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Flooding and erosion after wildfires present increasing hazard as climate warms, semi-arid lands become drier,
population increases, and the urban interface encroaches farther into wildlands. We quantify post-wildfire ero-
sion in a steep, initially unchannelized, 7.5 ha headwater catchment following the 2011 Horseshoe 2 Fire in
the Chiricahua Mountains of southeastern Arizona. Using time-lapse cameras, rain gauges, and repeat surveys
by terrestrial laser scanner, we quantify the response of a burned landscape to subsequent precipitation events.
Repeat surveys provide detailed pre-and post-rainfall measurements of landscape form associated with a range
ofweather events. The first post-fire precipitation led to sediment delivery equivalent to 0.017m of erosion from
hillslopes and 0.12mof erosion fromcolluvial hollows. Volumetrically, 69% of sediment yieldwas generated from
hillslope erosion and 31% was generated from gully channel establishment in colluvial hollows. Processes on
hillslopes included erosion by extensive shallow overland flow, formation of rills and gullies, and generation of
sediment-ladenflows and possibly debrisflows. Subsequent smaller rain events caused ongoing hillslope erosion
and local deposition and erosion in gullies. Winter freeze-thaw led to soil expansion, likely related to frost-
heaving, causing a net centimeter-scale elevation increase across soil-mantled slopes. By characterizing land-
scape form, the properties of near-surface materials, and measuring both precipitation and landscape change,
we can improve our empirical understanding of landscape response to environmental forcing. This detailed ap-
proach to studying landscape response to wildfires may be useful in the improvement of predictive models of
flood, debris flow and sedimentation hazards used in post-wildfire response assessments and landmanagement,
and may help improve process-based models of landscape evolution.

Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
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1. Introduction

Intense rainfall on recently burned landscapes often results in in-
creased flood magnitude, widespread erosion, initiation of debris
flows, and sedimentation in stream valleys and on piedmonts in vol-
umes that greatly exceed what is expected from rainfall on unburned
landscapes. Post-fire sediment yields have been demonstrated to in-
crease by as much as three orders of magnitude over background ero-
sion rates (Wagenbrenner and Robichaud, 2014). In the western
United States, a history of fire suppression and periodic drought has
led to increased frequency, extent, and severity of wildfires over the
past several years (Stephens, 2005; Littell et al., 2009). Additionally, as
human development at urban-wildland interfaces continues, the risk

ofwildfires and associated hazards increases (Stein et al., 2013). This re-
quires that we improve our understanding of the range of responses
that arise from the complex functional relationships among basin mor-
phology, mesoscale precipitation, burn severity, soil characteristics, and
the thresholds for runoff and debris-flow generation in order to im-
prove conceptual and physics-based predictive models (Moody et al.,
2013).

After a high-severity burn the primary modes of sediment transport
on steep, burned slopes prior to the first rainfall include wind erosion
and dry ravel (Florsheim et al., 1991; Gabet, 2003; Shakesby and
Doerr, 2006; Lamb et al., 2011). However, the most dramatic post-
wildfire sediment transport results from intense rain events. Rainsplash
and runoff erosion is exacerbated by a combination of the loss of plants
and organic ground cover that previously intercepted precipitation and
dampened raindrop energy, the decrease in soil shear strength from the
burning of roots, and changes in soil hydrologic properties, particularly
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