Analysing and visualizing spatio-temporal landslide patterns
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Abstract: Landslide erosion is a serious land management problem in many parts of the world. In New Zealand, a
combination of steep erodible hill country, frequent and intense rainstorms, and recent forest clearance for pastoral
farming has led to extensive landslide erosion in many parts of the country. Effective mitigation measures against
landslide erosion and its consequences require a detailed understanding of the history, location, extent, and severity of
landsliding. Consequently, the preparation and availability of comprehensive and meaningful landslide inventories and
spatial representation using advanced cartographic techniques can support mitigation of landslide erosion, risk
communication, decision making and land management.
Remote sensing and new geospatial technologies have significantly increased objectivity and efficiency of
geomorphological mapping, while at the same time recent developments in GIScience allow different theoretical
perspectives on space, time, processes, and systems to be merged (Bishop et al., 2012; Napieralski et al., 2013). The
complexity of natural phenomena such as landslides requires advanced and innovative image analysis methods for
adequate and effective landslide inventory mapping (Guzzetti et al., 2012). Remote sensing data is well suited for
detecting landslides and for deriving spatio-temporal landslide patterns. Manually or semi-automatically mapped
landslides from optical satellite images or aerial photographs can be used as input for creating landslide pattern or
hotspot maps, which constitute an easy-to-grasp visual representation of the worst landslide-affected areas following
landslide triggering events such as heavy rainstorms.
For analysing and visualizing spatio-temporal landslide patterns we use historical and recent aerial photography from
five different dates, ranging from 1944 to 2011, for a study site near the town of Pahiatua, New Zealand. Landslide
hotspots are identified from the distribution of semi-automatically detected landslides using object-based image
analysis (OBIA) (cf. Hölbling et al., 2016). The development of semi-automated image classification techniques such
as OBIA offers the potential to considerably improve existing manual landslide mapping techniques, in particular the
time needed for landslide detection can be significantly reduced while achieving acceptable mapping accuracies. The
semi-automatically identified landslide polygons are rasterized at 1 m cell size and aggregated to 25 m pixel resolution
by calculating the sum of 1 m landslide pixels per 25 m cell. The resulting map is a landslide cover or density map
which displays the proportion of landslide area covering each pixel (625 m²) in percent. Figure 1 shows an example of
the identified landslide hotspots based on the OBIA mapping using the aerial photograph from 2005. The comparison of
the landslide hotspots based on the OBIA mapping with those based on manually mapped landslides shows very similar
results for all periods.
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Figure 1. Aerial photography from 2005 showing numerous landslides on a subset of the study area (upper left), landslide polygons
mapped with OBIA (in yellow; lower left), and landslide hotspots calculated based on the OBIA mapping showing the proportion of
landslide area covering each pixel (625 m²) in percent. A bilinear interpolation is used to create a smoother representation of the
result.

Advanced visualization techniques and cartographic representations are finally used to illustrate the evolution of the
landslide hotspots over space and time. Such a space-time and multidimensional representation of landslide patterns can
reveal relevant new information about past and recent landslide activity and can be valuable for risk communication
and targeted mitigation of landslide erosion.
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