Central Washington University

ScholarWorks@CWU

All Master's Theses Master's Theses

Spring 2017

Post-wildfire black carbon deposition on the snowpack in the
Cascade Range, Washington State: Temporal and spatial
variability with implications for accelerated melt

Ted Uecker
Central Washington University, ueckert@cwu.edu

Follow this and additional works at: https://digitalcommons.cwu.edu/etd

0 Part of the Environmental Sciences Commons, and the Geology Commons

Recommended Citation

Uecker, Ted, "Post-wildfire black carbon deposition on the snowpack in the Cascade Range, Washington
State: Temporal and spatial variability with implications for accelerated melt" (2017). All Master's Theses.
670.

https://digitalcommons.cwu.edu/etd/670

This Thesis is brought to you for free and open access by the Master's Theses at ScholarWorks@CWU. It has been
accepted for inclusion in All Master's Theses by an authorized administrator of ScholarWorks@CWU. For more
information, please contact scholarworks@cwu.edu.






forests [Arno, 1980; Smith and Fischer, 1997]. This has corresponded with
several high burn severity wildfires on the eastern slope of the Cascade Range
since the 1970s that have created large areas of burned forest exceeding
historical conditions [Everett et al., 1999]. From 2000-2012, 80% of all wildfires in
the western U.S. occurred in the seasonal snow zone, burning 44,000 km?

(Figure 5) [Gleason et al., 2013].

Figure 5. Wildfires in the western U.S. from 2000-2012, including fires in the Cascade Range in
Washington State that were investigated in this study. From Gleason et al. [2013].

Results from climate modeling from the Washington Climate Change
Impacts Assessment (WACCIA) predict that the Pacific Northwest will experience
a temperature increase of 3.0°C by the 2080s, which will coincide with an altered
precipitation regime that is more rain-dominant [Elsner et al., 2010; Miles et al.,
2010]. These conditions are expected to further decrease the spring snowpack,

with a 38-46% decrease in April 1 snow water equivalent (SWE) in the
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Cascades, which will extend the dry season by affecting the timing of runoff. The
area burned by fire regionally is projected to increase by 100-250% by the middle
of this century [Elsner et al., 2010; Littell et al., 2010; Vano et al., 2010].
Projecting the impact of these changes requires a better understanding of the
connection between wildfire activity and snowmelt.

Wildfires in the seasonal snow zone affect both snow accumulation and
ablation patterns through two primary processes. First, removal of the forest
canopy during a wildfire reduces snow interception prior to surface deposition,
which may increase accumulation by as much as 70% [Winkler, 2011]. In
addition, canopy removal increases net solar radiation to the surface by as much
as 60%, which increases ablation rates by 50-60%, even when peak snowpack
depth is comparable to unburned conditions (e.g. Winkler, [2011]; Harpold et al.,
[2014]). The second effect of wildfires involves the deposition of LAl and other
pyrogenic debris on the snowpack during and following a wildfire, which lower
albedo and can increase ablation rates. Kaspatri et al. [2015] reported elevated
BC and dust concentrations on glacial ice and snow in Washington State during
the wildfire season, resulting in 29-38 mm/day of increased snowmelt. BC
emitted during a wildfire has been shown to travel far from the source, as
demonstrated by Bisiaux et al. [2012] with BC concentrations in Antarctic ice
cores correlated to southern hemisphere low and mid-latitude wildfires. Following
a wildfire, deposition of burned woody debris (charred needles, cones, and bark)

within a burned forest has been shown to reduce albedo by 40% and lead to a
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23-day increase in complete ablation (Figure 6) [Gleason et al., 2013]. In
addition, Delaney et al. [2015] reported elevated BC concentrations in forests

adjacent to burn sites in the year following a wildfire.
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Figure 6. (a) Reduced albedo in burned forests relative to unburned forests during the
accumulation and ablation periods. (b) Deposition of debris on the snowpack in burned and
unburned forests. From Gleason et al. [2013].

This prior research has demonstrated that the deposition of burned woody
debris and charcoal on the snowpack reduces snow albedo and accelerates melt
in the post-wildfire environment, but has not accounted for the effect of BC
deposition versus canopy removal in accelerated snowmelt [Winkler, 2011;
Gleason et al., 2013]. Research in Washington State indicates that the highest
observed BC concentrations are on glaciers during the forest fire season and on
the snowpack post-wildfire in burned forests [Delaney et al., 2015; Kaspatri et al.,
2015]. However, the degree to which BC from the charred trees contributes to
snow albedo reduction, and whether this effect lessens with age and distance

from the burn site or vary with burn severity had yet to be investigated prior to
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this study. Documenting these parameters will provide important information for
improved water resource and land management, and improved strategies for
meeting ecological and societal water demands. This study may also help
improve snowmelt models, which currently contain large uncertainties in the
energy balance components and do not account for the role that BC has in

accelerating snowmelt [Burles and Boon, 2011].
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Abstract

Wildfires in the seasonal snow zone affect both snow accumulation and ablation
patterns by decreasing forest canopy and depositing light absorbing impurities
(LAI), including black carbon (BC) and burned woody debris, on the snowpack.
LAl can reduce snow albedo, accelerate melt, and affect the timing and
availability of water resources. Snow samples were gathered from five sites of
varying burn age (0.7, 2.7, 3.8, and 9.8 years) and burn severity in the Cascade
Mountain Range in Washington State to characterize the spatial and temporal
variability of LAl deposition. BC concentrations in snow samples were measured
using a Single Particle Soot Photometer (SP2). Gravimetric filtration and
spectroradiometer analyses were conducted to measure the effect of each LAI
on reflectance per unit mass. Charred trees in post-wildfire forests provide a

significant source of BC that is deposited on the snowpack for years following a
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wildfire, and this effect varies with burn age and burn severity. These analyses
demonstrate that the greatest BC deposition is localized, BC concentration
increases by an order of magnitude in high burn severity relative to low burn
severity, and decreases by two orders of magnitude ten years following a wildfire
relative to the first winter post-wildfire. Spectroradiometer data demonstrate that
BC has the strongest effect on reduced albedo per unit mass of all LAl. SNOTEL
data from Table Mountain, WA indicates that complete snowmelt occurs an
average of 48 days earlier post-wildfire (2013-2016) relative to pre-fire conditions
(2008-2012). A comparison with regional SNOTEL stations indicates that
snowmelt has occurred on average 22 days earlier during the 2013-2016 period,
thus the post-wildfire snowmelt effect accounts for 26 days of earlier melt. This
accelerated melt is due to post-wildfire LAl deposition and canopy changes, and

temperature does not appear to be a factor.

1. Introduction

The snowpack plays an important role in the earth system by modulating climate
and providing a major reservoir of water resources. In the western United States,
snowmelt from mountain regions accounts for more than 70% of annual
streamflow [Barnett et al., 2005]. In the Cascade Range in Washington State, a
majority of the annual precipitation falls during the winter to spring and is stored
in the snowpack, with melt runoff transferring water from the relatively wet winter

season to the dry summer [Mote et al., 2005; Elsner et al., 2010; Vano et al.,
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2010]. Therefore, the availability of water resources is strongly related to the
duration of the snowpack. Recent warming has led to a decrease in the extent
and duration of northern hemisphere seasonal snow cover since the 1950s
[IPCC, 2013]. In the western U.S., there has been a widespread decline in the
spring snowpack, and this impact is most pronounced in regions with a mild
winter climate [Mote et al., 2005]. The Cascade Range has such a climate, and
projected changes in temperature and precipitation may result in a 28-30%
decrease in the spring snowpack by the 2020s, and a 38-46% decrease by the
2040s [Elsner et al., 2010; Miles et al.,2010]. In addition to temperature, changes
in albedo (related to reflectance) also contribute to snow melt. Snow has the
highest albedo of any naturally-occurring surface on the Earth, with fresh snow
measuring 80-90% in the near-UV and visible spectrum [Warren and Wiscombe,
1980]. Deposition of light-absorbing impurities (LAI) such as black carbon (BC),
organic carbon (OC), and dust on snow darkens the surface and reduce albedo
[Hansen and Nazarenko, 2004; Andreae and Gelencser, 2006; Painter et al.,
2012]. Even a slight reduction in snow albedo can have significant effects on melt
rates, which can considerably alter the timing and magnitude of peak discharge

[Hall, 2004; Flanner et al., 2009; Skiles et al., 2012].

Warming temperatures and earlier snowmelt have led to an increase in wildfire

frequency, magnitude, severity, and duration in the western U.S. since the 1970s

[Westerling et al., 2006; Littell et al., 2010; Flannigan et al., 2013]. Furthermore,
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fire suppression activities in the Cascade Range and elsewhere have led to an
altered fire regime, resulting in increased forest density and changed species
composition, especially in lower-elevation forests [Arno, 1980; Smith and Fischer,
1997]. This has led to high burn severity wildfires on the eastern slope of the
Cascade Range since the 1970’s that have created large areas of burned forest
exceeding historical conditions [Everett et al., 1999]. From 2000-2012, 80% of all
wildfires in the western U.S. occurred in the seasonal snow zone, burning 44,000
km? [Gleason et al., 2013]. The summer fire season is projected to extend by 20
days by the middle of this century, while the area burned by fire regionally is
projected to increase by 100-250% [Littell et al., 2010; Flannigan et al., 2013].
Wildfires in the seasonal snow zone affect both snow accumulation and ablation
patterns by decreasing forest canopy, which increases the net solar radiation on
the snowpack [Burles and Boon, 2011; Winkler, 2011 ; Harpold et al., 2014].
Gleason et al. [2013] recently demonstrated that post-wildfire deposition of
burned woody debris (e.g. charcoal and charred needles, cones, and bark) on
the snowpack reduced albedo and advanced the timing of snowmelt by 23 days
when compared to an unburned forest. Therefore, the snowpack in post-wildfire
forests not only receives more solar radiation due to reduced canopy, but also
absorbs more solar radiation due to reduced albedo. While Gleason et al. [2013]
documented lower albedo due to burned woody debris, they did not address how

these effects vary with burn age, severity, and extent, nor how BC and other LAI
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