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Projects with Primary Discipline in 
Wildfire Disturbance

Bourgeau-Chavez (RRNES 2015)
Bourgeau-Chavez (TE 2014)
Bourgeau-Chavez (TE 2018) –

NWT/Alberta
Loboda (TE 2012)
Loboda (TE 2014)
Loboda (TE 2018) –

Alaska

Mack (TE 2014) – Alaska & NWT
Rogers (TE 2014) – Saskatchewan 

& ABoVE Domain-wide
Schaefer (RRNES 2015, TE 2016) –

Alaska, ABoVE Domain
Veraverbeke (2018) –

Circumpolar (Siberia focus)
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Research Themes
• Understanding effects of wildfire in boreal, taiga and tundra

– peatlands and uplands
• Understanding fire effects on permafrost and active layer 

thickness
• Estimating and modeling combustion
• Predicting post-fire successional trajectories through field 

and remote sensing analysis and modeling
• Modeling climate forcings
• Synthesis of field data

– Combustion Data Synthesis
– Regeneration Data Synthesis
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Loboda, Jenkins, Chen, He (TE 2014) 
Quantifying long-term impacts of single and repeated wildfire burning in North American 
tundra on organic soil carbon stocks and ecosystem functioning.  (ABoVE Phase 1 project)  

Post fire increase in herbaceous vegetation 

• On average tussock crown 
surface area is reduced by ~32%

• Similarly tussock cores remain 
~10% smaller after 35 years of 
post-fire recovery compare to 
unburned conditions

• Reduced surface shading from 
tussock crowns is a likely 
contributor to increases in post-
fire surface heating à
increased soil T à deeper 
thawing of permafrost
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Three+ burns

Soil T/ Thaw Depth as a function of repeated burning 

# reburns Soil T C Thaw Depth cm
µ σ µ σ

unburned 2.33 1.44 42.45 14.76
1 2.89 1.39 39.39 10.73
2 3.52 1.42 47.34 16.26
3 5.10 1.70 52.76 16.79
4 6.55 1.79 73.28 19.74

Loboda, Jenkins, Chen, He (TE 2014) 

Increased frequency of re-burning results in higher 
mean soil temperature and subsequently deeper 
thawing of the permafrost, but the relationship 
between the two is changing with increase in 
frequency of burning      Deeper thawing with higher  
fire frequency

Vegetative cover has a substantial 
impact on soil temperature
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Inference of the impact of wildfire on permafrost and active layer thickness in a 
discontinuous permafrost region using the remotely sensed active layer thickness 

(ReSALT) algorithm
R. J. Michaelides, K. Schaefer, H. A. Zebker, A. Parsekian, L. Liu, J. Chen, S. Natali, S. 

Ludwig, and S. R. Schaefer, ERL, 2019

• Using InSAR, we resolve the long-
term impact of wildfire on both 
active layer dynamics and 
permafrost degradation

• “Space for time swap” to study 
effect of fire in the YK delta from 
1971-2007

• We resolve seasonal subsidence due 
to active layer thaw, long-term 
deformation due to post-fire 
changes in active layer thickness, 
and long term permafrost thinning

[18, 19] for a detailed description. The ReSALT
subsidence model consists of seasonal subsidence and
frost heave superimposed on a subsidence trend

(figure 2) . As the active layer thaws, ice in the soil
undergoes a phase change to liquid water, decreasing
in volume and causing the ground to subside [18].

Conversely, when the soil freezes in autumn and early
winter, water in the soil changes to ice and the ground
heaves. When the active layer freezes completely in
mid-winter, the heave stops. Thawing from the top
down, the thaw depth increases over time during
summer as the square root of cumulative degree days
of thawing, as shown by both observations and theory
[18, 19]. Conversely, frost heave in autumn follows the
square root of degree days of freezing. Seasonal
subsidence (E) is the ground height in winter minus
the height at maximum thaw at the end of summer
andR is the linear trend in subsidence.

The ReSALT deformation model results in a set of
linear equations for E, R and òtopo a topographic error
term that accounts for errors in the digital elevation
model [21]. This equation can be expressed in matrix
form as:

where δfi terms are InSAR measurements of sur-
face deformation (cm) for the ith interferogram,
t ti i2, 1,- are the differences in time between any two

Figure 1.The YKDelta field study area.Wildfire burn zones are shown in orange and labeled by year of burn. Blue dots are the
locations offield camps from the 2016field campaign; in situmeasurements of thaw depthweremade around these sites,
characterizing both unburned and burned regions in nearby fire scars (e.g. the 2006fire adjacent to site 5 and the 2007fire adjacent to
site 2).

Figure 2.Deformation is decomposed into seasonal sub-
sidence (E) due to seasonal freezing/thawing of the active
layer, and long-term trends in subsidence (R)due to thinning
of permafrost or thermokarst.
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Environ. Res. Lett. 14 (2019) 035007

[18, 19] for a detailed description. The ReSALT
subsidence model consists of seasonal subsidence and
frost heave superimposed on a subsidence trend

(figure 2) . As the active layer thaws, ice in the soil
undergoes a phase change to liquid water, decreasing
in volume and causing the ground to subside [18].

Conversely, when the soil freezes in autumn and early
winter, water in the soil changes to ice and the ground
heaves. When the active layer freezes completely in
mid-winter, the heave stops. Thawing from the top
down, the thaw depth increases over time during
summer as the square root of cumulative degree days
of thawing, as shown by both observations and theory
[18, 19]. Conversely, frost heave in autumn follows the
square root of degree days of freezing. Seasonal
subsidence (E) is the ground height in winter minus
the height at maximum thaw at the end of summer
andR is the linear trend in subsidence.

The ReSALT deformation model results in a set of
linear equations for E, R and òtopo a topographic error
term that accounts for errors in the digital elevation
model [21]. This equation can be expressed in matrix
form as:

where δfi terms are InSAR measurements of sur-
face deformation (cm) for the ith interferogram,
t ti i2, 1,- are the differences in time between any two

Figure 1.The YKDelta field study area.Wildfire burn zones are shown in orange and labeled by year of burn. Blue dots are the
locations offield camps from the 2016field campaign; in situmeasurements of thaw depthweremade around these sites,
characterizing both unburned and burned regions in nearby fire scars (e.g. the 2006fire adjacent to site 5 and the 2007fire adjacent to
site 2).

Figure 2.Deformation is decomposed into seasonal sub-
sidence (E) due to seasonal freezing/thawing of the active
layer, and long-term trends in subsidence (R)due to thinning
of permafrost or thermokarst.
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Schaefer (RRNES 2014) 
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• Wildfire induced a ~5 year 
process of active layer 
thickening, followed by a ~15 
year gradual recovery to pre-
fire active layer thickness

• In parallel, wildfire also 
induced ~25 year process of 
permafrost thinning, followed 
by a ~45 year gradual recovery 
to pre-fire permafrost 
thickness

• Observed deformation is 
consistent with a 4m thinning 
of the permafrost column

R. J. Michaelides, K. Schaefer, H. A. Zebker, A. Parsekian, L. Liu, J. Chen, S. Natali, S. 
Ludwig, and S. R. Schaefer, ERL, 2019.

Like in R, the fire scars also appear as spatial
anomalies in seasonal subsidence. The most recent
fires show large, statistically significant differences
with the surrounding, undisturbed tundra. However,
the oldest fires show seasonal subsidence statistically
identical to their unburned surroundings. This sug-
gests wildfire has a more transient effect on seasonal
subsidence than subsidence trends.

ALT shows the same mottled pattern as the seaso-
nal subsidence, with larger values in the gullies and
smaller values on the plateaus (figure 4(c)). However,
our field measurements indicate no permafrost in the
gullies. What ReSALT measures as ALT in the gullies
actually represents the thickness of the seasonally fro-
zen surface layer in non-permafrost soil. Like the sea-
sonal subsidence, we see statistically significant spatial
anomalies in themore recent fires, but not for the old-
est fires, suggesting ALT recovers from wildfires
quicker than subsidence trends.

Comparison of ReSALT andGPRmeasurements of
ALT yields ideal matches for 53% of the data and good

matches for 13% of the data (figure 5). An ideal match
indicates the ReSALT and GPR values are statistically
identical and a good match indicates the uncertainty
bars overlap. ReSALT and GPR agreed in the unburned
tundra, but not in the 2007 fire zones. The ALOS data
starts immediately after the 2007 fire so that the inter-
ferogram stack reflects the pre-recovery stage of the fire
response model (steps 1–3 of figure 3) [14]. We made
the GPR measurements in 2016, nine years after fire
and reflecting the last stages offire recovery of the active
layer. The ReSALTALT shows a positive bias relative to
GPR values in the 2007 fire zone, consistent with nine
years of recovery after thefire.

The incorporation of scenes from either outside
the thaw season, or in the uplift seasonmay necessitate
a more physically realistic model of seasonal sub-
sidence than the one used in this work, as noted in.
Recently, Hu et al introduced a composite index that
encapsulates both the thaw subsidence and freeze
uplift of permafrost, and demonstrated agreement
with GPS reflectometry data [40]. Modifying the

Figure 4.Results from application of the ReSALT algorithm to the YK study region. (a)ReSALT-derived long-term subsidence trend,
positive values correspond to an increase in thawdepth (cm yr−1). (b)Uncertainties in long-term trends. (c)ReSALT-derived average
seasonal subsidence from 2007–2010 (cm yr−1). (d)Uncertainties in seasonal subsidence. (e)ReSALT-derived ALT (cm).
(f)Uncertainties in ALT (cm). Of particular note are the large positive trends in recent burn areas from the 2000s, and negative trends
in regions that were burned in the 1970s.Wildfires are outlined in gray, and a red box surrounds thefire scar discussed infigure 5.
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ReSALT algorithm to consider both freezing and
thawing indices is the subject of future work. Addi-
tionally, large seasonal variations in volumetric water
content and saturation can be falsely interpreted as
deformation signals [38]. Incorporation of indepen-
dent observations of soil moisture into the ReSALT
algorithm is an important piece of future work, as the
ReSALT algorithm does not currently take into

consideration spatial or temporal variability of volu-
metric water content. In general, the use ofmore inter-
ferograms leads to more robust solutions with the
ReSALT algorithm. The launch of the NiSAR mission
in 2021 will allow for the collection of L-band
(λ≈23 cm) SAR imagery suitable for InSAR at
6–12 d repeat intervalsa significant improvement to
the repeat interval of the ALOS satellite. This will allow

Figure 5.Comparison betweenGPR and InSAR estimates of ALT at site 5. Left: total path ofGPR, color coded based upon the result of
theχ2 test. Right: correlation between theGPR and InSAR estimates of ALT, r=0.6410. Both techniques capture fine spatial
variability of ALT and yieldmutually consistent results in unburned tundra, while there is little agreement in the region affected by the
2006fire (bottomhalf of the survey).

Figure 6.Top: exponential bestfit to subsidence trends, exhibiting an increase in permafrost thinning for the first two decades after
fire, followed by amore gradual thickening as the permafrost slowly reforms.Dotted line represents 0 subsidence trend; the
intersection of the subsidence trendwith the 0 trend line corresponds to the beginning of permafrost recovery. Bottom: Integral-
Exponential bestfit to seasonal subsidence, exhibiting an increase in seasonal thaw depth for thefirst decade after fire, and a total
recovery of approximately 16 years. Dotted line corresponds to a pre-fire seasonal subsidence of 3 cm.
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formore accurate characterization of the seasonal sub-
sidence and subsidence trends of permafrost regions.

Our fire response models indicate seasonal sub-
sidence and ALT recover much faster than subsidence
trends after a fire (figure 6). The seasonal subsidence
response appears consistentwith aprevious studyof post-
fire active layer dynamics in the Canadian tundra [14].
Immediately after a fire, the seasonal subsidence experi-
ences a gradual increase for approximately a decade
reflecting deeper seasonal thaw depths. The seasonal sub-
sidence then reverses sign as the organic layer gradually
re-accumulates and the thaw depth decreases [8, 14, 15].
After 15 years, the seasonal subsidence returns to its pre-
fire thermal equilibrium. As expected, ALT reflects seaso-
nal subsidence and returns to pre-fire values after 15 years
(not shown). In contrast, subsidence trends show amuch
longer response, changing from positive to negative at 25
years, indicating a change from subsidence to heave, and
eventually returning to zero after 65–70years.

4.Discussion

ReSALT measures two separate, but related responses
to fire: active layer thickening and permafrost thinning
(figure 7). The integral of the subsidence trend
response model (equation (5)) represents the impact
of fire on permafrost thickness. The seasonal sub-
sidence response model represents the impact of fire
on the thickness of the active layer. The removal of
vegetation and organic material by fire increases
energy absorption by the ground, which will increase
ALT, seasonal subsidence, and the permafrost temper-
ature. The thickness of permafrost balances freezing
from the surface and warming from the Earth’s
interior, so any increase in permafrost temperature
would result in a thinning of the permafrost layer.

Both fire response models show two distinct pha-
ses: a perturbation phase and a recovery phase. Both
response curves start at zero, which represents pre-fire

thermal equilibrium conditions. In the perturbation
phase, the subsidence increases from zero to a max-
imum value. In the recovery phase, the subsidence
slowly decreases back to zero or pre-fire conditions.
Both response models show a recovery phase approxi-
mately twice as long as the perturbation phase.

Fire increases the thickness of the active layer,
resulting in an increase in seasonal subsidence. The
perturbation phases lasts≈5 years and peaks at 1.7 cm,
which, using our soil expansionmodel, corresponds to
a 26 cm increase in ALT. The ALT response model
shows consistent results (not shown). The vegetation
grows back quickly, eliminating the albedo effect and
stopping the increase in ALT after ≈5 years. This
appears consistent with the rapid post-fire vegetation
regrowth associated with tundra fires [41]. In the
recovery phase, which lasts ≈10 years, the vegetation
and organic layer thicken, insulating the soil and
decreasing ALT and seasonal subsidence. After 15±
7 years, the organic layer returns to per-fire condi-
tions, alongwithALT and seasonal subsidence.

Fire raises the temperature of the permafrost layer,
thinning the permafrost layer [8]. A warm temperature
anomaly introduced at the surface takes years to prop-
agate downward throughout the soil column [42]. The
subsidence responsemodel peaks at 20 cm about 25 years
after a fire. If we assume this susbsidence is describable
entirely by the soil physics model we have employed, for
an initial permafrost thickness of 25m of saturated silty
soil with a porosity of 45%, 20 cm of subsidence corre-
sponds to a thinning of the permafrost by≈5m, or 20%.
Such subsidence cannot result from increases in active
layer thaw depth, which would correspond to an increase
in ALT of≈5 m, which we do not observe. Some of this
subsidencemay be due to soil compaction, for which our
soil physics model does not account. These estimates of
permafrost thinning thus represent an upper bound
estimate.

Figure 7.Comparison of the best-fitting seasonal subsidence (equation (3); red) and the integrated subsidence trend (equation (5);
blue) induced bywildfire, with their associated uncertainties in gray. These deformations are associatedwith, respectively, variations
in the seasonal thaw depth of the active layer, and thinning of permafrost. These two processes occur over 15±7 years, and 66±5
years, respectively.
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Schaefer (RRNES 2014) 
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New Landsat-8 
algorithm for 
retrieving surface 
organic layer (peat) 
burn severity –
validated for both 
uplands and 
peatlands

Comparing organic 
layer (belowground) 
and canopy 
(aboveground) burn 
severity in 2014-15 
NWT wildfires on 
Shield vs. Plains –
implications for post-
fire succession

French et al. in prep.

Bourgeau-Chavez (TE 2014) 

Understanding the Vulnerability and Resiliency of Boreal-Taiga Ecosystems to Wildfire in 
a Changing Climate: A study of the 2014 Northwest Territories Wildfires (ABoVE Phase 1)  

Whitman et al. 2017
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What is Burning and How Severely: Intersecting Burn Severity Maps 
with Peatland – Upland Ecotype Maps

9

Combining these 2 maps with field 
data provides:
• Quantification of peatland vs. 

upland areas burned and 
unburned islands

• Information on severity of peat 
burning in the various ecotypes

Bourgeau-Chavez (TE 2014 ABoVE Phase 1)  

Bourgeau-Chavez et al. in prep.
Maps available on DAAC soon; Bourgeau-Chavez et al.
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Depth of 
burn highest 

in 
moderately 
well-drained 
black spruce 

stands

% soil 
organic layer 
combusted 
highest in 

well-drained 
jack pine 

stands

Soil organic layer combustion in boreal black spruce and jack pine stands of the Northwest Territories, 
Canada

Walker et al. 2018 International Journal of Wildland Fire

211 burned plots, 7 burn scars  

Mack (TE 2014) 
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C emissions highest in 
moderately well-drained 

black spruce stands

Cross-scale controls on carbon emissions from boreal forest mega-fires
Walker et al. 2018 Global Change Biology

94.3 Tg C emitted from 2.85 Mha

Full Model: topographic wetness index, terrain ruggedness, 
dNBR, relative change in tree cover, percent black spruce, and 

percent sand in the top 15 cm of soil. 

Extrapolate emissions to entire 2014 burned area  

Mack (TE 2014) 
Increasing fire severity and the loss of legacy carbon from boreal forest ecosystems.  

(ABoVE Phase 1 project)  
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Understanding and Modeling Combustion                        Rogers (TE 2014) 

Influence of fire frequency, harvest, and 
ecosystem characteristics in the southern 

boreal (Dieleman et al., in prep)

• Comparing drivers and 
combustion levels from the 
southern boreal to the North (AK 
and NWT), based on our 2016 
field campaign.

• Major differences due to more 
productive stands, higher fire 
frequency, and anthropogenic 
land use (timber harvest) in the 
southern boreal.
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Fire Climate Forcings Rogers (TE 2014) 

Modeling post-fire albedo under current & future 
climates (Potter et al., submitted shortly)

Greenhouse gas forcings (Rogers et 
al., in prep)

Year since fire Year since fire

April April

Uses machine learning to model post-fire 
albedo. Models can be run in current and 
future climates. 
Climate change decreases the negative forcing 
from post-fire albedo (i.e. warming feedback), 
primarily b/c of reduced snow cover in winter 
and spring
Poster: “Spatially-explicit climate forcings from 
wildfire across the ABoVE domain”

Developed a framework to calculate 
the forcings from combustion, by 
linking carbon emissions to forcings
from greenhouse gases, ozone and its 
precursors, and fire aerosols
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• Key science questions:
- Where, when and how much carbon do 

fires emit?
- How do fires influence forest cover and 

carbon stocks?
- What are the feedbacks between climate, 

lightning, fires and vegetation, and how do 
these differ between continents?

Field and remote sensing analysis
• Circumpolar arctic-boreal, with (field) focus on 

Siberia
• Field campaign summer 2019 around Yakutsk, 

Russia. 
• Measurements:
- C combustion             - Pyrogenic C production
- Post-fire tree recruitment   - CBI
- Active Layer Thickness         - Stand age Funded by the Netherlands Organisation for Scientific 

Research (NWO)

Check out team’s poster for more info!

Veraverbeke (2018-2023) 

Fires Pushing Trees North



Synthesis Work
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Walker et al. In prep Nature Geosciences

Mack (TE 2014) 

Baltzer et al. In prep Nature Climate ChangeRegeneration Synthesis
Post-fire seedling recruitment from 1534 sites, 58 fires, 10 ecoregions

Black spruce resilience:
• lower in western boreal compared to eastern boreal
• Impacted by pre-fire basal area, site moisture, & depth of residual soil 

organic layer
Combustion Synthesis
C emissions from 417 sites, 22 fires, 6 ecoregions  & Burn depth from 847 sites, 60 
fires, 6 ecoregions

• C emissions are controlled by fuel availability, fire-weather seems of low 
importance in this model

Using combustion synthesis to model combustion across the ABoVE
domain 
Model aboveground and belowground C emissions

• Similar drivers of emissions as the field-based model 
• Extrapolate emissions across the ABoVE Domain

Rogers et al. In prep Earth System Science Data
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New Wildfire Projects and Articles
• Assessing impact of climate-driven increase in wildfire emissions on air quality and health of urban and 

indigenous populations in Alaska  Loboda TE-2018

• Understanding the Interactions between Wildfire Disturbance, Landscape Hydrology and Post-Fire Recovery 
in Boreal-Taiga Ecosystems  Bourgeau-Chavez TE-2018

• Environmental characteristics interact with fire to shape boreal forest plant community assembly: the 
importance of soil moisture and regeneration traits for information legacies Day et al. In prep Ecology (Mack 

TE 2014)

• Losing Legacies, Ecological Release, and Transient Responses: Key Challenges for the Future of Northern 

Ecosystem Science Turetsky et al 2017 Ecosystems (Mack TE 2014)

• Ecological Response to Permafrost Thaw and Consequences for Local and Global Ecosystem Services Schuur 

and Mack 2018 Annual Review of Ecology, Evolution, and System. (Mack TE2014)

• Wildfire severity reduces richness and alters composition of soil fungal communities in boreal forests of 

western Canada Day et al. 2019 Global Change Biology (Mack TE 2014)

• Increasing wildfires threaten historic carbon sink of boreal forest soils Walker et al in Review Nature (Mack 
TE 2014) 
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