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A B S T R A C T

The use of laser scanning acquired from the air, or ground, holds great potential for the assessment of forest
structural attributes, beyond conventional forest inventory. The use of full-waveform airborne laser scanning
(ALSFW) data allows for the extraction of detailed information in different vertical strata compared to discrete
ALS (ALSD). Terrestrial laser scanning (TLS) can register lower vertical strata, such as understory vegetation,
without issues of canopy occlusion, however is limited in its acquisition over large areas. In this study we
examine the ability of ALSFW to characterize understory vegetation (i.e. maximum and mean height, cover, and
volume), verified using TLS point clouds in a Mediterranean forest in Eastern Spain. We developed nine full-
waveform metrics to characterize understory vegetation attributes at two different scales (3.75m square sub-
plots and circular plots with a radius of 15m); with, and without, application of a height filter to the data. Four
understory vegetation attributes were estimated at plot level with high R2 values (mean height: R2= 0.957,
maximum height: R2=0.771, cover: R2= 0.871, and volume: R2= 0.951). The proportion of explained var-
iance was slightly lower at 3.75m side cells (mean height: R2= 0.633, maximum height: R2=0.470, cover:
R2= 0.581, and volume R2= 0.651). These results indicate that Mediterranean understory vegetation can be
estimated and accurately mapped over large areas with ALSFW. The future use of these types of predictions
includes the estimation of ladder fuels, which drive key fire behavior in these ecosystems.

1. Introduction

Understory vegetation is an essential component of forest ecosys-
tems (Suchar and Crookston, 2010). The understory is critical for
wildlife habitat, nesting and foraging (Hill and Broughton, 2009;
Martinuzzi et al., 2009; Wing et al., 2012), impacts overstory re-
generation (Royo and Carson, 2006), provides protection against soil
erosion (Suchar and Crookston, 2010), as well as mediates microcli-
matic conditions below the canopy. The height, cover, and condition of
the understory are also key drivers of fire behavior through fuel ladders,
which drive crown fires (Molina et al., 2011). These types of fires are
the most dangerous in terms of economic impacts and tree death
(Molina et al., 2009).

Despite its importance, understory vegetation has conventionally
been difficult to describe spatially, particularly over large areas (Wing
et al., 2012). Traditional techniques, such as the line interception
method (Canfield, 1941), often used in field surveys (Vierling et al.,

2013), are very costly and only provide information over small spatial
extents (Riaño et al., 2007). Airborne or satellite-borne passive optical
remote sensing approaches can acquire data over large areas, but have
limitations for characterizing vertical forest structure (Kerr and
Ostrovsky, 2003; McDermid et al., 2005; Wulder and Franklin, 2012).

Active remote sensing techniques, such as Light Detection and
Ranging (lidar), provide horizontal and vertical information of different
canopy layers (Ruiz et al., 2018). Several studies have estimated
characteristics of understory vegetation cover using discrete return
airborne lidar, also known as discrete airborne laser scanning (ALSD,
Table 1). Most of these studies utilise classification approaches, where
understory vegetation is classified based on a set of characteristics de-
rived from point cloud data (Hill and Broughton, 2009; Martinuzzi
et al., 2009; Morsdorf et al., 2010). Less common approaches involve
regression, where understory characteristics are mapped in a con-
tinuous fashion (Wing et al., 2012). Martinuzzi et al. (2009) defined
and classified two categories of understory cover (above and below
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