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Commentaires du présentateur
Commentaires de présentation
Hello Eveyone, today I am going to present a chapter of my thesis called canopy deciduousness patterns in central Africa explored with phenocams



Dry and seasonal climate of  central Africa 

Couvreur, 2015 Guan et al., 2015
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# dry months

Commentaires du présentateur
Commentaires de présentation
This study takes place in the tropical forests of Central Africa. In this region, climatic seasonality is marked by the presence of several dry months, defined as months receiving less than 100 mm of rainfall. In this cart you can see Central Africa generally drier than other tropical forest regions, such as the Amazon or Southeast Asia, where areas with no dry months are much more widespread. Moreover, the mean annual precipitation is around 1200 mm, which is well below the minimal threshold of  2000 mm typically considered for moist tropical forests.




"Tropical tree phenology is neither dualistic nor simple, but a complex 
mosaic of  coexisting strategies."
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Deciduousness & diversity of  leaf  phenology strategies 

Réjou-Méchain et al., 2021

Cameroon

Gabon

Commentaires du présentateur
Commentaires de présentation
In these drier environments, deciduousness is a possible drought-response strategy. It provides an advantage in seasonal climates: the drier the conditions, the higher the proportion of deciduous trees.  When you see this picture you can see a high variety of color and deciduous stage , in this other picture in cameroun deciduous trees is a dominant but not the only one strategy in the  canopy. Usually, we define full deciduousness as the complete loss of leaves, with a leafless stage lasting several days or weeks overlooking leaf exchanging or brevi deciduous strategies and  the high variability seen between species and individuals.  Also this This proportion follows a clear climatic gradient as you can see on the map. 



Tracking leaf  patterns with Phenocams

Commentaires du présentateur
Commentaires de présentation
To better understand the diversity of leaf phenology and how forests function, we need high-frequency, continuous data. That’s where phenocams come in. These time-lapse cameras take daily images of the canopy, allowing us to track leaf changes very precisely at the level of individual trees or groups of crowns. : in central Africa, there currently only one phenocam running in the Richardson networks In yamgambi 


Faire apparaitre le schema et après la carte et ca dit lack of data changer Afrique centrale 



Phenological patterns 

Climatic drivers : dry season response

Signal analysis : color intensity (red, blue, green)

Aim and Research questions
Canopy deciduousness & diversity of  phenological strategies
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With 
tagged data
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Commentaires de présentation
This study was designed around three main objectives.First, to explore the diversity of leaf loss patterns by focusing on three tree species with distinct phenological strategies, we are going to take a close look on each tree phenological patterns.
Second, to investigate how fluctuations in canopy greenness relate to climatic factors such as rainfall, irradiance, or vapor pressure deficit.
And finally, to understand how we can use signals analysus to develop reliable methods for detecting leaf loss, which is key to monitoring forest responses at scale.




Lopé national parc
Forest-savanna mosaic
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Long dry 
season

Short dry 
season

2 Phenocams installed from 2019 to 2023
2 images each day at 11 and 12 AM 

Commentaires du présentateur
Commentaires de présentation
The research site for this study is the Lopé National Park located in the center of Gabon. As you see in the picture, The forest system is a mosaic of savannah and forest. It climat has 2 dry seasons, a long one between June and September and a short one in January and February.



Image cleaning and segmentation
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4221 images out of  4668 after cleaning 
ECC-AKAZE calibration 
Crown segmented for 90 trees belonging to 13 
species 

Shift of  field of  view

Commentaires du présentateur
Commentaires de présentation
 Then we needed to managed the shift of field of views occurring due to camera maintenance or climatic disturbances like wind or heavy rain. To manage this, we defined reference images for each distinct view. We then used a point alignment methodology the  ECC-AKAZE algorithm to align all images to their corresponding reference view.we also did a cleaning  Each tree crown, or region of interest, was manually segmented on the reference images using QGISwe excluded parts of the ROI if more than 5% of it was covered by black pixels due to misalignment.  On the field, trees were find, species identified, numbered, measured, and geolocated. . This method allowed us to consistently track the same trees over time, despite changes in camera position or view.


Agrandir les images ( ajouter roi sur un arbre ( ROI ) montrer qu’on est au crown level ) faire apparaitre les autres images mettre le logo anpn 



Focus on 3 species
• Ceiba pentandra (n=6)
• Lophira alata (n=30) 
• Aucoumea klaineana (n=9)

Score
•  0 : 0%
• 1 :  1-25%
• 2 :  26-50%
• 3 :  51-75%
• 4 :  76-99%

Leaf  loss analysis

Tutin et al., 1991

Link with 
climate drivers

Thel et al., 2022

Test of  Wilcoxon 
15 days before and after 

events

< 75%

Timing
Synchronicity

Duration

Time
Cyclicity

Phenological patterns and climate drivers

Commentaires du présentateur
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Then we tagged all the picture using a homemade tagg program called phenocam.  We focus of 3 species  A total of 45 trees were tagged. I followed the leaf cover scale from Tutin (1991), ranging from 1 to 100%, grouped into five categories. Then we studied the leaf loss stage corresponding to period with less than 75% of leaves. Caracterisation of the leaf loss phase was done using Thel et al. (2022) attribute with the definition of timing, synchronicity, cyclicity, rithmicity and duration. Regularity was not test due to the lack of data. We used circular statistics to evaluate timing, synchronicity within years. we studied the link with climatic driver, precipitaction, irradiance and vapor pressure deficit using the Wilcoxon signed-rank test to compare the value of the climatic driver at the start and end of leafless periods.




Results
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Phenological patterns 

27 leaf  loss 
events for 6 trees

June - October

Mean of  2 months ( 3-128 
days)

Timing

Duration

Annual (215-325 DOY)

Cyclicity

Commentaires du présentateur
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As mentioned earlier, three species were selected for their very distinct phenological cycles, Let’s dive in ceiba pentandra leaf phenology. Its shows a fully deciduous pattern with 3 stages the adult leaves, full naked crown and the young leaves. 3 process are occurring the leaf loss, the flush and the maturation.We recorded 27 leaf loss events across six individuals, mostly occurring between July and October, during the long dry season. However, one individual (tree #33) showed a markedly different pattern, with leaf loss taking place between February and April. Overall synchrony  was low, with event durations varying greatly from just a few days to up to 4  months—and an average cycle in mainly annual  ranging from annual to sub-annual.


Enlever les 3 strategies maintenant et mettre en petit dans mon take home message 

Il faut toujours reprendre ma question de recherche pour faire la transition we first examine the phenological patterns, faut commencer les resultats par la questions, reprendre le visual avec le 1 dans un cercle et le meme texte 

We first examine contrasted  phenological patterns, ceiba pentandra is a fully deciduous species …. Decrire 1-2-3  

Ajouter un arc de cercle avec le timing de June a November ecrire les saisons seche 



Results
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75 leaf  loss events 
on 27 trees

September - JanuaryMean of  20 days of  
duration ( 4-107 days)

One year in mean      
(27-677 days)

TimingDuration

Cyclicity

Phenological patterns 

Commentaires du présentateur
Commentaires de présentation
For Lophira alata, we have a partial deciduous tree as you can see it lose a part of the crown and then the other part of the crown. For the cycle it’s mostly the same of ceiba pentandra except for the % of leaf loss, the young red leaves  . 75 leaf loss events were observed across 27 trees, mostly between September and January, with a peak in November. The species shoes an overall annual cycle, but with high inter-individual variability—some trees have no events in certain years, while others have several. Synchrony across individuals is moderate.

Changer si j’ai mis semi-deciduous 



Results
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13 leaf  loss events 
across 7 trees

Rainy season

Mean of  50 days of  duration 
( 3-128 days)

Phenological patterns 

Commentaires du présentateur
Commentaires de présentation
For Aucoumea klaineana, it’s a species know to be evergreen with a total defoliation due to a moth Sylepta balteata. We analysed that 13 leaf loss events. With the low number on events we can analyse that the species in mainly evergreen with occasional leaf loss events occurring in the rainy season. 
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Results
Aucoumea Klaineana

Ceiba pentandra

Lophira alata

Events inthe 
rain season

Start in the dry 
season 

End in the rain 
seaon

Sensible to 
irradiance 
variability

Climatic drivers : dry season response

Commentaires du présentateur
Commentaires de présentation
Then you can see the plot of the start and the end of the event The timing of leaf loss in the three studied species shows distinct sensitivities to environmental conditions. Aucoumea klaineana displays no significant climatic differences between the start and end of events, suggesting leaf loss occurs during the rainy season without a clear driver. In contrast, Ceiba pentandra is strongly linked to water stress, while Lophira alata responds mainly to light availability, as indicated by significant differences in irradiance but not rainfall or VPD.


D’abord il faut décrire le climat et c’est la ou le vpd est le plus important 2 saison des plus entrecoupé par 2 saisons seches, on enleverait le code espece mais on connecte a la ligne a la boite espece et j’enleve le code espece mais on connecte, d’abord on pose la question de recherche avec les variables climatiques apres j’affiche la pheno et je dis que c’est le resultat du test de wilcoxon 



Phenological patterns 

Climatic drivers : dry season response

Signal analysis : color intensity (red, blue, green)

Aim and Research questions
Canopy deciduousness & diversity of  phenological strategies
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With 
tagged data

Commentaires du présentateur
Commentaires de présentation
This study was designed around three main objectives.First, to explore the diversity of leaf loss patterns by focusing on three tree species with distinct phenological strategies, we are going to take a close look on each tree phenological patterns.
Second, to investigate how fluctuations in canopy greenness relate to climatic factors such as rainfall, irradiance, or vapor pressure deficit.
And finally, to understand how we can use signals analysus to develop reliable methods for detecting leaf loss, which is key to monitoring forest responses at scale.
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Leaf  loss detection

3 metrics

X %

Minimal threshold ( -2 to 0.4)

% of  the peak-to-minima distance ( 0 to 0.5)

F1-score = 2 x 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ×𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃+𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑇𝑇𝑇𝑇 

𝑇𝑇𝑃𝑃+𝐹𝐹𝐹𝐹
Recall = 𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹
Tagged data 
(% leaves)

TN = True negative
TP = True positive

species-specific algorithm

Commentaires du présentateur
Commentaires de présentation
I don’t have the time to explain it in details and the step of data management before it but In our image analysis, we defined indices that focus on ecologically meaningful colors—green and red. These include the Green Chromatic Coordinate (GCC), the Red Chromatic Coordinate (RCC), and the Hellinger distance,but the important is the 2 define the intensity of each color and one the ratio between the two. Then, we define parameter of an algorithm that will define for each species the best parameter to define leaf loss for this spcies. The parameter are the indice,  the minimal threshold and a pourcentage of value between a min and max we define earlier . Based on these we test a wide range of parameter combinations . Then we selected the ratio with the best accuracy compared to the previously tagged data. 


Faire apparaitre un a un et mettre en sous titre ajouter un 4 modele selection 



Results
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Leaf  FlushLeafy Tree Leaf  shedding 

80 % of  
prediction 
accuracy

  

Commentaires du présentateur
Commentaires de présentation
It’s the preliminary result of ceiba pentandra, we can see that for ceiba pentandra I have 80% of prediction accuracy that shows great perspective. On the plot we can see in color the leaf pourcentage an in black the predicted dates. This algorithm is going to be upgrade, because I am currently working on lophira alata that is complicate due to the red young leaves and the data gap doesn’t make it easy but were are on our way to achieve it. 

Remettrre la question de signal analysis 



Phenological patterns : High intra and inter species variability

Climatic drivers : Species-specific response 

Signal analysis : Early stage of species-specific algorithm leaf loss

Take home message
Canopy deciduousness & diversity of  phenological strategies
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Commentaires du présentateur
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This study was designed around three main objectives.First, to explore the diversity of leaf loss patterns by focusing on three tree species with distinct phenological strategies, we are going to take a close look on each tree phenological patterns.
Second, to investigate how fluctuations in canopy greenness relate to climatic factors such as rainfall, irradiance, or vapor pressure deficit.
And finally, to understand how we can use signals analysus to develop reliable methods for detecting leaf loss, which is key to monitoring forest responses at scale.


Faire apparaitre un avec le cycle ensuite cadegage et mettre 2-3
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Thanks to all the co-authors : Dr. Anais Gorel, Pr. Rodolphe Weber,                                              
Pr. Katharine Abernethy, Loic Makaga, Dr. Fidele Evouna and Pr. Adeline Fayolle

Thanks to all the Canopi project members and particularly to the field techniciens :                        
Eddy Milamizokou, Arthur Dibamboubousseba and Cressy Milami-Ndzoko

Thank you  for your attention !

Email : marjane.kaddouri@uliege.be 
Linkedin : Marjane Kaddouri
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Merci pour votre attention etles logos 

mailto:marjane.kaddouri@uliege.be
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Signal analysis

𝑹𝑹𝑹𝑹𝑹𝑹 =
𝑹𝑹𝑹𝑹𝑹𝑹

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 + 𝑅𝑅𝑅𝑅𝑅𝑅 + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝑮𝑮𝑮𝑮𝑮𝑮 =
𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 + 𝑅𝑅𝑅𝑅𝑅𝑅 + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝑃𝑃𝑖𝑖 =
𝑹𝑹𝒊𝒊

∑ 𝑹𝑹 + 𝑮𝑮 ′
 𝑄𝑄𝑖𝑖 =

𝑮𝑮𝒊𝒊
∑ 𝑹𝑹 + 𝑮𝑮

𝑑𝑑𝐻𝐻 𝑹𝑹,𝑮𝑮 =
1
2

�
𝑖𝑖

𝑃𝑃𝑖𝑖 − 𝑄𝑄𝑖𝑖
2

(𝑅𝑅𝑅𝑅𝑅𝑅,𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺,𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵)
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Commentaires de présentation
En analyse d’images, la distance de Hellinger est utile pour comparer des histogrammes (de couleurs, textures, ou autres caractéristiques) entre deux images. Cela permet par exemple :
La détection de changements entre deux images d’une même scène à des instants différents.
Elle est particulièrement efficace car elle met l’accent sur les différences dans la répartition des valeurs plutôt que sur des écarts absolus.
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Results
2. What are the leaf loss patterns and the drivers of theses species ?

Duration : 1 to 38 days (m :17,92, std: 13,9)
Cyclicity : Rythmicity: 

Duration : Cyclicity : Rythmicity: 

Duration : Cyclicity : Rythmicity: 
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