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Forests hold globally significant reserves of
carbon, but high uncertainty associated with estimates
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• Choice of estimation equation

• Measuring carbon fluxes by repeat-LiDAR 
surveying
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Informative to explore why they are so different?



Taken from Michard’s talk at the European Space Agency, Jan 2015



How do the remotely sensed maps compare with those based on 
forest inventory plots?





Taken from Michard’s talk at the European Space Agency, Jan 2015

IMPORTANT DRIVERS OF CARBON DENSITY NOT  MEASURED BY LIDAR



Taken from Michard’s talk at the European Space Agency, Jan 2015

And this requires plots on the ground!



Species D (cm) H (m) Ρ (g/cm3) AGB (t, dry 
mass)

Apuleia
leiocarpa

108 30 0.855 12.2

Cavanillesia
umbellata

115 28 0.132 2.3

Dipteryx
micrantha

158 44 0.871 76.1

R. C. Goodman, O. L. Phillips, T. R. Baker, 
2012, Nature 491: 527

species impact on AGB at the tree-scale

Whole trees measured directly - cut, dried, weighed

Whole trees measured directly - cut, dried, weighed:

Taken from Phillips’s talk at the European Space Agency, Jan 2015



The heaviest tropical tree!
Dipteryx micrantha, AGB = 76 t

Taken from Phillips’s talk at the European Space Agency, Jan 2015



On the value of permanent plots 





Rainfor plots not currently  well aligned with RS products – more plots needed



How can ground data help for calibration 
and validation ?

• ground data are also estimates, but they are 
independent and always based on individual 
organisms (trees), not canopy structural features

• requires (1) matching to RS in time, (2) accurate tree 
dimensions, and (3) accurate species identification

Taken from Phillips’s talk at the European Space Agency, Jan 2015



2. Accurate Dimensions: Foresters’ skills



Allpahuayo, Peru

3. Accurate Identification: Botanists’ skills



Pan-tropical teamwork 
(standardised protocols: many people, plots, 

institutions)

CTFS-ForestGEO, 61 large 
dynamics plots, ca. 30 

tropical  

RAINFOR (Red Amazonica de Inventarios
Forestales), 500 biomass & dynamics plots  

AfriTRON
(African Tropical 

Forest 
Observation 

Network) >250 
biomass plots  



RAINFOR: Partners
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𝐴𝐺𝐵𝑇𝑅𝐸𝐸 = 𝛼 ∗𝑊𝐷𝛽 ∗ 𝐷𝐵𝐻𝛾 ∗ 𝐻𝛿  

AGB =  Biomass of individual tree

WD =  wood density of species
DBH = Diameter at chest height  
H  = height  (estimated from DBH)



 

Carbon storage in New Zealand woodlands



Soils and litter 
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• There are several papers looking at error 
propagation

Molto et al (2013) 



Thanks to Mat Disney, UCL

Using tLidar to improve allometry



https://www.youtube.com/watch?v=C4-xBCQ291M&feature=youtu.be

Caxiuana drought experiment

https://www.youtube.com/watch?v=C4-xBCQ291M&feature=youtu.be


Segmenting trunks to get accurate volumes

Thanks to Mat Disney, UCL
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The benefits of using LiDAR

• You can get wall-to-wall maps of carbon density.
• Good for calibrating / validating  satellite imagery 
• Although carbon density in any one pixel will be estimated 

with lower precision than from an inventory plot,  you 
estimate carbon density in millions of pixels vs a few 
hundred plots, so the precision of regional estimate should 
be much better. 

• Better  than plots for measuring disturbance (e.g. Espirito
Santo et al 2014). 

• Great for detecting subtle differences in forest structure 
indicative of recovering secondary forests vs old-growth 
forest 

• Saves money,  once properly calibrated. 



Example from the  Mediterranean of SD of  ground plots vs LiDAR 

SD similar,  but RMSE goes does as  1/sqrt (N)  so very low for landscape
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Asner and Mascaro’s Universal model







Asner and Mascaro (2014) RME
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Asner and Mascaro (2014) RME

But not so convincing in several temperate studies! 





Other studies confirm the effectiveness of this approach 

Rejou-Méchan et al. (2014) RSE 



Mascaro et al. (2011)

Best to have calibration plots of 1 hectare in size.   0.25 hectares isn’t bad though  

See also Chen and Laurin (2014)



What do we really want ARS to tell us?

A tree centric approach



+ identify species A tree centric approach !

What do we really want ARS to tell us?



𝐷𝐵𝐻 = 𝜀 ∗ 𝐻𝜌 ∗  1 + 𝜗 ∗ 𝐶𝐴  

Instead of measuring diameter on ground,  we can estimate it from LiDAR-derived 
height and crown area of each tree

We also identify tree species  by machine learning,  using the hyperspectral dataset

And estimate WD from this species  information.

Tree Centric Mapping of Forest Carbon

𝐴𝐺𝐵𝑇𝑅𝐸𝐸 = 𝛼 ∗𝑊𝐷𝛽 ∗ 𝐷𝐵𝐻𝛾 ∗ 𝐻𝛿  

Traditional field analyses of AGB are based on ground measurements of DBH





Airborne laser scanning point cloud  – Italian Alps



Tree recognition from laser scanning point cloud  – Italian Alps



Tree Centric Mapping of Forest Carbon in Italy 



𝐷𝐵𝐻 = 𝜀 ∗ 𝐻𝜌 ∗  1 + 𝜗 ∗ 𝐶𝐴  

Instead of measuring diameter on ground,  we can estimate it from LiDAR-derived 
height and crown area of each tree

We also identify tree species  by machine learning,  using the hyperspectral dataset

And estimate WD from this species  information.

Tree Centric Mapping of Forest Carbon in Italy 

𝐴𝐺𝐵𝑇𝑅𝐸𝐸 = 𝛼 ∗𝑊𝐷𝛽 ∗ 𝐷𝐵𝐻𝛾 ∗ 𝐻𝛿  

Traditional field analyses of AGB are based on ground measurements of DBH



ACD  (Mg C / ha)
Ground based  estimate 
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Excellent correlation between LiDAR and ground  estimates 
of forest biomass (validation plots), with slight bias evident



Allows individual tree carbon or carbon density  to be mapped



A tree-centric approach to carbon density mapping is 
appealing because it is based on the fundamental principles 
of individual tree allometres
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Careful study of how to measure change in French Guiana 



Rejou-Méchan et al. (2014) RSE 

Careful study of how to measure change in French Guiana 
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From LiDAR strips to landscapes

• A.  Fuse LiDAR heights with GLAS estimate. Or 
with 2018 GEDI estimates. 

• B. Fuse with radar data collected by satellites 
(e.g. Japanese space agency JAXA has annual 
calls for using its L-band radar data, ALOS-2).  

• C. Major environmental layers that Brazilian 
already has mapped (e.g. disturbance, fires, 
soils)

• D. Topographic and elevational indices



Concluding thoughts

• You need plot data to get information on wood density and tree packing density
• Sources of uncertainty and imprecision  really well understood at the plot levels
• LiDAR is an excellent tool  for measuring canopy height,  and when combined with 

wood density and basal area estimates from the ground,  can deliver accurate biomass 
map


