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"The problem of relating phenomena across scales is the central problem in biology and in all of science."”

"Addressing the problem of scale also has fundamental applied importance. Global and regional changes in biological
diversity, in the distribution of greenhouse gases and pollutants, and in climate all have origins in and consequences for fine-
scale phenomena." (Levin, 1992)



CURRICULUM VITAE

1.1 POSITIONS

IRD ‘Chargé de Recherches’ CRCN — Signal Physics and 3D modeling of tropical forests,
at AMAP (Montpellier)

0Ll A0kl 0k PAtk . IRD ‘Chargé de Recherches’ CR1 - Expatriation in Yaounde, Cameroun (ENS-Yaounde 1)

IRD ‘Chargé de Recherches’ CR2 — Signal Physics and 3D modeling of tropical forests, at
AMAP (Montpellier)

07/2010 - 06/2012 Marie Curie IEF-FP7 Post-doctoral research fellow at AMAP (Montpellier)
04/2009 - 12/2009 INRA Post-doctoral research fellow at AMAP (Montpellier)

FNRS Post-doctoral research fellow at the Laboratoire de Botanique Systématique et
Phytosociologie (ULB).

09/2017 -

12/2010 - 08/2015

10/2007 - 09/2010

01/2007 - 09/2007 FNRS Post-doctoral research fellow (Honorific mandate) FNRS.

Wiener-Anspach post-doctoral research fellow at the Oxford University Center for the
Environment — Environment Change Institute.

10/2006 - 10/2007

FNRS Research fellow at the Laboratoire de Botanique Systématique et
10/2002 - 09/2006 raror auesy q
Phytosociologie (ULB).

1.2 TRAINING
UAV multicopter drone training
2017 FORMATdrone, Montpellier
2017 microlight aircraft theoretical degree, Instructor level
First aid in remote conditions
UDPS13, Marseille
Tree climbing, advanced tree climbing in tropical forest, control of Personal

protective equipment

2011, 2013, 2020 Tree Climbing France & En Quéte d’Arbres

PhD in Agronomical Science and Biological Engineering — ULB

2003 - 2006 Thesis : ‘Spatial interactions and self-organization in semi-arid vegetations’

2001 - 2003
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Directors : J. Lejoly, P. Couteron

DEA (MSc) Life Sciences - Université Libre de Bruxelles



Thesis : ‘Spatial interactions in self-organized semi-arid vegetations’
Director : J. Lejoly

Master Agronomy (Bio-) Engineering - Université Libre de Bruxelles

(1%t year : G.D., 2"year : G.D., 3™@year : L.P.G.D.= summa cum laude)

1996 - 2001 Thesis : ‘Characterization and mapping of vegetation types and contribution to

the participatory management of the Pendjari Hunting Zone (Northern Benin)’
Directors : J. Lejoly, E. Wolff

1.3 PROJECTS

1.3.1 PARTICIPATION TO SCIENTIFIC PROJECTS
ONE FOREST VISION INTITIATIVE (OFVI)
2023-2027 Coopération scientifique et renforcement de.s capaci'fés pour la protection des foréts
et des zones humides tropicales
Funding: MESR/MEAE, Lead pour AMAP: N. Barbier
COFORFUNC

Toward a biome-scale monitoring of the COngo basin FORest FUNCtional

2023-2027

composition
Funding : Biodiversa+ Biomon (UE-ANR)/ Lead: UMR AMAP
PHENOBS
Strategic project: Towards a phenological observatory in French Guiana,
2020-2024 . . L .
to study climate-vegetation feedbacks and the diversity of plant strategies
Funding: ANR — Labex CEBA / PI: N. Barbier
Understanding seed disperser movements and their consequences across rainforests
gradients of structural and phenological diversity
Funding: NASA / PlIs: T. Smith & S. Saatchi
DESSFOR
Degraded Stable States in tropical forests
Funding: ANR — JCJC / PI: M. Réjou Méchain
PROFEEAC
PROmouvoir et Formaliser I'Exploitation Artisanale du bois d’ceuvre en Afrique
Centrale par une approche multi-scalaire : gestion territorialisée de la ressource,
gouvernance de la filiere, promotion des demandes de sciages légaux
Funding : FFEM / Lead : CIFOR
FORESTSCAN
New technology for characterising forest structure and biomass at ‘Super Sites’ for
EO cal/val across the tropics
Funding : ESA / Pl : M. Disney

3DFoRMoOD
2017 - 2020 Combining remote sensing ar.ud 3.D forest mode.llirTg to improve tropical forests
monitoring of GHG emissions.
Funding : ERA-GAS (UE-ANR) / Lead: UMR AMAP
PRE-REDD COMPOSANTE 2B, PARTIE CAMEROUN :
Elaboration d’équations allométriques pour le bassin du Congo + Etudes
complémentaires T-LIDAR et inventaires forestiers
Funding : World Bank / Lead : COMIFAC




BIOMASS
2017 - 2022 Préparation a la mission satellitale Biomass
Funding: CNES TOSCA / Lead: UMR CESBIO
HYDROVEG
Lien entre occupation du sol, couvert végétal et dynamiques hydro-climatiques et
géochimiques : le cas du bassin du Nyong
Funding : AUF-IRD / PI : Nicolas Barbier
HYPER-TROPIK
Consolidation de la mission hyperspectrale HYPXIM pour la thématique "Biodiversité
2014 - 2017 R . e I
des Foréts Tropicales", apport de la modélisation du transfert radiatif 3D.
- Funding: CNES TOSCA / Lead: UMR TETIS

FOREST GHG PLATFORM
Fully Optimised and Reliable EmissionS Tool
Funding: UE EIT - KIC Climate / Lead: Airbus DS

STEM-LEAF
Preliminary studies for a vegetation Radar/Lidar space mission in France
Funding: CNES TOSCA / Lead: UMR Tetis
CoFORTIPS
Foréts du Bassin du Congo: Biodiversité, Points de Basculement et Résilience des
Systemes Ecologiques et Sociaux Forestiers.
Funding: ERA-Net BiodivERSA (BiodivERsSA 2012) / Lead: CIRAD
BloFORAC
Nouvelles approches méthodologiques pour I’évaluation de la biomasse forestiére a
partir des données satellitaires et de terrain en Afrique Centrale.
Funding: AIRD Geoforafri / Lead: UMMISCO
FORAFAMA : Appui a la gestion durable des foréts du Bassin du Congo et du bassin
amazonien brésilien
Funding AFD-FFEM
Lead : CIFOR
FOTOFor2
Funding : UE IEF — Marie Curie
Pl: Barbier N.

1.3.2 CONSULTANCY MISSIONS AND APPLIED RESEARCH PROJECTS
NACHTIGAL
Vegetation cover mapping and monitoring of the impacts of the Nachtigal dam
2017 - 2025 (Cameroon) and compensation measures in the Copal area and the Mpem & Djim
National Park
Funding: NHPC / PI: N. Barbier
Calibration of a non-destructive allometric equation for the Miombo forests of DRC
Funding FAO / PI: N. Barbier
RELIQUES
Fragmentation des forets sur substrats ultramafiques en Nouvelle Calédonie
Funding : CNRT/ Pls : P. Birnbaum, N. Barbier

Vegetation mapping in the Center Province — Cameroon

Funding : GIZ / PIs N. Barbier, P. Couteron



Vegetation mapping for baseline study, Evaro Ramsar Reserve (Gabon)
Client : Ministéere des Foréts. Parnership: MBG-WWF.
Funding : BAD. / Pl : T. Stevart

Vegetation mapping for baseline study, Maboumine (Gabon)
Client: ERAMET. Partnership: MBG-Golder / PI: T. Stevart

10/2011 UN-REDD (Rome): Methodology of the National Forest Inventory of the DR Congo.

Direction Générale de '’Armement, ONERA, Thales (France) : Simulation of
07/2011 hyperspecral targets in tropical forests.

Pl : N. Barbier
Projet ECOPAS-W Parc Régional du W (Burkina, Benin, Niger). Field inventory and
12/2001 vegetation mapping.
Lead: CIRAD

1.3.3 RESPONSIBILITIES

Supervision of the drone platform at AMAP (about 10 pilots and UAVs)

Co-animator of theme Tetrofor: Remote sensing of tropical forests at AMAP
(about 10 full time equivalents)

2015-2020 Co-animator of Theme ‘3D structure and dynamics of tropical forests’

2 TEACHING - SUPERVISION

2.1 EXERCISES AND SEMINARS

Participation to MOOC ‘I'arbre’ de I’Université Virtuelle Environnement
et Développement Durable (19 000 inscriptions).

https://www.uved.fr/production-et-coordination-de-mooc/mooc-
arbres

Teacher training in remote sensing and scientific forest inventory at
Ecole National des Eaux et Foréts (Mbalmayo, Cameroun)

Introduction pratique aux Méthodes de télédétection 3D en foresterie.
Master sciences du bois, ‘Fil Rouge’. Université de Montpellier, France

Guest Lecturer at the ‘XVII Simpdsio Brasileiro de Sensoriamento
Remoto’: Estimating forest biomass with remote sensing and carbon
cycle modeling for REDD+ services. Joao Pessoa, Brasil




Guest Lecturer: Post Graduate Course in Spatial Ecology, Utrecht,
Holland.

Guest Lecturer at the ‘XVI Simpésio Brasileiro de Sensoriamento
Remoto’: Advances on the Detection and Analysis of Environmental
Changes in Amazonia using Remote Sensing, Iguassu, Brasil

UM2 : MScl, MSc2 Ecology — Biodiversity

Guest Lecturer in Exeter: Geography Dpt.

ULB : BIOL-F-438 (J. Lejoly) Systématique et évolution des plantes : 3
ECTS.

ULB : AGRO 044 (M. Dufréne) Phytoécologie et cartographie appliquées
2007 - 2010 a 'aménagement du territoire : 15 h.

Guest Lecturer in Oxford: Geography Dpt.

“ ULB : Cours tournant (P. Couteron) Statistiques spatiales. 8h.

UNDERGRADUATE AND POSTGRADUATE THESIS SUPERVISION

B DEA — MSc - Undergraduate
m PhD supervision

® PhD committee & close

collaboration

Vincent Deblauwe (ULB, 2004), Abdoulaye Diouf (ULB, 2006),
Barima Sabas (ULB, 2006), Rebbeca Blandford (Oxford, 2007),
DEA — MSc - Delphine Renard (UM2, 2007), Frank Winsen (Utrecht, 2008), Stany
Undergraduate Angoyi (ULB, 2008), Isabelle Fabre, (UM2, 2011), Gaélle Viennois
(Silat AgroParisTech, 2011), Stéphane Momo (Dshang, UM2, 2012-
2014), Marilou Hircq (UM2, 2015), Mandjo Boré (Agro Paris Tech,
2015), Le Bienfaiteur Sagang (Dshang, 2016), Nelly Sirri (Yaoundé,

© PhD Jury




2016), Guillaume Delaitre (Marseille BBSG/DLAD 2019), Emmanuel
Bourassin (Paris ENSG-Géomatique, 2019), Imma Tcheferi (Yaoundé
I, 2020), Imma Tcheferi (Silat AgroParisTech, 2023), Carmel
Mounziegou (Rennes Il, 2024)

Vincent Deblauwe (ULB, 2010), Abdoulaye Diouf (ULB, 2012),
Ibrahim Fayad (UM2, 2015), John Katembo (U. Kisangani, 2021),
Stéphane Momo (Yaounde |, 2019), LeBienfaiteur Sagang (Yaoundé
I, 2020), Gislain Mofack (Yaoundé I, ongoing)

PhD supervision

Ali Mahamane (ULB, 2005), Barima Sabas (ULB, 2009), Serge
Yedmel (Cocodi, 2010), Delphine Renard (CEFE - UM2, 2011), J.F.
AUt Bastin (ULB-FSA Gbx, 2014), Karine Adeline (ONERA - UPS Toulouse,
close collaboration 2015), Pierre Ploton (U. Dresde/U. Montpellier, 2017), Emil
Cherrington (U. Dresde/U. Montpellier, 2016), Libalah Moses

(Yaounde I, 2018), Eric Chraibi (U. Montpellier, ongoing)

Gabriel Hmimina (Paris Sud, 2013), J.F. Bastin (ULB-FSA Gbx, 2014),
PhD Jury Karine Adeline (GEET, 2015), Alvaro Lau (Wageningen UR, 2018),
Dav Ebengo (U. Montpellier, 2021)
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3 PUBLICATIONS AND SCIENTIFIC ACTIVITIES

PUBLICATION STATISTICS

WOos Google

Publications 83
Citations 3555 ~6000
31 39
First author position 10 %
Last author position 16 %

MAIN FIELDS OF TARGETED JOURNALS (# PUBLISHED PAPERS)

0
® Remote Sensing

M Ecology

® Environmental Sciences

" Geosciences Multidisciplinary
W Imaging Science Photographic

Technology
m Forestry

W Geography Physical

M Engineering Electrical Electronic

PRINCIPAL CO-AUTHORS

-

COUTERON, PIERRE
PELISSIER, RAPHAEL
SONKE, BONAVENTURE
PLOTON, PIERRE
REJOU-MECHAIN, MAXIME
BOGAERT, JAN

LIBALAH, MOSES B.
MOMO TAKOUDJOU, STEPHANE
CHAVE, JEROME

KAMDEM, NARCISSE GUY
KENFACK, DAVID

BASTIN, JEAN-FRANCOIS
FAYOLLE, ADELINE
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3.1 PAPERS IN INTERNATIONAL PEER-REVIEWED JOURNALS
2024

RODDA, S.R., FARARODA, R., GOPALAKRISHNAN, R., JHA, N., REJOU-MECHAIN, M., COUTERON, P., N. BARBIER,
et al. 2024. LiDAR-based reference aboveground biomass maps for tropical forests of South Asia
and Central Africa. Scientific Data 11(1): 334.

COOPER, D., LM, S.L. LEwiS, M.JP SULLIVAN, P.l. PRADO, H. TER STEEGE, N. BARBIER, SLIK, F. et al. 2024.
Consistent patterns of common species across tropical tree communities. Nature: 1-10.

2023

ZEBAZE, D., GOREL A., GILLET J.F., HOUNGBEGNON F., BARBIER N., LIGOT G., LHOEST S., et al. 2023. Natural
regeneration in tropical forests along a disturbance gradient in South-East Cameroon. Forest
Ecology and Management 547: 121402.

VINCENT, G., VERLEY, P., BREDE, B., DELAITRE, G., MAURENT, E., BALL, J., CLOCHER, |., BARBIER, N., 2023.
Multi-sensor airborne lidar requires intercalibration for consistent estimation of light attenuation
and plant area density. Remote Sensing of Environment 286, 113442.

BIRNBAUM, P., IBANEZ, T., BLANCHARD, G., JUSTEAU-ALLAIRE, D., HEQUET, V., ELTABET, N., VIEILLEDENT, G.,
BARBIER, N., BARRIERE, R., & BRUY, D. (2023). Forest and tree species distribution on the
ultramafic substrates of New Caledonia. Botany Letters, 1-13.

BLANCHARD, G., BARBIER, N., VIEILLEDENT, G., IBANEZ, T., HEQUET, V., McCoy, S., & BIRNBAUM, P. 2023.
UAV-Lidar reveals that canopy structure mediates the influence of edge effects on forest diversity,
function and microclimate. Journal of Ecology 111, 1411-1427.

2022

BREDE, B., BARTHOLOMEUS, H.M., BARBIER, N., PIMONT, F., VINCENT, G., HEROLD, M., 2022a. Peering
through the thicket: Effects of UAV LiDAR scanner settings and flight planning on canopy volume
discovery. International Journal of Applied Earth Observation and Geoinformation 114, 103056.

BREDE, B., TERRYN, L., BARBIER, N., BARTHOLOMEUS, H.M., BARTOLO, R., CALDERS, K., DERROIRE, G.,
KRISHNA MOORTHY, S.M., LAu, A., LEvICK, S.R., RAUMONEN, P., VERBEECK, H., WANG, D.,
WHITESIDE, T., VAN DER ZEE, J., HEROLD, M., 2022b. Non-destructive estimation of individual tree
biomass: Allometric models, terrestrial and UAV laser scanning. Remote Sensing of Environment
280, 113180. h

CHRABI, E., DE BOISSIEU, F., BARBIER, N., LUQUE, S., FERET, J.-B., 2022. Stability in time and consistency
between atmospheric corrections: Assessing the reliability of Sentinel-2 products for biodiversity
monitoring in tropical forests. International Journal of Applied Earth Observation and
Geoinformation 112, 102884.
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JUCKER, T., FISCHER, F.J., CHAVE, J., COOMES, D.A., CASPERSEN, J., ALl, A., LOUBOTA PANzOU, G.J.,
FELDPAUSCH, T.R., FALSTER, D., UsoLTSEv, V.A., ADU-BREDU, S., ALVES, L.F., AMINPOUR, M.,
ANGOBOY, |.B., ANTEN, N.P.R., ANTIN, C., ASKARI, Y., MuNOZz, R., AYYAPPAN, N., BALVANERA, P.,
BANIN, L., BARBIER, N., ET AL., 2022. Tallo: A global tree allometry and crown architecture
database. Global Change Biology 28, 5254-5268.

KACAMAK, B., BARBIER, N., AUBRY-KIENTZ, M., FORNI, E., GOURLET-FLEURY, S., GUIBAL, D., LOUMETO, J.-J.,
POLLET, S., Rossl, V., Rowg, N.P., 2022. Linking drone and ground-based liana measurements in
a Congolese forest. Frontiers in Forests and Global Change 5.

SAGANG, L.B.T., PLOTON, P., VIENNOIS, G., FERET, J.-B., SONKE, B., COUTERON, P., BARBIER, N., 2022.
Monitoring vegetation dynamics with open earth observation tools: the case of fire-modulated
savanna to forest transitions in Central Africa. ISPRS Journal of Photogrammetry and Remote
Sensing 188, 142-156. 8

VIENNOIS, G., BETARD, F., FREYCON, V., BARBIER, N., COUTERON, P., 2022. Automated landform
classification and mapping using a combined textural-morphometric approach: the Congo basin
and surroundings. Journal of Geomorphology 1, 79.

2021

LouBOTA PANZOU, G. J., FAYOLLE, A., JUCKER, T., PHILLIPS, O. L., BOHLMAN, S., BANN, L. F., LEwis, S. L.,
AFFUM-BAFFOE, K., ALVES, L. F., ANTIN, C., ARETS, E., ARROYO, L., BAKER, T. R., BARBIER, N.,
BEECKMAN, H., BERGER, U., BOCKO, Y. E., BONGERS, F., BOWERS, S., ... FELDPAUSCH, T. R. 2021.
Pantropical variability in tree crown allometry. Global Ecology and Biogeography, 30(2), 459-475.

FATOYINBO, T., ARMSTON, J., SIMARD, M., SAATCHI, S., DENBINA, M., LAVALLE, M., HOFTON, M., TANG, H.,
MARSELIS, S., PINTO, N., HANCOCK, S., HAWKINS, B., DUNCANSON, L., BLAIR, B., HANSEN, C., Lou, Y.,
DUBAYAH, R., HENSLEY, S., SILVA, C., BARBIER, N.... HIBBARD, K. 2021. The NASA AfriSAR
campaign : Airborne SAR and lidar measurements of tropical forest structure and biomass in
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Agence de Protection des Programmes : Dépdt simple de I'ceuvre « Foto_intercal version 1.0 en date du
16 decembre 2016 ». IDDN.FR.OO 1.050024.000.S.P.2017 .000.21000

3.5 ACTIVE PARTICIPATION TO INTERNATIONAL CONGRESSES AND SEMINARS

Labex CEBA annual meeting
Invited oral: Barbier N and project team: Advancement of project Phenobs
Cayenne, French Guiana
IEEE IGARSS
Invited oral + acts: Barbier, N., Ball, J., Clocher, I., Poilvé, H., Verley, P., & Vincent, G.
Sensing Tropical Forest Phenology and Productivity from the Field to the Satellite. 2021
IEEE International Geoscience and Remote Sensing Symposium IGARSS, 716-719.
Terrestrial laser scanning in forest ecology
Two posters: - Barbier N., Delaitre G., Martin Ducup O., Vincent G. Fusion of UAV-LS and
T-LS data to assess tree and stand level leaf and wood properties

- Takoudjou Momo, ... Barbier, N. Weighing trees with lasers: What about vertical
variations in wood density?
Ghent, Belgium

Labex CEBA annual meeting
Invited Oral: Barbier N, Feret JB, Vincent G. Quantifying leaf phenology in tropical
forests to help improve climate - vegetation models: From laser to (nano-)satellites
Cayenne, French Guiana

Royal Society Meeting : “Tropical phenology: functional change in ecosystems across
space and time’

Invited Oral: Barbier N., Vincent G., Momo, S. Towards a robust framework to quantify
LAl and radiative transfer variations at tree and landscape levels in the tropics’
Buckinghamshire, UK
ATBC Annual Meeting. Tropical Ecology and Society.

Invited Oral: Barbier N., Ploton P. Libalah M.., Droissart V., Texier N., Houdry P., Sonke
B., Pelissier R. Couteron P. Regional scale mapping of forest types, biomass and
degradation in Cameroon using a groundinventory network and canopy texture on VHR
optical imagery. Co-author of two other oral presentations.

Montpellier, France
llemes journées de la Géomatique: Information spatiale, aide a la décision et
développement durable
Invited oral: Barbier N, Bastin J-F, Droissart V., Houdry P., Libalah M, Ploton P., Pelissier
R., Sonké B, Stevart T, Texier N, Viennois G, Couteron P. Cartographie des types
forestiers, de la biomasse et de la dégradation a I'aide de données de télédétection a tres
haute résolution spatiale.

Libreville, Gabon
Our Common Future Under Climate Change International Scientific Conference
Invited oral: Barbier N. Couteron P. Poncet F. Schlund M. Operational approaches for
mapping tropical forest biomass and degradation using optical and radar satellite data.
Paris, France
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XVII Simpdsio Brasileiro de Sensoriamento Remoto
04/2015 Invited oral: Barbier N. Stability and precision of FOTO texture features.
Joao Pessoa, Brasil

AETFAT XXth Congress
Oral: Stévart T., Dauby G., Barbier N., Bidault E., Sonké B., Droissart V., Ploton P.,
01/2014 Boupoya A., Lowry. A mega floristic and vegetation survey of a 10 by 20 km
block of Gabonese costal forest.

Stellenbosch, South Africa

SBSR-INPE XVIth Congress
04/2013 Invited oral: Barbier N. Tropical forest characterization based on spatial and temporal

patterns in optical remote sensing data.
Iguassu, Brasil

04/2013

COMIFAC workshop: Regional scientific workshop on allometric equations in Central
Africa.

- Oral : Barbier N., Bastin J.F., Ploton P., Viennois G., Droissart V., Sonké B., Stévart T.,
Dauby G., Pélissier R., Couteron P. Télédétection pour la typologie forestiére et I'inversion
de biomasse en Afrique centrale.

- Oral : P. Ploton, S. Momo, N. Barbier, J. Demenois, L. Zapfack, F.V. Nguetsop, D. Bastin,
R. Pélissier. Equations allométriques :

Pistes d’amélioration.

- Oral: Sonké B., Droissart V., Ploton P., Barbier N., Taedoumg H., Kamdem M.-N., Simo
M., Zemagho L., Kamdem N., Kouob B., Lewis S.L. Mesure et suivi de la biomasse épigée
dans les foréts d'Afrique tropicale au moyen d'un réseau de parcelles (semi-)
permanentes.

Yaoundé, Cameroun

EGU General Assembly
04/2013 Oral : Deblauwe V., Barbier N., Couteron P. Large scale pattern modulation and local
processes in self-organised semi-arid vegetations.
Vienna, Austria
EcoSummit 2012 - Ecological Sustainability: Restoring the Planet's Ecosystem Services
10/2012 Invited oral: Barbier N., Deblauwe V., Couteron P.: Self-organized vegetation patterns
/ are ‘sentinels’ at the verge of deserts: Lessons from 50 years of large scale monitoring
Columbus, Ohio

Pleiades days (CNES, ASTRIUM)
01/2012 Oral: Barbier N. From canopy texture to forest structure through trees and stand models.
Toulouse, France

Climate change, deforestation and the future of the African rainforest
Poster: Barbier N., Viennois G., Droissart V., Ploton P., Sonké B., Couteron P., Pélissier R.
01/2012 Mapping forest types in Central Africa using spatial and temporal signatures of remote
sensing data.
Oxford, UK
BES Meeting: Forest and Global Change.

03/2011 Oral: Barbier N., Couteron, P., Gastellu-Etchegorry, J.-P., Proisy, C. Linking canopy texture

on VHR imagery to forest 3D structure: a modeling framework

Cambridge, UK
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3.6

COMIFAC Conference: Monitoring Carbon stocks and fluxes in the Congo Basin.
Oral and acts: Barbier N., Couteron, P., Gastellu-Etchegorry, J.-P., Proisy, C. Canopy
Textural Properties from Metric Resolution Imagery : Validation, Sensitivity and

Perspectives within REDD.
Brazzaville, Rep. of Congo.
International workshop for the conception of a IRD collaboration network around
rainforest issues (PPR FTH AC), Yaoundé, Cameroon
IEEE International Geoscience and Remote Sensing Symposium IGARSS
Oral: Bradley A., Gerard F.F., Barbier N., Weedon G., Huntingford C., Anderson L.,
Zelazowski P., Aragdo L.E.O.C. Template phenology for vegetation models.
Cape Town, South Africa
International Scientific Conference: Amazon in Perspective, Integrated Science for a
Sustainable Future. Poster: Barbier N, Couteron P., Malhi Y. Apparent crown size and
canopy heterogeneity across lowland Amazonian forests.
Manaus, Brasil
British Ecological Society Annual meeting. Invited oral communication, thematic topic:
Self-organised Pattern Formation at Ecosystem and Landscape Scales.

Invited oral: Couteron P., Barbier N., Deblauwe V. Detection and characterization of
periodic vegetation patterns from remotely sensed data: towards a worldwide
perspective.

Glasgow, UK.

IEEE International Geoscience and Remote Sensing Symposium IGARSS
Poster: Proisy C., Couteron P., Pélissier R., Barbier N., Engel J. Monitoring canopy grain of
tropical forest using FOTO of very high resolution images.

Barcelona, Spain.

British Ecological Society — Tropical Ecology Group. 1%t PhD/Post-doc meeting.
Oral: Barbier N. Spatial interactions and self-organisation in semi-arid vegetations.
Leeds, UK.

Alpine Summer School XlIl "Water-vegetation interactions and biodiversity in changing
environments".

Oral: Barbier N. Spatial interactions and self-organisation in semi-arid vegetations.
Valsavarenche, Italy.
46th IAVS Symposium : « Water ressources and vegetation». Oral: Barbier N., Lejeune O.,
Couteron P. Spotted bush : field test of vegetation patterning mechanism.
Naples, Italy.

Congress : « Phytosociology and dynamics of montain vegetation ».

Oral: Barbier N., Hardy O., Lejoly J. Réflexion méthodologique pour I’étude de la

végétation dans des systemes soudaniens d’Afrique de I’Ouest.
Peyresg-Annot, France.

PARTICIPATION TO SCIENTIFIC SOCIETIES

British Ecological Society, Société Royale de Botanique de Belgique.

3.7
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Editor: Special Issue Biomass Remote Sensing in Forest Landscapes, (Editors: P. Couteron, N.
Barbier, M. Herold)

Associate Editor: Plant Ecology and Evolution.

Reviews for Journals: Nature, Nature Geoscience, The American Naturalist, Journal of
Biogeography, Ecology Letters, Journal of Theoretical Biology, Theoretical Population Biology,
Reviews of Geophysics, Geophysical Research Letters, Environmental Conservation, Chaos,
Journal of Arid Environments, Journal of Ecology, Ecological Informatics, Remote Sensing of
Environment, Plos One, Revue Francgaise de Photogrammétrie et de télédétection, Sécheresse,
Plant Ecology and Evolution, Frontiers of Biogeography, Annals of Forest Science,
Phylosophical Transactions of the Royal Society B, Geoscience and Remote Sensing Letters,
Sensors, Vertigo, Remote Sensing, Scientific Reports, Trees - Structure and Function,
Ecosphere, Southern Forests, Journal of Sustainable Forestry.

Reviews for Institutions: National Science Foundation, Wageningen University and Research,
German Reseach Foundation, Agence Nationale de la Recherche, Wildlife Conservation
Society, British Petroleum Foundation, Association for the Taxonomic Study of the Flora of
Tropical Africa.

3.8 AWARDS

Royal Academy of Belgium, Emile Laurent Price for contribution to the study of
African vegetation

Development cooperation prize (Tervuren) for undergraduate thesis
First prize of the Brussels Engineering association for undergraduate thesis

Honor Diploma of the Université Libre de Bruxelles for highest undergraduate marks.
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THESIS IN ENGLISH

4.1 GENERAL FRAMEWORK

The main objective of my research is to understand vegetation dynamics at spatial (landscape,
region...) and temporal (season-decade) scales relevant to the management, conservation and
mechanistic modeling of these systems under the effect of climatic and anthropogenic
forcings. The link between the architecture and functioning of plants and the structure and
dynamics of vegetation is central to my research. Understanding how plant structure, function
and interactions generate large-scale emergent dynamics may require the use of biophysical
models to capture the often non-linear mechanisms at play.

I'm also working on improving remote sensing approaches (mainly active and passive optical
sensors), for the potential they offer for upscaling, although sensitivity and error propagation,
instrumental effects and relevant indicators need to be carefully considered, which may also
involve employing spatially explicit statistical approaches or radiative transfer modeling.

In the following sections, | will summarize my past and current research on contrasting tropical
ecosystems, before summarizing the originality of my contribution as a researcher and
research director.

4.2 STUDY OF SEMI-ARID SYSTEMS

During my bioengineer’s thesis on the characterization of vegetation in northern Benin with
Jean Lejoly and Brice Sinsin (Barbier, 2001) followed by mapping missions in the WAP
transboundary protected area of Niger, Burkina Faso and Benin with Gérard de Wispelaere, |
was struck by the degree of local heterogeneity in the vegetation cover of the Sudano-Sahelian
savannas. Bare patches of soil contrasted sharply with areas of dense grass or woody thickets.
The interest in linking spatial and functional ecology to build a PhD thesis topic was
immediately obvious. Based on the classic concepts of phytosociology, we were looking for
the origins of this heterogeneity in edaphic variations: bowé outcrops, termite mounds,
microtopography, catenas, variations in soil texture, etc.

The meeting with Pierre Couteron, who had recently completed his thesis on "Relations
spatiales entre individus et structure d'ensemble dans des peuplements ligheux soudano-
saheliens au nord-ouest du Burkina-Faso" ("Spatial relationships between individuals and
overall structure in Sudano-Sahelian woody stands in northwest Burkina-Faso") (Couteron,
1998) led me to focus my thesis on the study of endogenous vegetation structuring
mechanisms. After obtaining aerial photos of the study area (the Parc du W in Niger), we
realized that the whole area was dotted with regular spotted and tiger-like structures. These
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vegetation structures, found in most warm semi-arid zones, feature striped, labyrinthine or
patchy patterns, in which dense vegetation groves contrast with a matrix of bare soil, at spatial
scales extending over tens or hundreds of meters. These structures are therefore clearly
visible from the air, which explains their discovery in the 1950s during the first aerial
photography campaigns. Although this is not their most common name, | will refer to them in
the remainder of this document as periodic vegetation patterns (PVPs).

Figure 1. Examples of Periodic Vegetation Patterns (Deblauwe et al., 2008).

Most of the research carried out on PVPs since their discovery had been carried out by two
distinct disciplines. On the one hand, field hydrologists (d'Herbés et al., 1997; Tongway et al.,
2001) and on the other, mathematicians and physical modellers (Borgogno et al., 2009). In
fact, there had been little exchange between these disciplines. Fortunately, René Lefever's
team, and in particular Olivier Lejeune - who had just received his doctorate (Lejeune, 1999)
was working at ULB on mathematical modelling of the morphogenesis of these semi-arid
vegetations. Pierre Couteron had already initiated the collaboration (Couteron and Lejeune,
2001). He had also adapted image analysis tools based on the Fourier transform, which made
it possible to extract quantitative indicators of the structures and their dynamics (Couteron,

28



2002). We had unique access to the field in Niger, thanks to the support and skills of
Mahamane Saadou and Ali Mahamane's laboratory on the one hand, and the logistical support
of the ECOPAS project (EU) on the other. In the middle of my thesis, | was also lucky enough
to be able to co-supervise Vincent Deblauwe, who was starting his thesis at ULB. (Deblauwe,
2010). | thus found myself at the conjunction of an extraordinary field site, a dynamic
partnership, an entourage of leading experts in complementary disciplines (field
ecology/botany, remote sensing, mathematical modelling) and a stimulating theoretical
framework.

To summarize our study of the emergence of PVPs, | have positioned the different approaches
used during my doctoral research and that of Vincent Deblauwe, along the two axes of spatial
and temporal scales (Figure 2). This graph shows at a glance the interweaving of local-scale
studies, which provide information on biological processes, and large-scale, long-term
ecosystem dynamics, which can be characterized by remote sensing approaches. The transfer
of scale has been made possible by theoretical models.

Global
distbuton

Niche modeling

Spatial scale A

Earth

Region ( FOTO: Symmetry, wavelength, migration, co-structure
\ Pattern dynamics on aerial photographs

Self-organisation models

—

Stand

Tree map
Soil and topo map
Local processes
. H,0 budget & uptake
Individual \ Allometry

Day Year 50 years Time scale

Figure 2. Spatial and temporal scales covered, and contextual approaches used to study periodic vegetation patterns.

4.2.1 MECHANISTIC MODELING

Mathematical models are frequently used to represent the dynamics of dissipative self-
organizing spatial structures 1(Couteron, 2023). The best-known are the Turing reaction-
diffusion models, but they are not the only ones. More generally, a system of partial (integro-
) differential equations is used to represent the evolution of variables of interest, taking spatial
effects into account. A number of models of this type have been published to study the

1 Dissipative = occurring far from equilibrium in open thermodynamic systems
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phenomenon of PVPs (Borgogno et al., 2009; Klausmeier, 1999). In these continuous models,
plant biomass is generally approximated by a local density, as is the limiting resource - usually
water. These models make it possible to link a wide range of spatially periodic patterns
observed in nature within a simple theoretical framework. What's more, they offer an
interesting mechanistic explanation, in which patterns emerge from endogenous processes,
rather than reflecting pre-existing substrate heterogeneity.

The precise mechanisms involved are still debated and may vary between sites, but there is a
general consensus that they involve interactions between plants and occur on a local scale via
the soil water balance. Regardless of the mechanism and modeling choices, two ingredients
are necessary for the emergence of periodic patterns: (i) the range of activation (e.g.
facilitation or diffusion of an activator) must be less than the range of inhibition (competition)
and (ii) the mechanisms must induce feedback loops. In the model developed at ULB, water
runoff and diffusion are not directly taken into account, unlike other existing models
(Couteron and Lejeune, 2001; Lefever et al., 2009). It is assumed that the plant (more
precisely, the biomass density at a point) interacts spatially with its surroundings via a kernel
whose effect is positive at short range and negative at longer range (Figure 3). These effects
are assumed to be induced by epigeous structures (shade, litter, biological activity) below the
crown for facilitation, and by tracer roots beyond for competition.

Positif:

Figure 3. Diagram of interaction kernels in the ULB mean-field model (Lefever et al., 2009)

The emergence of periodic patterns and their characteristics (symmetry, spatial scale,
migration of bands up the slope, etc.) are modulated by plant productivity and/or mortality,
the variation of which may represent the effect of climatic stress or extraction pressure
(grazing, firewood). Some models explicitly represent the effect of stochastic disturbances
(fires) or stress induced by an irregular distribution of water supplies (D'Odorico et al., 2006).
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In this context, shape geometry can be used as an indicator of the state of the system, and in
particular of the risk of imminent transition from one stable state to another (Rietkerk et al.,
2004) such as the dreaded collapse of a vegetated state into desert. The existence of
hystereses, with hardly reversible transitions between certain states (notably the desert
state), is indeed a strong prediction. Within the vegetated state, most models predict for
increasing aridity (on flat, homogeneous terrain) a progressive sequence passing through
periodic structures with gaps, then labyrinths and finally spots. In the case of an anisotropic
environment, such as a slight topographical slope, the various structures are reorganized into
bands perpendicular to the slope, moving upstream (Figure 4).

Increasing slope __,
)
2

Increasing aridity >

Figure 4. Succession of patterns predicted by the Lefever & Lejeune model for different levels of aridity and slope.

It is obviously essential to be able to make the link between models and reality, both for
construction/calibration and for verification of predictions, whether at the level of underlying
mechanisms or system dynamics. | was fortunate to be able to participate actively in this
effort, and to be associated with modeling articles (D'Odorico et al., 2006; Lefever et al., 2009),
papers co-published with modellers (Barbier et al., 2008) or, more generally, to consider all
research activities within the theoretical framework offered by self-organizat