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Accurate estimates of the carbon stocks and dynamics of the world’s forests are necessary for 

global carbon cycle accounting, e.g. in the context of the REDD+ process. LiDAR is currently 

the state-of-the-art technology in remote sensing of forest 3D structures and biomass. Only 

very few studies have so far gone beyond estimations of static biomass stocks, trying to 

predict carbon dynamics from remote sensing data. On the other hand, sophisticated process-

based forest growth models do exist and help scientists to understand forest dynamics and 

ecosystem level effects of physiological reactions caused by changing environmental 

conditions. Linking the fields of remote sensing and forest modeling may generate synergic 

effects by creating novel datasets and enabling experimental designs which were previously 

impossible.  

In this study, a model was developed to simulate small footprint discrete return LiDAR data 

for virtual forests from forest growth models. The model was calibrated and validated using 

ground inventory data and airborne LiDAR data from a tropical rainforest plot in Panama. 

The succession of the Panamanian rainforest under an intense, irregular disturbance regime 

was simulated with the individual-based forest growth model FORMIND to generate a large, 

heterogeneous dataset. The LiDAR model was applied to the FORMIND output to derive 

virtual remote sensing data. Then, the data was used to investigate different LiDAR metrics, 

from established ones to novel ones, for their ability as predictors for biomass and various 

other forest properties.  

It was demonstrated how these forest properties, including annual carbon fluxes, could 

potentially be measured via remote sensing. In particular, a relatively recent scale-invariant 

model performed notably well in many regards. The proposed coupling of forest growth 

models with LiDAR simulation models holds many advantages as compared to the classical 

inventory plot based LiDAR predictor calibration. Advantages are the arbitrarily large and 

diverse training data, knowledge of exact quantities, i.e. no measurement inaccuracies, and 

cost-, work- and time-efficiency. The approach can help to improve existing models in either 

discipline, remote sensing and forest growth modeling. 
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