncertainties are 
analysed focusing on surface fluxes simulations. Surface temperature from thermal imagery (ASTER, 
Landsat 5 and 7 and MODIS) has been used as input in TSEB for evapotranspiration simulations meanwhile 
with or without assimilation runs have been tested with the SEtHyS SVAT model. Consequently, a synthesis 
can be presented for the potential and the divergences of both approaches for evapotranspiration simulations 
at different spatial resolutions (hundred of meters to kilometers). The potential of thermal infrared data is 
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once again demonstrated, in particular for irrigation scenarios inversion and soil water contents adjustments 
in SVAT model for spatialized evapotranspiration estimates. 

Some perspectives are then proposed thanks to a synthetic database for surface temperature in 
various meteorological conditions allowing to complete thermal imagery. The study shows, in particular, the 
necessity to modify the Priestley-Taylor parameter value in the TSEB model for taking advantage of surface 
temperature data if they were available in such conditions. 
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Thermal-based energy balance models use the radiometric temperature as the primary boundary 
condition for estimating surface energy fluxes at a spatio-temporal scale defined by the frequency and pixel 
resolution of the remote sensing observations. One of these fluxes, the water evaporated from the surface to 
the atmosphere or evapotranspiration (ET), is a useful indicator of plant ecosystem health, especially in 
complex water-controlled ecosystems of semiarid regions, such as the dehesa ecosystem, characterized by 
widely-spaced oak trees (mostly Quercus Ilex L.) combined with crops, pasture and shrubs in the sub-canopy 
region. However, current sources of satellite thermal data are limited in having both high spatial and temporal 
resolutions, useful for daily ET monitoring purposes. The monitoring of ET with adequate spatial and 
temporal resolution is critical for detecting early-onset of water stress conditions, helping to alert land and 
environmental management agencies to assess drought impacts and take actions that will reduce the 
vulnerability of these ecosystems during water stress periods. 

In this work, the Atmosphere-Land Exchange Inverse (ALEXI) energy balance model (Anderson et 
al., 1997) has been applied to obtain daily continental-scale ET estimations at coarse resolution (10 Km), 
using hourly thermal data from the geostationary MSG satellite. These fluxes constrain higher resolution ET 
retrievals from both MODIS (1 Km, daily) and Landsat (120m, 16 days) images over the study area during 
the year 2013 using an associated flux disaggregation scheme (DisALEXI). Finally, a data fusion technique, 
the STARFM model developed by Gao et al. (2006), fuses MODIS and Landsat ET maps in order to obtain 
both fine spatial and temporal resolution, roughly daily 30 meter resolution ET. This ET data fusion 
methodology was successful tested by Cammalleri et al. (2013, 2014) over rain-fed and irrigated agricultural 
areas in the Midwest US corn and soybean production region and over irrigated crops in the Texas Panhandle.  
The results of the model will be validated with measurements provided by an eddy covariance tower installed 
in a watershed in the dehesa (38_120 N; 4_170 W, 736 m a.s.l).  The tower is located within a sparsely 
vegetated oak forest with grass understory and has a 1 km fetch in the predominant wind direction. The 
performance of this modeling approach over the dehesa ecosystem will be assessed and presented with a 
discussion of the advantages and limitations of this modeling system and any refinements required to reliably 
monitor ET over the complex dehesa landscape. 
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Land surface characteristics and biophysical parameters, such as leaf area index (LAI), are crucial 
input data for land surface models (LSMs). They are classically derived from remotely sensed earth 
observations acquiered in the reflected solar domain, either at moderate spatial resolution (MSR, ~102km2). 
MRS products take benefit of their daily revisit frequency to finely track seasonal cover changes, and their 
spatial characteristics are in general considered enough for global or regional land surface modelling studies. 
Conversely, HRS products suffer from a much more limited temporal cover (1-2 week), but offer much more 
capability to account for surface heterogeneities in the land surface modelling, in particular at local catchment 
scales. 

This study aims to evaluating the respective benefits of MSR and HSR satellite-derived biophysical 
products for the modelling of the energy and hydrological cycles performed with a LSM. This study was 
performed at te mesoscale (i.e. transition between local and regional scales) over a sahelian region in South-
West Niger; a region with a heterogeneous landscape and cloudly conditions during the vegetation cycle. The 
LSM used is the SEtHyS_Savannah model. It was specially developed to simulate water and energy fluxes 
over dry savannah landscapes. It was first calibrated/validated at local scale using field observations collected 
in millet and fallow plots, the two main land cover types of south-west Niger. Mesoscale simulations were 
then performed at kilometric resolution for the whole monsoon season of 2005 over a ~3000 km2 domain. 
The impacts of satellite-derived inputs on the simulations were analyzed by testing different forcing of land 
cover and LAI maps derived from SPOT (20m), MODIS, VEGETATION (1km) and SEVIRI (3km) sensors. 
To distinguish the effects of spatial and temporal resolution from those sensors type, an analysis was 
performed with a gradual degradation of the highest-resolved products. Conclusions were then drawn in terms 
of properties of biophysical inputs required to accurately monitor energy and water cycles in Sahelian region. 
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An improved method is applied to MODIS, AMSR-E and gridded meteorological data to estimate 
evapotranspiration rate in North China Plain area. The keystone of this method is the Penman-Monteith 
equation which combines main drivers in a theoretically sound way and has been widely used to estimate 
evapotranspiration at field, regional, continental or even global spatial scales. The key of this approach is to 
account for the effect of the variation of soil moisture in the estimation of surface resistance parameter (Rs). 
The research process involves 4 aspects: (1) Estimating relative soil moisture (RSM) from the AMSR-E and 
soil texture data. Firstly, regional absolute soil moisture (ASM) is estimated from the AMSR-E data 
according to NJoku’s method (2003). Secondly, regional field capacity (FC) and wilting point (WP) are 
calculated according to Saxton’s equations (1986) based on the soil texture map. Thirdly, RSM parameter is 
attained based on ASM, FC and WP; (2) Improving the calculation of Rs using Mu’s approach (2011). 
Meteorological parameters such on net radiation (Rn), vapor pressure deficit (VPD), air temperature(Ta), leaf 
area index (LAI) and RSM are accounted for the parameterization of Rs. The influence of RSM on Rs is 
described by a Sigmoid function proposed by Gokmen et al. (2012). Finally, the calculation results of Rs 
from the improved method and the original method of Mu (2011) are compared with the reference results of 
Rs derived from inverting Penman-Monteith equations using evapotranspiration measurements from a Bowen 
ratio system at field scale. (3) Estimating regional evapotranspiration based on the Penman-Monteith 
equation, MODIS products, gridded meteorological data and parameters. Firstly, these gridded 
meteorological data sources such as VDP, Ta, wind speed (Ws) from National Meteorological Information 
Center (NMIC) are preprocessed to the same spatial and temporal resolution as MODIS products at regional 
scale. Secondly, aerodynamic resistance (Ra) is estimated from the gridded Ws parameter. Finally, the 
Penman-Monteith Equation is implemented based on these parameters. (4) Validating the improved method 
according to flux tower measurement data at the Yucheng station. The preliminary result shows that the 
accuracy of the improved method is enhanced and the influence of soil moisture on evapotranspiration is 
more obvious in dry seasons. 

 
 

IMPROVING REMOTE SENSING DERIVED DRY MATTER PRODUCTIVITY 
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Crop condition monitoring throughout the growing season and crop yield forecasting are both 

important to estimate the seasonal production. Different methods have been developed to estimate crop yields 
using satellite data, one commonly applied is the development of empirical relationships between crop yield 
and remote sensing indicators. In this study, we looked at the relation between the actual crop yield and as a 
remote sensing indicator dry matter productivity (DMP). When growing, crop converts solar energy into 
chemical energy through the photosynthesis process during which water CO2 and O2 are exchanged into the 
atmosphere. DMP is the net result of this photosynthetic activity. As a definition, DMP is an increase in crop 
dry matter biomass. Thus, it is an important biophysical indicator. Monteith formulated the first Radiation 
Use Efficiency Model to estimate Net Primary Production (NPP), a variation of DMP. According to the 
model, the biomass accumulation of the plant is correlated with the amount of absorbed radiation (APAR), 
the actual efficiency of converting atmospheric CO2 into plant tissue (εACT) and the autotrophic respiration 
(εAR) as DMP = APAR * εACT * εAR. 

The Remote Sensing research unit of VITO has started to produce DMP estimates on a regular 
basis since 2000 by using SPOT-Vegetation and meteorological data. VITO calculates a Monteith based 
variant of DMP. In the current version of DMP, APAR is formed by the incident solar radiation, fraction of 
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absorbed photosynthetic radiation and fraction of photosynthetically active radiation. εACT is calculated by 
vegetation type specific maximum radiation use efficiency and includes reduction factors linked to 
temperature and CO2 fertilisation effect. εAR is calculated based on the temperature. In this study, for wheat 
(C3 plant) and maize (C4 plant), all efficiencies (ε) were revised and adapted accordingly. Furthermore, water 
stress factor was added which was omitted in the original version. The objective of this study is to evaluate 
the capacity of the investigated and reformulated DMP to estimate regional crop yields for wheat and maize 
over Belgium and France for the period of 1999-2012. 

The original DMP was modelled for C3 plants. However, reduction factors used in εACT are plant 
type specific. Since the interest of this study was on both C3 and C4 plants in which the photosynthetic 
pathway is different, the reduction factors were reformulated. Moreover εAR was improved by combining 
autotrophic respiration from two models C-Fix and GLO-PEM2. Furthermore, in many places in the world, 
the most important factor for crop production is water availability. Thus water stress factor was also included 
in εACT as another reduction factor. Evapotranspiration (ET) is an important component of the water cycle 
and it is directly connected to the surface energy budget. The ratio of ETactual and ETcrop coefficient was 
used as a water stress factor. Finally, DMP estimates for C3 and C4 plants at pixel level were aggregated at 
agro-ecological/administrative unit level and regression analysis between this cumulated values over an 
optimal temporal window and actual yield statistics was calculated. The study areas are the main agro-
ecological regions of Belgium and administrative regions of France. Selected countries have different 
climatic zones where predominant limitation to agriculture varies from non-rainfall dependent to rainfall 
dependent. This variation contributes to assess the impact of the water-limited version of DMP on wheat and 
maize. For calculation of DMP, SPOT-Vegetation derived fAPAR and operational forecasts of ECMWF for 
meteorological input were used. 
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The Middle East and North Africa (MENA) region is an area characterized by limited fresh water 

resources, an often inefficient use of these, and relatively poor in-situ monitoring as a result of sparse 
meteorological observations. Enhanced satellite-based monitoring systems are needed for aiding local water 
resource and agricultural management activities in these data poor arid environments. A multi-sensor and 
multi-scale evapotranspiration (ET) monitoring capacity is being implemented over MENA in order to 
provide meaningful decision support at relevant spatiotemporal scales.  The integrated modeling system uses 
the Atmosphere-Land Exchange Inverse (ALEXI) model and associated flux disaggregation scheme 
(DisALEXI) in conjunction with model reanalysis data and remotely sensed data from polar orbiting (Landsat 
and MODIS; MODerate resolution Imaging Spectroradiometer) and geostationary (MSG; Meteosat Second 
Generation) satellite platforms to facilitate daily estimates of land surface fluxes down to sub-field scale. 
Within this modeling system, thermal infrared satellite data provide information about the sub-surface 
moisture status and plant stress, obviating the need for precipitation input and a detailed soil surface 
characterization. In this study, ALEXI-DisALEXI is applied over an irrigated agricultural region in Saudi 
Arabia. Resulting maps of daily ET over a 7-year period (2007 – 2013) are evaluated against independent in-
situ and satellite-based records of precipitation and irrigation, soil moisture and groundwater fluctuations. The 
ET time-series are used to quantify water usage in the region over the study period, which is critically needed 
for many agricultural and water resource management applications. 
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SEPARATION OF OVERSTORY AND UNDERSTORY LEAF AREA INDEX 
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The leaf area index (LAI) is a critical parameter for modeling vegetation’s water, carbon, and energy 
exchange with the atmosphere. Forest canopy (overstory) and understory are different in residence times of 
carbon fixed through net primary productivity and phenology. Separation of forest LAI for overstory and 
understory is valuable for better modeling the terrestrial carbon cycle between the vegetation and atmosphere. 
In this presentation, the LAI for overstory and understory over global forest area are separated from Moderate 
Resolution Imaging Spectroradiometer (MODIS) and Multi-angle Imaging SpectroRadiometer (MISR) data 
at 500 m resolution. First, the forest total LAI, including the overstory and understory, are retrieved from 
MODIS observations based on GLOBCARBON LAI algorithm. Then, the global monthly forest background 
reflectivity, which were derived by using a geometrical optical model and the 4-scale model with MISR 
multiangle observations at 1.1 km resolution, are used to correct the effects of the materials below the forest 
canopy, and thus overstory LAI could be retrieved. After that, the understory LAI is calculated by subtracting 
overstory LAI from total LAI. Since the algorithm of forest background reflectivity is not applicable for 
tropical rainforest for its complex forest structure, the LAI retrieval and analysis are ignored for evergreen 
broadleaf forest. The spatial and seasonal characteristics of the understory and overstory LAI are analyzed 
using retrieved results in 2011. Forest understory is mainly distributed in high northern latitudes, especially 
boreal forest zone, indicating that the contribution of boreal forest in terrestrial carbon sink may be 
overestimated without consideration of understory. The understory LAI shows notable seasonal variations. 
The majority of understory LAI is less than 1 in winter, spring and autumn, while it is up to 1.5 even 3 in 
summer. The statistic analysis in North America, Europe and Asia suggest that the understory LAI shows 
small differences in seasonal characteristics among various forest types. In spring and autumn, the understory 
LAI of deciduous broadleaf forest (with mean value of 0.46(0.63) for North America, 0.37(0.47) for Europe, 
0.35(0.31) for Asia in April (October)) is usually greater or close to that of evergreen needleleaf forest (with 
mean value of 0.51(0.41) for North America, 0.32(0.44) for Europe, 0.25(0.26) for Asia in April (October)). 
But in summer, the evergreen needleleaf forest (with mean value of 1.46 for North America, 1.33 for Europe 
and 1.25 for Asia in July) show greater understory LAI than that of deciduous broadleaf forest (with mean 
value of 0.84, 0.79 and 0.81, respectively), which may due to its more clumping nature. The understory of 
deciduous needleleaf forest in high latitude in Asia show smaller LAI values compared to that of evergreen 
needleleaf forest in lower latitudes in Asia, with mean value of 0.19, 1.14 and 0.19 in April, July and October, 
respectively. The forest overstory also show significant seasonal variations with LAI value over 4 for most 
forest regions in July and less than 3 in April and October. 
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Two new methods for evapotranspiration (ET) estimation based on the temporal variations of 
surface parameters were recently developed. One method is to estimate daily evaporative fraction (EF) based 
on the day-night difference of surface temperature and air temperature (Lu J, et al., 2013, Derivation of Daily 
Evaporative Fraction Based on Temporal Variations in Surface Temperature, Air Temperature, and Net 
Radiation, Remote Sensing. 5(10):5369-5396, doi:10.3390/rs5105369), and the other is a simplified 
parameterization scheme for estimating surface energy fluxes with continuous surface temperature, air 
temperature, and surface net radiation measurements (Lu, J., et al., 2014, A new parameterization scheme for 
estimating surface energy fluxes with continuous surface temperature, air temperature, and surface net 
radiation measurements, Water Resources Research, 50, doi:10.1002/2013WR014468). To further analyze 
the performance of the two methods for ET estimates over the spatial scale, this study chose the Southern 
Great Plains (SGP) region of US (from 95.5 W to 99.5 W in longitude and from 34.5 N to 38.5 N in latitude) 
as the study site because of its relatively flat terrain, heterogeneous land cover, and wide variability of surface 
flux properties. The data sets from the North American Land Data Assimilation System (NLDAS-2) for two 
clear days on 23 March and 19 September 2003 were used to drive and evaluate the two ET schemes based 
on the temporal information. Surface energy fluxes from the NLDAS-2 were firstly assessed with ground-
based measurements from 13 Energy Balance Bowen Ration (EBBR) systems under the aegis of the 
Atmospheric Radiation Measurement (ARM) Program. The root mean square error (RMSE) between the 
daily average latent heat flux (LE) from NLDAS-2 and in situ measurements is ~30 W/m2, which is mainly 
attributed to the inconsistent spatial scales in the two data sources. LE at the daily scale was then estimated by 
using the two temporal information-based models and compared with the data from NLDAS-2. Results show 
that the spatial distribution of daily average LE estimates from the EF method over the SGP region are in 
good agreement with that provided by the NLDAS-2 with the coefficient of determination (R2) of ~0.53 and 
the RMSE of ~22 W/m2, which is superior to that from the simplified parameterization scheme. However, if 
the constant parameters in the simplified parameterization scheme can be accurately given, the RMSE of 
daily LE estimates from the simplified parameterization scheme is less than 10 W/m2. 
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Water resources are under increasing pressure as a result of global change and of a raising 
competition among the different users (agriculture, industry, urban). It’s therefore important to develop tools 
to accurately estimate crop water requirements in order to optimize irrigation while maintaining acceptable 
production. In this context, remote sensing is a valuable tool to monitor vegetation development and water 
demand. The objective of this work is to evaluate the potential of the high spatial and temporal resolution 
(HSTR) remote sensing images (Sentinel-2 like) to provide an accurate and dynamic estimation of water 
needs and supplies (through irrigation) of maize crops at the watershed scale. This work takes place in the 
framework of MAISEO project which aims at enhancing the management practices for water supply of the 
Neste watershed (southwest of France), mainly covered by irrigated maize crops. This project associates 
CESBIO with several private and public partners among which Vivadour, Pioneer, the CACG (water 
manager of the Neste watershed) and Meteo-France.  
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This study takes advantage of the SPOT4-Take5 experiment initiated by CNES 
(http://www.cesbio.ups-tlse.fr/multitemp/), which provides SPOT4 images over the watershed from February 
to the end of May 2013, with a temporal and spatial resolution similar to future images from the Sentinel-2 
and VENµS missions. This dataset was completed with LandSat8 images acquired from June to October in 
order to cover the whole growing season. Radiometric, geometric and atmospheric corrections were achieved 
by the THEIA land data center (http://www.ptsc.fr), and the KALIDEOS processing chain 
(http://kalideos.cnes.fr). The temporal dynamics of the green area index (GAI) plays a key role in soil-plant-
atmosphere interactions and in biomass accumulation process. Consistent seasonal dynamics of the remotely 
sensed GAI was estimated by applying a radiative transfer model based on artificial neural networks 
(BVNET, Baret,Weiss et al.). This tool allows to use multiple sensors at different view angles (SPOT4, 
LandSat8) while removing sensor and acquisition artifacts.  

Simultaneously, in situ data such as land use, green area index, dry aboveground biomass, soil 
humidity and irrigation rates were collected over an ensemble of plots sampling the heterogeneity of the 
entire watershed. Evapotranspiration fluxes were also measured continuously over maize crops in the 
Lamasquère (CESBIO) experimental site. Evapotranspiration (ETR) and Dry Above-ground Biomass (DAM) 
of maize crops were modeled using time series of GAI images (from BVNET) used to drive a simple agro-
meteorological crop model (SAFYE, Duchemin et al., 2005). This model is based on a leaf partitioning 
function (Maas, 1993) for the simulation of crop biomass and on the FAO-56 methodology (crop coefficient, 
Kc) for the ETR simulation. The model also contains a module to simulate irrigation. 

Preliminary results show that the model reproduced correctly the dynamics of the DAM production 
(r²=0.87, RRMSE=25%) and provided good estimates of the water requirements under different soil types and 
management conditions. The model is also able to take into account the effect of water stress and irrigation on 
DAM. The results highlighted the capacity to estimate water requirements over large areas and to monitor 
agricultural practices such as irrigation using a simple crop and water balance model driven by HSTR remote 
sensing data. This approach combined with future Sentinel-2 mission can offer a great opportunity for 
operational applications such as optimization of crop water management over large areas. 
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This work aims at providing gross primary production (GPP) estimates over Africa for 2008 using 

SEVIRI/MSG satellite products delivered in LSA SAF network (EUMETSAT) (http://landsaf.meteo. pt). The 
LSA SAF generates and disseminates products derived from SEVIRI/MSG related to land, land-atmosphere 
interactions and biophysical applications. The products have demonstrated spatial and temporal consistency 
and have presented practically no missing data except for areas which are usually covered by snow. 

The GPP estimates rely on the use of the Monteith's (1972) simple approach. This model provides 
the theoretical basis for most models of gross primary production based on remote sensing and considers GPP 
as proportional to the incident short wave radiation (PAR), the fractional absorption of that flux (fAPAR) and 
the radiation use conversion efficiency, also known as light-use efficiency (ε), by means of the general 
relation GPP=  fAPAR PAR.  
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While PAR has been usually computed from meteorological data, in this work the PAR relies on 
the daily MSG down-welling surface shortwave radiation flux (DIDSSF) product. The PAR is considered as 
the 46% of the DIDSSF, which is produced from the daily integration of the down-welling surface shortwave 
radiation flux (DSSF) product acquired every 30 minutes. The DIDSSF product has revealed to satisfy users 
requirements in terms of accuracy when it is compared to ground radiation values from the Baseline Surface 
Radiation Network (BSRN). For the fAPAR input, the daily MSG fAPAR (MDFAPAR) product has been used. 
The MDFAPAR product is obtained by applying the algorithm proposed by Roujean & Bréon (1995) to 
SEVIRI/MSG BRDF surface’s reflectance corrected of anisotropy. The principle of the algorithm is based on 
the Renormalized Difference Vegetation Index (RDVI), computed from the visible and near infrared (NIR) 
reflectances from an optimal geometry (θs=60°, θv=45°, φ=0°). This fAPAR product has shown a rather good 
performance when validated with ground data and inter-compared with similar products (Camacho, 2007; 
Martínez et al., 2013). Lastly, a constant ε values is fixed in this work since it has been demonstrated that the 
most significant inputs in the Monteith's model are PAR and fAPAR. 

The feasibility of the proposed GPP product is demonstrated by the inter-comparison with other 
GPP products such as MODIS GPP (MOD17). Further insights on the understanding of its temporal 
dynamics according to different land cover types is also provided.  
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Hyperspectral sensors are increasingly being used to continuously collect optical data that can be 

related to carbon and water ecosystem exchanges. Automated proximal sensing can solve the temporal 
mismatch existing between the periodic remote observations and the continuous acquisition of the Eddy 
Covariance systems, and can provide also tools for the up-scaling. However, characterization of 
spectroradiometers used continuously outdoors is necessary to assure data quality; because environmental 
conditions can influence the instrumentation performance, but also are drivers of the vegetation physiology 
estimated through the optical measurements. We describe the laboratory characterization previous to field 
deployment of a Unispec-DC, a dual channel spectroradiometer integrated in an automated multi-angular 
system (AMSPEC-MED). The instrument operates in a savanna ecosystem in Majadas del Tiétar, Cáceres, 
Spain, under a wide range of temperatures, radiation levels, illumination angles and internal settings. 

Laboratory experiments were conducted in order to characterize several features of the 
spectroradiometer and to estimate correction models. Dark current, the signal produced by thermally 
generated electrons, was modelled as a function of the temperature and the integration time set. Thermal 
sensitivity, the sensor’s responsivity dependence on temperature, and spectral calibration were also modeled 
as a function of temperature. Moreover, non-linearities, deviations from a linear relationship between the 
input radiance and the output signal, were characterized as a function of the grey level and (innovatively) of 
the integration time.  Since a cosine receptor is used to sample irradiance; we also modeled the diffuser 
directional response deviations from the ideal response, the cosine of the incident angle of illumination.  

Calibrated models are used to correct the Hemispherical-Conical Reflectance Factors (HCRF) 
measured in a continuous mode in the field, and the influence of each model is discussed. Results suggest that 
effects of thermal sensitivity and non-linearity partially cancel out when reflectance is computed using 
channel A (irradiance) and B (radiance) ratio, however, in the case of non-linearities, this may not occur 
when signals are very different in each channel. Dark measurements showed a bias inversely dependent on 
temperature that was added to dark current. Wavelength calibration showed a dependency on temperature; 
however, this was small considering the spectral features of the instrument (Full Width at Half Maximum 
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~10nm, interval sampling ~3.3nm). Finally, the cosine directional response correction model produced the 
largest differences between he corrected and the non-corrected HCRF. This correction requires accounting for 
the diffuse-to-global radiation ratios. Differences between corrected and non-corrected reflectances were 
larger in the near infrared region than in the visible. We conclude that characterization of spectroradiometers 
installed outdoors in automated continuous systems is necessary to ensure comparability and quality of data. 
Thermal insulation of the instruments could reduce errors related with dark current, thermal sensitivity and 
wavelength calibration; however these still should have to be known in order to compare with data from other 
instruments. Moreover, non-linearities and directional response of the cosine receptors would have to still be 
corrected in order to achieve reliable measurements under different ranges of irradiance and sun elevation. 
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M. Romaguera1,2, M.S. Krol2, M.S. Salama1, Z. Su1 and A.Y. Hoekstra2 

1 Faculty of Geo-Information Science and Earth Observation, Department of Water Resources, University of 
Twente, NL-7500 AA Enschede, The Netherlands; e-mails: m.romagueraalbentosa@utwente.nl; 

s.salama@utwente.nl; z.su@utwente.nl; Telephone: +31 (0)53 4874305; Fax: +31 (0)53 4874336 
2 Faculty of Engineering Technology, Department of Water Engineering and Management, University of 

Twente, NL-7500 AE Enschede, The Netherlands; e-mails: m.s.krol@utwente.nl; a.y.hoekstra@utwente.nl; 
Telephone: + 31 (0)53 4894320; Fax: + 31 (0)53 4895377 

 
In this paper we show the potential of combining evapotranspiration (ET) series obtained from remote 
sensing and land surface modelling, to monitor community practice in irrigation at monthly scale. The remote 
sensing ET data used were provided by the Land Surface Analysis Satellites Application Facility over Africa 
obtained from the Meteosat Second Generation satellite. Moreover remote sensing ET products calculated 
with the Surface Energy Balance System (SEBS) over China were employed. The ET outputs from the Noah 
land surface model were obtained from the Global Land Data Assimilation System (GLDAS). This study 
obtained evapotranspiration of blue water (ETb), i.e. due to irrigation, in two study areas with different 
hydrometeorological conditions in time periods that included a drought event: the horn of Africa (years 2010-
2012) and the provinces of Sichuan and Yunnan (China) (years 2001-2010). The remote sensing and GLDAS 
ET estimates were combined and a bias correction was applied based on a classification of the study areas. 
The monthly ETb results were separated in its sources: surface water, groundwater and conjuntive use, based 
on the Global Irrigated Area Map and were analyzed per country/province. The temporal signature of the total 
ETb allowed distinguishing seasonal patterns within a year and also inter annual ETb dynamics, especially in 
the long series of ETb obtained in the provinces of China. In Ethiopia, the reduction of precipitation during 
the year 2011 resulted in the corresponding decrease of total ETb, thus lower amount of irrigation water. 
Moreover in this period it was observed an increase of groundwater use at the expense of surface water use. 
In Sichuan province, the drought period found in 2006 resulted in an increase of ETb, thus higher amount of 
irrigation water. This could be explained by the existence of infrastructure for water storage and water 
availability, in particular surface water. This paper showed that the ETb method and data can be exploited to 
assess the existence of irrigation, the source, the duration and time evolution, at a pixel and country scales, 
especially useful to monitor irrigation practice during periods of drought. 
 
 

MONITORING CROP WATER BUDGET AND IRRIGATION CONSUMPTION 
USING HIGH AND LOW RESOLUTION NDVI IMAGE TIME SERIES. 

CALIBRATION AND VALIDATION IN THE KAIROUAN PLAIN (TUNISIA) 
 

Saadi S.1,2, Simonneaux V.2, Boulet G.2, Lili Chabaane Z.1, Mougenot B.2, Fanise P.2, Ayari H.1, Zribi M.2 

1  INAT, Institut National Agronomique de Tunisie 
43, Avenue Charles Nicolle 1082 –Tunis, TUNISIE 

2CESBIO, Unité Mixte de Recherche (CNRS, UPS, CNES, IRD)  



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

130 

18, Av Edouard Belin, 31401 Toulouse, France 
*Corresponding author Email: sameh.saadi@ird.fr Tel: +21655806234 

 
Water scarcity is one of the main factors limiting agricultural development in semi-arid areas, 

hence the challenge of a better management of water. Remote sensing has long been used for computing 
evapotranspiration estimates, which is an input for crop water balance monitoring, based mainly on thermal 
remote sensing or SVAT modeling. Up to now, only medium and low resolution data (e.g. MODIS) is 
available on regular basis to monitor of cultivated areas. However, the increasing availability of high 
resolution high repetitivity VIS-NIR remote sensing, especially thanks to the forthcoming Sentinel-2 mission, 
offers a unique opportunity to improve this monitoring. In this study, the spatialization of crops water 
consumption was achieved using the FAO-56 dual crop coefficient water balance model combined with 
NDVI image time series providing estimates of the actual basal crop coefficient (Kcb) and vegetation fraction 
cover using the SAMIR software (Satellite Monitoring of Irrigation). Ground stations were used to get the 
reference evapotranspiration ETo and rainfall, and irrigation depth and dates were simulated based on rules 
reproducing the farmer practices. The purpose of the study was to assess the operationality and accuracy of 
the method at perimeter scale, regarding especially the possibility of correct parameterization in a context of 
high land cover complexity (i.e. trees, winter cereals, summer vegetables).  

Time series of SPOT 5 images have been acquired since 2008 on a regular basis over the area (i.e. 
6 to 10 images per season). SAMIR was first calibrated based on ground measurements of evapotranspiration 
achieved using eddy-correlation devices installed on rainfed (wheat and Olive) and irrigated (wheat and 
barley) plots. After calibration, the model was run to spatialize irrigation over the whole area and a validation 
was done using cumulated seasonal water volumes obtained from ground survey at both plot and perimeter 
scale. The results show that although determination of model parameters was successful at plot scale, 
irrigation rules required an additional calibration which was achieved at perimeter scale. In a second step, the 
potential of MODIS 16 days NDVI synthesis time series was investigated. Despite their low resolution (250 
m), this imagery has the advantage of being available since 2001 for retrospectives studies. However, because 
of mixed pixels including several crop types, and as many model parameters are crop specific, using this type 
of data required adaptation of the method. Thus, the previous high resolution data were used to calibrate the 
medium resolution approach, allowing the calculation of a time series of 12 years of water consumption over 
the Merguellil plain.. 
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The monitoring of CO2 emission and fixation fluxes between the atmosphere and the land surface is 

a key factor in the study of the climate change, since CO2 is considered as one of the atmospheric essential 
climate variables by the Global Climate Observing System. Only remote sensing offers suitable spatial 
coverage and revisiting frequency to monitor CO2 fluxes at regional and global scales.  
Carbon fixation by terrestrial vegetation, which is a significant sink, is usually estimated by Production 
Efficiency Models (PEMs) in terms of carbon mass converted to biomass through photosynthesis. PEMs use 
the general equation GPP =  APAR, where  is the light use efficiency and APAR (Absorbed 
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Photosynthetically Active Radiation) is calculated as the product of fAPAR (Fraction of APAR) and PAR 
(Photosynthetically Active Radiation). 

The present work is focused on the characterization and quantification, from remote sensing 
measurements, of vegetation water stress in arid and semi-arid Mediterranean regions of the Iberian 
Peninsula. In these areas,  is mainly affected by stresses caused by extreme temperatures and water deficit 
during summer. These water stress estimations are then included in a PEM as a down–regulating factor of 
max, the maximum  corresponding to an optimal ecosystem functioning. Three different water stress 
indicators are considered: the water stress coefficient (Cws) calculated from meteorological data, the Cws 
calculated from both meteorological data and MSG/SEVIRI imagery, and a SMOS-derived product based on 
the first five centimeters soil moisture content. The aim of these indicators is to detect the short-term water 
stress before it affects vegetation structure, since these changes are already accounted by fAPAR. An optimal 
time window is used for the integration of each of the three indicators depending on the vegetation type. The 
resulting GPP estimated by an optimized PEM for the study area and using separately the three water stress 
indicators is compared with ground estimates of GPP from eddy covariance flux towers. 
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A multi-scale and multi-sensor framework for routine mapping of land-surface fluxes of water, and 
energy at field to regional scales has been established in an effort to improve drought monitoring, water 
resource management, and agricultural monitoring capabilities. The framework uses the ALEXI/DisALEXI 
suite of land-surface models in conjunction with remotely sensed data from Landsat, MODIS (MODerate 
resolution Imaging Spectroradiometer), and GOES (Geostationary Operational Environmental Satellite).  
Thermal infrared (TIR) data provides valuable information about the sub-surface moisture status.  Land-
surface temperature can be an effective substitute for in-situ surface moisture observations and a valuable 
metric for constraining land-surface fluxes at sub-field scales. The adopted multi-scale thermal-based land 
surface modeling framework facilitates regional to local downscaling of water and energy fluxes by using a 
combination of shortwave reflective and TIR imagery from GOES, MODIS and Landsat.  In this research the 
ALEXI/DisALEXI suite is modified to incorporate carbon fluxes using a stomatal resistance module, which 
replaces the Priestley-Taylor latent heat approximation. In the module, canopy level nominal light-use-
efficiency (LUEn) is the parameter that modulates the flux of water and carbon in and out of the canopy. Leaf 
chlorophyll (Cab) is a key parameter for quantifying variability in photosynthetic efficiency to facilitate the 
spatial distribution of carbon and water retrievals. Spatial distribution of Cab are retrieved at 30 m resolution 
using a surface reflectance dataset as input to the REGularized canopy reFLECtance (REGFLEC) tool.   The 
integrated thermal-based modeling system is applied to regions of rain fed and irrigated soy and corn 
agricultural landscapes within the continental U.S. and flux simulations compared with flux tower 
observations. 
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Drought has significant impacts over broad spatial and temporal scales, and information about the 

timing and extent of such conditions is of critical importance to many end users in the agricultural and water 
resource management communities.  The ability to accurately monitor effects on crops and provide early 
warning of developing vegetation stress provides valuable information for mitigating negative impacts of 
drought. This research employs a multi-sensor thermal band data fusion methodology (STARFM: Spatial and 
Temporal Adaptive Reflective Fusion Model) combined with multi-scale evapotranspiration (ET) modeling 
(ALEXI: Atmosphere Land Exchange Inverse Model) to compute daily field-scale (30 meter resolution) ET 
from 2000 to 2011 for Ames, Iowa, a corn and soybean production region in midwest United States. The ET 
timeseries is evaluated at flux tower sites located in corn and soybean fields, and compared to fused 
Normalized Difference Vegetation Index timeseries (reflective bands) as well as county level crop condition, 
crop progress (phenological stage) and soil moisture weekly reports from the United States Department of 
Agriculture (USDA) National Agricultural Statistics Service (NASS) collected by trained observers on the 
ground. Spatial and temporal correlations between these datasets are explored over a variety of temporal and 
spatial scales, as well as for different corn and soybean phenological stages. The dataset is used to test the 
hypothesis that daily field-scale ET can improve yield estimates by providing independent, spatially 
continuous estimates of crop condition.  It is hypothesized that combining ET with crop phenological stage 
(derived from NDVI) will provide critical information about crop stress during key development stages.  In 
addition, stress-induced changes in thermal-based ET retrievals are hypothesized to precede declines in green 
crop cover fraction (typically observed using optical vegetation indices), providing earlier warning of 
changing crop conditions.  This research, by comparing both multi-sensor remote sensing and ground 
observations, provides a unique and valuable perspective of evapotranspiration and drought estimation with 
implications for crop health and yield estimation. 
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Surface evapotranspiration (ET) is one of the main components in the hydrological and energy cycles at 
different spatial scales on the earth. Remote sensing technology is regarded as the most viable means to map 
regional and global ET. However, most remote sensing models can only provide a snapshot of ET at the 
satellite overpass time, which cannot satisfy the requirement of long time-integrated ET in the practical 
applications. Several temporal upscaling methods have been developed over the past decades to convert the 
remote sensing instantaneous ET to daytime/daily values. The constant reference evaporative fraction (EFr) 
method, which requires as input a number of near-surface meteorological variables to estimate the reference 
ET, is one of the most widely applied schemes for ET-upscaling. One of the limitations of this upscaling 
method lies in the difficulty of acquiring pixel-by-pixel meteorological variables. To explore the potential of 
the constant EFr upscaling method over the data-scarcity areas, this paper investigates whether public weather 
forecast information available in China can be used as a candidate to the in-situ ground-based measurement in 
the prediction of reference ET. To this end, we apply the constant EFr upscaling method to convert the 
instantaneous ET derived with clear-sky MODIS remote sensing data at the Yucheng comprehensive 
experimental station from January 2010 to June 2012 and an analytical model is applied to translate the daily 
weather forecast information to the inputs of reference ET model. Daily reference ET computed using clear-
sky or partly cloudy public weather forecast data at the same time period at the Yucheng county, Shandong 
province is compared with that predicted from ground-based meteorological variables at the Yucheng station. 
Eddy covariance measurements of latent heat flux over the same period at the Yucheng station are collected 
as ground-truth data to validate the upscaled daily ET. Preliminary results have shown that daily ET upscaled 
using public weather forecast information overestimates that using ground-based meteorological variables, 
with a positive bias of about 0.40 mm/d and a root mean square difference of 0.89 mm/d. In our full paper, we 
will make a validation of upscaled daily ET using ground-based eddy covariance measurements of ET and a 
more comprehensive and in-depth discussion will also be given. 
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Monitoring spatial and temporal variations in green area index (GAI), biomass, yield, water 

(evaporation, transpiration…) and C fluxes (GPP, Ra, Rh, NEE)/budgets of crops at regional scale is a critical 
issue for earth climate change studies. In this context, we combined a simple crop model, which allows 
simulating those variables, with high spatial and temporal resolutions remote sensing data. By assimilating 
GAI data, obtained from satellite observations, the phenological parameters of the model (emergence, 
senescence…) were calibrated. The SAFYE-CO2 model is an adapted version of the Simple Algorithm for 
Yield estimates (SAFY, Duchemin et al.) model for estimating carbon and water fluxes. The model is based 
on Monteith’s light-use efficiency theory, which expresses GPP as a function of the incoming global radiation 
(Rg), the fraction of radiation absorbed by photosynthetically active elements of plants (fAPAR), the climatic 
efficiency (εc) and the efficiency of the absorbed radiation being converted into biomass. Besides, SAFYE-
CO2 integrates a function that takes into account the effects of the diffuse fraction of incoming solar radiation 
on crop productivity. The Net Primary Productivity (NPP) is defined as the GPP minus plant respiration (Ra). 
NPP is divided into its aerial and root components by applying a variable root-to-shoot ratio. The grain yield 
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was calculated from the estimated biomass and a harvest index that evolves through the season (function of 
the crop development in thermal time). The Net Ecosystem Exchange (NEE) is calculated from NPP minus 
carbon losses in heterotrophic respiration. Finally, the model was coupled with a temperature and water stress 
function. The water budget is calculated by means of the FAO-56 method. This study focuses on the wheat, 
maize, sunflower and soybean crops, which are among the most important crops in Europe. It was carried out 
in near Toulouse (France), within a 24 km x 24km area, from 2006 to 2013. The experimental data set 
includes measurements of water and CO2 fluxes estimated by means of the eddy correlation method over two 
experimental sites (Auradé and Lamasquère). Meteorological measurements were also recorded by the flux 
towers and SAFRAN data on a 8km grid (Météo France) were used to run the model. Through the vegetative 
period, destructive measurements of GAI, biomass and grain yield were performed. Yield data were also 
collected each year by farmers’ surveys on up to 200 fields each year for each crop species. The potential of 
optical remote sensing data is often limited by cloud cover and/or gaps in observation. Therefore, images 
from Formosat-2 (8m resolution) and SPOT (10 or 20m resolution) satellites were combined to fill the gaps. 
A total of 250 images were acquired over the 8 years period. The SAFYE-CO2 model provided good 
estimates of the components of the water and carbon fluxes/budgets for the different crops under different 
environmental and management conditions. Future studies aim at estimating inter-annual water and carbon 
budgets at regional scale, considering crop rotations. This approach could be applied at a global scale by 
using recent Landsat-8 and upcoming Sentinel-2 products. 
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Evapotranspiration (ET), as a key component in the water cycle, determines the availability of 

water and partitioning of turbulent energy fluxes on the Earth's surface. To date, there has been a lot of 
method of determining regional ET from remote sensing data at various scales. However, the scale effects on 
ET have not been fully investigated due to the complexity of this problem and the difficulty of collecting the 
scale-nested data at the same time. In this study, a scale-nested remotely sensing data were used to understand 
the role of landscape heterogeneity and its influence on the scaling behavior of ET. On the basis of the Taylor 
series expansion and the residual method of surface energy balance, the effects of the nonlinearity of retrieval 
model and the heterogeneity of landscape on scaling effects of ET were analytically separated. Consequently, 
the magnitude of the scaling effects is expressed as a function of the second derivative of retrieval model, the 
variances and covariance of model inputs, and the fractions of subcomponent areas within a large-scale pixel. 
In order to evaluate the proposed scaling method, Landsat Enhanced Thematic Mapper Plus (ETM+), 
MODerate Resolution Imaging Spectroradiometer (MODIS) and corresponding measurements from Yucheng 
station were used. The use of fine scale Landsat ETM+ data could be useful for evaluating the impact of scale 
on ET estimates within coarser resolution MODIS data. The result shows that the discontinuity caused by the 
mixture of contrasting cover type, which is categorized as the dominating type, is the main source of scaling 
effect. Therefore, it is crucial for discriminating fluxes for the different land cover types. Because the scaling 
effects of ET can be well corrected for the spatial heterogeneity caused either by density changes within the 
same cover or by cover type changes, our work indicates that the proposed scaling models over a 
heterogeneous landscape are promising and feasible. 
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The FLuorescence EXplorer (FLEX), a candidate mission for ESA’s Earth Explorer 8, will be the 

first space mission optimized for estimation of terrestrial vegetation fluorescence at a global scale. The 
mission is proposed to fly in tandem with ESA’s Copernicus Sentinel-3 satellite. On board FLEX, the 
Fluorescence Imaging Sensor (FLORIS), will measure the radiance between 500 and 800 nm with a 
bandwidth between 0.1 nm and 2 nm, providing images with a 150 km swath and 300 m pixel size. This 
information will improve the methods for the estimation of classical biophysical parameters, as well as the 
introduction of fluorescence-related products, e.g., fluorescence yield. These products will allow a more 
thorough study of vegetation physiological status such as actual photosynthetic activity. Eventually, this 
information will improve our understanding of the way carbon moves between plants and the atmosphere and 
how it affects the carbon and water cycles. 

Several scientific and industrial studies have been initiated by ESA to establish scientific 
benchmarks for the FLEX mission. One of the scientific studies is the Photosynthesis Study that considers the 
potential of fluorescence for quantifying photosynthesis, vegetation health, and stress status. To this end, the 
study involves development of a soil-vegetation-atmosphere-transfer (SVAT) model to quantitatively link 
fluorescence to photosynthesis. This model will eventually facilitate fluorescence retrievals from space, e.g., 
through inversion against FLEX observations. The SCOPE (Soil-Canopy Observation, Photosynthesis and 
Energy Balance) model was selected as baseline model and has been improved and extended with leaf 
biochemical sub-models. To facilitate the usability of SCOPE, the model has been subsequently integrated 
into the GUI framework of the ARTMO (Automated Radiative Transfer Models Operator) software package, 
hereafter referred to as ‘A-SCOPE’. Essentially, A-SCOPE allows the user to: (1) configure and run SCOPE 
through interfaces; (2) simulate and store a massive quantity of spectra based on a look-up table (LUT); (3) 
plot groups of simulated spectra or fluxes with color gradients as a function of input variables; (4) export 
simulated spectra and associated meta-data to a text file for further processing.  

Because SCOPE is fundamentally designed as an energy budget model, its large number of input 
variables currently makes it less suitable to be implemented into an operational processing scheme. Model 
simplification is required. A global sensitivity analysis (GSA) has been conducted to quantify the relative 
importance of each input parameter to model outputs. Considering that both surface reflectance and 
vegetation fluorescence emission will be FLEX key level-1 products, the GSA identified the following 
driving variables for these outputs: leaf area index, chlorophyll content, vegetation height, maximum 
carboxylation capacity, Ball-Berry stomatal conductance parameter, solar zenith angle, dry matter content, 
leaf water content, leaf thickness, and senescent material. Non-influential variables were: Extinction 
coefficient for Vcmax, leaf width, azimuth difference, and observation zenith angle. By setting the least 
influential variables to fixed values, the SCOPE model can be considerably simplified. The simplified model 
will be subsequently integrated into a FLEX End-to-end simulator that enables simulation of scenes as if 
generated by FLEX and development of inversion strategies. 
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Land use change has well-known biogeochemical repercussions on the climatic system since it 
alters the distribution of stocks and fluxes of terrestrial carbon with direct impacts on the atmospheric CO2 
concentration. However, changes in land uses can also have biogeophysical effects, such as changes in 
albedo, surface energy budget and surface temperatures (LST), which can go in different directions and may 
have a much stronger impact on regional climate. Such effects are still poorly represented in dynamic global 
vegetation models (DGVMs), which simulate shifts in potential vegetation and its associated biogeochemical 
and hydrological cycles as a response to shifts in climate. In order to improve the modelling of land use 
change in DGVMs in general, and more particularly their representation of biogeophysical effects, a solid 
benchmarking of their capacity to reproduce surface properties such as albedo and LST is desirable. The 
present work aims at providing a valid protocol to quantitatively evaluate these radiation budget variables at a 
global scale based on products derived from satellite Earth Observation, and more precisely on MODIS 
products (MCD43 and MCD11). Although DGVMs simulate results based on a grid with a typical cell size of 
0.5 degrees, biophysical variables are separately calculated for different plant functional types (PFTs) within 
each grid cell. The remote sensing products used are therefore at a finer spatial resolution of 0.05 degrees in 
order to resolve the spatial patterns generated by different PFTs within each coarser DGVM grid cells. For 
each cell, the capacity of DGVMs to simulate the differences of albedo and LST between the PFTs within 
that cell are evaluated against the difference observed between the corresponding remote sensing time series 
in the cell. This error is then evaluated in a climate space characterized by the mean annual precipitation and 
temperature of each cell, putting forward which climate zones are better modelled by the DVGMs. Ultimately 
this tool enables to characterize a model’s performance for each PFT depending on which climate regime it is 
in, and to estimate how much error it may commit when simulating land use change when a transition occurs 
from one PFT to another under that climate. 
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In this paper, we present a new approach to classification of point clouds. Our method first uses a progressive 
morphological filter to detect “near non-ground points” and “near ground points” that are considered “ground 
point hypothesis” and “non-ground point hypothesis”, respectively. The subsequent task consists of the 
modelling of the mathematical terrain surface and the selection of the ground-points. With the mathematical 
model of the terrain surface the two point-hypotheses are examined and tested by a robust estimation model. 
The experimental results demonstrate that this combination method with the morphological filter and the 
causal autoregressive model yield good results for the classification of the LiDAR points. 
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In Switzerland, agriculture, which is mainly based on sustainability and market-oriented principles, 
plays an important role as service provider to human activities. One third of the country extend (including 
alpine grazing areas) is occupied by Utilised Agricultural Areas (UAAs). Monitoring UAAs, in particular 
grasslands, which are the main farmland system, is essential to establish a suitable management and ensures 
fluxes of natural resources without jeopardizing biodiversity and conservation goals stated in the Swiss 
Agricultural Policy. The objective of this study is to update a Land Management Model (LMM) within an 
Integrated Modelling framework to monitor and predict trends of agricultural management and their impact 
on Soils functions at multiple scales (iMSoil). The methodology, developed at local scale, integrates the 
concepts of land cover, land use and land management into a land system. Two multi-‐temporal analyses of 
high spatial resolution images (I: during the growing season, II: comparing different years) are carried out to 
classify study areas located in the Canton of Zurich and Canton of Berne. These analyses monitor how 
agricultural areas change in time because of characteristics related to the cover (i.e. vegetation phenology), 
use (i.e. grazing due to livestock presence, hay making) and management practices (i.e. fertilizers, cuts). 
Grassland (permanent/temporary) and croplands are distinguished as land cover classes. The land use 
categories are focused on grassland areas and define the classes: grazed (grass used by livestock) and own 
(grass cut to make hay as forage). These classifications are the first iteration to update the LMM. The second 
iteration of this research will be focused on using those classifications together with ancillary data to 
delineate land management units that will provide an estimation of grasslands use intensity. Results will draw 
conclusions about the influence of the inputs used to update the model. 
 
 

REMOTE SENSING OF GRASSLAND DESERTIFICATION CHANGE IN 
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China is a developing country plagued by limited farmland and huge population, but also has the 
second largest grassland in the word. So how to manage the grassland efficiently is survival issue for China. 
However, 90% of its natural grassland has varying degree of degradation, especially the desertification and 
other moderate and seriously degraded grassland area accounts for half. China has made great effort to 
combat desertification and a series of key national ecological projects have been launched. The effect of these 
projects contentious at all levels of government and has become a topic of public concern. The dynamics of 
grassland desertification can be used as an indicator to show the changes in grassland. Horqin sandy land was 
the largest sandy land in China, We selected Horqinzuoyihou Banner as the study area. A desertification 
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classification and grading system for Horqin was then designed after conducting field work. Based on the 
Spectral Mixture Analysis (SMA) and decision-tree methods, we interpreted Landsat TM/ETM+ images of 
the study area during four years: 1985, 1992, 2001 and 2013. The following results were obtained: from 1985 
to 2013, the area of desertified grassland in Horqinzuoyihou Banner decreased gradually from 2844 km2 in 
1985 to 1657 km2 in 2013, a decrease of 41.74%; the degree of desertification gradually decreased from 321 
km2 of severely desertified grassland in 1985 to 89 km2 in 2013, a decrease of 72.27%; desertified grassland 
vegetation was restored rapidly during 1992–2001 and 2001–2013, reducing the total area of desertified 
grassland annually by 4.7 and 0.81%, respectively; the area of severely desertified grassland decreased 
annually by 5.57, 4.94 and 1.54% during 1985–1992,1992–2001 and 2001–2013, respectively. These results 
show that the ecological engineering measures have helped reverse desertification and promote the restoration 
of grassland vegetation. 
 
 

POTENTIAL SUMMER CROP DETECTION USING HIGH SPATIAL 
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In the context of climate change (with consequences on temperature and precipitation patterns), 

persons involved in agricultural management have the imperative to combine: sufficient productivity (as a 
response of the increment of the necessary foods) and durability of the resources (in order to restrain waste of 
water, fertilizer or environmental damages). A detailed knowledge and understanding of crop areas would 
allow a better management of food and water, while preserving the ecosystems. Furthermore, numerous 
studies have shown the interest of recent satellite missions, as suitable tool for agricultural survey. In order to 
obtain valuation information for a better strategy of management regarding the need of water, the objective of 
this study is to develop a system to detect the summer crops, before the beginning of the irrigation period. 
The studied area is located near Toulouse (Southwestern France) in a region of alluvial plains and hills, which 
are mostly mixed farming and governed by a temperate climate, with an annual rainfall of about 600 mm per 
year. The region is composed of a wide variety of irrigated crops (mainly summer species represented by corn 
and soybean) and non-irrigated crops (principally wheat and rapeseed). Agricultural fields are strongly 
contrasted in terms of geometric forms, surface area (from 1 ha to 50 ha), type of soils or different slopes. 

The proposed approach is based on the multi-spectral Formosat-2 images, regularly acquired during 
successive agricultural seasons. From 2006 to 2010, an amount of 67 images are provided by this satellite in 
optical domain (in blue, green, red and near-infrared wavelengths), at a spatial resolution of 8 meters. In 
addition, the methodology is based on the Registre Parcellaire Graphique (RPG), which contains information 
about amount and localization of irrigated area (farmer declarations used for the EU's Agricultural Common 
Policy implementation). For each agricultural season, thresholds are performed on a vegetation index (the 
Normalized Difference Vegetation Index, NDVI), taking into account the previous yearly RPG. The 
performances (i.e. numbers of plots detected and accuracy) are then evaluated on the following RPG. Results 
are here presented, focusing on the agricultural season 2009. For this year, best results are offered by taking 
into account images acquired from the month of March. The methodology applied on one date (20090330) 
leads to the detection of 86 % of the summer crops (producer accuracy). Those performances are improved 
with the addition of one (20090330 & 20090503) and two following dates (20090330, 20090503 & 
20090606), the detection of summer crops reaches respectively 88 and 98 %.  

For an approach with one or two dates, the performances are contrasted according to cultural 
practices and the estates of development of the different crops. Indeed, during springtime, there are 4 
conditions of surfaces (vegetated soil, bare soil, appearance and development steps), then, there are 3 possible 
transitions. The strength of this method has been tested since several years (2006 to 2010), with an impact of 
meteorology on the choice of images. 
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In remote sensing, the change detection process can be approached from different perspectives. 

However, they all require a common set of previous operations as image registration and radiometric 
normalization. In this respect, these processes can be undertaken either in a relative or absolute manner. 
Among the so called relative methods, basic statistic operations and more complex procedures as methods 
based on Point Invariant Features (PIF) are identified. The latter can also be undertaken by means of zonal 
features. The second set of radiometric adjustments requires the application of atmospheric corrections. 
Instead of deciding between either of these methods, and in order to improve the radiometric similarity 
between the two images involved in the change detection process, this work describes first a methodology 
that combines both types of radiometric normalization techniques, and also applies the concept of zonal 
invariant features. 

Another important aspect to consider in image change detection is the use of Change Indices (CI). 
Traditionally, the change detection process is based on the determination of change and no_change categories 
based on the calculation of a specific change index, to which thresholding techniques or probabilistic decision 
rules are applied to separate these categories. The second part of this paper suggests the derivation of a set of 
different Change Indices, as well as the evaluation of the most representatives, in order to be subsequently 
integrated into a multi-source analysis, where a parametric probabilistic algorithm and a non-parametric as 
the Support Vector Machine are evaluated and compared. 

Both, the proposed radiometric normalization methodology as well as the resulting assignation 
processes of change and no_change categories based on multisource analysis have shown to be properly 
combined, reaching also correct user and producer accuracies for the purchased categories. 
 
 

INTENSITY OF HUMAN LIGHTS AND ANALYSIS OF NOCTURNAL 
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The Visible Infrared Imaging Radiometer Suite Day-Night Band (VIIRS DNB) on board Suomi 
NPP is a moderate-resolution visible band centered at 700 nanometers, with a bandwidth of 400 nanometers. 
Its goal resides in exploring the nocturnal visible radiance coming from the Earth surface with an acceptable 
spatial resolution (750 meters) and a really wide range for radiance measurements (more than 10 orders of 
magnitude). This sensor allows us to obtain interesting information about human activity, but DNB images 
are strongly influenced by the lunar phase and the Moon’s position with respect to the Earth. Due to this fact, 
only those images taken between last quarter moon and first quarter moon are considered. DNB images may 
also present distorted surface radiances associated to scattering processes in the atmosphere (by clouds or 
aerosols), so those images which verify the lunar condition were also masked with VIIRS CloudMask Level 2 
product. DNB images may be interpreted as a sum of background radiance and not natural radiance (usually 
of human origin), so we subtracted background radiance from the original images to get human-activity 
lights. This background value is not constant in time and it had to be set for every image. If the offsets are not 
chosen appropriately, a banding effect may be observed in some DNB images.  
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By combining all the valid DNB images taken during the first semester of 2013 we created images 
showing the maximum human-activity radiance during that semester. Comparing these results with daylight 
images from Landsat we could observe the distribution of urban areas in the provinces of Valladolid and 
Palencia and analyze those towns and villages which are not detected by DNB. Indeed, we studied the 
thresholds between background radiance and human-origin lights in situations of new and full moon. Other 
results will be also included, such as a classification of villages and towns based on a brightness parameter 
related to their nocturnal visibility. 
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The Wetland of Batuco belongs to a priority site for biodiversity conservation in the Metropolitan 

Region of Santiago, Chile, being the biggest and most important of its type in the Region. It is a system 
characterized by a high concentration of resident and transient waterfowl species, totaling about 70 bird 
species that represent 20 % of the richness of Chile. Notwithstanding its relevance, this site is threatened by 
the illegal extraction of water for extensive agriculture and the oscillations introduced by climate, causing this 
wetland to dry out during some seasons and leading to the death of fish, birds, mammals and amphibians . 
This study uses the Normalized Difference Water Index (NDWI) to monitor and demarcate the area occupied 
by the surface water mirror in the wetland, in order to estimate the variability of this system. The results show 
that between 1991 and 2013 the water mirror has decreased from 20 % to 80 % compared to its surface in a 
normal year. 
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Multispectral images acquired by Terra’s sensors are a resource for mapping Earth’s surface 
properties for scientific investigations and environmental monitoring. Terra products now include a seamless 
global DEM produced from Terra/ASTER’s 15 m/pixel stereo images, which have been routinely acquired 
since March 2000. ASTER’s stereo images can also be used for mapping m-scale surface roughness, a 
fundamental but typically unresolved property of Earth’s land-surfaces that is significant for a wide range of 
surface-process studies as well as for remote-sensing applications. Ratio images between ASTER’s stereo 
channels provide a robust measure of the deviation from Lambertian reflection caused by unresolved shadows 
cast by sub-pixel roughness elements. Here we assess the feasibility of utilizing such ASTER stereo ratio 
images to map vegetation in three different environments: partially vegetated semi-arid shrub lands, open-
canopy forests and closed-canopy forests.  

Semi-arid vegetation mapping with ASTER stereo images was carried out in Owens Valley 
California where differences (0 – 50%) in vegetation cover on late Quaternary alluvial fans, resulting in part 
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from recent burn scars, were examined. Ground-based ~3 mm/pixel 3D laser (LiDAR) scans were used to 
estimate vegetation cover and to calibrate ASTER stereo ratios to % vegetation cover, which were then tested 
against ‘conventional’ vegetation cover maps from previous works. Our results demonstrate that ASTER 
stereo ratio images provide an effective tool for the quantitative mapping of % vegetation cover on low-relief 
semi-arid surfaces. Initial testing of ASTER stereo ratios against airborne LiDAR data of forests in the Pacific 
Northwest USA provided encouraging results. ASTER stereo ratios for forested slopes of less than several 
degrees correlated well with tree density in open-canopy forests and with canopy roughness in closed-canopy 
forests. We propose that ASTER stereo ratio images provide a new vegetation mapping tool that 
complements existing spectral and LiDAR techniques. Vegetation cover in semi-arid environments, where 
spectral approaches such as NDVI are complicated by the paucity of chlorophyll, can now be examined with 
ASTER stereo data. In forested terrains the new vegetation mapping approach outlined in this study 
complements direct mapping of canopy topography with high-resolution airborne LiDAR, which has limited 
coverage. 
 
 

CROPLAND AREA MAPPING IN CHAD USING MODIS TIME SERIES 
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Maps showing the spatial distribution of crops are required for planning purposes, research and for 

assessing agricultural production. Mapping cropland areas is of great interest in the context of the Monitoring 
Agricultural ResourceS Unit (MARS) of the European Commission where cropland information is needed for 
food security assessment. The availability of quantitative and qualitative accurate cropland information is 
needed to update cropland mask in Africa (Vancutsem et al., 2012) mainly in areas, as  Chad, where the 
accessibility to land cover information is limited. 

Remote sensing data from satellite-based sensor have proven useful for land cover and agricultural 
characterization. In this sense, Moderate Resolution Imaging Spectroradiometer (MODIS) has already been 
used to produce a global map of cropland (Pittman et al., 2010). However, this is a global product and does 
not account for the specific characteristics of Chad, where cropland monitoring from remote sensing is quite 
problematic due to farming system and the spatial pattern of cropland. Moreover, the landscape in cropland 
areas is usually fragmented and mixed with grasslands or shrublands. 

Given the importance of determining the extent of cropland areas, the present research has been 
carried out to evaluate the performance of MODIS to produce a sensor based cropland map in Chad. For this 
purpose, MODIS 16-day 250-m vegetation index composite (MOD13q1) was obtained for the period 2001-
2012. The products analysed include two vegetation indices such as the normalized difference index (NDVI) 
and enhance vegetation index (EVI), as well as the red and near-infrared (NIR) reflectance and the quality 
flags.  First, of all values for dates with a value of quality flag lower than good quality were replaced by 
linearly interpolated values from the two closest dates with good, high or perfect quality. 

The proposed methodology involves, masking the non-vegetative areas (e.g. water bodies), 
stratifying the area into characteristic regions based on the spatio-temporal of the vegetation indices because 
they are easier to analyse. Perform an unsupervised classification for each stratum and class identification 
with the legend (cropland/non-cropland) to each cluster. Finally, the accuracy of the resulted map was 
assessed by its comparison with existing coarse-resolution global land cover dataset (MODIS, GLC2000, 
GlobCover and JRC Crop Mask). Moreover, a direct validation was performed using geo-wiki (Fritz et al., 
2009) validation data points and other ancillary data and using standard accuracy measurements such as 
overall accuracy. 
 
 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

142 

RESEWAM-O: REMOTE SENSING FOR WATER MANAGEMENT 
OPTIMIZATION. EUROPEAN INNOVATION PARTNERSHIP ON WATER 

ACTION GROUP #132 
 

E. Lopez-Baeza(1), F. Hernandez-Sancho(1), A. Pavia(1), E. Loarte(1), M. Albacete(2), F. Bornez(3), C. 
Castañeda(4), L. Chacon(5), M.A. Coll(1), J. Comas(6), C. Corticelli(7), K. Cross(8), T. Estrela(9), R. 

Fernández(1), J. Herrero(4), D. Iglesias(10),  D. Intrigliolo(11), S. Khodayar(12), J.L. Martinez(13), P.-P. 
Mathieu(14), R. Monjo I Agut(15), M.A. Rodenas(16), A. Sebastian(17), J. Tamayo(18), I. Vassura(7), T. Baur(19) 

1University of Valencia (UVEG). Ernesto.Lopez@uv.es, tel.: +34.963 544 049, fax: +34.963 543 385 
2Entity for Water Sanitation and Treatment of Murcia (ESAMUR) 

3INDEFA Ingenieros S.L. (INDEFA) 
4Experimental Agricultural Research Station Aula Dei (EEAD-CSIC) 

5Andalucian Institute of Technology (IAT) 
6University of Girona. LEQUIA Laboratory of Chemical and Environmental Engineering (UDG-LEQUIA) 

7Università Di Bologna. Department of Industrial Chemistry  “Toso Montanari” (UniBo) 
8International Water Association (IWA) 

9Jucar River Basin Authority (CHJ) 
10Valencian Institute for Agronomical Research (IVIA) 
11Center For Soil and Applied Biology (CEBAS-CSIC) 

12Karlsruhe Institute of Technology, Institute of Meteorology and Climate Research (IMK-TRO) (KIT) 
13Public Entity for Waste Water Sanitation (EPSAR) 

14European Space Agency (ESA) 
15Climate Research Foundation (FIC) 
16Segura River Basin Authority (CHS) 

17GMV Innovating Solutions (GMV) 
18Valencia Delegation of the Spanish State Meteorology Agency (AEMet) 

19Secretariat EIP Water 
 

RESEWAM-O is an Innovation Opportunity service, par excellence, envisaging the provision of a 
versatile methodology  -in principle applicable in all sensitive areas in the world-  that integrates the 
knowledge, diagnostic and monitoring capacity of remote sensing with optimum engineering solutions and 
efficient financial tools. This is innovative. For the first time, the problem (water scarcity) and the solution 
(water resources connections, treatment plants, preserving freshwater supplies for urban uses that will be 
connected through a feasibility plan) are approached together within the same vision.  

To our partnership’s knowledge, there is not a similar service at present. There certainly exist 
solutions related to the use of reclaimed water to develop smart agriculture initiatives, but RESEWAM-O’s 
premise is to create a new methodology that combines remote sensing knowledge and technology to identify, 
classify and diagnose potential sensitive areas, financial tools including feasibility analyses to know the real 
cost and the benefit from the project, and engineering studies to restore or create water infrastructures, 
naturally taking into account all water resources that are available in the area or in neighbouring areas. 
Similarly, we know about initiatives to recover or recharge aquifer storage with reclaimed wastewater but, as 
another step forward, RESEWAM-O will use reclaimed water from small wastewater treatment facilities in 
the rural areas to offer agricultural farmers/cooperatives the possibility of actually reusing this water, thus 
preserving their freshwater for urban uses.  

Population growth and rapid economic development have led to accelerated freshwater 
withdrawals. The groundwater portion of the water cycle has been subjected to massive changes, and the use 
of groundwater for irrigated agricultural has increased enormously in the past 50 years to the point that some 
70% of global groundwater abstraction is now estimated to be used in irrigation. Particularly in areas 
associated with the green revolution, heavy groundwater pumping has led to unsustainable conditions, with 
falling water levels, degraded groundwater aquifers and increased salinisation.  

Changing land use and water infrastructure have also greatly modified groundwater regimes, with 
groundwater pumping from deep aquifers now a worldwide phenomenon. In many places groundwater is 
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pumped with no understanding of its source or its annual recharge and therefore of how much may be used 
sustainably. Results include falling water levels, desiccated wetlands, dewatered rock sequences and land 
subsidence (WWAP, 2009). Water treatment plants and end users are usually disconnected. Water 
infrastructures may also be inappropriate, not so suitable or in bad condition to transfer reclaimed water from 
wastewater treatment plants to potential lands. There could even be technological deficiencies in the 
wastewater treatment process, thus requiring improvement in their infrastructures and paying attention to the 
microbiological and chemical safety of the water produced. Especially micropollutants and emerging 
contaminants such as pharmaceutical and personal care products, as well as heavy metals, are to be included 
in the water quality assessment. RESEWAM-O’s role is to identify these risks and propose how to face them. 
The final objective is to put together agricultural farmers/cooperatives, companies suppliers of water services 
and the administration to facilitate their decision whether the necessary expenditure and investment would be 
worthwhile and rewarding.RESEWAM-O will firstly establish its methodology over the Jucar and the 
Segura Rivers respective Basin Authority areas. These are two very well known areas currently studied by the 
University of Valencia from both the remote sensing and the water management viewpoints, although, so far, 
the joint viewpoints have not yet been defined. We will use current remote sensing technology and Earth 
Observation data and products to identify sensitive areas and evaluate their potential productivity. The 
methodology will be developed to be compatible and continued real-time with the close forthcoming ESA 
Sentinel missions, mainly Sentinel-3, within the joint ESA/EU Copernicus Programme. Soil moisture will 
also be monitored with the current ESA (SMOS, Soil Moisture and Ocean Salinity) and forthcoming NASA 
(SMAP, Soil Moisture Active and Passive) missions. This paper will show the potential of the whole 
partnership, especially through the use of different remote sensing products and indices as a preliminary 
approach to the broad and integrated activity that can be developed. 
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After decades of research, there is still a need for global and dynamic cropland masks and crop type 
maps to support the global agricultural monitoring. In the case of crop type identification, the literature 
presents multiple examples of with accurate results, but in all the cases the methodology is applied locally. 
Moreover, these examples usually rely on good in-situ datasets for the training and validation of the 
algorithms. When talking about crop identification, trying to think global is a big challenge as we have to deal 
not only with the huge diversity of cropping systems around the world, but also with the different agro 
meteorological conditions and the local heterogeneity of the agricultural practices.  Not to mention the 
difficulty of counting with reliable field data to feed the algorithms. 

This study will be developed in the framework of the ESA's Sentinel 2 Agriculture project. The aim 
of this project is to prepare for the exploitation of Sentinel 2, developing and validating algorithms for 
obtaining products relevant for agriculture monitoring. Two of these products will be a dynamic cropland 
mask and a cultivated crop type map for the main crop groups. The up-coming Sentinel-2 mission will have 
unprecedented properties for agricultural monitoring in terms of resolution (10-20 meter), revisit frequency (5 
days) and coverage (global).  

In a first phase of the project, 5 different algorithms for each of the products will be proposed and 
benchmarked in 13 different sites from Europe, Africa, Asia and South America. Imagery from SPOT Take 5, 
Rapid Eye and Landsat 8 will be used as substitute of the Sentinel 2. 
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In addition to other methods assessed in the framework of the project, this work will present the 
methodologies developed to handle the lack of sufficient and accurate field data that generally is needed to 
feed the algorithms. These methodologies will include; i) in the case of the cropland mask, the extraction of a 
training dataset from a previous land cover, and ii)  both in the case of cropland and crop type maps, the 
creation of theoretical crop phenology curves. These theoretical curves will make use of the existing global 
databases (main crops, crop calendars, growing degree days...).  

We will relay on both supervised and unsupervised approaches, including the dynamic time 
warping, but also on knowledge-based strategies.  The "knowledge based" strategies will take into account 
the different crop dynamics, and a stratification of the world based in agro meteorology and agricultural 
practices. The objective of these strategies will be to set a series of simplified rules in order to identify 
cropland and crop type by looking to some specific characteristics of their spectral and temporal profile. 
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State and Commonwealth land  management agencies are mandated by law to map and report on 

Australian native woody vegetation (NWV) condition  (i.e. extent, configuration and health) (e.g. National 
State of the Environment 2011). Nevertheless, there is a lack of accurate affordable procedures to characterise 
the woody vegetation at the regional scale. Forest attribution relies on the use of remote sensing as field 
inventory is high-cost and time consuming, being a limited resource. 

Out of the total 149 million of hectares of Australian forest, 120 are dominated by Eucalypt species. 
Adult eucalypt leaves orientate vertically decreasing the water loss at mid-day, increasing drought tolerance. 
This erectophile (near vertical) leaf angle distribution (LAD) allows more portion of ground to be seen from 
above. Therefore, remote sensing of Eucalypt properties remains a scientific challenge due to the orientation 
and distribution of leaves within the canopy. 

This paper presents challenges and the development of operational techniques to assess vegetation 
data primitives for the characterisation of Australian woody vegetation systems at different scales. First, a set 
of data primitives has been selected according to operational forest management, industry and research 
community needs. During the second stage, standard procedures have been developed to derive woody 
vegetation data primitives from airborne imagery. Airborne imagery will be used to create a baseline map to 
train algorithms for satellite imagery. The final goal is to combine data primitive information layers into 
landscape features used to spatially characterise woody vegetation at the landscape level. The use of 
multiangular imagery will be studied as an alternative to nadir observations to decrease the large influence of 
background in the overall pixel signal. 
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In the context of increasing pressures on cropland, the G20 has recognized the importance of 

timely, accurate and transparent information to address food price volatility and quality of data on agricultural 
market. Remote sensing appears as a key tool in providing forecasts on crop production. Accurate within 
season crop specific masks and biophysical variables are required to improve the production forecasts. This 
papers aims at exploring the synergies between land cover classification and biophysical variable retrieval at 
the decametric scale. This research focuses on two main aspects: (i) the improvements prior land cover/ crop 
type information knowledge on biophysical variable retrieval and reciprocally, the improvements on land 
cover/ crop type classification with prior biophysical variable information and (ii) the disaggregation of 300-
m FAPAR products. SPOT-4 images have been collected every five days over six agricultural sites 
distributed around the globe.  

Regarding the classification and retrieval, three schemes are investigated. In the first scheme, the 
land cover map is updated along the season from the reflectances and the retrieval is applied specifically on 
the different classes. A dedicated neural network will be trained and applied over top of canopy reflectance 
data. The initial land cover map is produced with images from the previous season and defines the initial 
priors. The cropland class is further detailed as images are acquired and allow sufficient. The second scheme, 
the land cover map is updated iteratively along the season using as inputs the bio-physical variables. At the 
beginning of the season, a non-class-specific bio-physical retrieval is applied. The obtained variables are the 
inputs of the first land cover classification which is used to implement a class-specific retrieval. This process 
is repeated iteratively over the season. The last scheme is an integrated version of the two previous with a 
simultaneous use of reflectances and biophysical variables for classification. 

The aggregation algorithm proposed is focusing on FAPAR products because it is relatively scale 
independent and is a key driver in productivity models. The approach will first generate 20-m FAPAR 
products at the time of SPOT-4 observations. For this purpose, FAPAR dynamics for each crop/land cover 
class and the associated fraction are accessible from 300-m observations using disaggregation techniques. 
The FAPAR profiles, FAPARw(t), will be linearly decomposed into n end member profiles, FAPARi(t), 
(typically 2<n<7) with the associated acreage fractions. The algorithm will search within a library of potential 
end member FAPAR(t) and provides both the acreage fractions and end member FAPAR temporal profiles, 
FAPARi(t). The library will be based on a prior knowledge of possible crop/land cover classes and associated 
possible FAPAR profiles for the given location. 
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Tibet is the main body of the Qinghai-Tibet Plateau, the grassland degradation and desertification 
of which are hot issues of public concern. Based on the Landsat TM/ETM + remote sensing image data, four 
counties were selected as study area for their typical and more serious desertification. Based on the field 
investigation, site survey, the Tibet grassland desertification (gravel) classification index system was built. 
Spectral unmixing model and visual interpretation were selected to interpret the images in 1990s, 2000 and 
2009. Then the temporal and spatial variation characteristics of the typical grassland desertification in Tibet 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

146 

were analyzed. The results are as follows: (1) the total area of desertified or gravel grassland firstly increases 
and then decreases during the period of 1990-2000 and 2000-2009. (2) the area of desertifed or gravel 
grassland increased from 114100 km2 (82.12% of the study area, similar hereafter) in 1990 to 114200 km2 
(82.19%) in 2000. Then, the total area of desertified or gravel grassland decreased to 109600 km2, accounting 
for 78.90% of the study area. (3) The area of seriously desertified or gravel grassland decreased rapidly from 
1990-2000 and 2000-2006, reducing from 42900 km2 (30.89%) in 1990 to 39900 km2 (28.72%) in 2000, then 
39000 km2 (28.90%) at the end of monitoring period. 
 
 

RECENT LAND SURFACE TEMPERATURE TRENDS OVER THE 
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The Antarctic Peninsula has experienced a significant warming rate during the middle of last 

century, which has been the subject of important efforts in research, since not yet the role of these changes is 
understood in the global climate system. For instance, the consequences of ice-mass loss on the global sea 
level rise. Thus, to assess the spatial and temporal changes over the Antarctica Peninsula, satellite-derived and 
reanalysis temperature data can provide an alternative to examine Antarctica’s climate variations in areas 
which are not represented by stations. Several studies have made assessments of the quality of satellite-
derived and reanalysis products in the Antarctic region. In this work we analyzed the spatio-temporal trend of 
the Land Surface Temperature over the Antarctic Peninsula the last decade (2001-2013). To perform this 
analysis, satellite data derived from the Moderate Resolution Imaging Spectroradiometer (MODIS) land 
products MOD11C3 (LST) and reanalysis data Skin Temperature (Tskin) extracted from ERA-Interim were 
used. Additionally, Tskin extracted from ERA-Interim reanalysis data in the period 1979 – 2013 were also 
used. Seasonal Anomalies for each variable were analyzed at monthly level, and the magnitude and statistical 
significance of the trends were computed using the non-parametric tests of Sen’s Slope and Mann-Kendall 
respectively. Results obtained from MODIS LST data showed a not significant decrease (p-value < 0.05) on 
surface temperature over the Antarctic Peninsula in the last decade except summer (DJF), that showing a non-
significant trend of increasing temperature (+0.6°C per decade). Different results were obtained when using 
ERA-Interim reanalysis data in same time period, because only winter (June July August) reveals a 
significant rate of increase in temperature (+1.4°C per decade). These differences could be explained due to 
the infrared temperature satellite-derived might be affected by cloud cover. Finally, in the last three decade, 
the results obtained from reanalysis data achieved similar rates that the last decade, although lower magnitude 
trends and not statistically significance. 
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Extensive livestock is the main economic activity supporting Mediterranean pastures. These areas 
provide important ecosystem services as the prevention of forest fires, the protection of soils or the 
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conservation of key habitats for biodiversity, and they possess significant cultural and historical values. Oak 
savannas, known as dehesas in Spain and montados in Portugal, cover about 3 million hectares in the Iberian 
Peninsula. The monitoring of these large areas requires effective tools that provide timely and accurate data to 
assist management and decision-making at different levels. This work explores the monitoring of grassland’s 
production and quality in extensive systems using remotely sensed data with different spatial and temporal 
scales. The final purpose is to promote an advisory service in the framework of LIFE bioDEHESA project, 
which may help farmers to make appropriate decisions and minimize feed costs of animals in extensive 
grazing systems, preventing overexploitation, and seeking to ensure the conservation of the system but 
guaranteeing profitability. 

Pastures net primary production was estimated using an adaptation of Monteith model (1977), 
based on the relation between plant growth and incident solar radiation. A regional approach for southern 
Spain has been developed combining MODIS products at 250 m of spatial resolution with spatially 
interpolated meteorological data (solar radiation, air temperature and humidity), provided by the Agroclimatic 
Information Network of Andalusia (RIA). Special attention has been paid to 1) the calibration of the light use 
efficiency (ɛ) parameter in these systems using ground measurements, and 2) the effect of different densities 
of sparse trees in the landscape on grasslands production estimation, and the procedure to subtract it from 
final products. Results were validated with regular measurement obtained during a spring (March to June) 
field campaign. Timely estimation of pasture quality during the grazing season may help to fit stocking rates, 
to manage pastures and supplement feeding. It determines the production response per unit of pasture 
consumed by animals, but traditional laboratory analyses of grass nutritive value are time-consuming and 
costly. Some studies (Pullanagari et al., 2012; Starks et al., 2008) suggested that functional relations may be 
obtained between vegetation reflectance provided by remote sensing and biochemical variables, successfully 
predicting quality. Laboratory analyses have found high correlations (<0.95) for calibrations of crude protein 
(CP), acid detergent fibre (ADF), neutral detergent fibre (NDF) and organic matter digestibility (OMD) with 
dry and ground pasture samples, offering a rapid and inexpensive approach to assess these properties. The 
extension of this approach to field radiometry and the opportunities for using future hyperspectral satellite 
missions are discussed in this work. 
 
 

THE IMPLICATIONS OF SERIAL CORRELATION AND TIME LAG EFFECT 
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Sciences, Beijing, 100081, P.R. China) 

(2 National Marine Environment Monitoring Center, State Oceanic Administration, Dalian, 116023, China) 
 

Ecological time series data are widely used in ecological research thanks to the development of 
fixed ecological research stations and remote sensing technology. However, the serial correlation issue with 
time series which violates the fundamental assumption of independence for traditional statistic tools and time 
lag effects is rarely considered by ecologists in vegetation-climate relationship research, thus perhaps 
producing misleading results in some cases. In this paper, regression analysis and cross-correlation which 
give adequate consideration of serial correlation issue with time series data were conducted to analyze the 
role of climate factors on LAI dynamics in Hailar, Hunluner, a region supposed to be highly sensitive to 
climatic change. It is found that LAI dynamics was mainly related to temperature whereas the impact of 
precipitation on LAI dynamics was not statistically obvious. The comparison of regression models which 
have dealt with serial correlation and residual normality to different extent showed that the ignorance of serial 
correlation issue with time series data can produce misleading results about vegetation dynamics response to 
climate change, highlighting the importance of serial correlation removal for climate-vegetation relationship 
study based on time series ecological data series. 
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The interrelationship between two essential climate variables (ECV), the land surface albedo and 

the fraction of absorbed photosynthetically active radiation (fPAR), and their link to forest structure was 
studied based on forest inventory and satellite data from Finland. Global climate scenarios are naturally very 
sensitive to the albedo as it is directly related to the energy exchange between land and the atmosphere – the 
higher is the albedo, the more incoming solar radiation is reflected, and vice versa. Canopy fPAR, in turn, 
quantifies the amount of absorbed light available for photosynthesis and thus is a key parameter in the 
modelling of net primary production (NPP) of forests. Logically, there should be strong negative correlation 
between fPAR and the spectral albedo in visible (PAR) wavelengths. However, the amount of PAR absorbed 
by green vegetation is not a simple difference of incident and reflected fluxes and, furthermore, forest 
productivity is related to the fPAR by the canopy, i.e. excluding the understory. More importantly still, the 
major part of the broadband shortwave albedo is composed of near-infrared (NIR) radiation. Thus, aiming at 
high productivity of forests is not necessarily achieved at the expense of a low albedo.  

We derived empirical relationships between the albedo at different spectral regions, fPAR, forest 
structure and biomass during the green vegetation season and across a latitudinal transect of Finland. The 
forest structural variables were obtained from the National Forest Inventory (NFI) data, covering the 
geographical area of Finland (26.1 million hectares) at a spatial resolution of 20 meters. Satellite derived 
estimates of land surface albedo and fPAR were obtained from MODIS (MCD15 and MCD43) and Geoland 
2 fAPAR and albedo products. The relationships were applied to establish possible links between the total 
shortwave albedo and forest productivity. Finally, simulations with a forest reflectance model were performed 
to evaluate the effect of stand biomass, stand density and canopy architecture and optical properties of leaves 
and understory on the albedo, and to quantify the relationship between fPAR and albedo for different 
scenarios. By calculating forest reflectance and absorption separately in the PAR, NIR and SWIR spectral 
regions, the magnitude and changes in forest reflectance were related to fPAR and thus to potential changes 
in productivity and biomass. 
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Remote sensing plays a unique and essential role to relate remote sensing measurement to the 

biochemical at earth surfaces in a reliable and operational way. Recent studies have demonstrated the 
feasibility of retrieval of Sun-induced Fluorescence (SIF) from hyperspectral image. SIF is considered to be 
an ideal, fast, non-destructive and sensitive probe to detect the physiological state of the vegetation and 
provides a new way for global vegetation monitoring and global biomass estimating. In this work, we have 
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developed a new method based on reflectance index to extract quantitatively sun-induced fluorescence. The 
sensitivity analysis was conducted with the FluorMOD model to define which parameters affected the most of 
the L(F)761 (radiance fluorescence at the wavelength 761nm simulated by FluorMOD). Results showed that 
fluorescence quantum efficiency (Fi), leaf inclination distribution function (LIDF), temperature (T), leaf area 
index (LAI) and leaf chlorophyll a+b content (Cab) account for most of the L(F)761variations. Assuming that 
LIDF had a spherical distribution, the FluorMOD model was used to generate the apparent reflectance spectra 
and fluorescence radiance using the fixed step input parameters Fi(0.01-0.1), T(5-25), LAI(0.1-8), and 
Cab(10-90). The retrieved fluorescence using the reflectance index was compared with canopy radiation 
fluorescence L(F)761 and the results demonstrated that R740/R630, R6872/(R675*R690), R635/R850, and 
R740/R635 were not sensitive to LAI and Cab. The results showed too that there was a good linear or non-
linear relationship between the reflectance index and L(F)761 (expressed as L(F)761=a*f(index)+b) and the 
variations of Fi or T affected the coefficients of the expression (a and b). So we assumed the coefficients of 
the expression (a and b) to be function of Fi and T. Based on the simulated data, the expression that L(F) as a 
function of the reflectance index, Fi and T was obtained. By comparing L(F)761 with the fluorescence 
computed by the new method, the new method yielded the good results: R740/R630 (r2=0.954 for L(F)761 vs. 
fluorescence, RMSE=0.239), R6872/(R675*R690) (r2=0.955, RMSE=0.235), R635/R850 (r2=0.96, 
RMSE=0.22), R740/R635 (r2=0.953, RMSE=0.24). It is worth mentioning that the Fi and T are mandatory 
for using the reflectance index to extract the fluorescence quantitatively. 
 
 

ADJACENCY EFFECT CORRECTION OF EO-1 ALI DATA USING 
ATMOSPHERIC POINT SPREAD FUNCTION 

 
Si-Bo Duan1,2, Zhao-Liang Li3,4,*, Bo-Hui Tang1, Hua Wu1, and Ronglin Tang1 

1State Key Laboratory of Resources and Environment Information System, Institute of Geographic Sciences 
and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China 

2University of Chinese Academy of Sciences, Beijing 100049, China 
3Key Laboratory of Agri-informatics, Ministry of Agriculture/Institute of Agricultural Resources and Regional 

Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China 
lizhaoliang@caas.cn; Tel.: +86 10 82105077. 

4ICube, UdS, CNRS, 300 BldSebastien Brant, BP10413, Illkirch67412, France 
 

The adjacency effect is an interesting physical phenomenon caused by multiplescattering between 
the atmosphere and the land surface. The magnitude of this effect depends on atmospheric turbidity and 
surface heterogeneity. Therefore, it is necessary to take into account the adjacency effect in the surface 
reflectance retrieval from satellite data at high spatial resolution. In this study, we propose anatmospheric 
correction algorithm with adjacency effect correction to derive surface reflectance from EO-1 ALI data. The 
adjacency effect correction is performed using atmospheric point spread function. Based on the primary 
scattering approximation, an analytical expression of the atmospheric point spread function is presented. This 
method was applied to an ALI image acquired in the WATER (Watershed Airborne Telemetry Experimental 
Research) on 20 May 2008. Ground-based reflectance and atmospheric measurements concurrent with ALI 
data were collected. Homogeneous Lambertian surface reflectance is retrieved by combining the atmospheric 
radiative transfer mode MODTRAN and the atmospheric parameters. Non-homogeneous Lambertian surface 
reflectance is derived based on the atmospheric point spread function and the homogeneous Lambertian 
surface reflectance. Compared with the non-homogeneous Lambertian surface reflectance, the homogeneous 
Lambertian surface reflectance without adjacency effect correction lacks contrast, i.e., dark pixels look 
brighter and bright pixels look darker. Compared with the ground-based reflectance measurements, the 
accuracies of the non-homogeneous Lambertian surface reflectance are higher than those of the homogeneous 
Lambertian surface reflectance. 
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Remote Sensing of Vegetation dynamics at global scale is providing important data for monitoring 

climate-vegetation relationships and is crucial to estimate Primary Productivity for the global Carbon Cycle. 
Nevertheless, many aspects are difficult to understand at global scale and regional studies are important to  
provide further insights through introducing a more detailed knowledge of the area in the analysis. Estimates 
of primary productivity derived from Remotely Sensed imagery can also be compared to estimates derived 
from eddy covariance tower measurements thanks to the fact that both are based on canopy-level 
measurements, thus avoiding the complexity of scaling-up between leaf to canopy levels. Understanding the 
relationship between RS-based and tower-based estimates of primary productivity is important to validate and 
eventually modify regional estimates of Carbon assimilation derived from Remote Sensing. In this 
contribution we present an analysis of vegetation dynamics in the Pyrenees (SW Europe) focusing on a 
comparison between estimates of primary productivity derived from time series of coarse and high spatial 
resolution satellite imagery and estimates derived from eddy covariance tower measurements. We also 
present our work to acquire consistent time series of high resolution imagery and reflectance spectra from 
low-cost systems aboard light aerial platforms. 
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Soil moisture is one of the most important variables in the global weather and climate processes, as 

it controls the energy and water exchange between the land surface and the atmosphere. Over the past two 
decades, significant work has been undertaken to monitor this variable from space, using a number of satellite 
types, with approaches emerging that make use of thermal infrared to microwave observations. Amongst 
those, microwave radiometry has been identified as the most promising technology. Microwave signals can 
be obtained using either passive or active microwave emissions. Both types have some issues: while passive 
microwave radiometers require a substantial antenna dish, the achievable ground resolution is limited to 
several tens of kilometres, whereas active methodologies, such as SAR require an appropriate definition of 
the surface roughness and the vegetation structure in order to obtain good quality data products. 
Consequently, the main and widely available soil moisture products have been derived from passive sensors 
at low resolution.  

Both atmospheric models and water resource managers require soil moisture at scales that are not 
available from the passive microwave sensors that have been or are currently in space. Therefore, 
downscaling approaches have to be developed to provide data products that are useful to the end user. In this 
presentation, the Disaggregation based on Physical And Theoretical scale Change (DisPATCh), developed 
for the downscaling of ESA’s Soil Moisture and Ocean Salinity (SMOS) mission is used to derive high-
resolution soil moisture products from SMOS and the JAXA Advanced Microwave Scanning Radiometer-2 
(AMSR-2) on board GCOM-W1 for a 82,000km2 river basin in south-eastern Australia (Murrumbdgee River 
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catchment). The products are intercompared to assess the possibility of using the same approach with two 
different sensors, and differences are discussed. In addition both products are validated against the OzNet 
(www.oznet.org.au) soil moisture monitoring network operated in the study catchment. 
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Soil moisture initialisation is crucial for Numerical Weather Prediction (NWP). New generations of 

satellites, such as SMOS (Soil Moisture and Ocean Salinity) and the future SMAP (Soil Moisture Active and 
Passive) provide highly suitable data from passive and active microwave sensors for soil moisture remote 
sensing. In order to make it possible to combine use of satellite, in situ and proxy observations to analyse soil 
moisture, ECMWF implemented an Extended Kalman Filter (EKF) soil moisture analysis which is used for 
operational NWP in the ECMWF Integrated Forecasting System (IFS). The use of passive microwave sensors 
in the EKF soil moisture data assimilation requires an accurate radiative transfer model. In this paper we 
present ECMWF developments in radiative transfer modelling conducted to use SMOS and future SMAP 
brightness temperature observations in the ECMWF data assimilation system. The ECMWF Community 
Microwave Emission Modelling Platform (CMEM) and its recent updates are described. CMEM input global 
fields, including soil moisture, soil temperature, snow depth and vegetation cover, were obtained from H-
TESSEL land surface model simulations forced by ERA-Interim atmospheric conditions. So, CMEM multi 
year simulations were performed using a land surface model configuration which is similar to the current 
operational IFS. In CMEM, combinations of three soil dielectric models, three vegetation opacity models and 
four soil roughness parametrizations were used, allowing comparing 36 different configurations of the 
microwave emission model. Global scale forward simulations of dual polarization L-band (1.4 GHz) 
brightness temperature were conducted at 40 degrees incidence angle for each radiative transfer model and 
evaluated using the SMOS near real time brightness temperature data for 2010. Best microwave emission 
model performances were obtained with the Wang and Schmugge dielectric model combined with the 
Wigneron vegetation opacity model and the simple Wigneron soil roughness parametrization. The best 
CMEM configuration was used to simulate multi-angular brightness temperature at 30, 40 and 50 degrees 
incidence angle for 2010-2013 and evaluated against the observed SMOS brightness temperature. Results are 
presented at global and regional scales using RMSE, correlation and bias metrics in order to evaluate CMEM 
both at the monthly and annual time scales. 
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Soil moisture observations are expected to play an important role in monitoring global climate 
trends. However, measuring soil moisture is challenging because of its high variability; point-scale in situ 
measurements are scarce being remote sensing the only practical means to obtain regional- and global-scale 
soil moisture estimates. The ESA’s Soil Moisture and Ocean Salinity (SMOS) is the first satellite mission 
ever designed to measuring the Earth’s surface soil moisture at daily time scales with an unprecedented level 
of accuracy. Since its launch in November 2009, significant efforts have been dedicated to validate, and fine-
tune, the retrieval algorithms so that SMOS-derived soil moisture estimates meet the standards required for a 
wide variety of applications. 

The SMOS Barcelona Expert Center (BEC) is distributing daily, monthly, seasonal and annual 
temporal averages of 0.25° global soil moisture maps, which have proved useful for assessing drought 
conditions and monitoring water stress. These products include a downscaling algorithm to combine SMOS 
and NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS) data into fine-scale (< 1km) soil 
moisture estimates, which permits extending the applicability of the data to regional and local studies. These 
soil moisture products can also be a useful tool to monitor the effectiveness of land restoration management 
practices. The aim of this work is to assess the reliability of novel global SMOS-derived soil moisture 
products produced at BEC. The analysis includes determination of variability at seasonal and interannual 
scales, focusing on six target regions representative of arid, semi-arid, sub-humid and humid areas across 
global land biomes. In addition, the dry-normal-humid ranges from SMOS products are being generated to 
provide maps of their spatial and temporal distribution. These soil moisture climatologies are further used for 
analyzing the anomalies during the four-year of SMOS in orbit. 
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The characterization of the snow cover in boreal forests is an important element for the 
understanding of climate and hydrological regimes. For several years, the use of passive microwave to 
estimate the snow water equivalent (SWE) from satellite sensors has been studied. Because traditional 
empirical algorithms are limited in the boreal forest, the coupling of a radiative transfer model (RTM) (which 
takes into account the contributions of soil, snow, vegetation and atmosphere) with a snow model for the 
retrievals of SWE seems a promising avenue. This presentation shows the coupling of a RTM (DMRT-ML 
emission model: Dense media radiative transfer theory - multi layer) with the Canadian Land Surface Scheme 
(CLASS) in the perspective of operational applications to retrieve SWE from passive microwave satellite data 
at 3 AMSR frequencies (10.7, 19 and 37 GHz). In this context, some central aspects of the RTM, such as the 
effect of snow grain size (here we use the snow specific surface area, SSA) and the contribution of 
vegetation, are developed and quantified. Using a proposed new version of CLASS in which the evolution of 
the SSA was implemented, we can simulate the snow brightness temperature (Tb) variation along the winter, 
using the CLASS outputs as inputs for DMRT-ML. With respect to the contribution of vegetation, the well-
known τ-ω model has been shown to be valid for considering scattering (ω) to estimate the forest emissivity, 
generally neglected at high frequencies. Values of scattering albedo (ω), the parameters defining the 
reflectivity of the ground (QH model) and the transmissivity (γ linked to τ), the later defined using the 
MODIS-derived Leaf Area Index (LAI) in the boreal forest have been inverted. Finally, simulations of TB 
from the coupling of the RTM (DMRT- ML, γ-ω model and atmospheric model) with CLASS (including 
simulated SSA) were compared with AMSR-E satellite data over North- Eastern Canada for a continuous 
time series of seven years. The first comparisons show an important contribution of ice crusts in the snow 
signal, resulting from short melting periods and/or rain-on-snow events which often occur during the winter. 
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The ice-crust adjusted model simulations show a good correspondence with the AMSR -E observations, in 
the order of 3 to 7 K depending on the frequency and the polarization. These results are discussed for 
different test sites, having low, medium and high LAI values. The inversions of the soil and vegetation 
parameters (QH and γ-ω) are discussed. It appears that a difference between the vegetation parameters (γ-ω) 
in summer and in winter must be considered to optimize the results. Finally, sensitivity tests show a low 
sensitivity by the RTM/CLASS to SWE in dense forests and for deep snowpack. 
 
 

SUMMER LAND SURFACE TEMPERATURE MAPPING OVER ARCTIC 
FROM PASSIVE MICROWAVE SENSORS 
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Remote sensing instruments are interesting tools to map land surface temperature (LST) at large 
temporal and spatial scales. In this presentation, we show how passive microwave and thermal infrared data 
were combined to derived continuous LST time series during summer snow free periods over northern high 
latitudes. The methodology is based on the interpretation of the SSM/I 19 and 37 GHz measurements 
obtained from the National Snow and Ice Data Center in Boulder, Colorado, USA at both vertical and 
horizontal polarizations and on a 25kmx25km grid size (brightness temperatures at two polarizations 
(Vertical and Horizontal) projected in the Equal-Area Scalable Earth grid (EASE) on the Northern 
Hemisphere, giving an image of 721x721 pixels size. The satellite passes twice daily (ascending and 
descending) at each point). LST is estimated from the satellite brightness temperatures. The separation of 
temperature and emissivity is obtained by the introduction of an empirical relationship between the two 
emissivities at both polarizations. This relationship allows writing LST in terms of the brightness 
temperatures measured at both polarizations, as well as the atmospheric contribution and transmissivity. 
Compared to Royer and Poirier (2010), the methodology has been refined for two aspects. First, by estimating 
locally the atmospheric upward emission and transmissivity from precipitable water data estimated 
independently from atmospheric reanalysis (ERA-Interim, provided from the European Center for Medium 
Range Weather Forecasts (ECMWF) at 0.5° resolution). Secondly, by adjusting at pixel scale, the parameters 
of the linear relationship linking LST to brightness temperatures, since they strongly depend on surface 
characteristics (especially water fraction within the satellite pixel) and land cover. The parameters have been 
calibrated at the SSM/I pixel scale, using independent surface temperatures provided by MODIS instruments. 
Once estimated at the time of the satellite pass (twice daily from the ascending and descending orbits), hourly 
LST are estimated following Mialon et al., 2007. The interpolation is based on the adjustment to a diurnal 
cycle model provided by 2m air temperature reanalysis series at 3-hour intervals. The data used to produce 
the LST estimation are the passive microwave at 19 GHz and 37GHz data provided by the SSM/I and SSMIS 
sensors on board the F13 and F17 satellites. These two satellites cover the period between 2000 and 2011 
(F13: 1995-2009, F17: 2006-present).  The derived LST time series have been produced for the entire Arctic 
region (latitudes larger than 45°N).  The temperatures were evaluated locally on the experimental sites of the 
EU-PAGE21 project and compared to MODIS land surface product and local measurements. The results 
showing good agreements with in situ measurements and MODIS estimations (RMSE of the order of 3-4 K) 
are discussed. The time series produced have been used to map permafrost and to study interannual variability 
in relation to climate forcing. 
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ROUGHNESS AND VERTICAL MOISTURE HETEROGENEITIES 
INTRODUCTION TO IMPROVE SOIL MOISTURE ESTIMATION WITH 

RADAR REMOTE SENSING 
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Soil moisture is a key state parameter of the land surface, influencing the manner in which 

rainwater is shared between the phenomena of evapotranspiration, infiltration and runoff. Radar remote 
sensing has demonstrated its strong potential for monitoring of soil moisture over the last twenty years. In 
spite different improvements, difficulties still exist concerning the operational use of radar remote sensing for 
soil moisture estimation. Two effects could induce errors in radar signal inversion: soil roughness and soil 
moisture profile heterogeneity. It is essential to consider roughness effect in radar signal inversion at high 
resolution scale. In practice, the availability of only a limited number of radar configurations can make it 
impossible to retrieve all of roughness parameters (rms height, correlation length, correlation function shape) 
with soil moisture. In the present analysis, a new approach is proposed for the description of surface 
roughness and its influence on the backscattering behaviour of radar signals. This is based on an original 
roughness parameter, Zg, which combines the three most commonly used soil parameters: root mean surface 
height, correlation length, and correlation function shape, into just one parameter. The usefulness of this new 
parameter is demonstrated through the analysis of radar signal data acquired at three experimental sites in 
France (Orgeval, Pays de Caux and Villamblain).  

The aim of this second section is to discuss the influence of soil moisture vertical heterogeneity on 
radar backscatter over bare soils. In an attempt to address this issue, the Advanced Integral Equation Model 
(AIEM) was used to simulate backscatter from soil surfaces with various moisture vertical profiles, for three 
frequency bands: L, C and X. In these computations, we investigated the influence of the vertical 
heterogeneity of soil moisture on the characteristics of the backscattered signals. The influence of radar 
frequency is clearly demonstrated. A database produced from Envisat ASAR and TerraSAR-X data, acquired 
over bare soils with in situ measurements of moisture content and ground surface roughness, was used to 
validate the utility of taking the soil moisture heterogeneity into account in the backscatter model. 
 
 

AN OVERVIEW OF THE GLOBAL LAND SURFACE SATELLITE (GLASS) 
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To advance global and regional land surface models at different scales and assist various decision 
support systems, China launched the 863 key project entitled “Generation and application of global products 
of essential land variables”. Its duration was from July 2009 - June 2012. The key component of this project 
was to develop the Global LAnd Surface Satellite (GLASS) product system that generates five land products: 
Leaf Area Index (LAI), Albedo, Emissivity, Downwelling Shortwave Radiation and Photosynthetically 
Active Radiation (PAR). The first three GLASS products span from 1981-2013 with 1km and 5km spatial 
resolutions and 8-day temporal resolution, and the last two GLASS products span from 2008-2010 with 3-
hour temporal resolution and 5km spatial resolution. These characteristics are shown in Table 1. These 
products are freely available at the Center for Global Change Data Processing and Analysis of Beijing 
Normal University (http://www.bnu-datacenter.com/), and the University of Maryland Global Land Cover 
Facility (http://glcf.umd.edu). 
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Table 1.  Characteristics of five CLASS products 
Product Spatial resolution Temporal resolution Temporal range 

Shortwave albedo 1-5km,0.05° 8-day 1981-2013 
Incident solar radiation 5km, 0.05° 3-hour 2008-2010 

Incident PAR 5km, 0.05° 3-hour 2008-2010 
longwave emissivity 1-5km, 0.05° 8-day 1981-2013 

LAI 1-5km, 0.05° 8-day 1981-2013 
 

Phase 2 project, entitled by “Generation and applications of global surface energy budget and 
ecosystem variables”, started in Dec. 2013 for three years. Besides existing five products, this new project is 
producing additional seven products, including land surface skin temperature, longwave net radiation, 
daytime all-wave net radiation, fraction of absorbed photosynetically active radiation absorbed by green 
vegetation (FAPAR), fraction of green vegetation coverage, gross primary productivity (GPP), and 
evapotranspiration (ET). This presentation will provide an overview of these GLASS products, algorithms, 
validation, and some preliminary applications. The rest of the presentations in this special session will 
introduce some of the key algorithms in details. 
 
 

LONG TIME-SERIES GLOBAL LAND SURFACE SATELLITE (GLASS) LEAF 
AREA INDEX AND FRACTION OF ABSORBED PHOTOSYNTHETICALLY 

ACTIVE RADIATION PRODUCTS 
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 Leaf Area Index (LAI) is generally defined as one-half of the total green leaf area per unit of 
horizontal ground surface area. Fraction of photosynthetically active radiation (FPAR) is a measure of the 
fraction of the sunlight that a plant canopy absorbs for photosynthesis and growth in the 0.4–0.7 µm spectral 
range and therefore expresses a canopy’s energy-absorption capacity. These parameters are widely used in 
agriculture and ecology and they are part of the set of essential climate variables identified by the Global 
Climate Observing system (GCOS). Currently, multiple global LAI/FPAR products have been produced from 
various types of satellite remote sensing data. The existing LAI/FPAR products from satellite observations 
are spatially incomplete and temporally discontinuous, and also not sufficiently accurate to meet various 
applications. 

In this study, an operational method has been developed to estimate LAI from MODIS and 
AVHRR reflectance time-series data using GRNNs. The GRNNs were trained by fused time-series LAI 
values from the MODIS and CYCLOPES LAI products and reprocessed time-series MODIS or AVHRR 
reflectance values at the BELMANIP sites. The reprocessed MODIS or AVHRR reflectance data from an 
entire year were entered into the GRNNs to estimate the one-year LAI profiles. The method has been used to 
generate the Global LAnd Surface Satellite (GLASS) LAI/FPAR products for 1981–2012 from MODIS and 
AVHRR reflectance time-series data. Then, a method is developed to calculate the global FPAR product from 
the GLASS LAI product to ensure physical consistency between the two land-surface parameter products. 
The quality and accuracy of the GLASS LAI/FPAR product are evaluated in this study. Comparisons of the 
GLASS LAI product with MODIS and GEOV1 LAI products indicated that the GLASS and MODIS LAI 
products presented the best agreement. The global consistency of these LAI products is good in the majority 
of situations, especially for grasses, cereal crops, and shrubs. The largest differences among these LAI 
products are observed in rainforest regions near the Equator. The GLASS LAI product gives significantly 
greater values than the GEOV1 LAI product over these regions. The GLASS FPAR product followed 
distributions consistent with those of the MODIS and GEOV1 FPAR product for the deciduous broadleaf 
forest biome type. The GLASS, MODIS and GEOV1 FPAR products present the poorest agreement for the 
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biome types of the deciduous needleleaf forests, shrubs, grasses and cereal crops. The density scatterplots 
demonstrate that the GLASS and GEOV1 FPAR products show the most agreement. 

Temporal consistency analysis showed that the temporal profiles of all these LAI/FPAR products 
exhibited consistent seasonal variations. Quantitative comparison of the temporal profiles demonstrated that 
the temporal smoothness of the GLASS LAI/FPAR products is the best among these LAI/FPAR products. 
Direct validation with available ground-based LAI/FPAR reference maps showed that the accuracy of the 
GLASS LAI/FPAR products is superior to those of the MODIS and GEOV1 LAI/FPAR products. 
 
 

GLOBAL FRACTIONAL VEGETATION COVER ESTIMATION METHOD 
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The fractional vegetation cover (FVC), refers to the fraction of green vegetation as seen from nadir 
in the total statistical area, is a key parameter for characterizing land surface vegetation coverage and plays an 
important role in global change research, earth surface processes and hydro-ecological models. Regional and 
global FVC products are needed for land surface processes and climate change studies. Although great 
progress has been made on global FVC estimation using remote sening data, there are still challenges and 
limitations that have not yet been solved properly. In this study, we developed a global FVC estimation 
method using general regression neural networks from MODIS reflectance data. Firstly, global sampling 
locations were selected based on the BELMANIP2 set of sites which were located in relatively flat and 
homogeneous areas with global representativeness and homogeneity. Furthermore, four Landsat TM/ETM+ 
data in different seasons in each sampling location was selected to generate FVC sample using dimidiate 
pixel model under the help of Terrestrial Ecoregions of the world and 30 m finer resolution global land cover. 
MODIS reflectance data was reprocessed to get the high quility data, and then extracted the sample data from 
Landsat FVC at each samplng locations. Then, the general regression neural networks were trainned to 
develop the FVC estimation method. The ground field FVC values in Validation of Land European Remote 
sensing Instruments (VALERI) sites were used to validate the proposed method, and Geoland-2 FVC product 
had also been compared with the proposed method. The validation results indicated that the proposed method 
could generate the comparative result with Geoland-2 FVC with the R2=0.81 and RMSE=0.157, and the 
proposed method shown good temporally continuous. This FVC algorithm will be used to produce the Global 
LAnd Surface Satellite (GLASS) FVC product, which will be distributed by the Center for Global Change 
Data Processing and Analysis of Beijing Normal University, China. 
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Solar radiation drives the Earth’s climate system. The amount of shortwave part of that incident at 
the surface (ISR) is an essential parameter in the land surface radiation budget and in many land surface 
process models. Solar radiation available for photosynthesis, known as photosynthetically active radiation 
(PAR), constitutes the basic source of energy for biomass by controlling the photosynthetic rate of organisms 
on land, thus directly affecting plant growth, which is also a key parameter in ecological modeling by 
controlling the exchange and of water vapor and carbon dioxide between vegetation and atmosphere. 
Although several global radiation products from numeric models and satellite observations have been 
released, their coarse spatial resolutions and low accuracy, especially at high altitude regions, limit their 
applications in land community. Satellite remote sensing provides an unprecedented opportunity for ISR and 
PAR estimation at regional and global scales. In this study, the Global LAnd Surface Satellite (GLASS) ISR 
and PAR products are generated based on an improved look-up table method from 2008 to 2010 at a 5 km 
spatial resolution and a 3 hour temporal resolution, first global radiation products at such high resolutions,  
from multiple polar-orbiting and geostationary satellite data, including the Moderate Resolution Imaging 
Spectroradiometer (MODIS), the Meteosat Second Generation (MSG2) SEVIRI, the Multi-functional 
Transport Satellite (MTSAT)-1R, and the Geostationary Operational Environmental Satellite (GOES) Imager.  
The look-up table algorithm primarily considers the influences of surface elevation, atmospheric water vapor, 
and a surface bi-directional reflectance distribution function (BRDF) because sensitivity experiments 
indicates that ISR and PAR are more sensitive to surface elevation, and less sensitive to atmospheric profiles 
and ozone amount. The water vapor absorption has strong impact on ISR but weak on PAR. We also evaluate 
the GLASS products using ground-based measurement data from 34 sites. The validation results of the 
instantaneous ISR and PAR products at all validation sites are notably good with coefficient of determination 
values of 0.83 and 0.84, respectively, and root mean square error values of 115.0 Wm-2 and 49.0 Wm-2, 
respectively. The GLASS ISR product are also aggregated for comparison with the corresponding ISCCP and 
CERES data at 7 SURFRAD sites. The comparison results demonstrate that the GLASS ISR product is more 
accurate. The GLASS ISR and PAR products have been made publicly available. 
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Surface upwelling longwave radiation (LWUP) is a vital component in calculating surface radiation 

budget. High spatial resolution global LWUP datasets are rarely available. Under the general framework of 
hybrid method of estimating LWUP, we developed the linear model for estimating global 1km instantaneous 
clear sky LWUP from the top of atmosphere (TOA) radiance of Moderate Resolution Imaging 
Spectroradiometer (MODIS) thermal infrared Channels. Extensive radiative transfer simulations were 
conducted to produce large number of representative samples, from which the linear model was derived by 
statistical regression. 

The Atmosphere Infrared Sounder (AIRS) standard L3 atmospheric profile product in 2008 and 
2009 was used to construct the atmospheric profiles database in this study. The similar profiles were removed 
in the database using iteratively determined similarity thresholds. Totally, more than 20,000 atmospheric 
profiles were obtained. Land surface emissivity was explicitly considered by incorporating the Advanced 
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) spectral library in the radiative transfer 
simulation. 84 emissivity spectra including soil, vegetation, snow/ice, water, and some mixed emissivity 
spectra were selected in this paper. Surface downwelling longwave radiation (LWDN), thermal path radiance, 
and transmittance for each profile were simulated by MODTRAN4. Path radiance and transmittance were 
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calculated at 0, 15, 30, 45, and 60 Degree sensor viewing zenith angles. Land surface temperatures (LSTs) 
were assigned as the ground-level air temperature in the temperature profiles. The difference between LST 
and air temperature was set from -15 to 25 K, with a step of 5K. Based on general thermal infrared radiative 
transfer equation, LWUP and MODIS TIR channel TOA radiances were calculated. For each view angle, we 
derived a linear model using the simulated samples.  

The derived linear models were evaluated by ground-measured LWUP from six SURFRAD sites 
from 2003 to 2005. The average absolute bias was 4.79 W/m2 and the root mean square error (RMSE) was 16 
W/m2. We also calculated the average absolute bias the RMSE using the linear models developed by a 
previous research of estimating LWUP for the North America with the same site measurements. The values 
are 11.28 W/m2 and 19.07 W/m2, respectively. We are collecting more validation data. The development of 
hybrid method with new methods like machine learning is also underway.  
 
 
MAPPING ARCTIC SNOW/SEA-ICE BROADBAND SURFACE ALBEDO 
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Shortwave surface albedo of the Arctic zone is an important parameter in the surface energy budget 
of the northern hemisphere cryosphere, which affects the solar heat input, separation, and reallocations among 
the earth-atmosphere system. In recent decades, many global and regional long-term albedo products have 
been derived by geostationary and polar orbit satellite observations. However, most of these products only 
contain albedo over the land-surface, and the albedo over the Arctic sea-ice region is usually ignored or left 
blank. In addition, the consideration of the reflectance anisotropy in the current available Arctic albedo 
product still needs to be improved. Most of the previous works focused on the narrow-to-broadband 
conversions, but ignore the reflectance anisotropy of snow and sea-ice surfaces. In this paper, we proposed a 
direct-estimation algorithm for mapping shortwave surface albedo of the Arctic snow/sea-ice with the 
Moderate Resolution Imaging Spectroradiometer (MODIS) data. In short, this method is a hybrid method, 
which incorporates physical model simulations and empirical regressions in different steps. Firstly, we built a 
bidirectional reflectance distribution function (BRDF) database for sea ice based on physical models of 
snow/ice (asymptotic radiative transfer (ART) model) and ocean water (three components ocean surface 
albedo (TCOSA) model). Then, we established a linear regression relationship between top of atmosphere 
(TOA) reflectance and surface broadband albedo among different angular bins, where training dataset (the 
TOA reflectance and surface broadband albedo) is derived base on the BRDF database for sea-ice by 
following steps: atmospheric radiative transfer simulation, angular integration, and narrow-to-broad band 
conversions. Finally, the direct-estimation coefficients derived in the regression step are stored in a pre-
calculated look up table (LUT). When the MODIS L1B swath data is obtained, the corresponding coefficients 
are searched based on the solar/view geometry, therefore the shortwave surface albedo can be estimated from 
single-date/angular observation. The preliminary results estimated by the direct-estimation algorithm are 
validated with in situ measurement data, such as albedo data collected in the Tara oceans polar circle 
expedition 2007. The uncertainties, stability and temporal consistency, and advantages of this algorithm are 
also been discussed. The preliminary results show that the direct-estimation algorithm is suitable for 
charactering the temporal variations and reflectance anisotropy of the Arctic sea ice. 
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All-wave net radiation is greatly needed in various applications. Many satellite data have been used 

to generate accurate shortwave radiation products, but it is very difficult to estimate all-wave net radiation 
from satellite observations. A practical solution is to estimate all-wave net radiation empirically from 
shortwave radiation and other ancillary information. Several models exist in the literature, most of them are 
linear models, and their coefficients were determined from limited ground observations. A comprehensive 
evaluation of these model using representative measurements around the world is urgently required. The data 
used in this study including the measured radiation data at 326 sites worldwide from 1991-2010, the 
meteorological data derived from re-analysis products, and remotely sensed products during the same period 
from GLASS product. At first, seven commonly used empirical linear models were evaluated. And then, a 
new empirical linear model is proposed based on the evaluation result. At the same time, the non-linear 
empirical models based on artificial neural networks and support vector machine (SVM) have been developed 
in this study. All of the new developed models have been compared to old models, and some of them have 
been selected for data fusion after analyzing, at the last the fusion result is evaluated by the observations. The 
results demonstrated that all the new developed models perform satisfactorily, and most of them work better 
than the old ones. Generally speaking, the performances are similar between linear and non-linear models 
when the land surfaces covered by normal vegetation, but the non-linear models are more adaptive under 
some specific conditions (i.e. ice, tundra, desert, sparse vegetation et al.), and the fusion results are very well 
but not the best all the time. Based on the results from this research, new empirical models for net radiation 
estimation have been recommended, and the calibration coefficients based on different land surface 
characteristics were also suggested for these models. 
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EVAPOTRANSPIRATION BY MERGING FIVE PROCESS-BASED 

ALGORITHMS DRIVEN BY SATELLITE, REANALYSIS AND GROUND 
OBSERVATIONS 

 
Yunjun Yao1, Shunlin Liang1,2, Xianglan Li1,  Nannan Zhang1,3,  Fei Feng1 

1State Key Laboratory of Remote Sensing Science, College of Global Change and Earth System Science, 
Beijing Normal University, Beijing 100875, China 

2Department of Geographical Sciences, University of Maryland, College Park, MD 20742, U.S.A 
3 School of Earth Sciences and Engineering, Hohai University, Nanjing, Jiangsu, 210098, China 

Correspondence to: Yunjun Yao    boyyunjun@163.com 
 
Evapotranspiration (ET) is a major component of the earth’s climate system and global water cycle, 

and it represents a crucial link between global water, energy and carbon exchanges. Advances in satellite-
based LE algorithms and remote sensing technology enable estimating terrestrial ET at regional or global 
scales. Although great progress has been made on remotely sensed estimation of ET at a global scale with 
these models, there are still challenges and limitations that have not yet been solved properly. For example, 
any individual algorithms exist great uncertainty, which lead to large errors in global ET estimation. In 
addition, current existing satellite ET products often underestimate the ET at the crop and grass sites. Most 
products have their coarse spatial resolutions and low accuracy, especially at high altitude regions, limit their 
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applications in energy and water cycles. In this study, we use the Bayesian method to merge five process-
based algorithms driven by the Moderate Resolution Imaging Spectroradiometer (MODIS) data, The Modern 
Era Retrospective Analysis for Research and Applications (MERRA) meteorological data 49 provided by the 
NASA Global Modeling and Assimilation Office (GMAO) and ground observations of FLUXNET for 
generating Global LAnd Surface Satellite (GLASS) ET product. The validation demonstrates that the merged 
ET product improve the accuracy when comparing with other products estimated using individual algorithms. 
The root mean square errors (RMSEs) of the merged ET product is more than 6 W/m2 lower for crop sites 
and more than 8 W/m2 lower for forest sites. The square of correlation coefficient (R2) values are 
approximately 0.07 higher for most crop and forest sites. The comparison results demonstrate that the GLASS 
ISR product is more accurate. Currently this ET algorithm is being used to produce the GLASS ET product, 
which will be distributed by the Center for Global Change Data Processing and Analysis of Beijing Normal 
University, China. 
 
 

MULTI-YEAR GLOBAL LAND COVER MAPPING AT 300 M AND 
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Essential Climate Variables (ECVs) were listed by the Global Climate Observing System as critical 
information to further understand the climate system and support climate modelling. In response, the 
European Space Agency launched its Climate Change Initiative (CCI) in order to provide an adequate 
response to the set of requirements for long-term satellite-based products for climate. Within this program, 
the CCI Land Cover (CCI-LC) project aimed at revisiting all algorithms required for the generation of global 
LC products from various Earth Observation (EO) instruments that match the needs of key users of the 
climate modelling community. An analysis of the specific needs of this community revealed the priority for 
both stable and consistent LC products over time. Some interest was also expressed for more dynamic 
information reflecting LC change and vegetation phenology. To this end, the LC concept was revisited to 
deliver a set of three consistent global LC products corresponding to the 1998-2002, 2003-2007 and 2008-
2012 periods, along with climatological 7-day time series representing seasonal dynamics of the land surface.  
The full archive (2003-2012) of MERIS Full Resolution (300m) instrument was the main EO time series used 
for pre-processing and classification, completed by MERIS Reduced Resolution and SPOT-Vegetation data. 
The accuracy of the 2008-2012 global LC map was assessed using the GlobCover 2009 validation dataset. 
The resulting weighted-area overall accuracy of 74.1% is slightly better than previous products. To 
characterize the typical seasonal dynamics of the land surface at the pixel level, three global climatology 
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products were also generated over the 1998-2012 period: the vegetation greenness as described by the 
Normalized Vegetation Index, the snow occurrence and the Burnt Areas distribution.  
Finally, a 300-m global map of open permanent water bodies was derived from the 2005-2010 archive of the 
Envisat Advanced SAR (ASAR) imagery mainly acquired in Wide Swath Mode (150m). A multi-temporal 
texture-based urban layer is still under development, using the same database. 
All products were delivered along with an aggregation tool, enabling re-projection and re-sampling as well as 
the translation from LC classes into Plant Functional Types. 
Three different Earth System models were adjusted to use these new products as land surface information. 
Possible simulation improvements were assessed against a set of benchmarks. The current results are quite 
promising but differed according to the respective models’ sensitivity.   
In the coming three years, the project will go on focusing (i) on the improvement of the current results and (ii) 
on their extension in the past and in the future and to new types of data sources (PROBA-V, MODIS and 
Sentinel-3) including higher spatial resolution sensors (Sentinel-2 and Landsat-8). Furthermore, coordinated 
cross-comparisons should allow a better assessment of the different Earth System model sensitivities to a 
better land surface description and to land cover change. 
 
 

CROSS-VALIDATION OF SATELLITE PRODUCTS OVER FRANCE 
THROUGH THEIR INTEGRATION INTO A LAND SURFACE MODEL 

 
Jean-Christophe Calvet1, Alina Barbu1, Dominique Carrer1, and Catherine Meurey1 
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Long (more than 30 years) time series of satellite-derived products over land are now available. They concern 
Essential Climate Variables (ECV) such as LAI, FAPAR, surface albedo, and soil moisture. The direct 
validation of such Climate Data Records (CDR) is not easy, as in situ observations are limited in space and 
time. Therefore, indirect validation has a key role. It consists in comparing the products with similar 
preexisting products derived from satellite observations or from land surface model (LSM) simulations. The 
most advanced indirect validation technique consists in integrating the products into a LSM using a data 
assimilation scheme. The obtained reanalysis accounts for the synergies of the various upstream products and 
provides statistics which can be used to monitor the quality of the assimilated observations. Meteo-France 
develops the ISBA-A-gs generic LSM able to represent the diurnal cycle of the surface fluxes together with 
the seasonal, interannual and decadal variability of the vegetation biomass. The LSM is embedded in the 
SURFEX modeling platform together with a simplified extended Kalman filter. These tools form a Land Data 
Assimilation System (LDAS). The current version of the LDAS assimilates SPOT-VGT LAI and ASCAT 
surface soil moisture (SSM) products over France (8km x 8km), and a passive monitoring of albedo, FAPAR 
and Land Surface temperature (LST) is performed (i.e., the simulated values are compared with the satellite 
products). The LDAS-France system is used in the European Copernicus Global Land Service 
(http://land.copernicus.eu/global/) to monitor the quality of upstream products. The LDAS generates statistics 
whose trends can be analyzed in order to detect possible drifts in the quality of the products: (1) for LAI and 
SSM, metrics derived from the active monitoring (i.e. assimilation) such as innovations (observations vs. 
model forecast), residuals (observations vs. analysis), and increments (analysis vs. model forecast) ; (2) for 
albedo, LST, and FAPAR, metrics derived from the passive monitoring such as the Pearson correlation 
coefficient, z-score, RMSD, SDD, mean bias. The results obtained over the 2007-2013 period are presented. 
The added value of computing a prognostic FAPAR is shown, as this quantity can be used to better estimate 
the LAI observation error used by the LDAS. In the near future, the LDAS will be upgraded in order to 
assimilate FAPAR and surface albedo, and it will be extended to a global scale. At the same time, the 
coupling to hydrological models (now in a testing phase) will be consolidated, and this will allow the use of 
in situ river discharge observations for the validation of the whole system. 
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The FP7/ImagineS project is focused on the retrieval of LAI, FAPAR, fraction of vegetation cover (FCover) 
and surface albedo from PROBA-V sensor data with improved spatial resolution (333m) for the evolution of 
the Copernicus Global Land Service. The production of PROBA-V biophysical products will start 
operationally in May 2014 at 1km globally and at 333m over Europe. Provision of consistent ground 
biophysical parameters on a regular basis is mandatory for the validation of the Global Land products based 
on new sensor input data (i.e., PROBA-V) and new retrievals algorithms (i.e., GEOV3).  
A representative number of sites worldwide with regular updates of the ground information, as the satellite 
time series expands, is required to reach validated stage 3 to stage 4 of the CEOS LPV validation hierarchy. 
Ground biophysical variables should be measured to be consistent with the CEOS LPV protocols to be up-
scaled for the validation of moderate satellite products. Up to know, the largest compilation of ground data 
processed according to CEOS LPV guidelines was mainly achieved by Garrigues et al. (2008) coming from a 
range of initiatives (VALERI, NASA, CCRS, ESA), but none of them are currently providing updated 
biophysical parameters on a regular basis. Consequently, to build a network of sites for the provision of 
regular and consistent ground data is necessary for the validation of the Copernicus Global Land products 
derived from new sensor data (PROBA-V, Sentinels). This can be achieved also taking benefit of the high 
resolution data that can be used for solving scaling issues. Moreover, this network of sites could be latter used 
for validation of decametric biophysical products based on Sentinel-2.   
This paper is focused on (i) describing the network of sites build on ImagineS  worldwide, mainly sampling 
cropland areas, in collaboration with few other  initiatives (e.g., JECAM, Enviro-Net, ERMES project) where 
ground data is being collected, (ii) discussing the protocols and methods for ground data collection and 
continuous monitoring of FAPAR and PAI, as well as for the up-scaling ground data using decametric 
resolution images, and (iii) shows preliminary validation results of Copernicus Global Land PROBA-V 
biophysical products based on the ground dataset available.  
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LANDSAT-8 TIRS RADIOMETRIC PERFORMANCE 
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Landsat-8 was launched on February 11, 2013 and continues the long record of earth imaging by Landsat 
sensors.  The Thermal Infrared Sensor (TIRS) is the satellite’s thermal band imager.  The TIRS instrument is 
a significant departure from the previous Landsat thermal channels.  The instrument is a pushbroom design, 
rather than a whisk-broom.  TIRS acquires data in two spectral channels covering 10.60-11.19um and 11.50-
12.51um rather than just a single wide spectral bandpass channel.  The spatial resolution has increased to 
100m resolution from 60m. TIRS was well characterized and calibrated on the ground prior to launch and 
monitoring of the calibration continues on-orbit.  The TIRS instrument includes an on-board a variable 
temperature blackbody and a view to deep space for continued characterization capabilities.  The on-board 
calibration is validated by in situ measurements of large water bodies. Periodic views of the moon are used to 
study stray light. While the TIRS instrument has been stable to 0.2% based on on-board assessments, a stray 
light issue has affected the absolute calibration. Analysis of the in situ validation data revealed a calibration 
error which appears to be due to stray light from far out-of-field.  A bias correction was made in February 
2014 to account for the additional radiance reaching the focal plane. Studies are on-going to better 
characterize the stray light and to determine if a more specific correction can be implemented. 
 
 

A UNIFIED MODIS LAND SURFACE TEMPERATURE (LST) EARTH SYSTEM 
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NASA has identified a major need to develop long-term, consistent products valid across multiple missions, 
with well-defined uncertainty statistics addressing specific Earth science questions. These types of data sets 
are termed Earth System Data Records (ESDRs) and are defined as long-term, well calibrated and validated 
data records for Earth Science research. Land surface temperature and emissivity (LST&E) data have been 
identified as an important ESDR by NASA and many other international organizations, e.g. GCOS. LST&E 
data are essential for a wide variety of surface-atmosphere studies, from calculating the evapotranspiration of 
plant canopies to retrieving atmospheric water vapor. For the most effective use of ESDR datasets by end-
users, uncertainties need to first be identified and quantified in a rigorous manner. In this study we use 
numerical simulations and validation data to estimate MODIS LST&E uncertainties over a wide range of 
conditions for products generated from a Split-Window (SW) algorithm (MOD11), and the Temperature 
Emissivity Separation (TES) algorithm (MOD21). The SW algorithm is applied to two or more bands in the 
thermal infrared region in conjunction with an emissivity estimate based on land classification to produce the 
LST. Conversely, the TES algorithm is a physics-based approach that uses a radiative transfer model to first 
correct the data to a surface radiance, and then a model to extract the LST and emissivities in the spectral 
bands. Validation of these two approaches have shown that they are complementary -  the SW approach 
works better over heavily vegetated regions while the TES approach works better over semi-arid and arid 
regions. Using well defined simulated uncertainties for each product in a probabilistic manner, we show that a 
unified and coherent MODIS LST product can be produced that has higher accuracy and more stability than 
the original input products over all land cover types. The unified MODIS LST product is further validated 
over different land sites in the southwestern USA using temperature- and radiance-based methods. 
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The CEOS-BELMANIP1 (Benchmark Land Multisite Analysis and Intercomparison of Products) network 
sites was designed to provide an ensemble of 371 sites (3x3km²) distributed over the Earth surface for land 
product inter-comparison (Baret et al. 2006). It was built using already existing networks such as FLUXNET, 
AERONET and ground validation sites. This ensemble of sites was then used to set up a framework for the 
validation (Garrigues et al. 2008; Weiss et al. 2007) and inter-compare the different land products derived 
from medium resolution sensors at global scale. These exercises led to the development of the OLIVE (On 
Line Validation exercise, (Weiss et al. 2014)) tool hosted by the CEOS Cal-Val portal 
(http://calvalportal.ceos.org/cvp/web/olive) and contributed to establish good practice protocol for land 
product validation (Fernandes et al. 2014). The BELMANIP1 sites were also used as a benchmark for the 
calibration of several satellite biophysical products including CYCLOPES (Baret et al. 2007), 
LAI3g/FAPAR3g GIMMS (Zhu et al. 2013) or GLASS (Zhao et al. 2013). 
We present an enhanced version of the BELMANIP1 sites, BELMANIP2, designed to better represent the 
Earth surface in terms of biome proportion and latitudinal and longitudinal range, and thus, climatological 
conditions. For each band of latitude (10° width), the site selection was performed using the GLC-2000 land 
cover map (Bartholomé and Belward 2005)by keeping the same proportion of biome types within the selected 
sites as within the whole band of latitude. Sites were also constrained to be homogeneous over a 10x10km² 
area, almost flat, and with a minimum proportion of urban area and permanent water bodies, by checking 
each site with the GoogleEarth tool. Then, few additional sites were added to better represent very bright soils 
over desert areas as well as tropical forests where the product inter-comparison is more difficult due to high 
cloud occurrence. A total of 445 sites were finally selected. As compared to the BELMANIP1, the 
BELMANIP2 dataset is fully independent from the DIRECT data set used to assess product accuracy in 
validation exercises. 
We evaluate the new BELMANIP2 dataset in terms of (i) its ability to well represent the biome distribution at 
the Earth surface as compared to BELMANIP1, (ii) the homogeneity of the sites, and (iii) its ability to 
represent the average global behavior per biome in terms of gaps as well as yearly temporal profiles for the 
GEOLAND2 product. BELMANIP2 dataset is already implemented in OLIVE and will contribute to the 
intercomparison and validation exercises of global land products derived from medium resolution sensors. 
Further, it provides the benchmark for training the algorithms for the estimation of global land products 
within the European Copernicus initiative. 
 
 

VALIDATION OF AN EXPERIMENTAL CLOUD INFRASTRUCTURE FOR 
EARTH OBSERVATION SERVICES 
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Earth Observation (EO) accumulates spatial and temporal records of the world. It is applied in diverse sectors 
such as monitoring of the environment, natural disasters, emergencies and civil security among others. 
However, Earth Observation still presents critical challenges to overcome the current demand of services that 
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require the processing, storage and distribution of massive amounts of data. EO industries implement on-site 
conventional infrastructures with limited scalability and flexibility capabilities. In addition, the information 
provided by traditional EO systems is expensive because the technology used, such as optical satellites, is 
costly, and the infrastructure required to process and store the data has very high prices that have to be 
depreciated.  
In this work we made use of the future Internet technologies to create a cloud-based system to process store 
and distribute data acquired from Earth Observation satellites. We validated the system by implementing a 
virtual model of a constellation of 17 satellites and a network of 12 ground stations that record in images the 
surface of the Earth in a daily basis. Those images were processed and stored in cloud to provide advanced 
services through the Internet. We enhanced and exploited the current geospatial stack and infrastructures 
(datastores, map servers, and distributed caches) to provide demand-driven EO services. A cloud-based 
approach provides efficient, massive and worldwide delivery and visualization.  End users were emulated in a 
virtual network requesting the online emergencies service. In order to test the cloud based system, a scenario 
modelling a realistic situation was used. This was that of the earthquake that occurred in the Spanish city of 
Lorca in 2011. An online web emergency service was implemented to provide fast and on demand access to 
the information. End users’ behavior was emulated through certain properties of the service: urgency, demand 
variability and request loads imposed to the cloud service. 
This work constitutes the first results of the GEO-Cloud experiment, which is part of the Fed4FIRE European 
Project (number 318389). The implementation of the cloud system was done in the BonFIRE cloud, the 
virtual constellation of satellites, the network of ground stations and the end users loads were implemented in 
the Virtual Wall testbed. The network characteristics between the ground stations and the cloud infrastructure 
were real measurements made in the PlanetLab Europe network to enhance the realism of the model. 
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The FP7 ImagineS project intends to continue the innovation and development activities to support the 
operations of the Copernicus Global Land service, preparing the use of the new Earth Observation data, in 
particular the processing lines for LAI, FAPAR and FCOVER products at 333 m based on PROBA- V data 
(i.e., GEOV3 products). Within the ImagineS a number of demonstration sites have been proposed for the 
validation and user evaluation of the GEOV3 products where field campaigns will be conducted with the 
support of local teams. One of the ImagineS demonstration sites is located at the "Río Colorado" basin, close 
to the "25 de Mayo" village, in La Pampa (Argentine), where INTA has permanent facilities and ground 
sensors for continuous monitoring of PAI and FAPAR over irrigated crops in the semiarid environment of La 
Pampa. 
This paper presents the characterization of the vegetation biophysical variables (LAI, FAPAR, vegetation 
cover) in the study area of 25 de Mayo based on ground data and satellite products in support of the 
validation of Copernicus Global Land products.  Firstly, the ground data collected during an intensive field 
campaign in February of 2014 will be presented and discussed.  This dataset includes 18 elementary sampling 
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units where PASTIS sensors developed by INRA are used to monitor the seasonal evolution of crops (alfalfa 
and corn). During the field campaign, additional measurements with digital hemispherical cameras and 
ceptometers were collected by INTA. Moreover, digital hemispherical photographs were taken by EOLAB in 
45 additional locations to characterize the natural vegetation of the area (shrublands), as well as croplands and 
tree plantation plots in the study area.  Secondly, decametric products of biophysical parameters will be 
derived from ground data and concomitant SPOT-5 imagery. Finally, the GEOV3 products at hectometric 
resolution will be used to capture the temporal variability of the study area during the season. The GEOV3 
products will be validated using decametric ground based maps and the continuous PAI/FAPAR ground data 
provided by the PASTIS systems over two large cropland fields. 
 
 

IMPROVEMENT OF THE WFM-DOSA METHOD FOR CO2 RETRIEVAL IN 
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Sensitivity of the WFM-DOAS-based CO2 retrieval to the surface albedo and visibility has been conducted, 
the results show that large CO2 retrieval error occurs in high aerosol optical depth region. In order to improve 
the retrieval accuracy, an extension of the WFM-DOAS method is proposed for XCO2 (the dry air column 
averaged mixing ratio of atmospheric CO2) retrieval to heavy aerosol loadings. According to the vertical 
distribution of aerosol Jacobian, we divide aerosol Jacobian into absorption and scattering parts. In addition, a 
combined bands method for retrieval is adopted. Simulated retrieval tests, under various surface albedos and 
visibilities, show good improvement on both CO2 and O2 retrieval accuracies as well as XCO2. Retrieval 
error of XCO2 is within 1.6% when surface albedo is more than 0.1. Tests using different surface types show 
retrieval error of XCO2 is within 1% for land surface. 
We retrieve the XCO2 distributions in 2009 using the improved WFM-DOAS method. These satellite 
retrievals are validated by comparing with both TCCON FTS observations and Carbon Tracked data. 
Comparisons with 7 TCCON station observations show that the relative daily error of XCO2 is within 1.5% 
and the monthly error is within 1%. Comparisons between satellite retrievals over China and Carbon Tracker 
data show that the relative daily error of XCO2 is 0.83%. The relative daily errors in the Beijing-Tianjin-
Tangshan area, the Yangtze River Delta region, Hubei province, Henan province, Heilongjiang province and 
the Pearl River Delta region, are within 2% and the monthly errors are within 1.2%. Retrievals using the 
improved WFM-DOAS method are more consistent with Carbon Tracker data and the relativity to aerosol 
index product from TOMS decreases compared to the retrievals using WFM-DOAS method in Taklimakan 
desert area. Validations indicate that the improved method has a good performance on accounting for aerosol 
scattering. 
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Evaporation and transpiration are the two main processes involved in water transfer from vegetated areas to 
the atmosphere. Evapotranspiration (ET) from the Earth’s vegetation constitutes 88% of the total terrestrial 
ET, and returns more than 50% of terrestrial precipitation to the atmosphere (Oki and Kane, 2006); therefore 
it plays a key role in both the hydrological cycle and the energy balance of the land surface. In Arctic and 
sub-Arctic regions, surface-atmosphere exchanges due to ET are estimated from water balance computations 
to be about 74% of summer precipitation or 50% of annual precipitation. Even though ET is a significant 
component of the hydrologic cycle in this region, these bulk estimates do not accurately account for spatial 
and temporal variability due to vegetation type, topography, etc. (Kane and Yang, 2004). 
In this work we present the implementation of the Two-Source Energy Balance method, TSEB (Norman et 
al., 1995), in a sub-Arctic boreal deciduous forest mainly composed of paper birch (Betula papyrifera), as a 
base-line to retrieve energy fluxes at the regional scale from remote sensing imagery in boreal deciduous 
areas. In order to calibrate and validate the model, a flux tower located at the Caribou-Poker Creeks Research 
Watershed (long: -147.5, lat: 65.2) was used. This flux tower is equipped with a sonic anemometer and gas 
analyzer at 24 m above ground level (agl) operating at a 20Hz sampling rate, as well as a four component net 
radiometer sensor. To monitor ground heat, temperature and soil moisture sensors as well as heat flux plates 
have also been installed in subsurface soil layers (see http://www.et.alaska.edu/ for further details).   
The TSEB model mainly requires meteorological inputs as well as land surface temperature (LST) and leaf 
area index (LAI) data. In this study, TSEB was run from mid August to late September 2012 in all sky 
conditions using half hour intervals of meteorological data from the flux tower, and the LST derived from the 
four component net radiation instrument. TERRA/AQUA MODIS LAI daily product (MOD15/MYD15) was 
used as LAI input data. Results show an acceptable agreement between TSEB model and flux tower data. 
RMSE obtained in the case of net radiation, latent heat, sensible heat and soil heat fluxes was 57, 58 and 75 
and 27 W•m-2.   
Currently, data from summer 2013 is being processed and results for a whole summer will be discussed in 
later work. Further efforts will be focused on the daily energy flux integration by means of the 
implementation of the ALEXi/DisALEXI model (Anderson et al., 2007). 
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Leaf area index (LAI) corresponds to one half the total green leaf area per unit horizontal ground surface area. 
It is one of the essential climate variables identified by the Global Climate Observing System (GCOS). Field 
LAI measurements are a critical component for the validation of global moderate resolution LAI products, 
especially for the under-represented ecosystem, such as the paddy rice fields. The objectives of the current 
study are two folds: (1) to build an in situ LAI database for paddy rice fields using different field 
measurement tools, and (2) to validate the moderate MODIS and GEOV1 LAI products for rice fields with 
LAI data estimated from the high resolution HJ-1 satellite data. For the first objective, a field campaign was 
carried out to take continuous LAI measurements over paddy rice fields in NE China in 2012 and 2013. 
Three indirect optical measurements methods, Digital Hemispherical Photography (DHP), LAI-2200, and 
AccuPAR were compared with the destructive sampling methods. The plant area index (PAI) measured by 
optical instruments and destructive method show a similar seasonal trend. The Downward DHP LAI is most 
close to the destructive LAI, while AccuPAR tends to underestimate the destructive LAI. For the second 
objective, the moderate resolution LAI products (1 km) from MODIS (MCD15A2 C5) and GEOV1 are 
evaluated in same study area. High resolution LAI (30 m) was estimated using a neural network method from 
the HJ-1 and Landsat satellite data. The high resolution LAI was first evaluated with the field measured LAI 
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data. The evaluation of the MODIS and GEOV1 LAIs was performed by comparing with the up-scaled HJ-1 
and Landsat LAI estimations. This results show good agreement in regard to the homogeneous rice fields. 
This study is part of an ongoing effort to validate global moderate resolution LAI products. 
 
 

CONTINUOUS VALIDATION AND ALGORITHM IMPROVEMENT IN LSA 
SAF FVC AND LAI OPERATIONAL PRODUCTS OVER AFRICA 
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The EUMETSAT Satellite Application Facility on Land Surface Analysis (LSA SAF) generates, on an 
operational basis, daily and 10-day Vegetation Parameters (VEGA) from the SEVIRI/MSG satellites 
(http://landsaf.ipma.pt). The VEGA products are the Fractional Vegetation Cover (FVC), the Leaf Area Index 
(LAI) and the Fraction of Absorbed Photosynthetically Active Radiation (FAPAR). The FVC (Fractional 
Vegetation Cover) and LAI (Leaf Area Index) are important structural properties of land surface areas 
occupied by plant canopies. The FVC algorithm relies on a Bayesian spectral mixture analysis method, in 
which vegetation and soil components are represented by a multi-modal probability density function. The 
LAI is estimated from a FVC using a semiempirical approach. 
The aim of this work is two-fold. Firstly, it presents updated validation results, which are mandatory to ensure 
the quality of the products. Indirect validation includes inter-comparison with equivalent satellite products, in 
particular, SPOT/VGT Global Land Copernicus products (GEOV1 and GEOV0) as well as evaluation of their 
temporal and spatial consistency. The intercomparison reveals a high consistency between products. 
However, a positive bias of FVC and LAI is observed in the southern Africa region, particularly over 
savannas and sparsely vegetated areas. Secondly, the bias has been minimized by improving the 
characterization of different soil types in the Bayesian model. The training process makes use of the very 
detailed information coming from land cover classifications, finer resolution data such as Google Earth and 
ancillary information. The incorporation of prior knowledge concerning the problem domain have 
demonstrated to enhance the quality of the LSA SAF products. This improvement, along with changes made 
to algorithm inputs and version, justifies the reprocessing of SEVIRI-based vegetation products, now foreseen 
for the CDOP-2 phase. 
 
 

VALIDATION OF TERRA/ASTER STANDARD LAND-SURFACE 
TEMPERATURE AND SPECTRAL EMISSIVITY PRODUCTS 
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The ASTER instrument onboard NASA’s Terra spacecraft contains a moderate-resolution (90 m) 5-channel 
(8–12 µm) thermal imager used to estimate surface emissivity (λ) and temperature T (Temperature–
Emissivity Separation (TES) Standard Products AST05 and AST08). It is necessary to know (λ) to calculate 
T from the measured radiance data, and to quantify the uncertainties in (λ) for the standard products to be 
useful. Several studies have undertaken to validate both products.   
Careful validation over water, for which (λ) is known, indicates that T recovered for such scenes commonly 
agrees with ground data within the accuracy and precision limits (±1.5 K) predicted by Gillespie et al. (1998) 
for standard atmospheric conditions, especially with water-vapor scaling (WVS, not yet available in the 
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standard products; Tonooka, 2005), which improves performance. Most studies of (λ) have been for 
vegetated sites or agricultural fields, both high-emissivity targets, and many of these studies have shown that 
TES did not live up to its estimated performance levels of ±0.015 (for both accuracy and precision). Most of 
these studies have not recognized that the accuracy of TES is different for high- and low-emissivity targets. 
However, studies of the lower-emissivity rock targets for which Gillespie et al. (1998) developed the TE 
algorithm have given mixed results as well, even with WVS.  This study is a validation of (λ) that 
investigates TES performance for these “rock” sites in greater depth. In it we compare recovered satellite and 
lab spectra for unvegetated sand dune and unchanging bedrock and alluvial fan sites, as well as for water sites 
and for SURFRAD sites where air temperature, relative humidity and pressure are continually monitored.  
There are three main sources of error in the validation studies for rock sites: atmospheric correction, which 
changes over space and time, the inherently undetermined character of the inversion for (λ) and T, and errors 
in characterizing the surface emissivity independent of TES. Earlier studies have shown that under ideal 
conditions, the first two sources of error are about the same size.  The third source of error, spatial 
heterogeneity, impacts validation studies by making the land emissivity hard to measure accurately.  
Therefore, care must be taken to locate large, multi-pixel homogeneous sites.  Some studies have used playas 
as validation sites, but they have been shown to be temporally variable (e.g., Sabol et al., 2009). However, 
even under the best conditions some sites still yield (λ) accuracies less than predicted in designing TES. The 
remaining source of uncertainty is the reliability of the empirical scaling curve used by TES. This regression 
is based on spectral contrast, and has a smaller systematic error over the low emissivity surfaces that are the 
focus of TES than over vegetation and water. 
 
 

SEASONAL MONITORING OF FAPAR OVER THE BARRAX CROPLAND 
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The Copernicus Global Land service provides Essential Climate Variables like the Leaf Area Index (LAI), 
Fraction of PAR absorbed by the vegetation (FAPAR) or the surface albedo among others most of them 
derived up to now from SPOT/VGT observations.  For the service continuity, research and development are 
performed within the FP7/ImagineS project which is focused on the retrieval of LAI, FAPAR, fraction of 
vegetation cover and surface albedo from PROBA-V sensor data with improved spatial resolution. The 
operational production of LAI, FAPAR, and Fraction of vegetation cover at 333m resolution over Europe will 
start in spring 2014. Validation activities are mandatory to evaluate the uncertainty attached to the products. 
A number of demonstration sites have been defined in ImagineS to capture the seasonality of FAPAR during 
the growing season.  
This paper shows the ground monitoring of FAPAR in Las Tiesas experimental farm located in Barrax 
(Albacete), one of the demonstration and validation site of the ImagineS project, during the Spring 2014 
season. The continuous monitoring will be achieved using the PASTIS-PAR sensors developed at INRA-
Avignon. 20 PASTIS-PAR systems, each with 6 PAR sensors, have been installed in Las Tiesas in the largest 
fields of up to 1 km diameter (wheat, sunflower, barley, legumes, papaver). 
This study is focused on (1) the quality of the PASTIS -PAR data, and the comparison with estimates using 
hemispherical photos, (2) up-scaling of ground truth data using high resolution data (Landsat-8), (3) 
comparison with the satellite derived products at 333 m from PROBA-V. 
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Surface soil moisture (SSM) is a fundamental variable for understanding hydrology cycle, earth’s energy 
budget and climate change. Based on a newly developed SSM retrieval model for vegetated conditions and 
the fact that optical remote sensing of soil moisture is generally more suitable over arid and semi-arid regions, 
this study mainly evaluated the regional SSM retrieval via the model using the FengYun-2D (FY-2D) 
geostationary meteorological satellite data over a humid region in the west of China. The Maqu soil moisture 
network (33°30’-34°15’N, 101°38’-102°45’E) was selected as the study area, where 20 site measurements of 
soil moisture were available in July and August, 2008. Two key land surface variables, land surface 
temperature (LST) and net surface shortwave radiation (NSSR), were primarily derived from the FY-2D 
images on cloud-free days. The diurnal cycles of LST and NSSR with the same temporal resolution (30 
minutes) were utilized to describe an elliptical relationship and were subsequently to obtain the ellipse 
parameters for each of the cloud-free days. Additionally, model parameters for each cloud-free day were 
determined by a land surface model (the CoLM) simulation with the meteorological data collected at the 
study area. With the ellipse parameters and model parameters for each cloud-free day, SSM values with the 
pixel of FY-2D in the Maqu soil moisture network region were finally estimated via the SSM retrieval model. 
Two soil moisture datasets were used to evaluate the SSM retrieval in this study. One was through the 20 site 
measurements of soil moisture, and the other was using the soil moisture product from the Advanced 
Microwave Scanning Radiometer-Earth Observing System (AMSR-E). Additionally, error sources of the 
SSM retrieval were analyzed in depth by which several recommendations were proposed to improve the SSM 
retrieval model in the future development. By the evaluation, this study further confirms that the SSM 
retrieval model is capable of estimating regional SSM using geostationary satellite observations over humid 
regions, which is quite benefit the monitoring of long-term SSM time series. 
 
 
VALIDATION OF LAND SURFACE TEMPERATURE DERIVED FROM ASTER 

DATA USING WIRELESS SENSOR NETWORK IN THE HIWATER 
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Abstract: Land surface temperature and emissivity (LST&E)data have already been identified as an important 
Earth System Data Record (ESDR) by the National Aeronautics and Space Administration (NASA) and many 
other international organizations. A reliable and long-term LST&E data are extremely important for a wide 
variety of applications, such as evapotranspiration estimation, surface energy balance modeling, urban heat 
island modeling and land-cover land-use change detection. However, the LST products are not widely used 
by operational weather and climate centers via direct analysis or data assimilation in land surface and climate 
models due to the lack of inclusion of detailed uncertainties. Thus, validations of different LST products are 
necessary to provide LST users with data quality information, to identify possible deficiencies and to further 
improve the LST retrieval algorithms. A comprehensive field experiment has been conducted in the 
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framework of Heihe Watershed Allied Telemetry Experimental Research (HiWATER) from May to 
September 2012 in the Heihe river basin, the second largest inland water basin in the arid region of northwest 
China. The objective of this study is to validate the LST results derived from ASTER data collected in the 
HiWATER experiment using ground LST measurements collected from the wireless sensor network (WSN).  
11 ASTER images were collected in the experimental area from May to September of 2012. The land surface 
temperature and emissivities were derived from the ASTER data using the Temperature Emissivity 
Separation (TES) algorithm, combined with the Water Vapor Scaling (WVS) atmospheric correction method. 
Two kinds of atmospheric profile products were used for atmospheric correction of the ASTER TIR data. The 
first is the NCEP profile at a one degree spatial resolution, and the second is the MODIS MOD07 product at a 
spatial resolution of 5x5 1km pixels. Two kind of WSN LST measurements were used for validation in a 
5.5×5.5 km foci experiment area. The first is the WATERNET, which has 50 sensor nodes, 27 of them are 
also equipped with an Apogee SI-111 8-14µm infrared radiometer observe the surface at nadir from 4m 
height. The second is a observation matrix composed of 17 automatic meteorological stations (AMS), each 
one is also equipped with one Kipp & Zonen CNR1 or CNR4 net radiometer observe the surface at nadir 
from 6m height. According to the of heterogeneity each site, 27 sites were selected for validation of the 
ASTER LST results, and the land cover types are corn for all the 27 validation sites. 
The results show that the retrieved ASTER LSTs by using the WVS method and TES algorithm demonstrate 
a high accuracy, with an average bias of 0.54 K and 0.24 K and an average root mean square error (RMSE) of 
1.46 K and 1.40 K for the NCEP and MOD07 atmospheric profile products, respectively. However, the 
standard ASTER TES algorithm overestimated the LST, with an average bias of 1.77 K and 1.49 K and an 
average RMSE of 2.30 K and 2.13 K for the NCEP and MOD07 atmospheric profile products, respectively. 
This results indicate that using the WVS method is essential to retrieve accurate LSTs using the TES 
algorithm in humid atmospheres. 
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Soil moisture is an important variable in agriculture, hydrology, meteorology and related disciplines. Despite 
its importance, it is complicated to obtain an appropriate representation of this variable, mainly because of its 
high temporal and spatial variability. SVAT (Soil-Vegetation-Atmosphere-Transfer) models can be used to 
simulate the temporal behaviour and spatial distribution of soil moisture in a given area. 
In this work, the SURFEX (SURFaceEXternalisée) model developed at the Centre National de 
RecherchesMétéorologiques (CNRM) (http://www.cnrm.meteo.fr/surfex/),Météo-France,is used to simulate 
soil moisture over the Valencia Anchor Station. SURFEX integrates the ISBA (Interaction Sol-Biosphère-
Atmosphère; surfaces with vegetation) module to describe the land surfaces 
(http://www.cnrm.meteo.fr/isbadoc/model.html) that also contains ECOCLIMAP for the description of land 
covers. 
The Valencia Anchor Station, a validation site for the SMOS (Soil Moisture and Ocean Salinity) mission as 
well as one of the hydrometeorological sites for the HyMeX (HYdrological cycle in Mediterranean 
EXperiment) programme, represents a reasonably homogeneous and mostly flat area of about 50x50 km2. 
The main cover type is vineyards (around 65%), followed by fruit trees (almond, olive), shrubs, and pine 
forests, and a reduced number of small industrial and urban areas. Except during the vineyard-growing 
season, the area remains mostly under bare soil conditions. In spite of its relatively flat topography, the small 
altitude variations of the region clearly influence climate. This oscillates between semiarid and dry-sub-
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humid. Annual mean temperatures are between 12 ºC and 14.5 ºC, and annual precipitation is about 400-450 
mm. The duration of frost-free periods is from May to November, with maximum precipitation in spring and 
autumn.  
The first part of this investigation consists in simulating soil moisture for selected sites, MELBEX-I and 
MELBEX-II, where long time observationsare available, as well as ESAELBARA-IIL-band radiometer’s. 
Additionally, the representation of the variability of the soil moisture fields over the Valencia Anchor 
Stationis investigated by comparing SURFEX model simulations and SMOS level-3 (~ 25km) and level-2 
(~15 km) soil moisture maps andhigh resolution SMOS pixel-disaggregated soil moisture products, ~1 
kmfrom the SMOS Barcelona Expert Centre on Radiometric Calibration and Ocean Salinity (SMOS-
BEC)(Piles et al, 2011). Furthermore, the impact of soil moisture initialization on model simulations of soil 
moisture and precipitation is assessed by usinghigh-resolution SMOS-derived soil moisture fields. The period 
of investigation covers the complete 2012 period and we will particularly focus on selected periods from 
2012. 
 
 

EVALUATION OF THE CONSISTENCY OF LANDSAT-5 TM, LANDSAT-7 
ETM+ AND LANDSAT-8 OLI SURFACE REFLECTANCE PRODUCTS 
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Maintaining consistent data sets of Surface Reflectance (SR) is an important challenge to ensure long term 
quality of Climate Data Record. Landsat 5, 7 and 8 data archive and future acquisitions offer a unique data 
source to monitor land surface globally at high spatial resolution. Continuous consistency evaluation of SR 
products, derived from the Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS), is thus 
required. 
Two consistency evaluation approaches are treated in this paper. First approach, already introduced by other 
studies, is based on the full global AERONET data set for the period 2000 to 2013. This account for 489 sites 
over which 8500 coincident Landsat 5 TM and 7 ETM+ scenes were selected. The approach refers to the 
comparison of a 10x10km subsets of LEDAPS-derived Landsat SR and AERONET-derived SR. The latter 
was computed using Landsat TOA reflectance, AERONET measurements and 6S model. Second, we 
introduced a new methodology to cross-compare Landsat data and MODIS data. The analysis was based on 
5000 random scenes globally distributed from 2000 to 2013. This method includes: (i) a BRDF adjustment, 
based on the VJB model, to adjust Terra and Aqua MODIS data to the same day Landsat 5 TM and 7 ETM+ 
sun-view geometry, (ii) a spectral adjustment based an artificial neural network trained with PROSAIL 
vegetation radiative transfer model.  
The overall results of both approaches showed a good matching over 80% of the scenes, i.e. the uncertainty 
remains under a pre-defined specification (0.05rho+0.005). The worst performances were obtained over the 
blue band, used in LEDAPS to characterize the AOT. The second approach confirmed the good performance 
of the VJB model by decreasing the scattering between Landsat and MODIS (Terra and Aqua) SR. The 
spectral adjustment removed part of the biases due to spectral responses differences. Global analysis was used 
to identify inaccurate AOT retrieval over specific scene, mostly over bright surfaces. The results did not 
display any significant temporal variation from 2000 to 2013, which highlights the quality of Landsat data 
calibration and LEDAPS algorithm.  
Finally, we will present the currently-developed atmospheric correction chain for Landsat-8 OLI data. The 
results will focus on the evaluation of the SR products using the two approaches and on the evaluation of the 
cloud, cloud-shadow and snow masks. 
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Land surface broadband albedo is among the main radiative uncertainties in current climate modeling. The 
objective of this study is to validate the MODIS albedo product with high spatial and temporal resolution data 
provided by FORMOSAT-2. Attention is paid on the aggregation of high spatial resolution images by 
accounting for the MODIS Point Spread Function (PSF). 
The study area is a flat region called La Crau, covered by a specific dry grass ecosystem, irrigated grassland 
and other crops, located in the lower Rhône Valley, South-Eastern France. For MODIS albedo, we used the 
weekly MCD43B3 16-day composite product at 1-km spatial resolution. The high spatial resolution albedo 
was assessed thanks to thirty-one cloud free FORMOSAT-2 images (8-m spatial resolution) acquired from 
March to October 2006 with a constant viewing angle. 
Actual MODIS albedo was estimated by a weighted sum of the directional hemispherical albedo (black-sky 
albedo) and bi-hemispherical albedo (white-sky albedo). The weights were computed from the fraction of 
diffuse skylight (FDS). FDS varies with solar zenith angle, optical depth, spectral bands and aerosol model 
types. It was calculated through a lookup table generated with the 6S code for MODIS bands. We used 
AERONET data and MOD04_L2 and MYD04_L2 aerosol standard products (when AERONET failed) to 
estimate the aerosol optical thickness for the considered dates and location. We finally obtained FDS ranging 
from 0.094 to 0.295. 
FORMOSAT albedo was estimated as a linear combination of spectral reflectances. The fitting regression 
was obtained by selecting ground values of albedo acquired at 12:00 UTC (instead of 10:30 UTC, the 
FORMOSAT overpass time), to temporally match MODIS data. It was previously validated against ground 
measurements over different surface type within the same area resulting in an RMSEA=0.015 and almost no 
bias. The resulting albedo was then aggregated at MODIS resolution by accounting for the PSF. This latter 
was modeled by a Gaussian 2D function, characterized by the value of its Full Width at Half Maximum 
(FWHM), both in the cross-track (x) and along-track (y). The PSF was estimated by selecting the best 
correlation coefficient between the aggregated FORMOSAT and MODIS albedo. Depending on the date, the 
best performances were for FWHMx varying from 1400 m to 2000 m, and with FWHMy from 840 to 1240 
m. The cross-track size of the MODIS PSF was much higher than in the along-track direction (1.6 times 
higher, in average), as expected, because MODIS is a whiskbroom scanner. The large variability of FWHMx 
and FWHMy values could be explained by different factors, such as the large homogeneity of the area or the 
complexity of the 16-days anisotropy model used to create albedo MODIS by combining data from Terra and 
Aqua satellites (i.e., it considers data from different days, footprints, bands and viewing angles). About 12x25 
equivalent MODIS pixels were finally considered for albedo comparison after aggregation and geometric 
fittings. 
The comparison between the 1-km FORMOSAT-2 PSF-aggregated maps and the MODIS albedo showed a 
RMSEA<0.012 (RMSER<8%) and a relative bias≤6%. According to the Global Climate Observing System, 
the accuracy requirement for albedo is 5%, by considering the term accuracy as the bias of the data. 
Therefore, over our study area and atmospheric conditions, the accuracy of albedo MODIS fairly fulfills the 
requirements for global monitoring of climate. 
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Dedicated ground-truth experimental campaigns for thermal-infrared (TIR) radiometric 
measurements are commonly used to validate remotely sensed Land Surface Temperature (LST) products. 
Requirements to elaborate more accurate LST retrieval algorithms, such as equations containing angular-
dependent coefficients, and angular-dependent emissivity input data imply more detailed ground 
measurements at convenient equipped monitoring stations. Additionally, this kind of ground radiometric 
observations can be used to better understand many land–atmosphere interactions such as the net radiation 
partitioning into latent and sensible heat fluxes or the monitoring of partly cloudy sky TIR emission for the 
appropriate correction of LST by the sky reflected radiance. All these requirements lead to the convenience of 
using a specific device with automatic rotation to radiometrically scan sky and surface temperatures at 
different azimuth and zenith angles. 

Therefore, an autonomous system for field angular TIR data acquisition has been developed with 
the aim of being easily deployed at any traditional meteorological tower station. The device scans both 
hemispheres, i.e., sky and land, at several steps by means of a single TIR radiometer, to obtain surface 
radiative properties and remotely sensed LSTs. SI-121/131 Apogee radiometers were selected to be included 
in the prototype not only by their reduced size and easy functioning but also by their measurement accuracies 
as proved in calibrations against NIST blackbodies (± 0.2 K at 293-303 K). The system was deployed at two 
dedicated experimental sites in Eastern Spain. Test site A is a ~200 km2, high-plain area of shrubland 
(39.224ºN, -0.903ºE in WGS-84; site elevation of 800m above sea level) dominated by rosemary 
(Rosmarinus officinalis L.) and gorse (Ulex parviflorus L.), i.e., the typical Mediterranean calcic thermophile 
scrubland and one of the most representative natural canopies in Eastern Spain, with a Fraction of Vegetation 
Cover (FVC) of 0.49 at nadir. Test site B is located in a ~100 km2, flat and homogeneous area of rice-crop 
fields (39.274ºN, -0.317ºE in WGS-84; site at sea level) extensively used in experimental CAL/VAL 
campaigns of satellite TIR sensors. Three different surface conditions are covered during the crop phenology 
and seasonal cycle in test site B: flooded soil (water surface), bare soil and rice with full vegetation cover 
(FCV~1).  

The measurements obtained by the system, together with other ground-truth data, have been 
analyzed and compared with LST products provided by several satellite TIR instruments, with different 
observation angles and different spatial resolutions; such as the moderate resolution MODIS on EOS-Terra 
and EOS-Aqua or the SEVIRI on MSG, and the recent TIRS on Landsat8, as an example of high spatial 
resolution. Both the MSG-SEVIRI LSA SAF LST product and the EOS-MODIS MOD11A1/MYD11A1 LST 
product were shown to work with uncertainties within those expected, but a general overestimation was 
observed for the MSG-SEVIRI product and a slight underestimation, especially for off-nadir observation 
angles, was observed for the EOS-MODIS LST product. Calibration temperature offsets were observed and 
quantified for the Landsat8-TIRS bands. 
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The Landsat Data Continuity Mission (LDCM), renamed Landsat-8 (L8), was launched on 
February 2013, and operational acquisitions started in middle April 2013. The L8 Thermal Infrared Sensor 
(TIRS) has two thermal bands, 10 (11.60-11.19 µm) and 11 (11.50-12.51 µm), aimed to provide more 
accurate Land Surface Temperatures (LST) than the Landsat-7 ETM+, at 100 m spatial resolution. The first 
studies by the L8 calibration team showed TIRS temperature offsets, and in January 2014 they proposed 
subtracting 0.29 ± 0.12 Wm-2sr-1µm-1 (~ 2.1 ± 0.8 K) and 0.5 ± 0.2 Wm-2sr-1µm-1 (~ 4.4 ± 1.8 K) from 
radiances measured by band 10 and 11, respectively, with a root mean square variability for the recalibration 
of ±0.12 Wm-2sr-1µm-1 (~ ± 0.8 K) and ±0.2 Wm-2sr-1µm-1 (~ ± 1.8 K) for bands 10 and 11. Due to the larger 
calibration uncertainty associated with band 11, it was recommended that users refrain from relying on band 
11 data in quantitative analysis of the TIRS data, such as the use of split window techniques for atmospheric 
correction and retrieval of surface temperatures. The aim of this study is to contribute to the TIRS calibration 
efforts with the objective to solve the current problems. 

Ground transect measurements of Land Surface Temperature (LST) performed in a ~100 km2, flat 
and thermally homogeneous area of rice-crop fields (39.265ºN, -0.308ºE in WGS-84, at sea level) close to 
Valencia-Spain, were used for the vicarious calibration of the L8 thermal bands. Three different surface 
conditions were covered during the measurement period: flooded soil (water surface), bare soil and rice with 
full vegetation cover, with LSTs ranging from less than 10 ºC to 30 ºC, and a variety of environmental 
conditions. The brightness temperature differences for arrays of 5 x 5 pixels centered on the site ranged 
±1.0 K, with standard deviations lower than ±0.5 K for all cases, proving the site homogeneity. Four TIR 
radiometers were used to perform the transects: two CIMEL CE 312-1 with four bands (8–13, 11.5–12.5, 
10.5–11.5, and 8.2–9.2 µm) and two CIMEL CE 312-2 with six bands (8–13, 8.1–8.5, 8.5–8.9, 8.9–9.3, 10.3–
11.0, and 11.0–11.7 μm). Calibration against a reference blackbody ensured absolute accuracy of all the 
radiometer bands within 0.1-0.2 K. The CE 312 radiometers were carried back and forth along transects of 
100 m in length, and temperatures measured within 3 min centered at the satellite overpass time were 
averaged. Field emissivity measurements were also performed with a Temperature-Emissivity Separation 
method and a portable IR Designs & Prototypes spectroradiometer (Model 102, 2–16 μm). 

The MODTRAN-5 radiative transfer model, together with re-analysis atmospheric profiles from the 
National Centers for Environmental Prediction (NCEP), were used to simulate at-sensor radiances and 
brightness temperatures from the ground LST measurements, which were compared with the L8 TIRS data 
collected over the test site. Significant differences between simulated and TIRS brightness temperatures were 
observed, and the recalibration proposed by the L8 team was shown not to be satisfactory enough for our test 
site. 
 
 
 
 
 
 
 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

176 
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Land Surface Temperature (LST) is the key remotely sensed variable to monitor the surface water stress 
status. It can be used in agro-meteorology to in water allocation and irrigation planning. LST is also a key 
boundary condition in many remote sensing-based land surface modeling schemes. Currently, national 
agencies provide preprocessed data from available satellite thermal infrared sensors such as MODIS with the 
common used MOD11A1 LST product with its 1 km spatial resolution and a repeat cycle of 16 days, or 
ASTER with its Kinetic Temperature product at 90 m pixel resolution. Automating the correction is possible 
thanks to the availability of several thermal bands that enable the application of split window algorithms. In 
the case of mono-window remote sensing data such as Landsat (5-120 m, 7-60m and 8-100m), the estimation 
of LST from thermal infrared band (10-12�m windows) requires both the knowledge of the surface 
emissivity and the use of a radiative transfer model and consequently the knowledge of the atmospheric 
profile (H2O, Air temperature) over the zone of interest to correct at-sensor radiance from atmospheric 
perturbations. 
In a first time, we evaluate the performance of the atmospheric correction tool developed by Barsi et al. 2003 
(http://landsat.gsfc.nasa.gov/atm_corr) associated to the estimation of emissivity from NDVI proposed by 
Wittich 1997, to estimate LST from Landsat 5 and 7 data archive and extractions on 3 plots of Southwest 
France over 6 years of ground measurements. Extraction and correction algorithms are detailed. The results 
for these three plots show on a good agreement between Landsat LST estimation after correction 
(atmospheric and emissivity) and LST ground surface measurements, with correlation coefficients between 
0.8 and 0.9 and root mean square errors between 3K and 4.5K. In a second time, we studied through a 
sensibility analysis the impact of the atmospheric correction parameter’s range from radiative transfer model 
and the emissivity estimation from Normalize Vegetation Index (NDVI), on the top of atmosphere (TOA) to 
top of canopy (TOC) surface temperature absolute correction. We show that absolute correction between Tb 
TOA and Tb TOC are among 0 to 10K with greatest values in summer. The analysis focuses on both 
quantitative and qualitative (temporal and spatial patterns) criteria in order to associate an error on parameter 
(atmospheric and emissivity) estimation to the final LST product accuracy. Finally, we propose a 
methodology and current modifications aimed at improving the full Landsat scene thermal band correction. 
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An index-based insurance solution is developed by Pacifica Crédit Agricole Assurances and Airbus Defence 
& Space to estimate and monitor the near real-time forage production in France. It is based on an indicator 
called Forage Production Index (FPI). FPI is derived from the Fraction of green Vegetation Cover (fCover) 
integral and used as a surrogate of the forage production. fCover is a biophysical parameter obtained from 
medium spatial resolution (MSR) MODIS/MERIS time series. Because one MSR pixel may contain different 
types of land cover, a spectral unmixing model based on a statistical approach is applied to determine fCover 
time series for grassland. Consequently, FPI is calculated at an elementary unit (EU) scale of 3600 ha. In the 
insurance product, payouts are indexed on the ratio between the annual FPI and the Olympic average of FPI 
of the last 5 years. The scope of this paper is to present the results of the scientific validation of the FPI. 
The experimental site is localized in the Lot and Aveyron departments (South-West of France). Different data 
were collected: biomass ground measurements from 275 and 541 grassland plots, respectively for years 2012 
and 2013; MODIS fCover over 40 EU for the same period; and, covering the plots in the Lot department, 25 
high spatial resolution (HSR) images from three sensors SPOT4, DEIMOS and Landsat8 were acquired in 
2013, in particular thanks to the SPOT4/Take5 time series (http://www.cesbio.ups-tlse.fr/multitemp/) 
distributed freely by CNES and produced by THEIA land data center. 
The validation process consists in two steps. The first one is to check the reliability to use the FPI to estimate 
the annual production. It is performed by direct comparison between biomass ground data and the FPI 
measured from HSR time series at plot scale. In addition, an indirect validation is realized by inter-
comparison with the FPI obtained from MSR and HSR time series at EU scale. Then, the potential of using 
the FPI to measure a variation of production is assessed. We compared estimations of forage production ratio 
between 2012 and 2013 calculated either with the FPI or with local ground measurements at EU scale. The 
effect of up-scaling is evaluated by doing the analysis at two additionally sub-EU (1296 ha and 576 ha). In 
the two steps of the validation process, discrepancies between variables are quantified by the coefficient of 
determination, the systematic bias and the root mean square error. 
Results of the first step lead to two conclusions. FPI can be used as a proxy to estimate the annual production, 
but the relation still shows a substantial dispersion. Integrating others explanatory variables should enable to 
better approximate the above ground biomass. Results of the second step of the validation conclude to a 
satisfactory relation between inter-annual variation of production measured from remote sensing and ground 
data. The correlation is even better when the FPI is computed at fine scale. Sub-EU were designed to be 
spatially coherent with the grassland plots and to maximize the sampling rate within each sub-EU. 
Further work will consist in acquiring remote sensing and ground data on an additional year to strengthen 
these conclusions. 
 
 

BEAM 5 AND SENTINEL TOOLBOX FUNCTIONS FOR IMAGE ANALYSIS 
AND VALIDATION PURPOSES 
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With the requirement to create an open platform for scientists and operational users as well as software 
developers, ESA laid the foundation for a sustainable and successful open-source software development 
project, BEAM. Today BEAM 5 is both a toolbox supporting a wide range of optical sensors for Earth 
Observation and a development platform that allows users to easily create their own visual and data 
processing tools. 
BEAM uses a simple and powerful extension model. A BEAM module comprises compiled Java code and a 
module descriptor, which provides module metadata including extension points and extensions. A wide 
number of visual and processing tools have been created on top of the BEAM development platform. 
VISAT, the BEAM Visualisation and Analysis Tool, encapsulates a number of visual tools that support 
scientists in their daily work: 
     • The mask manager tool to generate, combined and manipulate new masks and regions of interest 
including a new “magic wand” tool allowing to create masks from similar spectra 
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     • The statistics operator that computes various statistical quantities for regions of interest using shapefiles 
     • A powerful tool for extracting pixels from arbitrary shape transects  
     • Advanced Pin Manager and the Spectrum View tool 
     • New functionalities added to the Correlative Plot tool 
There are also a wide number of processing tools that have been programmed using the BEAM development 
platform: 
     • The Pixel Extraction can extract measurements from multiple EO data products for specific locations 
(like in situ stations or buoys, or simply ROIs) 
     • The Time Series tool that allows the visualisation of time series animations, time series plots including 
comparison with in situ data, and a time series matrix 
     • A flexible Level-3 binning tool with multiple pixel aggregation methods 
Recent aspects of BEAM 5 are the possibility of using the BEAM application programming interface from 
Python; and to extend BEAM by writing data processor plug-ins using plain Python code together with the 
popular numpy and scipy libraries. BEAM is not only a toolbox but also a development platform for rich EO 
data applications. For example, ESA’s next generation SAR Toolbox (SAR) is based on BEAM, as well as 
the recent user interface of the NASA SeaDAS software.  
In February 2014, ESA kicked off three new toolbox developments for the Sentinel-1, -2, and -3 satellites. All 
three toolboxes will be also based on an evolution of the BEAM development platform. Similar to BEAM, 
the three toolboxes will be extendible by plug-ins which can be shared by the toolboxes. They will contain 
not only all BEAM heritage tools, but also a large set of new tools and features, generic, as well as features 
specifically developed for the data products of the SAR, MSI, SLSTR and OLCI instruments. Special care 
will be taken in order to ensure highest performance when dealing with the very large Sentinel data products. 
The optical Sentinel-2 and -3 toolboxes will have features such as access of remote in-situ databases, 
exploitation of data-uncertainty information, new image classification, segmentation and filtering methods, as 
well as interoperability with the ORFEO Toolbox and the GDAL libraries. 
 
 

BORESIGHT CALIBRATION ABOVE CLOUDS 
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The boresight calibration of optical imaging instruments and the calculation of the boresight angles is one 
essential tool to geo-reference images taken during airborne missions. We present a new method of boresight 
calibration using images of the Glory back-scattering ring around the shadow of the observer above clouds. 
The data were measured by a hyperspectral instrument during a cloud characterization campaign. Typical 
optical instruments in the visible and near infrared region of airborne remote sensing missions are hyper-
spectral imagers or aerial cameras. The hyperspectral data were down sized to simulated RGB data similar to 
human eye sensitive images or aerial cameras. A contrast improved black&white ratio was derived from the 
RGB data to calculate the difference between the calculated Sun scattering angle relative to the aircraft 
position and attitude and the center viewing direction of the image of the Glory scattering ring. The optimal 
angles were found by an iterative method and compared for three different scenes during one mission. The 
knowledge of these angles and the new method will provide high accuracy measurements and investigations 
of Sun scattering effects of clouds and aerosols and an easier boresight calibration of imaging cameras. 
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From 1st January 2013, the Copernicus Global Land Service is operational, providing continuously a set of 
biophysical variables over the whole globe at one kilometer resolution. The Copernicus Surface Albedo 
products (white-sky and black-sky albedos) are provided every 10 days, with 30-days of the synthesis period. 
The SPOT-VEGETATION sensor which is used for the generation of several biophysical variables will be 
terminated as Earth Observation mission by May 2014. The PROBA-VEGETATION (PROBA-V) mission is 
operative from November 2013 onwards. The Global Land Service production of Surface Albedo will 
continue based on PROBA-V 1 km datasets to ensure a continuity of the available services. It is important to 
have an overlap in the processing between both sensors to ensure and validate the consistency across the 
products. 
This study is focused on the consistency of SPOT/VGT and PROBA-V Surface Albedo products developed 
in the framework of the Copernicus Global Land Services, providing an early validation of PROBA-V 
products using data from November 2013 to May 2014. Several criteria of performance will be assessed over 
a global network of 445 homogeneous sites (BELMANIP-2.1) and analyzed per biome type and continental 
region. The accuracy and realism of temporal variations will be evaluated using a number of ground 
measurements. Additional quality checks will be performed over well-known areas (e.g. calibration desert 
sites). These validation activities will be extended in the framework of the FP7 ImagineS project, where is 
developing the software able to generate the products from the 333m PROBA-V data. ImagineS aims to 
consolidate and continue of the research and development efforts to support the operations of the Global 
component of the Copernicus Land Service. 
 
 

CONSISTENCY ASSESSMENT OF PROBA-V AND SPOT-VEGETATION 
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From 1st January 2013, the Copernicus Global Land Service is operational, providing continuously a set of 
biophysical variables over the whole globe at 1 km spatial resolution. The SPOT-VEGETATION sensor 
which is used for the generation of several biophysical variables will be terminated as Earth Observation 
mission by May 2014. The service continuity will be assured by the exploitation of PROBA-V data, before 
the launch of Sentinel 3. The Global Land Service production of GEOV1 products will continue based on 
PROBA-V 1 km datasets to ensure a continuity of the available services. 
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This study presents the results of the quality assessment of PROBA-V LAI, FAPAR, FCover GEOV1 
product. Quality assessment constitutes the only means of guaranteeing the compliance of generated products 
with user requirements. It concerns new products which must pass an exhaustive scientific evaluation before 
to be implemented operationally. The procedure follows, as much as possible, the guidelines, protocols and 
metrics defined by the Land Product Validation (LPV) group of the Committee on Earth Observation Satellite 
(CEOS) for the validation of satellite-derived land products.  
This paper is focused on the consistency of SPOT/VGT and PROBA-V GEOV1 products developed in the 
framework of the Copernicus Global Land Services, providing an early validation of PROBA-V products 
using data from November 2013 to May 2014. These validation activities will be supported with the aid of the 
FP7 ImagineS project supporting the research activities (e.g. evolution to 333m with PROBA-V) of the 
Global Land Service. Several ground campaigns are being conducted in ImagineS during 2014. Ground data 
will up-scaled according to standard protocols for the direct comparison with the PROBA-V GEOV1 satellite 
products. 
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The advances in different areas of space such technology and components and the recent temporal and spatial 
user needs are changing the classical mission concepts and services. In addition agile and low-cost 
development cycles, new ways to access the space, breaking new manufacturing processes are impacting in 
such a way that disruptive initiatives are emerging. 
Decentralized, distributed low-cost operational small satellites such as swarms, constellations and formations 
are replacing classical concepts such large and costly spacecraft with multi sensor capabilities. The new 
concepts present small satellites composed by different types of payloads using different wavelengths and 
with blending capabilities depending. Some of the sensors are the infrared (IR), radar, optical, ADS-B, AIS 
and scientific. 
On the other hand, these advances pose different challenges in terms of communications, processing power 
and coordination. All this complexity becomes even more interesting when new users and new areas are 
increasing the demand of more flexible and instant access to different data and services. 
Access to the space is suffering a new situation where costs represent a stumbling block in the middle of a 
promising roadmap. Different initiatives are underway, for example, Elecnor Deimos established an 
agreement with Space Swiss Systems (S3) in order to boost access to the outer space. Others are Virgin 
Galactic, Space X... 
All these game-changers are completely disrupting the present space market, cases such Planet Labs and 
Skybox composed by a constellation of N-small satellites offering image or video in near-real time open a 
wide range of services and applications. Some advantages of distributed architectures are shorter time-to-
market, low costs, inherent robustness, increase in time resolution and coverage, soft degradation of the 
system if a satellite fails, reconfiguration of the system, responsive, less expected life time but more 
technology development expected due to the agile development cycle. 
This work identifies the main characteristics of these systems, presents different space business cases, 
challenges to tackle and possible solutions to current limitations of near future distributed satellite systems. 
In addition some ideas for applications and areas such food security, agriculture, damage assessment, in-orbit 
validation, emergencies and civil protection, monitoring and surveillance (illegal crops, drug trafficking, 
maritime…), intelligence will be presented. 
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Near real time (NRT) estimation of global biophysical variables from moderate spatial resolution satellite 
sensors are of high interest in a range of application areas including numerical weather forecasting, 
monitoring of rapid land surface changes (e.g. droughts, hurricanes, forest fires, floods) and support policies 
on environment and water management, agriculture and food security. Although many studies point out the 
crucial need of NRT vegetation products, only very few deal with near real time series, and up to now, there 
is no delivery of NRT global vegetation products. 
The GEOV2 algorithm for continuous, consistent and NRT estimation of Leaf Area Index (LAI), fraction of 
absorbed photosynthetic active radiation (FAPAR) and vegetation cover fraction (FCOVER) within 
Copernicus Global Land service is here described. It consists of a series of procedures including (1) neural 
networks for providing instantaneous estimates from daily VGT-P reflectances, (2) a multi-step filtering 
approach to eliminate contaminated data mainly affected by clouds, atmospheric effects and snow cover, and 
(3) temporal techniques for ensuring consistency and continuity as well as short term projection of the 
product dynamics at 10-day step. 
Performances of NRT estimates were evaluated by comparison with other products over the 2005-2008 
period: (1) the offline estimates from the application of the algorithm over historical time series (HIST), (2) 
the Copernicus Global Land products version 1 also issued from VGT (GEOV1/VGT) and (3) ground data. 
NRT rapidly converges closely to the HIST processing after 6 dekads with major improvement after 2 
dekads. Successive reprocessing will therefore correct for some instabilities observed in the presence of noisy 
and missing data. The RMSE between NRT and HIST LAI is lower than 0.4 in all cases. It shows a rapid 
exponential decay with the number of observations in the composition window with convergence when 30 
observations are available. First validation results show that GEOV2/VGT products have high consistency 
with previous GEOV1/VGT products and show similar accuracy levels as compared to ground measurements 
(RMSE of 0.69 for LAI, 0.09 for FAPAR and 0.14 for FCOVER). GEOV2 significantly improves GEOV1 in 
terms of continuity (less than 1% of missing data in GEOV2 as compared to the 20% of gaps in GEOV1) and 
smoothness (products less affected by noise in the data), especially at high latitudes and Equatorial areas. 
Global GEOV2/VGT products at 1/112° spatial resolution for the period 1999-present with NRT estimates as 
well as in offline mode (time series from 1999 to present) every 10 days are freely available through 
Copernicus global land service (http://land.copernicus.eu/global/). 
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Validation is defined by the CEOS‐LPV (Committee on Earth Observation – Land Product Validation) as 
“the process of assessing, by independent means, the quality of the data products derived from the system 
outputs”. To reach the stage 3 of the validation process, it is required to quantify the uncertainties associated 
to a given land surface product from comparison with reference in situ or other suitable reference data. These 
uncertainties must be “characterized in a statistically robust way over multiple locations and time”. 
Several validation initiatives such as VALERI or MODLAND were conducted and made the ground 
campaign results available to the scientific community. Up to now, these ground experiments were quite 
spatially distributed both in location and biome type. However, due to the manpower required to perform 
such experiments for a given validation site, acquisitions were conducted only once during the vegetation 
cycle. To reach stage 3 and 4 in validating satellite products, it is therefore necessary to develop new 
instruments able to continuously monitor vegetation throughout time. 
We present the PASTiS systems (PAI Autonomous System Transmittance) that are designed to be affordable, 
as well as easy to install and maintain, allowing a multiple spatially distributed sampling within the field 
during the whole vegetation cycle. They consist in a data logger associated to wired sensors of two types 
measuring instantaneous transmittance: 
1. In the blue domain with directional photodiodes oriented at a specific angle. 
2. In the PAR domain using hemispherical quantum sensors 
The measured transmittance is then used to derive Plant Area Index (PAI) and the fraction of Absorbed 
Photosynthetically Active Radiation (fAPAR), based on the Poisson law theory. 
We present a sampling protocol for wheat crops. We then describe the required pre‐processing steps used to 
derive the transmittance temporal profiles (calibration, filtering and smoothing). In order to compare the 
performances of the two PASTiS types, we conduct an inter‐comparison using both simulations based on the 
PROSAIL model (Jacquemoud et al, 2009), and a ground campaign experiment in a wheat crop. Conclusions 
are then drawn for each variable. 
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Atmospheric water vertical content (WVC) is a very important factor in affecting the incoming solar radiation 
and the long-wave radiation emitted from the earth to space. So, it is a major variable in physical models such 
as hydrological model, atmospheric radioactive transfer model etc. Traditional technology to estimate WVC 
is limited by weather, region and time et al. factors. Remote sensing technology overcome the limitation to 
some extent in estimating WVC and monitors the change of WVC constantly. 
Thanking to the appearance of more and more high temporal resolution of geostationary metrological 
satellites such as MSG and FY-2D et al., it is possible to estimate WVC at random time with multi-temporal 
data. In order to meet the object, the study aims to estimate WVC from MSG2/SEVIRI data using multi-
temporal information based on split window co-variance ratio method (SWCVR). At the same time, 
comparison between the result from temporal SWCVR and that from spatial SWCVR is preceded and the two 
results are all compared with WVC from European Centre for Medium-range Weather Forecast (ECMWF). 
Due to only four time WVC (that is UTC 0, 6, 12 and 18) from ECMWF can be got, only the four time 
WVCs are calculated from MSG2/SEVIRI data. Thinking the spatial resolution difference of MSG2 and 
ECWMF, the resize sample is done based on weight average method.  The result shows that (1) Root Mean 
Square Error (RMSE) of WVC from temporal SWCVR and from ECWMF reached 0.82 g/cm2 for 6:00, 0.66 
g/cm2 for 12:00 and 0.98 g/cm2 for 18:00 with geospatial coverage of latitude 10°N to 35°N and longitude 
0°E to 35°E on August 5, 2006, while RMSE of WVC from spatial SWCVR and from ECWMF reached 1.3 
g/cm2 for 6:00, 1.0g/cm2 for 12:00 and 1.4 g/cm2 for 18:00 at the same range, so, the result of temporal 
SWCVR is better than that of spatial SWVCR; (2) RMSE of WVC from temporal SWCVR and from 
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ECWMF for four time is 0.85 g/cm2 over land while RMSE of WVC reached 3.2 g/cm2 over sea, and RMSE 
of WVC from spatial SWCVR and from ECWMF for four time is 1.4 g/cm2 over land while RMSE of WVC 
reached 2.9 g/cm2 over sea, then, we can conclude that whether the temporal SWCVR or spatial SWCVR is 
only fitted to calculate the WVC over land but not over sea. 
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Landsat-8 is an American Earth observation satellite launched on February 11, 2013. It carries two 
instruments: the Operational Land Imager (OLI) sensor and the Thermal Infrared Sensor (TIRS) sensor. The 
TIRS sensor provides two thermal bands (10 and 11) and makes it possible to use the split-window algorithm 
to retrieval land surface temperature (LST). In this paper, two methods to retrieve LST from TIRS Bands data 
are compared. They are the split-window method developed by Becker and Li and the single-channel method 
developed by Jiménez-Muñoz and Sobrino. As the discrepancies have been noted between calibrated 
Landsat-8 TIRS Bands 10 and 11 data, large errors would happen when using the split-window method to 
retrieve the LST from Landsat-8. In order to evaluate the retrieval accuracies of these two methods, we have 
to use the simulation data of the Landsat-8 instead. The ASTER Spectral Library and the Thermodynamic 
Initial Guess Retrieval (TIGR) database TIGR2000, and the atmospheric radiative transfer model 
MODTRAN 4.0 were used to generate the simulated Landsat-8 data, to get the sensor-dependent coefficients, 
and to evaluate the retrieval accuracies. To test the accuracies of the retrieved LST, four standard atmospheric 
profiles, i.e. 1976 US Standard Atmosphere, Mid-Latitude Summer, Mid-Latitude Winter and Tropical 
Atmosphere were selected from the standard profiles of MODTRAN. The retrieval results with different 
errors of water vapor content, of LSE and of brightness temperature are compared. The results show that the 
root mean square error (RMSE) of the retrieved LST in the split-window method is usually larger than that in 
the single-channel method if the sensor-dependent coefficients could be provided accurately. However, the 
split window method performs much stable than the single-channel method when those errors are considered. 
An error of 1K in brightness temperature values can cause the RMSEs about 1.26K in split-window method 
and 1.11K in single-channel method. The RMSEs are about 0.86K in split-window method and 0.65K in 
single-channel method when the error of emissivity is 0.01. 
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Remote sensing techniques have brought about a new way to perform data retrieval and thedevelopment of 
data assimilation techniques. Moreover, they allow for the possibility of new methods to validate state 
variables from land surface models. This study complements a previous one in which soil moisture estimates 
from the SMOS (Soil Moisture and Ocean Salinity) mission were compared to modelled estimates from the 
ORCHIDEE (ORganising Carbon and Hydrology In Dynamic EcosystEms) land surface model over the 
Iberian Peninsula. Here the aim is to better understand the inconsistency found between soil moisture's spatial 
structures in models and observations. To do so, the level 1C product from SMOS, which consists of 
brightness temperatures (TBs), is compared to modelled TBs obtained by means of a radiative transfer model, 
the CMEM (Community Microwave Emission Modelling) for the period ranging from 2010 to 2012. This 
parameter has been chosen since it is the main input of SMOS's soil moisture retrieval algorithm. For the 
modelled brightness temperatures, two different sets of data have been used in this comparison: the outputs 
from the ORCHIDEE and HTESSEL (Hydrology-Tiled ECMWF Scheme for Surface Exchanges over Land) 
land surface models. The results show a good agreement in the temporal evolution between measured and 
modelled TBs. Discrepancies have been found, however, regarding the spatial structures with an increasing 
inconsistency between the modelled data and SMOS observations during the fall and winter seasons. The 
decomposition of the TB signal into a slow and fast varying component shows that these are mainly explained 
by the former one. A large scale pattern which evolves over the year and reaches its maximum during the 
above cited seasons has been identified. It is notable that this pattern has been found in the modelled TBs 
using surface states simulated by two different land surface models. Either the models or the CMEM could 
explain this pattern, since the atmospheric forcing has been excluded as being a possible cause to originate 
the pattern. 
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Synchronising herbage supply with herbage demand is the fundamental objective of grassland management 
for dairy farmers operating pasture-based systems. Grassland budgeting is not a difficult exercise but, as 
budgeting must precede production of the grass, its effectiveness is severely limited by the uncertainty of 
future herbage supply. Grass growth is determined by the interaction of many environmental and 
management factors and as such, forecasting grass growth rates is particularly difficult. Mowing is an 
important component in grassland management: the monitoring of this practice is indeed essential both for 
farmers and decision makers to better manage manpower and stocks. Estimation of mowing dates represents 
also valuable information that can be assimilated in grassland growth models to reduce the uncertainty on 
simulated yields at regional level or, in a lower extend, to control some regulations (e.g. late mowings). 
A set of 11 RADARSAT images, acquired from March to August 2013, has been used to detect mowing 
operations in the vicinity of Gembloux (Belgium). SAR systems, due to their ability to penetrate cloud and 
haze layers and their independence to sun illumination, offer a high repeat frequency in data acquisition even 
in bad weather conditions which represent a serious asset in northern hemisphere where cloud cover is often 
important and limit sometimes the use of optical data. While backscattering coefficient values for grazing 
parcels tend to present a relatively stable evolution, these coefficient values for mowing parcels tend to 
decrease with the increase of biomass. Mowing operations, characterized by an increase of backscattering 
coefficient values, can be in this context detected as far as the time step between the SAR acquisitions is not 
too important. Detection has been done in a relative way (comparison with backscattering of grazing parcels) 
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to face possible effect of acquisition conditions. Images acquired in ‘wet’ conditions (rainfall, dew) tend 
indeed to present a higher backscatterring as well. The risk of confusing the effect of mowing operations on 
backscatterring with the effect of acquisition conditions is therefore not negligible. 
When possible, optical images (LANDSAT, SPOT 4 T5) as well as meteorological data (mowings are usually 
realised in dry conditions) have been used to reduce the uncertainty on mowing dates estimation (reduction of 
the time window where the mowing operations is supposed to occur). 
This study represents also a preliminary assumption of the potentialities offered by the (synergetic use of) 
forthcoming Sentinel missions. 
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Saline soil constitutes a serious threat to sustainable land farming and food security. To keep abreast of the 
status of soil salinization and scientific control of soil salinization has become the key issues ofagricultural 
sustainable development of Xinjiang. In this paper, we used Landsat8 TM remote sensing images to 
makequantitative retrieval of soil salinity of ShiheziReclamation Area in Xinjiang, China. Based on 72 
sampling sitesof soil salinity data measured in field sampling we studied the relationship between it and 
saline soil spectra reflectance, image sensitive band spectral reflectance and characteristicremote sensing 
index. Then In turn, according to various independent variables, we established multivariate linear model, 
non-linear model and BP neural network model fortheretrievalof soil salinity and made a quantitative 
comparative analysis of the accuracy of different retrieval models. Finally, a practical soil salinity retrieval 
method was proposed. The results show: (1) Compared with multivariate linear model and non-linear model 
for quantitative retrieval of soil salinity, BP neural network model was most suitable for the retrieval of soil 
salinity; (2) Among the three types of dependent variables - saline soil spectral reflectance, image sensitive 
band spectral reflectance and characteristicremote sensing index, the quantitative retrieval model established 
using remote sensing index was the most accurate; (3) Retrieval of soil salinity using characteristicremote 
sensing index in the BP neutral network platform was better, with model validation root mean square error 
and mean relative error of 2.64 and 0.32 respectively and retrieval accuracy up to 68%. Compared with 
previous soil salinity retrieval methods, this method has some improvement in accuracy. The conclusions 
have important scientific reference value for the improvement and control of soil salinization. 
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The Valencia Anchor Station (VAS) is a validation site of SMOS (Soil Moisture and Ocean Salinity) since 
2010. For this purpose, different in situ measurements are performed there. This paper will focus on the 
parameterization of roughness, a key topic for the SMOS and SMAP (Soil Moisture Active Passive) missions. 
The area covered by the VAS is quite homogeneous, a surface of 50 x 50 km2 mainly composed by vineyards 
(65%) and other Mediterranean vegetation (30%), which is very stable along the year. The vegetative period 
of the vineyards lasts approximately from April to October. MELBEX-III is a station inside the area of the 
VAS, where among other equipments (meteorological station, thermistors, etc.), there is an ELBARA-II L-
band radiometer performing multi-angular measurements over a vineyard. There are also two Delta-T ML2x 
soil moisture probes, one measuring between two rows of vines and the other one next to a vine stump.  
In the year 2013, measurements of roughness were done regularly by means of a needle board before and 
after all the agricultural practices, and before and after rainfall events which took place in MELBEX-III. 
These measurements provide the standard deviation of heights (SD) and correlation length (LC), which can 
be used to compute the input roughness parameters for the model L-MEB (L-band Microwave Emission of 
the Biosphere). L-MEB is the base of the SMOS algorithm for soil moisture (SM) retrieval. Using the 
ELBARA-II multi-angular brightness temperatures and testing many different parameterizations of 
roughness, SM has been retrieved at 6 am and 6 pm every day in 2013 and then compared to the in situ data 
(Theta Probe measurements). Based on this analysis, we evaluated and discussed which roughness 
parameterization provides the best retrieval of SM in terms of several statistical criteria: RMSE, BIAS and 
correlation coefficient. 
 
 

POTENTIAL OF X-BAND SAR DATA FROM TERRASAR-X AND COSMO-
SKYMED SENSORS TO RETRIEVE PHYSICAL SOIL PROPERTIES 

 
Azza Gorrab1,2, Mehrez Zribi1, Nicolas Baghdadi3, Bernard Mougenot1 and Zohra Lili Chabaane2 

1CESBIO (CNRS/UPS/IRD/CNES), 18 av. Edouard Belin, bpi 2801, 31401 Toulouse cedex 9, France 
Tel: (33) 5 61 55 85 25, Fax : (33) 5 61 55 8500 

E-mail : azzagorrab@gmail.com 
2INAT/Université de Carthage, 43 av. Charles Nicolle 1082, Tunis, Mahrajène Tunisie 
3IRSTEA, UMR TETIS, 500 rue François Breton, 34093 Montpellier cedex 5, France 

 
Soil moisture content and roughness estimation are appropriate for multi-applications, as hydrology, 
meteorology, ecology and agronomy. They affect the surface water cycle, particularly the partition of 
precipitation into infiltration and runoff and consequently, they control greatly soil erosion and flooding. 
Different studies based on radar remote sensing have been realized in the last years in order to retrieve and 
monitor these parameters. In recent years, various efforts have been devoted to the analysis of the 
backscattering characteristics of bare soils. Initially, different backscattering models (theoretical, semi-
empirical and empirical) were developed. More recently, several studies have proposed various approaches to 
improve roughness descriptions. Such descriptions are essential to accurate analysis and interpretation of 
backscattering behaviour. This paper presents an analysis of the synergy between TerraSAR-X and COSMO-
Sky Med sensitivity to retrieve surface parameters over bare soils. 
In situ measurements were realized in central Tunisia (9°23' - 10°17' E, 35° 1'-35°55' N) during 2013-
2014.The climate in this region is semi-arid, with an average annual rainfall of approximately 300 mm per 
year, characterized by a rainy season lasting from October to May. Ground data were collected over 
agricultural bare soil fields simultaneously with twelve data acquisition campaigns (multi-polarizations, 
multi-incidences, multi-resolution). Fifteen test fields were selected, with variations in soil texture and in soil 
roughness ranged between smooth and ploughed surfaces. For each date, we considered the volumetric and 
gravimetric water content with thetaprobe instrument and gravimetric sampling consecutively; we measured 
also the roughness parameters with pin profilor. 
Our analysis was based on three research axis: A first one considered a statistical analysis of relationships 
between ground and radar measurements. Results have shown a high sensitivity of data to the two soil 
parameters: roughness and moisture. Different radar signals have been analyzed: σHH, σVV and σHH/σVV 
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function of different roughness parameters and incidence angles. The second axis was a validation of 
different backscattering physical and semi-empirical models. We consider especially the semi-empirical OH 
model and the calibrated version of the Integral Equation Model (IEM). Results have shown higher 
discrepancies for high roughness. Finally, we considered the analysis of synergy between multi-temporal 
measurements, particularly cases with two images acquired in less than two days and measurements acquired 
in dry or wet conditions. High potential is observed to separate effects of roughness and moisture. 
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The SMOS mission was launched in November 2009 and allows measuring the surface soil moisture over 
continental land, covering the entire surface in 3 days. The multi-angular algorithm also enables to estimate 
the vegetation opacity which is directly related to the water content of the canopy. The algorithm also 
distinguishes between low vegetation where most of the signal emanates from the leaf and stems of the 
vegetation and the forests where the signal is mainly linked to the branch biomass at L band. ESA’s DPGS 
(European Space Agency’s Data Processing Ground Segment) has been delivering the so called Level 2 
products, consisting in ½ orbits data for both products since launch. The CNES (Centre National d'Etudes 
Spatiales) has developed the CATDS (Centre Aval de Traitement des Données SMOS) ground segment that 
now provides spatial and temporal synthesis products (referred to as Level 3 products) enabling to better 
estimate the vegetation opacity ( as well as soil moisture and brightness temperature over land). 
However, the SMOS radiometer operates within the Earth Exploration Satellite Service passive band at 1400-
1427 MHz . Since its launch in November 2009, SMOS images have been strongly impacted by Radio 
Frequency Interference (RFI). So far approximately 500 RFI sources distributed worldwide have been 
detected. Some of the strongest RFI sources might mask other weaker RFI underneath, hence it is expected 
the total number of RFI detected may increase as strong ones are progressively located and switched off. 
Most RFIs are located in Asia and Europe, which together hold approximately 80% of the active sources and 
more than 90% of the strongest interference. The areas affected by RFI may experience either an 
underestimation in the retrieval values of soil moisture and ocean salinity or data loss, with the associated 
detrimental impact in the scientific return. ESA and the teams participating in SMOS mission have put in 
place different strategies to alleviate this RF interference situation with significant successes in Europe. 
The Aquarius mission results in terms of RFI detection will be compared to that of SMOS. 
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Short-term quantitative precipitation forecasts (QPFs) from consecutive radar scans plays a quite important 
role in national preventing and mitigating disasters, major social activities, and fine weather service. Firstly, 
this study carried out QPFs using pyramid Lucas Kanade optical flow method (LK) to calculate the velocity 
vector and the topological relations to forecast precipitation. Then, four factors affecting the predictability of 
QPFs was analyzed: the length of forecast, the character of precipitation system, the spatial resolution of 
Radar, and the number of the previous Radar data used in prediction model based on a precipitation case of 
September, 4 2013 in Beijing, China, with Tsinghua Radar whose spatial Resolution is 90m. The results 
shows that: (1) The Bias, Corr, NSE, NMSE, POD, FAR and CSI of QPFs for half hour are -32.79%, 0.21, 
30.12mm, 5.24mm, 54.45%, 40.94% and 42.68% respectively, while they are -19.96%, 0.12,40.10 mm, 7.85 
mm, 46.19%, 47.05% and 36.77% for one hour. (2)The predictability of QPFs is mainly determined by 
precipitation weather system in which the accuracy indexes vary several times from strong convection clouds 
and stratiform clouds. In addition, the movement of cloud from non-radar coverage area complicated the 
precipitation forecasting greatly. And the development character of clouds also make the precipitation 
forecasting quite difficult, such as cloud new birth, merge, and dispersion, etc. (3) The spatial resolution of 
radar has complicate influence on QPFs. Low spatial resolution can not only helps to improve the accuracy of 
cloud tracking by lessening image noise, but also reduces accuracy of QPFs for missing some minor 
convection clouds which may develop rapidly and produce strong rainfall. According to the experiments, it 
shows that the accuracy with spatial resolution of 180m is better than that of 90m, 270m and 360m. (4) The 
number of the early period Radar data used in QPFs has no obvious influence on Corr, NMSE and FAR, 
while it increase the POD and CSI in early stage, and reduce the NSE in the later stage and Bias all the time. 
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This work presents a statistical calibration of a semi-empirical combined optical-passive microwave remote 
sensing method to estimate surface soil moisture at regional scale. The proposed method uses satellite data 
provided from different sensors such as: bi-polarized brightness temperature at L-band given by the Soil 
Moisture Ocean Satellite (SMOS) level 2 product (SMUDP2), the Normalized Difference Vegetation Index 
(NDVI) and Land surface Temperature (LST) derived from MODIS (MOD13Q1 and MOD 11A1 
respectively), the LST obtained by GOES GEOLAND2 products, the surface soil moisture (Volumetric soil 
water layer 0 – 7 cm) and the skin temperature provided by the ECWMF (ERA-interim). The NDVI was 
interpolated at temporal (daily) and spatial (from 250 m to 10 km) resolutions in order to assess the influences 
of this vegetation indicator on the semi-empirical approach. Results shown the use of vegetation index such 
as the NDVI improve the calibration of the semi-empirical approach. The improvements of the coefficient of 
determination (r2) increase between 2 and 20% at using NDVI in comparison to setting NDVI equal to zero. 
The use of LST in the calibration of the semi-empirical approach can be considered as a possible indicator of 
the effective temperature. The three LST data sources have not shown high differences in the calibration 
approach (p-value > 0.05) in relation to the use of effective temperature. A partial evaluation of soil moisture 
estimates were performed without statistical significance results. Finally, this work contributes to the use of 
synergic optical-passive microwave approach which can improve the soil moisture estimation based on 
remote sensing data at regional scale. 
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Soil moisture has been defined as one of the essential climate variables by several worldwide climate and 
earth observation expert panels. During the last decades several explorer mission have been launched in order 
to obtain reliable results of soil moisture at global scale. The recent and successfully lunched mission was the 
Soil Moisture and Ocean Salinity (SMOS) working on L-band providing global soil moisture maps at global 
scale between 2 to 3 days and with a spatial resolution better than 40 km. Several algorithms have been 
developed to improve the soil moisture estimation’s accuracy and spatial resolution. In the near future, the 
Soil Moisture Active Passive (SMAP) mission will provide soil moisture maps at 10 km generating a synergy 
with SMOS and global climate models in order to provide reliable soil moisture maps at global scale. These 
soil moisture maps need to be calibrated and validated in a wide range of lands covers in order to increase the 
applications for the users and to diminish the errors in the provided soil moisture products.  
In Chile, remote sensing applications related to soil moisture and evapotranspiration estimates have increased 
during the last decades because of the drought and the water use conflicts which generate a strong interest of 
water demand. To address these problems on water balance in large scales by using remote sensing imagery, 
LAB-net was created as the first soil moisture network located in Chile over four different land cover types. 
These locations are the semi-arid region over a vineyard and olive orchard (Copiapó Valley), the central zone 
located over well irrigated maize crop (Tinguiririca Valley) and the Austral rangeland located over a green 
grass which is only irrigated by the rainfall (Oromo area). Over each site, a well implemented meteorological 
station is continuously measuring and retrieving the 5 minute average of the following parameters: soil 
moisture and temperature at two ground levels (5 and 20 cm), air temperature and relative humidity, net 
radiation, global radiation, brightness surface temperature (8 – 14 µm), rainfall and ground fluxes. This is the 
first approach of an integrated soil moisture network in Chile. The data generated by this network is freely 
available for any research or scientific purpose related to current and future soil moisture satellite missions. 
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For the derivation of the temporal evolution and the spatial pattern of the mining induced subsidence in 
Sondershausen, Germany, this study employs persistent scatterer interferometry (PSI) to multiple sets of SAR 
scenes from different sensors. The work is a part of the ongoing INFLUINS project funded by the German 
Federal Ministry of Education and Research. In order to improve the model of subsidence derived from a 
single sensor, a novel methodology for integration of multiple PSI data sets is introduced. The proposed 
approach allows the combination of subsidence information derived from different SAR data sets with 
different temporal coverage and/or spatial resolution. 
After long and intensive mining activities, the subsidence rate in Sondershausen has gradually increased 
almost to a rate of 250 mm/year reaching its maximum in the early 1990s. However, since 1996 the mine is 
backfilled leading to a gradual decrease in the subsidence rate in the undermined part of the city. The SAR 
scenes cover the period of backfilling between 1995 and 2010. The displacement rates for the first ten years 
(1995 -2005) are derived by ERS-1/2 scenes and by an ENVISAT-ASAR stack for the following years (2004-
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2010). In addition, for the span of 3 years from 2007 to 2010 an ALOS-PALSAR stack is processed in order 
to exploit the different information provided by different sensors. The vertical linear deformation rates 
derived by PSI clearly indicate the regions of subsidence in each set. Furthermore, they confirm the influence 
of backfilling, i.e. gradual decreasing of subsidence rates. These results are compared and validated with 
leveling measurements collected by the mine management company during 1995-2010. 
After the validation, the results are integrated in order to improve the quality of the subsidence model for the 
entire time span. With the objective of spatially refining the model derived from a single sensor, the approach 
exploits the PS points available in the other stacks by transferring them with a scaling factor. 
 
 
A SUB-PIXEL IMAGE REGISTRATION METHOD FOR KARST LANDFORM 
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To obtain a high quality DEM from Synthetic Aperture Radar Interferometry (InSAR), the complex images 
need to be registered to sub-pixel accuracy. However, in karst landform areas, the image coherency is very 
low because there are no return waves in many shadow areas, and the accuracy in traditional registration 
methods is very low. To solve this problem, this paper presents a registration method for an InSAR pair 
images of karst landform with a sub-pixelic precision using the features of shadow areas of image and phase 
correlation based on Fourier-Mellin transform. 
The method is performed on four steps: (1) Coarse registration, which is based on Fourier_Mellin transform 
to proceed by phase correlation automatically at pixel level. Then the affine transformation parameters 
between master and slave images are obtained, and the slave image is corrected by using rotation parameter. 
(2) Image interpolating, where the master and slave images are resampled by bilinear interpolation, the 
resolution of images can increase 10 times. (3) Relatively complete shadow areas are extracted by using multi 
scale mathematical morphology edge detection method, and also the centroid of each shadow area and the 
points of mountain top. (4) The points of mountain top are selected as feature points to be matching, feature 
matching is performed with a sub-pixelic precision by the automatic matching method that based on window 
and using coherent coefficient as matching measure. 
Guilin with it`s unique feature in karst landform is selected as the test area, because many buttes in Guilin 
karst landform will cause the terrain undulate tempestuously, this landscape is the typical low coherent area in 
SAR images. Compare with other traditional methods, the performance of the sub-pixel registration algorithm 
is evaluated by the coherence maps. The validity of the method is conducted by experiments on the typical 
karst landform image pairs. 
 
 

PERFORMANCE COMPARISON OF DOWNSCALING METHODS ON 
IMPROVING MICROWAVE SOIL MOISTURE DATA SPATIAL RESOLUTION 
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Soil moisture plays a vital role in various land surface processes, and it is a crucial parameter for a large 
number of applications such as weather prediction, flood forecasting, agricultural drought assessment, water 
resources management and so on. Numerous works have been done to retrieve surface spatial distribution of 
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soil moisture by using remote sensing method, and microwave remote sensing is widely used because of the 
physically based relationship between the land surface emission observed and soil moisture. However, the 
application of the retrieved soil moisture data is restricted by its coarse spatial resolution. To overcome this 
weakness, method should be proposed to downscale the microwave soil moisture data to fine resolution. The 
traditional method is the microwave-optical/IR synergistic approach, in which land surface temperature 
(LST), vegetation index and surface albedo are key parameters. Based on the primary method, a number of 
methods are developed in these years. These approaches can be separated into two groups: purely-empirical 
(polynomial-fitting method) and semi-physical (evaporation-based method). Several typical methods are 
selected in this study. To compare the performance of the developed methods on downscaling microwave soil 
moisture, the methods are applied to the Zoige Plateau in China with Advanced Microwave Scanning 
Radiometer on the Earth Observing System (AMSR-E) Land Parameter Retrieval Model (LPRM) soil 
moisture product and optical/thermal data of MODIS. The coarse resolution LPRM soil moisture is 
disaggregated into the resolution of MODIS product finally. The surface soil moisture measurements of the 
Maqu soil moisture observation network located in the plateau was used to validate the downscaling results. 
Comparative results are finally provided in the study to address the problems of the application of current 
methods in plateau area. The further direction for the improvement is also pointed out. 
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Soil moisture is a key state parameter of the land surface, influencing the manner in which rainwater is shared 
between the phenomena of evapotranspiration, infiltration and runoff. Radar remote sensing has demonstrated 
its strong potential for monitoring of soil moistrure over the last twenty years. Using Synthetic Aperture 
Radars (SARs), it is possible to estimate the soil moisture at a high spatial resolution. In this paper, an 
operational algorithm is proposed for the mapping of surface moisture over the northern and central parts of 
Tunisia, in North Africa. A change detection approach is applied, using 160 multi-incidence Envisat ASAR 
Wide Swath images acquired in the horizontal polarization over a 7-year period. Parameterization of this 
algorithm is considered for three classes of vegetation cover density (NDVI<0.25, 0.25<NDVI<0.5 and 
NDVI>0.5), retrieved from SPOT-VGT decadal images. A relative soil moisture index, ranging between 0 
(for the driest surfaces) and 1 (for saturated soils), is proposed for each date, with a resolution of 1 km. The 
proposed moisture index was validated firstly through the use of ground measurements recorded in central 
Tunisia. This comparison revealed an RMS error equal to 0.13 and a correlation coefficient equal to 0.49. The 
proposed index was then compared with the ERS and ASCAT scatterometer products covering the same area, 
developed by the Vienna Technical University. The results show that these models are in good agreement, 
with an RMSE lower than 0.13 and a correlation coefficient equal to 0.8 for two studied pixels. In qualitative 
terms, there is a high degree of coherence between the estimated moisture dynamics and the observed levels 
of precipitation, associated with high moisture values. In central Tunisia for example, more than 88% of the 
estimations with moisture index greater than 0.4 correspond to a precipitation event having occurred in the 
five previous days. These analyses clearly demonstrate the potential of SENTINE-1 data, when combined 
with optical data (Sentinel-2 or other products), for the development of operational soil moisture products at a 
medium resolution and a high temporal frequency. Such products could be assimilated into various process 
models and used, in particular, for the development of global evapotranspiration mapping applications. 
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SENTINEL-2 AGRICULTURE PROJECT: PREPARING SENTINEL-2 
EXPLOITATION FOR AGRICULTURE MONITORING 
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Achieving sustainable food security for all people is a priority highlighted during the Millennium Summit of 
the United Nations in 2000, which defined the eradication of extreme poverty and hunger as one of the eight 
Millennium Development Goals (MDGs). One year to the MDGs deadline, hunger remains a global 
challenge. In June 2012, the declaration of the G20 Mexico summit emphasized the needs for enhancing food 
security and addressing commodity price volatility. 
In response to such growing pressure, the development of better agricultural monitoring capabilities is 
obviously considered as a critical tool and Earth Observation (EO) can clearly contribute as a proven source 
for transparent, timely and consistent information on the agricultural productivity at global and regional scale. 
Developing agriculture applications is becoming a strategic target for the remote sensing community (e.g. 
Geo-Global Agricultural Monitoring Initiative (GEOGLAM) building on GEO’s Agricultural Community of 
Practice (AG COP), Joint Experiment of Crop Assessment and Monitoring (JECAM), etc.). 
In this context, ESA is launching the Sentinel-2 for Agriculture project which aims at developing open source 
algorithms and software to process Sentinel-2 data in an operational manner for major worldwide 
representative agriculture systems. The up-coming Sentinel-2 mission will have unprecedented properties in 
terms of resolution (10-20 meters), revisit frequency (5 days) and coverage (global). Further, its compatibility 
with the Landsat missions will allow building long historic time series of observations. 
The project outputs will be of different natures. It will deliver (i) a core of processing strategies and (ii) an 
open source and portable solution developed from the OrfeoToolbox to convert the Sentinel-2 L1c data into 
relevant EO products. These Sen2-Agri EO products consist in a suite of four validated Sentinel-2 derived 
outputs building on each other:  
     • Cloud free surface reflectance composites, 
     • Dynamic cropland mask, delivered several times along the agricultural season;  
     • Cultivated crop type map and area estimate for main crop groups; 
     • Vegetation status describing on a 5 to 10 days basis the vegetative development of crops.  
Algorithms will be developed and validated in the coming 20 months, using Sentinel-2-like data (SPOT 4 
Take 5, RapideEye and Landsat 8) over a set of test sites (including JECAM ones). The main challenges will 
be the extreme variability of cropping systems and agricultural practices typical for the different climates and 
regions of the Earth. Appropriate observation schemes and algorithms will have to be developed and adapted 
to the specific requirements of the respective crops and agricultural practices. With Sentinel-2 data, 
demonstration activities up to national scale will be supported by the project. In the context of the Data User 
Element (DUE) programme, a user-oriented approach will drive the entire project in order to address concrete 
user needs and requirements. A representative group of users (e.g. FAO, World Food Program, CIRAD, 
USGS) will be involved throughout the project in several activities such as requirements consolidation, 
products assessment, users workshops and training. 
 
 

CLOUD SCREENING AND PIXEL CHARACTERISATION: MOVING TO 
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Higher level processing of Sentinel data requires characterisation of each individual pixel into land, water or 
clouds. Further characterisation information is required in order to apply specific correction algorithms. Such 
characterisation includes: presence of cirrus clouds, cloud shadow, spatially mixed cloud-land or water-land, 
coastline, submerged vegetation in water pixels, just to name some important cases. Users interested in 
applying their own L2 processing will need to apply their own pixel characterisation. 
The term pixel Identification or “Idepix” refers to a classification of a measurement with the purpose of 
identifying properties of the pixel that are influencing further algorithmic processing steps, specifically cloud 
and clear sky screening. The IdePix method can be adapted to several sensors. It calculates a certain set of 
physical features and a probabilistic combination of these features in order to calculate a set of pixel 
classification attributes. Only the implementation of how the features are calculated is instrument specific. 
The following features are currently used for cloud detection: 
     • Brightness - integral reflectance in visible bands 
     • Whiteness - average slope in visible bands 
     • Height - derived e.g. from absorption by atmospheric gases (e.g. O2 or water vapour), or from thermal 
measurements 
     • Temperature - derived from measurements in the thermal domain 
     • Spatial pattern - derived from spatial context 
     • Temporal consistency - derived from time series (currently implemented as separate step) 
     • Cloud probability - a special feature derived from training a neural network with the manually classified 
pixels of the PixBox dataset 
The validation of pixel identification information is not easy because it is not a physical quantity but context 
related qualitative information. It is also not self-consistent information but has to be considered in 
connection with further processing: clouds can be semitransparent, or the pixel is a mixture of land and water. 
Processing, e.g. with an atmospheric correction, depends on the ability of this further processing to correct for 
such ambiguities. A large database of manually classified pixels, called PixBox, has been compiled for 
MERIS Reduced Resolution (110 000 pixels) and Full Resolution (40 000 pixels) as well as SPOT VGT (40 
000 pixels). MODIS (60 000) has been recently added in the framework of the METIMAGE project. IdePix 
has been already used in LandCover CCI, Ocean Colour CCI, CoastColour and Globalbedo processing. This 
PixBox dataset can be updated in the future with Sentinel 2 and 3 data, if future projects that involve these 
sensors permit it. The pixel information assigned comprises clear sky, totally cloudy and mixed cases, further 
classified as by attributes such as land surface type, climate zone, water body type and atmospheric turbidity. 
The database is used for validation, but has also been used to develop the neural network cloud probability 
(samples used for NN training are excluded from validation). Improvements are expected from time series 
based cloud filtering and by exploiting the synergy and new bands in Sentinel 3 OLCI and SLSTR. 
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Crop area extent estimates and crop type maps provide crucial information for agricultural monitoring and 
management in a context of growing pressure on the world food supply. Remote sensing imagery in general 
and, more specifically, high temporal and high spatial resolution data as the ones which will be available with 
upcoming systems such as Sentinel-2 constitute a major asset for this kind of application. 
ESA has decided to fund the Sentinel-2 Agriculture project which aims at promoting the exploitation of 
Sentinel-2 imagery for this application through the development of open source processing chains and the 
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production of demonstration products at a large scale. Among the target products of these processing chains 
are crop area extent and crop type maps with spatial resolutions between 10 to 20 meters and very high 
constraints in terms of thematic accuracy. 
In the frame of this project, 13 test sites scattered around the globe covering large areas will be used for 
prototyping and validation. In the last phase of the project, 3 complete countries will be processed using real 
Sentinel-2 data. Therefore, these processing chains will have to deal with huge amounts of data, different 
kinds of agricultural systems and different eco-climatic areas. These constraints imply the use of techniques 
requiring little or no human operation having sufficient flexibility in order to cope with very different 
operational conditions. 
For each of the target products, 5 concurrent algorithms will be selected and benchmarked in order to cover a 
wide spectrum of approaches. The selection of 5 algorithms can not be based only on literature review, since 
by definition there are no existing works using Sentinel-2-like data. Only recently, thanks to the the SPOT4 
Take5 experiment 1, data with specifications similar to Sentinel-2 in terms on spatial and temporal resolution, 
have been made available. When needed, the SPOT4-Take5 data set will be completed by LANDSAT8 or 
Rapid Eye data. This data will allow to implement and test processing chains for the production of land cover 
maps of agricultural areas. A typical processing chain for this task will consist of a sequence of the following 
processing steps: image segmentation in the case of a region-based approach, feature extraction, 
classification, fusion or post-processing. 
For each one of these steps, several algorithmic choices are possible: segmentation algorithm (depending on 
the type of fields, for instance), types of features extracted (spectral, statistical, textural, temporal), 
classification algorithm (supervised or unsupervised, kernel based, Bayesian, ensemble classifier), etc. The 
work is made possible by the readily available open source implementation of all these algorithms in the 
Orfeo Toolbox 2. However, the number of possible combinations is still huge and an exploratory strategy in 
order to browse the solution space before selecting 5 algorithms has to be devised. 
The algorithm selection phase has to be ended by June 2014. This talk will present the exploratory strategy as 
well as the selected algorithms and the preliminary results obtained on at least 4 test sites of the SPOT4 Take 
5 experiment. 
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In the framework of the environmental EU LIFE program, sigAGROasesor project aims to develop an on-line 
platform that will support farmer’s decisions with a customized GIS advisory tool. This platform is designed 
to provide economic and environmental sustainability indicators for field crops management and the 
traceability of agricultural products and activities. In line with current smart agriculture policies, 
sigAGROasesor offers a state-of-the-art technology platform with Decision Support Tools (DST) for  variety 
selection, fertilization, irrigation, control of diseases and sustainability indicators. 



4th INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING 

195 

This work presents the first results of the integration of remotely sensed data into these DST and analyzes the 
perspectives for a fully operative service. Satellite (Deimos-1, Landsat-8), airborne and ground measured 
(ASD-FieldSpec) spectral data have been acquired during 2013 and 2014 crop seasons over experimental 
fields grown with different crops and management practices. Three main applications are explored using 
these data: irrigation scheduling, nitrogen fertilization and potential yield prediction.  
The DST-irrigation uses weather data and forecasts provided by AEMET over the Iberian Peninsula to 
recommend irrigation at field scale using the FAO-56 crop water requirements computation guidelines. 
Previous studies (Gonzalez-Dugo et al., 2009, Mateos et al., 2013) support the use of multispectral vegetation 
indices to assist the estimation of plant transpiration through the computation of the basal crop coefficient, 
both sensitive to plant ground cover fraction. The evaluation of this approach in different Spanish regions 
within sigAGROasesor pilot areas is presented.  
DST-fertilization recommends application rates (nitrogen, phosphorus and potassium) at field scale by 
keeping track of the main incoming and outgoing nutrient’s fluxes throughout the growing season. A 
methodology to integrate satellite and airborne data into a plant-based diagnostic tool for evaluating wheat 
nitrogen status, combining the nitrogen nutrition index (NNI) and the normalized difference far red index 
(NDFR) is proposed and tested. The NDFR index, a combination of spectral reflectance measured at 790 and 
720 nm, is sensitive to plant chlorophyll content and nitrogen status (El-Shikha et al., 2007). 
An estimation of the potential crop production is required to compute future nutrients outgoing for the 
nutrient balance of DST-fertilization. Yield data provided by farmers at field scale during 2013 and 
distributed yields measured by a precision harvesting device, combined with historical series of climatic data 
were used to calibrate and validate this approach. 
Despite the long history of agricultural applications of remote sensing, little operational services are directly 
offered to farmers using this technology. This work represents a joint effort to integrate remote sensing data 
in daily farmer’s decisions for crop management. 
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A large number of remote sensing data sets have been collected in recent years by Earth observation 
instruments such as the Moderate Resolution Imaging Spectroradiometer (MODIS) aboard the Terra/Aqua 
satellite, or the Spinning Enhanced Visible and Infra-Red Imager (SEVIRI) aboard the geostationary platform 
Meteosat Second Generation (MSG2). The advanced remote sensing products resulting from the analysis of 
these data are useful in a variety of applications, but require significant resources in terms of storage, retrieval 
and analysis. Specifically, it is of particular importance to be able to retrieve and explore these products in 
multitemporal fashion. Despite the wide availability of MODIS/SEVIRI products, the data coming from these 
instruments are spread among different locations and retrieved from different sources, and there is no 
common data repository from which the data or the associated products can be retrieved. In order to address 
these issues, the Calibration of Earth Observation Satellites in Spain (CEOS-SPAIN) project has recently 
developed a full chain for advanced retrieval and processing of MODIS and SEVIRI data acquired in real-
time at the Global Change Unit (UCG), Image Processing Laboratory (IPL), University of Valencia. These 
final products are validated (in terms of quality control) using the on-ground data acquired in a variety of test 
sites. The UCG/IPL participated actively in the definition of products to be delivered to users from MODIS 
and SEVIRI data. Although these products are of great interest for the remote sensing community, their wide 
availability is difficult due to the massive volume of information that they comprise, and to the inherent 
difficulties in the distribution of these products. In the case of MODIS, the amount of data acquired and 
processed by UCG/IPL from September 2010 to January 2013 exceeds seven thousand images (more than 
two terabytes of data). In case of SEVIRI, there are more than one hundred thirty thousand images (twenty 
seven terabytes) available. The resulting products amount to over thirteen terabytes of for MODIS and four 
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terabytes for SEVIRI. In this paper, we take a first step towards the development of a geo-portal for storing 
and efficiently retrieving MODIS/METEOSAT remote sensing products. The products are obtained using an 
automatic system that processes the data collected, and then uploads the final products in the geo-portal 
(which is updated every day). In this work, our focus is on describing the design and efficient implementation 
of the geo-portal, which allows for a user-friendly and effective access to a repository of MODIS/SEVIRI 
advanced products using geo-location retrieval capabilities. The geo-portal has been implemented as a web 
service composed of different layers. Its modular design provides quality of service and scalability, and 
allows adding and/or modifying components without the need to modify the entire system. On the client 
layer, an intuitive web interface provides users with remote access to the system. On the server layer, the 
system provides data management and storage capabilities. On the storage layer, the system provides a safe 
massive storage service. An experimental evaluation of the geo-portal in terms of efficiency and product 
retrieval accuracy is also presented and discussed. 
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Calibration and validation (cal/val) are key activities to test de data quality acquired from satellite-based 
instruments, as well as to report the accuracy of derived products such as the Land Surface Temperature 
(LST). Calibration of Thermal Infra-Red (TIR) data and Validation of LST products at low spatial resolution 
requires the identification of large and homogeneous areas, which is a difficult task. In this work, we analyze 
the spatial and temporal homogeneity of the Land Surface Temperature (LST) over three Spanish regions: the 
agricultural area of Barrax, the marshland of Doñana, and the natural park of Cabo de Gata. For this purpose, 
very high spatial resolution (~ 3 m) imagery acquired with the Airborne Hyperspectral Scanner (AHS) in the 
framework of different field campaigns and high-medium spatial resolution (~ 100 m) imagery acquired with 
the Landsat8/TIRS sensor have been used to retrieve homogeneity of high-medium and low spatial resolution 
sensors respectively. Different LST retrieval algorithms were applied to AHS and TIRS sensors to compare 
the LST for a given pixel against the LST of neighbour pixels through the computation of the Root Mean 
Square Error (RMSE). Results obtained from the analysis of LST derived from AHS data over Barrax and 
Doñana test sites show that part of these regions have a RMSE lower than 1K, which is consistent with the 
accuracy of the LST validation (between 0.5 K and 1.5 K). The temporal analysis of LST derived from the 
TIRS sensor shows that some parts of Doñana and Cabo de Gata sites have a mean RMSE of 1.5K along the 
year, which is lower than the accuracy of the LST validation (~ 2 K). The results show the usefulness of these 
three test sites to perform cal/val activities for both low and high spatial resolution sensors. The methodology 
presented in this study also allows the identification of suitable areas for future cal/val activities. 
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In March 2013 the Biomass mission was selected by the ESA Earth Science Advisory Committee as the 7th 
Earth Explorer Mission. This selection was part of the user-driven process that will lead to the launch of  
Biomass in the 2020 time frame.   
The Biomass mission aims to determine, for the first time and in consistent manner, the distribution and 
temporal changes of forest biomass at a global scale. Data from the Biomass mission will reduce current 
uncertainties in the calculations of carbon stocks and fluxes associated with the terrestrial biosphere. Biomass 
will therefore advance our understanding of the carbon cycle and its role in controlling the climate.  
Biomass is based on a single satellite carrying a P-band Synthetic Aperture Radar to provide continuous 
global interferometric and polarimetric radar observations of forested areas. It will exploit the unique 
sensitivity of P-band SAR together with advanced retrieval methods to measure forest biomass, height and 
disturbance across the entire biomass range every six months.  
During Biomass preparation phases supporting scientific studies and campaigns were initiated to answer all 
critical scientific issues that had been identified for the mission. New campaign data greatly aided the 
understanding of the physics underlying the sensitivity of the P-band SAR to forest properties in different 
biomes and contributed to the development of novel retrieval algorithms. 
The issues concerning the retrieval of biomass in various forest biomes required specific developments, in 
particular:  a) the retrieval of biomass in tropical forests, b) the correction of topographic effects, required for 
a large part of the world forests, c) the mitigation of seasonal and environment effects on the SAR 
measurements, and d) the constraint of the limited bandwidth of 6 MHz on the spaceborne system.  The 
experimental data, obtained with different SAR acquisition techniques (Polarimetry, Polarimetric SAR 
interferometry and SAR Tomography) have been used jointly to develop advanced retrieval methods.   
This paper will provide a summary on recent results and current developments of the Biomass mission. 
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In 2030, the world population will have 1.3 billion more people. Food demand increases by 1.4% per year 
and agricultural production must increase by 60% over the next forty years to meet this growing demand for 
food. This challenge must be met while in the same time humankind is facing climate change and shall 
decrease the impact of agriculture on the environment. Remotely sensed information can help cope with this 
challenge. We propose an Earth observation constellation which aims at providing global operational data to 
the numerous actors of the agricultural sector. This EO mission will serve both tactical and strategic 
management objectives for improving food production and better using inputs such as water and fertilizers. 
The most challenging feature of the system is to provide exploitable global information every five to ten days 
on average, a temporal sampling needed by most agricultural applications, and with a sufficient ground 
resolution to provide data at field scale.  
The Sentinel-2 constellation, with its two satellites, will offer the unprecedented revisit capability of 5 days. 
This capability, combined with the systematic acquisition of the whole land areas makes Sentinel-2 a unique 
system eagerly awaited by users. However, in a number of places and seasons, the cloudiness will limit the 
number of exploitable images at about one per month, or even less, as shown recently by the Take 5 SPOT-4 
experiment. The constellation we propose is intended to insure the continuation of the EU Sentinel- 1 and 2 
program from about 2028. It consists of two main components. The optical component is made up of solar 
spectrum and thermal infrared instruments onboard a polar orbiting sun-synchronous constellation of 6 
satellites; it will provide daily surface reflectance data at 10m resolution and surface temperature with a 50m 
resolution. A 3 looks, 20 m ground resolution imaging radar will complete the system. The C band 
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information will be acquired with a repeat cycle of 10 days. Radar is primarily required to reach a truly “all 
weather” operational system by providing information every ten days. According to the preliminary mission 
design, the radar acquisition will be systematic at least over the main agricultural regions of the Earth, but the 
interest and feasibility of global acquisition over the whole land surfaces is being studied.  
This ambitious constellation can be prepared in several ways. For instance, Sentinel 1 already offers 
significant acquisition capabilities in radar C band. The mission operation could take into account the synergy 
between Sentinel-1 and Sentinel-2 for agriculture monitoring objectives. Also, a significant improvement of 
the revisit period in the solar channels could be reached by a constellation of micro satellites with a payload 
of rather simple instruments (blue/red/near-infrared, 300km FOV, 10 to 20 m ground resolution). If quickly 
decided, this constellation could complement Sentinel 2 by 2020. 
While agriculture is the driving objective, this mission will be of interest for other topics, such as carbon 
cycle studies, deforestation monitoring, meteorology (e.g. surface fluxes, urban climatology), and coastal 
studies (e.g. currents, sediments). 
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The Copernicus Global Land service provides continuously to European, African and international users a set 
of biogeophysical variables describing, over the whole globe, the vegetation dynamic, the energy budget at 
the continental surface and some components of the water cycle. These generic products serve numerous 
applications such as agriculture and food security monitoring, weather forecast, climate change impact 
studies, water, forest and natural resources management. 
The portfolio of the Copernicus Global Land service contains Essential Climate Variables like the Leaf Area 
Index (LAI), the Fraction of PAR absorbed by the vegetation (FAPAR), the surface albedo, the Land Surface 
Temperature, the soil moisture, the burnt areas, the areas of water bodies, and additional vegetation indices. 
They are generated every hour, every day or every 10 days on a reliable and automatic basis from Earth 
Observation satellite data. Beside this timely production, the available historical archives have been 
processed, using the same innovative algorithms, to get consistent time series as long as possible. All 
products are accessible, free of charge after registration through FTP/HTTP 
(http://land.copernicus.eu/global/) and through the GEONETCast satellite distribution system. The products 
are provided with documents describing the physical methodologies, the technical properties of products, and 
the results of validation exercises. The service performs a continuous quality monitoring, complemented by 
regular reviews done by independent teams and feedback from a technical user group. 
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For the service continuity, research and development are performed on two parallel ways. On one hand, the 
existing retrieval methodologies are being adapted to PROBA-V 1km resolution data. On the other hand, the 
service is moving the operations to finer resolution (333 m). This is prepared in two ways: (1) the 
FP7/ImagineS project focuses on the retrieval of LAI, FAPAR, fraction of vegetation cover and surface 
albedo from PROBA-V sensor data; (2) the evolution activities in the context of the Global Land service 
focusing on the other variables of the portfolio retrieved from PROBA-V sensor data. The operational 
production of LAI, FAPAR, and Fraction of vegetation cover at 333m resolution over Europe will start in 
Spring 2014. The spatial coverage will be extended to the globe by the end of the year while the production of 
other variables (Albedo, NDVI, Burnt Areas) will begin. The presentation will make an overview of the 
current status of the 333m production in the Copernicus Global Land service, and will introduce the next 
steps of the evolution of the service. This talk is seen as an opening to more detailed presentations focusing 
on the innovative scientific methodologies developed to retrieve 333m resolution variables. 
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The Thermal InfraRed SpaTial System (THIRSTY) is a joint mission concept being developed by CNES and 
NASA that is nearing the end of its Phase 0 activities. THIRSTY is science-driven and during the Phase 0 
activities, the team has utilized the key science objectives to develop the measurement needs and mission 
concept. The science of the THIRSTY mission is focused on addressing questions related to evaporation 
stress and water use.  However, the measurements will be useful for a broad range of other studies related to 
urban environments, coastal and inland waters, and solid earth and natural disasters. The THIRSTY mission 
is driven by the need to address two main science questions related to ecosystem stress and water use. These 
are 1) how is the terrestrial biosphere responding to changes in water availability and 2) can agricultural 
vulnerability be reduced through advanced monitoring of consumptive use and improved drought detection. 
These questions are being further refined by the mission concept team together with input from the science 
community. 
THIRSTY represents a confluence of two earlier concepts being developed by CNES and NASA. On the 
CNES side, the mission draws from the MISTIGRI (Micro Satellite for Thermal Infrared Ground surface 
Imaging) concept. This 200 kg satellite was composed of a 4 band thermal infrared (TIR) instrument and a 4 
band visible-near infrared (VNIR) instrument, mounted on a Myriade spacecraft (CNES low cost product 
line). MISTIGRI was a sampling mission that would acquire tens of 25km x25 km scenes from parts of the 
globe with 50 m spatial resolution and a revisit of 1 day. On the NASA side, THIRSTY provides the 
measurements needed for part of the Hyperspectral Infrared Imager (HyspIRI) mission. The HyspIRI payload 
includes a visible shortwave infrared imaging spectrometer and a mid and thermal infrared multispectral 
scanner. THIRSTY would provide the data needed to satisfy the measurement requirements of the mid and 
thermal infrared multispectral scanner. The HyspIRI mid and thermal infrared instrument has 60 m spatial 
resolution, 8 spectral channels, global coverage and a revisit time of 5 days both day and night.    
The THIRSTY concept will provide high spatial resolution data (<100 m) in the VNIR-TIR parts of the 
electromagnetic spectrum of Earth land surface and coastal regions in multiple spectral channels every 3 
days. The mid and thermal infrared measurements will be made both day and night. This presentation will 
discuss the science questions and how the measurements required to answer those questions were used to 
define the THIRSTY mission concept. 
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Land surface temperature (LST) is the mean radiative skin temperature of an area of land resulting from the 
mean balance of solar heating and land-atmosphere cooling fluxes. It is a basic determinant of the terrestrial 
thermal behaviour, as it controls the effective radiating temperature of the Earth’s surface. The sensitivity of 
LST to soil moisture and vegetation cover means it is an important component in numerous applications. For 
instance, LST is a key boundary condition in land surface models, which determine the surface to atmosphere 
fluxes of heat, water and carbon; thus influencing cloud cover, precipitation and atmospheric chemistry 
predictions within General Circulation Models. Changes in land-surface cover can affect global climate, and 
also can be identified by changes in their surface temperatures. With the demand of LST data from Earth 
Observation currently experiencing considerable growth it is important that the users of this data are 
appropriately engaged by the LST community. 
The GlobTemperature project under the Data User Element of ESA's 4th Earth Observation Envelope 
Programme (2013-2017) aims to promote the wider uptake of global-scale satellite LST by the research and 
operational user communities. As such, the programme of work is focussed on achieving some innovative 
milestones for LST data which include: detailed global merged geostationary (GEO) and low earth orbit 
(LEO) data sets with estimates of both clear-sky and under-cloud LST; a first Climate Data Record for LST 
for the ATSR series of instruments; and the provision of a globally representative and consistent in-situ 
validation and intercomparison matchup database. Furthermore, the strength of such a venture lies in the 
coherence and openness of the interactions with the LST and user communities. For instance: detailed user 
input into the specifications and subsequent testing of the LST data sets; sustained access to data in a user-
friendly manner through common data formats; and the establishment of an LST working group (LST-WG) 
involving strong guidance of key international experts. 
GlobTemperature is thus a timely initiative to both enhance the portfolio of LST products from Earth 
Observation, while concurrently breaking down the barriers to successful application of such data through a 
programme of dialogue between the data providers and data users. This will require activities at a range of 
national facilities. For example, GlobTemperature is supported by the National Centre for Earth Observation 
(NCEO) in the UK with significant data processing and archiving to be performed on the Climate and 
Environmental Monitoring from Space (CEMS) facility. The project will have a very beneficial impact on 
global measurements of LST and will meet a critical need amongst users of LST data. Here we present the 
results from the first year of this Project. 
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Sun-induced chlorophyll fluorescence is a sensitive indicator of the actual photosynthesis in both healthy and 
physiologically stressed vegetation, which can be used as a powerful non-invasive marker to track the status, 
resilience, and recovery of photochemical processes. This is of particular interest for the improvements in the 
predictive capability of global carbon cycle models through new parameterizations for canopy photosynthesis 
and the corresponding exchange processes of energy, water and carbon between the surface and the 
atmosphere. 
The fluorescence signal originates from the core complexes of the photosynthetic machinery. The shape of 
the emission spectrum of fluorescence consists on two peaks having broad bands with maxima around 685 
nm and 740 nm. The variations in amplitude and shape of the emission reflect the efficiency of 
photosynthetic electron transport. The integral of the overall fluorescence emission provides information 
about actual photosynthetic light conversion. The shape of the emission spectrum provides additional 
information about the vegetation health status. 
While most of the information that has been acquired by remote sensing of the Earth’s surface about 
vegetation conditions and photosynthetic activity has come from “reflected” light in the solar domain, the 
ESA’s Earth Explorer candidate FLEX (Fluorescence EXplorer) mission is the first space mission focused on 
the estimation of fluorescence emission by terrestrial vegetation on a global scale with high spatial resolution 
and resolving the spectral shape of fluorescence emission. The FLEX mission also includes explicit 
measurement of photochemical changes in reflectance (i.e., PRI), canopy temperature measurements and all 
the relevant variables (chlorophyll content, Leaf Area Index, etc.) needed to asses the actual physiological 
status of vegetation and to provide quantitative estimates of photosynthetic rates and gross primary 
production. 
As part of the science and research element of the ESA’s Living Planet Programme, FLEX is one of two 
candidate Earth Explorer-8 missions currently under Phase A/B1 assessment. The FLEX mission concept 
consist in a single platform that carries a Fluorescence Imaging Spectrometer (FLORIS), which has been 
designed and optimised for discrimination of the fluorescence signal in terrestrial vegetation, providing 
images with a 150 km swath and 300 m pixel size. FLORIS will measure the radiance between 500 and 780 
nm with a bandwidth between 0.1 nm and 2 nm, with high spectral resolution of 0.3 nm in particular at the 
Oxygen-A (755 -780 nm) and -B bands (677-697 nm). It will also cover the photochemical reflectance 
features between 500 and 600 nm, the chlorophyll absorption region and the red-edge, which allow a highly 
accurate measurement of the spectral distribution of vegetation fluorescence in absolute terms as needed by 
physically-based retrieval methods. FLEX will fly in formation with Sentinel-3 in order to further enhance 
the spectral coverage from measurements made by the Sentinel-3 instruments OLCI and SLSTR, exploiting 
the synergy between their data and helping in the proper characterization of the atmospheric state and cloud 
screening, essential for a reliable retrieval of fluorescence emission. As part of the Phase A study, an End-to-
End Simulator is under development, to assess the performance of the mission/instrument configuration as 
well as the retrieval algorithms, the influence of instrumental errors on the retrieval accuracies, and to 
consolidate the requirements. 
In this paper, we provide the relevant scientific background and an overview of the FLEX mission concept, 
measurement methods and scientific challenges, describing current status and perspectives. Ongoing 
developments in instrumentation, atmospheric correction procedures, signal extraction techniques, and 
utilization of the fluorescence signal itself are all critical aspects of progress in this area. 




