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‘Towards’



The Allometric Function
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The Allometric Function
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𝐴𝐺𝐵 = 	𝛼! ∗ 𝐻"

𝜶	Allometric Factor:
• Density variations

H (Upper) Canopy Height
𝜷	Allometric Exponent
• Species Composition
• Growing Conditions
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The Scale Issue?
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Constant:



Datasets
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Ø Individual tree based forest gap model
Ø Each tree is calculated individually, in high 

diversity forests, 500 years available 
Ø Simulated Disturbances: fire, landslides, logging

or drought

NASA LVIS UFZ FORMIND

Ø Continuous Waveform LiDAR Dataset
Ø 25m minimum Resolution
Ø Raw Waveforms accessible
Ø This Dataset: from Afrisar 2016, Lopé NP in 

central Gabon
Ø Monsoon Forest and savanna in direct prox.



Which Tree Height?
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FORMIND Simulation Data for PFT3:



Sampling Process
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Resampling - Results
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Scale Induced Biomass Change
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Scale Induced Biomass Change
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Scale Induced Biomass Change
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Scale Induced Biomass Change
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Biomass Variance & Residuals



Biomass Variance - How do we proceed?
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Multivariate Statistics 
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Additional 
Parameters

• DBH
• Crown Radius
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𝐴𝐺𝐵	 = 	𝛼 ∗ 𝐶𝐻0
log 𝐴𝐺𝐵 = 	 log 𝛼 + 𝛽 ∗ log 𝐶𝐻	

𝐴𝐺𝐵123 	= 	𝛼 ∗ 𝐷𝐵𝐻4 ∗ 𝐶𝐻0

log 𝐴𝐺𝐵 = log 𝛼 + 𝛾 ∗ log𝐷𝐵𝐻
+𝛽 ∗ log 𝐶𝐻

Ø R2 = 0.22

Mod1

Ø R2 = 0.39

Mod2
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@RSS solutions
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Increasing Horizontal Structure

SAR Reflectivity V. Cazcarra-Bes, et al., 2017
Density of peaks in a fixed top layer 

HS! =
count{peaks top layer}

Area
HS = 1 − HS!/max(HS!)

𝐇𝐒 = 𝟎 (Homogeneous. or dense)
𝐇𝐒 = 𝟏 (Heterogeneous or sparse)

TDX Phase Center Height over Ground

Heterogeneous Homogeneous

Forest Structure from TanDEM-X
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@RSS solutions

Forest Structure from TanDEM-X
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Increasing Horizontal Structure

HS! =
count{peaks top layer}

Area
HS = 1 − HS!/max(HS!)

𝐇𝐒 = 𝟎 (Homogeneous. or dense)
𝐇𝐒 = 𝟏 (Heterogeneous or sparse)

Wednesday
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Conclusion
Resampling / Rasterization Process:
Ø Top canopy height measurements is what Pol-InSAR height inversion allows;
Ø One possible way to express top canopy height is the H100 concept (based individual tree measures); 
Ø Implementation / Approximation of H100 from raster data can be in different ways;
Ø H100 more sensitive to biomass than other height metrics yet proving more challenging when resampling.

Scale Induced Biomass Change: 
Ø Scale dependency of the biomass when modeled with H100 data is weak but clearly visible 
Ø Albeit the relatively small error (up to 80 t/ha), the scale induced change must be taken into consideration

Biomass Variance: 
Ø Both LVIS and FORMIND datasets show very high biomass variances for the different canopy height classes;
Ø FORMIND proves as excellent tool to understand interconnections and possibly implement further multi-sensor 

remote sensing data to improve the allometric formula;
Ø A multivariate approach to improve the fit of the allometries proves to be a promising, albeit challenging 

pathway.
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UAV LiDAR Work
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Stand Density
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H2BM Histograms
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H2BM Fitted Allometries
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FORMIND Resampling


