Quantifying forest dynamics in a free-air CO2 enrichment
experiment using terrestrial laser scanning
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1. Introduction

Deforestation and forest degradation account for about 12% of global anthropogenic carbon emissions,
which is second only to fossil fuel combustion (Le Quéré et al., 2009). This estimate is highly uncertain
due to inadequate estimates of forest carbon stocks and is expected to range from 6 to 17% (van der
Werf et al., 2009). Carbon emissions are partly compensated for by carbon uptake from the regrowth of
secondary forests and the rebuilding of soil carbon pools following afforestation. However, the global
distribution of terrestrial carbon sinks and sources is highly uncertain. Constraining the inaccuracy of
these carbon estimates is essential to quantify benefits of avoided deforestation, return on investment in
forest management and to support effective future climate mitigation actions (Pan et al., 2011). The
debate concerning a possible Amazon forest die-back, i.e catastrophic losses of forest cover and
biomass, illustrates the growing concern that terrestrial ecosystems (and tropical forests in particular)
might not be able to maintain uptake of anthropogenic emissions at the current rate (Huntingford et al.,
2013). A better understanding of forest growth dynamics will improve our understanding of the carbon
cycle and mechanisms responsible for terrestrial sources and sinks of carbon, reducing their
uncertainties of magnitude and distribution (Pan et al., 2011).

Our current knowledge about forest growth is limited, mainly due to challenges in accurately measuring
tree structure, e.g. tree height and aboveground biomass (AGB), repeatedly and objectively. Diameter
at breast height (DBH) is often used to indirectly estimate height or AGB through empirical relationships
(i.e. allometric models), or to quantify forest growth (Ellsworth et al., 2017) as it is relatively easy to
measure. However, due to the difficulty and high cost of destructively sampling trees, the measurements
that underpin those allometric models are based on a limited sample size, which is also heavily biased
towards smaller trees.
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Figure 1: [llustrations of the free-air CO; enrichment experiment EucFACE.
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Novel techniques using 3D terrestrial LIDAR (also referred to as terrestrial laser scanning, TLS)
can provide us with a more accurate way to estimate the structure of trees (Calders et al., 2015a). TLS
can objectively measure the canopy structure in 3D with high detail and accuracy, and recent work on
characterising forest structure using TLS showed (a) a much better agreement with destructively
harvested reference measurements compared to traditional techniques (Calders et al., 2015a); and (b)
superiority and stability of TLS measurements in the context of repeatable measurements (Calders et
al., 2015b).

2. Measuring forest growth in a free-air CO2 enrichment experiment

EucFACE is a free-air CO; enrichment experiment that consists of six circular 25 m rings in a mature
broadleaved evergreen forest (Figure 1). The main species is Eucalyptus tereticornis, which has a
distribution through sub-tropical and temperate zones in Australia. Three rings have been exposed to a
CO; increment of +150 parts per million (i.e. the projected global atmospheric CO, concentration for
2050) compared to ambient concentrations since 2012, with the other three rings serving as control plots.
TLS data has been collected at EucFACE rings in 2012, 2015, 2018 and 2020 using a RIEGL VZ-400.
Figure 2 shows a cross section through the TLS data of one of the rings in 2012. The objective of this
work is to test the hypothesis that “elevated CO: concentration levels have an effect on forest growth?”.
Here, we will show results from estimating tree growth explicitly through 3D TLS data over an eight-
year period, taking into account the full structure of the tree, and link this to elevated CO; concentration
levels. We will show results from both (a) gap fraction analysis and (b) the extraction of tree point clouds
from within each EucFACE ring. We will then show the time progression of stand structural dynamics
of plant area index, as well as individual tree parameter dynamics including DBH, tree height and crown
area.

Figure 2: Terrestrial laser scanning 2012 data cross section of ring 1 of the EucFACE experiment.
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