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ABSTRACT: This is the era of digital landscapes; the widespread availability of powerful sensing technologies has revolutionized
the way it is possible to interrogate landscapes in order to understand the processes sculpting them. Vastly greater areas have now
been acquired at ‘high resolution’: currently tens of metres globally to millimetric precision and accuracy locally. This permits
geomorphic features to be visualized and analysed across the scales at which Earth-surface processes operate. Especially exciting
is the capturing of process dynamics in repeated surveying, which will only become more important with low-cost accessible data
generation through techniques such as Structure from Motion (SfM). But the key challenge remains; to interpret high resolution
Digital Terrain Models (DTMs), particularly by extracting geomorphic features in robust and objective ways and then linking the
observed features to the underlying physical processes. In response to the new data and challenges, recent years have seen improved
processing of raw data into DTMs, development of data fusion techniques, novel quantitative analysis of topographic data, and
innovative geomorphological mapping. The twelve papers collected in this volume sample this progress in interrogating Earth-
surface processes through the analysis of DTMs. They cover a wide range of disciplines and spatio-temporal scales, from landslide
prone landscapes, to agriculturally modified regions, to mountainous landscapes, and coastal zones. They all, however, showcase
the quantitative exploitation of information contained in high-resolution topographic data that we believe will underpin the improve-
ment of our understanding of many elements of Earth-surface processes. Most of the papers introduced here were first presented in a
conference session at the European Geosciences Union General Assembly in 2011. Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction

With the availability of high resolution DTMs previously
inconceivable advances in the analysis of the Earth’s land
surface, seafloor, and planetary terrains have been possible.
Lidar derived data, for example, are now used in a variety of
disciplines, from geomorphology, to hydrology, to tectonics
and geoarchaeology (Glennie et al., 2013; Tarolli, 2014).
Recent research advances have included techniques to
objectively and robustly explore high resolution DTMs, which
feed into modelling and analysis to further our understanding
of landscape forming processes. For example, methods have
been proposed for the semi-automatic and automatic extrac-
tion of channels and channel heads (Lashermes et al., 2007;
Passalacqua et al., 2010a, 2010b; Sofia et al., 2011; Cazorzi
et al., 2013; Pelletier, 2013), channel morphology (Passalacqua
et al., 2012; Fisher et al., 2013), and fluvial terraces (Stout and
Belmont, 2014); the identification of landslide prone areas
(Booth et al., 2009; Tarolli et al., 2012); the characterization
of landslide morphology (McKean and Roering, 2004; Glenn
et al., 2006; Ardizzone et al., 2007), glacial landforms (Smith
et al., 2009; Hillier and Smith, 2012), submarine volcanoes
(Behn et al., 2004; Hillier, 2008), and depositional features of
alluvial fans (Staley et al., 2006; Cavalli and Marchi, 2007;
Frankel and Dolan, 2007). In terrestrial subaerial geomorphol-
ogy lidar is the remote sensing technique that has most recently
contributed the most. Other techniques such as SAR (Synthetic
Aperture Radar) offer opportunities to further investigate Earth
surface processes such as landsliding (Roering et al., 2009;
Bovenga et al., 2012; Berti et al., 2013; Raucoules et al.,
2013; Zhao et al., 2013) and to analyse river bed morphology
(Marcus and Fonstad, 2010).
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We are now observing an abrupt increase of available higher
resolution data and challenges in feature extraction and
interpretation of geomorphic features remain. In order to
collect recent research advancements and motivate further
research in this direction, we organized a ‘Digital Landscapes’
session at the European Geosciences Union General Assembly
in 2011, and it has continued successfully every year since
then. The session was focused on objective, robust, reproduc-
ible, and quantitative methods of analysis of DTMs to extract
geomorphic features from high-resolution topographic data
and to bridge the gap between geomorphic form and its
formational processes. We solicited presentations about
methodological developments that create exciting new obser-
vations and unlock the potential wealth of new insights into
geomorphic processes recorded in DTMs. This special issue
collects 12 such papers that span a variety of spatio-temporal
scales and disciplines. A brief summary of the papers that are
part of this special issue is given below.
Applications

Feature recognition and quantification

Barneveld et al. (2013) analyse the suitability of Terrestrial Laser
Scanners (TLS) for the accurate measurement of soil micro-
topography. Tests performed on three agricultural fields show
that the choice of resolution and viewpoints plays a critical role
in the accuracy of the results. Precision and accuracy of the
DEMs rapidly decline with decreasing resolution due to the
presence of sub-grid roughness elements at the soil surface.
Viewpoints should be chosen such that areas of interest are
properly covered when multi-temporal analysis of soil proper-
ties is performed in order to assess soil roughness dynamics or
erosion/deposition patterns.
Corsini et al. (2013) focus on techniques to map and monitor

a slow moving compound rockslide in the northern Apennines
in Italy. ALS, multi-temporal TLS, and Automated Total Station
(ATS) measurements are integrated using an Iterative Closest
Point procedure. They obtain a better DTM than would be
possible from any data set taken separately. The landslide
features are mapped on the resulting high resolution DTM.
Movements of the landslide elements up to 20 cm are estimated
with sequential TLS surveys. Differences are estimated using a
surface matching approach, detecting changes down to
~3 cm. This analysis confirms the applicability of laser scan-
ning to quantify slope instability processes, and highlights the
advantages of blending measurement approaches.
D’Agostino and Bertoldi (2014) propose a method to calcu-

late the Management Priority Index (MPI) to rank sediment
sources within a catchment based on their potential to deliver
debris-flow volumes to a point of interest. Three sub-indicators
are proposed to define priority of intervention: (i) a susceptibil-
ity indicator that quantifies the overall potential to generate
debris flows; (ii) a triggering indicator; and (iii) a volume budget
indicator to estimate the deliverable volume to a selected
outlet. The method is tested with surveys and field observations
on an alpine catchment, the Rio Gadria in Italy, characterized
by several active shallow landslides and bare soil zones.
Hillier and Smith (2014) test multiple semi-automated

techniques to quantify drumlin height, H, and volume, V, using
synthetic DEMs (Hillier and Smith, 2012) as a diagnostic tool.
From this analysis, guidelines on how best to quantify glacial
bedforms’ 3D attributes are proposed. Specifically, three
analysis steps are suggested to avoid systematic biases and
sensitivity to outliers: (i) declutter the DEM for estimating H
but not V; (ii) remove the height data within the drumlin; and
Copyright © 2014 John Wiley & Sons, Ltd.
(iii) use Delaunay triangulation to interpolate across the hole
and estimate the basal surface. The analysis is validated in west-
ern Central Scotland, but is argued to be generally applicable.

Schwanghart et al. (2013) test a state-of-the-art carving
algorithm for flow network derivation in a low-relief agricul-
tural landscape characterized by a large number of spurious
topographic depressions. Their results show that the investi-
gated algorithm fails to reconstruct a benchmark network in
terms of carving energy, distance, and a topological network
measure. The authors propose modifications to the algorithm
to enhance local variations and incorporate possible channel
locations. Siart et al. (2013) propose a multi-method approach
based on a fusion of TLS and subsurface geophysical data,
namely seismic and electrical tomography, to investigate karst
depressions and quantify their geomorphometric characteris-
tics. Dolines in the Dikti Mountains of East Crete are used as
a case study. The subsurface data provide better volume esti-
mates than the TLS DTMs alone by accounting for infill, and
also reduce ambiguities in the mode of origin of the features.
Thus, better characterization of dolines in terms of their
geometry and dominant geomorphologic processes acting dur-
ing their formation appears possible through data integration.
The impact of different DEMs and the influence of data resolu-
tion are analysed and guidelines for data fusion proposed.

Székely et al. (2014) adapt an algorithm originally developed
for building identification in 3D cityscapes, turning it to the
recognition of ignimbrite sheets in a region of the Central
Andes from an SRTM Digital Elevation Model (DEM). The
method consists of robustly fitting quasi-planar surfaces to the
data and segmenting the surface in order to distinguish volca-
nic sheets from less planar features such as gullies and tectonic
faults. The maps obtained are argued to be usefully different
from other methods.

Tseng et al. (2013) analyse lidar-derived DTMs acquired in
2005 and 2010 to obtain landslide-induced sediment volumes
resulting from a single catastrophic typhoon event in a heavily
forested mountainous area of Taiwan. Each landslide volume is
calculated by subtraction of the 2005 DTM from the 2010 DTM
and a volume–area relationship is obtained and validated in
11 small to medium-sized catchments. The results suggest
good agreement between the calculation from DTMs and the
regression formula.
Interrogation of Earth-surface processes

de Michieli Vitturi and Arrowsmith (2013) analyse the temporal
evolution of simple landforms such as cinder cones by nonlin-
ear diffusive processes through the use of a new 2D numerical
model. The model employs well-established and accurate
numerical mathematics and high-resolution DEMs. A spatially
and temporally variable sediment transport rate scaled
nonlinearly by the ratio of local slope to critical slope is
employed to account for landscape heterogeneity. The results
suggest that: (i) the maximum diffusion at the critical slope
controls final morphology, especially approaching steady state;
(ii) 2D solution of the model accounts for sediment flux
convergence or divergence in the profile; (iii) the boundary
behaviour of a given landscape element affects the behaviour
within the domain.Mitchell et al. (2013) examine high-
resolution multibeam sonar data from three areas with extreme
tidal currents to understand whether Holocene tidal currents
are effective at eroding bedrock: Minas Passage (Bay of Fundy),
Strait of Messina (Italy), and Bristol Channel (UK). Little
evidence is found in the data. Shear stresses, τ, of extreme tidal
streams in the UK are compiled and compared with τ in moun-
tainous rivers where long-term rates of erosion are comparable
Earth Surf. Process. Landforms, Vol. 39, 1400–1403 (2014)
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with tectonic uplift rates, and are thus geomorphologically
significant. The results suggest that tidal shear stresses, which
are largely less than 101 Pa, are too small to erode bedrock by
quarrying or plucking mechanisms, which usually require
>102 Pa in rivers. Greater stresses, associated with enhanced
tidal ranges during glacial low-stands, particularly in the
Atlantic Ocean, may have led to sufficiently strong currents
for bedrock abrasion to occur locally.
Sailer et al. (2014) analyse the effect of DTM differencing

error on the quantification of geomorphic processes. DTM
differencing at several grid resolutions (from 0.25m to 10m)
derived from ALS data is compared with accurate differencing
calculated using point cloud data. Errors in differencing are
related to landscape topographic attributes such as slope and
surface roughness. It is found that errors increase with lower
point density, higher values of slope, and surface roughness.
The higher the error, the greater the differences between two
elevation datasets have to be in order to quantify certain
morphodynamic processes.
Sofia et al. (2013) analyse minimum curvature distributions

to identify the statistical signature of two types of lidar DTM
errors (outliers and striping artifacts) in the derived estimates.
The analysis shows the importance of modelling these errors
correctly to obtain reliable curvature estimates. For DTMs
without errors, the scale-dependent change in curvature distri-
bution is primarily controlled by real morphology, while when
DTMs include errors, curvature distributions are controlled by
outliers and striping artifacts. Error propagation depends on its
distribution, spatial correlation, and scale of analysis.
Concluding Remarks and Future Opportunities

The availability of high resolution DTMs offers great opportuni-
ties for the investigation of Earth-surface processes. New tech-
niques have been proposed to robustly and objectively
extract geomorphic features from high-resolution data and to
use such information to further our understanding of Earth-
surface processes. The future perhaps is even more of an
exciting prospect. Specifically, although we are not the first to
note these trends, we envisage great interest in the following
approaches: (a) increased use of multi-temporal DTMs as
planning and actuating carefully targeted repeated surveys
becomes tractable for more researchers. Capturing dynamic
changes gives direct insight into landscape evolution and
enables further testing of modelling approaches. (b) More
applications of SfM (Structure from Motion) techniques includ-
ing the use of unmanned aerial vehicles (UAVs), that with
respect to other remote sensing technologies (e.g. airborne or
terrestrial laser scanner) offer low cost surveying, while preserv-
ing suitable accuracy and resolution; (c) further development of
techniques for the direct exploitation of point cloud data which
preserve more terrain information than DTMs. Of course, all
these approaches will require the development of innovative
and quantitative analysis techniques such as those presented
in this issue in order for observations to provide insight into
the processes shaping our planet.
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