
SPATIAL MODELING OF CARBON STOCKS USING DISCRETE 

MULTI-RETURN LiDAR DATA IN A SUB BOREAL FOREST: A 

COMPARISON TO OPTICAL REMOTE SENSING 
 

Authors: Darren T. Janzen
*1

, Claudette H. Bois
1
, Roger D. Wheate

2
, Arthur L. Fredeen

1, 2
 

 

1
Ecosystem Science and Management Program;  

2
Natural Resources and Environmental Studies Institute 

University of Northern British Columbia 

3333 University Way 

Prince George, British Columbia, Canada 

V2N 4Z9 

 

* Corresponding Author 

TEL (250) 963-3144 

FAX (250) 963-7022 

E-mail address: janzen0@unbc.ca 

 

   Previously, forest carbon ecosystem carbon stocks were estimated with a time series of 

Landsat TM/ETM+ images.  Reliable estimates of biomass C were produced using this 

imagery, but the data were not able to support the estimation of individual components of 

biomass, including large trees, secondary structure, shrubs, herbs, and woody debris. 

   In this research, we set out to determine whether the use of LiDAR data with the same 

modelling approaches would improve estimates of total biomass, and permit estimation 

of individual components of biomass.  Plot measurements of forest ecosystem carbon (C) 

were spatially interpolated using forest structural attributes derived from discrete multi-

return LiDAR data.  Monte Carlo uncertainty analysis described uncertainty in singular 

model predictions and spatial autocorrelation approximation formulae allowed landscape 

level predictions.  

   Models were created to estimate total biomass C, large tree C, secondary structure C, 

and herb C with r
2
 values of 0.792, 0.782, 0.571, and 0.749 respectively.  However, the 

LiDAR data were not able to develop quality models for woody debris C.  The secondary 

structure and herb C models were also tested for their efficacy at describing the relevant 

stocks whether underneath overstory vegetation or not and the difference in r
2
 values was 

negligible, indicating no effect of overstory vegetation on model accuracy.  This is 

significant as no other remote sensing system has shown the capability to reliably 

estimate secondary structure underneath mature canopies.  These estimations may prove 

critical in maintaining a mid-term timber supply in the wake of the Mountain Pine Beetle 

epidemic in Western Canada. 

 


