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Introduction

• We’ve seen an increase in frequency, acres consumed and severity of 

wildfire in both boreal and arctic landscapes attributed to climate change 

• Fire regimes are shifting across the boreal zone in both uplands and 

wetlands, but the effects of an increase in wildfire frequency and severity 

on regeneration and succession is largely unknown, particularly in 

peatlands

• Research studies are needed to better understand the vulnerability of 

peatlands to a changing climate

Research Question: What are the effects of fire seasonality on burning and 

on revegetation patterns in peatlands?

Approach: Use field and remote sensing studies to understand the 

vulnerability and resiliency of peatlands to wildfire. Use field data to 

understand at a fine scale the relationship between burn severity, soil 

moisture and coniferous and deciduous tree recruitment.  And use remote 

sensing to understand landscape scale fire effects. 



Landscape Scale Analysis

Landscape Scale Evaluations Require Remote Sensing 

Product Development Specific to Peatlands as well as field 

data collection

Three important remote sensing products under development 

are presented:  

1) peatland type mapping methods (e.g. bog vs. fen) and 

level of biomass (herbaceous, shrub, forest dominated); 

2) burn severity algorithms to map consumption to the peat 

surface; and 

3) soil moisture algorithms for mapping spatial patterns of 

moisture with synthetic aperture radar (SAR) data. 
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Alberta and NWT Peatland Dominant 

Research Study Areas

• 2010-2013 Studies in 

Alberta Canada saw 

only early season peat 

fires (May-June)

• 2014-15 Northwest 

Territories (NWT) 

Canada had above 

average wildfire activity 

with 2014 being a record 

breaking year of wildfire, 

>3.4 million hectares of 

upland, peatlands, and 

even emergent 

wetlands.  

• Fire activity occurred 

across seasons (spring, 

summer, and fall) in the 

Taiga Shield and Taiga 

Plains ecozones.  



2015-2016 Field Sampled Fires and 

Unburned Peatlands
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Boreal Fens and Bogs
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2011 Utikuma Burned Bog2010 Utikuma Wooded Bog



Distribution of NWT Field Data 

Collection

Summary of sites sampled in 2015-2016 (burn sites)

Each site represents a 100m x 100m area with 4-6 plots 

of 10m x 10m sampled along 2 transects

Ecozone

Taiga Plain Taiga Shield Boreal Plain SUM

Ec
o

sy
st

em

Open/Shrub Fen 17 (9) 1 (0) 0 18

Treed Fen 20 (11) 11 (5) 0 31

Bog 35 (18) 14 (7) 3 (2) 52

Lowland Conifer 4 (3) 4 (4) 0 8

Lowland Deciduous 5 (0) 0 0 5

Upland 4 (2) 1 (0) 0 5

Marsh 0 1 (0) 0 1

SUM 85 (43) 32 (16) 3 (2) 120 (61)



Peatland Type Mapping

▪ Key to understanding the effects of wildfire on 

peatlands and other lowland ecosystems is a spatially 

explicit map depicting these peat types (wooded bog, 

treed fen, open fen, etc).

Developed methodology using medium resolution (20-

30 m) complementary optical-IR-thermal Landsat data 

and L- and C-band radar data

– Optical data are sensitive to greenness of plants, distinguishing 

plant types to some degree and wetness in open canopy 

locations

– Radar data are sensitive to inundation, wet vs. dry soil, 

biomass and structure



Aerial Image

Interpretation
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Data Collection

Peatland-Wetland Type Mapping with 

Hybrid SAR and Optical Satellite Imagery

Field data are 

necessity for 

training and 

validating the 

classification 

algorithm

Air photo 

interpretation in 

combination with 

field data allow 

for extension of 

in situ to create 

larger set of 

training data



• Mapped 3.4 

million ha of 

peatland rich 

subregions of 

Alberta, Canada 

• Overall map 

accuracy 93%

• All peatland 

classes have > 

85% accuracy

• all other classes 

have 75% or 

greater 

accuracy

Alberta Peatland Maps                     

Bourgeau-Chavez et al. 2017 in press Canadian Journal of Forest Research



Mapping of Pre-Burn Ecosystem Type for All 

2014-15 Wildfires of NWT is Underway 
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Fire-Effects and a Changing Climate

Factors influencing successful tree recruitment in post-fire 

boreal forests

Ground moisture – especially for black spruce which are typically more 

successful in wetter sites (Brown et al. 2015)

Ground severity of burn, or depth of burn (organic layer consumption), 

influence tree recruitment and recovery in boreal systems (Landhaeusser

& Wein 1993; Kasischke & Turetsky 2006). 

Shifts in severity and frequency of fires can interrupt successional trends of 

black spruce to black spruce and in some cases lead to deciduous species 

dominance (Johnstone et al. 2010)

Fire Effects in Peatlands in a Changing Climate are largely 

unknown

Black spruce and Larch are dominant, and more frequent fires and 

permafrost thaw may increase the saturation of soils leading to 

unfavorable conditions for one or both species. 



Field Studies of Burn Severity and 

Vegetation Regrowth – E. Ernst

Using 195 10 x 10 sample plots collected in mid-

summer (late June-early August) in 2015 and 2016 

NWT covering 5 2015 and 5 2014 wildfires. 

52 bogs, 68 fens, 66 lowlands (<30 cm peat) and 9 

uplands

Ecotype

Number 

of  Plots

Mean 

pH

Mean Peat 

Depth (cm)

Mean Thaw 

Depth (cm)

Mean Trees 

Per Hectare

Bog 52 4.94 87.6 92.8 4070

Fen 68 6.22 81.4 89.75 3598

Lowland 66 5.34 21.47 57.31 7016

Upland 9 NA 7.25 NA 4411



Field Sampling Burned Peatlands
Light Ground Burn Site

Moderate Ground Burn Site

Severe Ground Burn Site

1 x 1 m vegetation regrowth 

sampling

Index of Burn 

Severity to Ground: 

1- unburned moss 

2- singed moss 

3- light burned moss 

4- moderately burned 

moss 

5- severely burned 

moss/duff 

Ocular assessment of 

% area  within each 

10 x 10 m plot of each 

burn severity class



Multivariate analysis of Post-fire 

Regeneration – MS Thesis E. Ernst

Parameters assessed: latitude, fire year, ecotype, 

month of ignition, permafrost condition, ecozone, depth of 

consumption, percent consumption, ratio of live/dead 

conifers, live deciduous , and percent of severity at 3 

levels: ground, shrub and canopy

Assessed how different levels of severity (ground, shrub 

and canopy) and organic layer consumption (from 

adventitious root measurements) varied by ecotype and 

the month that the fire started, June (n=22), July (n=145), 

or August (n=28) and the relationship to regrowth (using 

Ratio of Live/Dead Coniferous regeneration)



Results – Master’s Thesis on Burn Severity 

predictors of early post-fire succession – E. Ernst

Mixed model effects analysis showed Ground burn severity 

had a significant positive correlation with live to dead 

coniferous regeneration (p = 0.003), among all ecotypes: 

bog, fen, lowland and upland sites; with fen sites exhibiting 

lower ground layer severity in general

– neither shrub or canopy severity had a significant correlation

Canopy severity was a significant indication of early 

deciduous succession.

Interaction between ground severity and ecotype was also 

significant

This means that ground severity is an important metric to 

map from satellite remote sensing, and coupled with soil 

moisture could be used as a predictor of conifer succession



Results – Burn Severity by Ecotype 

and Season –MS Thesis E. Ernst

We are seeing a significant difference in 

consumption by season (early –June 

and mid to late – July-August) in these 

extreme fire years of 2014-15 in NWT.  

4.0 cm for June and 5.7 to 7.8 for July-

August burns

Results did not show a significant 

difference in consumption by ecotype in 

these extreme fire years of 2014-15 in 

NWT, Although consumption of the ground 

layer was lowest on average in fens
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Mapping Burn Severity in 

Peatlands with Landsat

Research Goal: Develop empirical algorithms for 

Landsat data to predict burn severity to the organic 

soil layers in peatlands

Approach: Use pre- and post-burn anniversary 

date Landsat images and test all bands and test 

the Burn Severity Index (BSI) and  Burn Depth 

(same as Absolute Consumption (MS student) from 

adventitious roots)



Landsat 5 Peatland Burn Severity Model Built 

using Alberta 2009-2011 spring wildfires
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• Best fit model for BSI using only the spring Alberta data was:

BSI = 72.6 + 504 * diff4:5 R2=0.60 

• We validated the models generated with 4 wildfires sampled in 

2013 against the 2012 Utikuma field data. Results for BSI are:
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Single Channel Radar Backscatter vs. in situ 

Organic Soil Moisture 
Peatland and Non-Peatland Boreal Forests

Spread is due to variation in plant structure, biomass and 

surface roughness



Polarimetric Data

With 2 orthogonal polarizations 
and simultaneous collection of 
all 4 send and receive 
polarizations (HH, HV, VH, VV) 
with both amplitude and phase 
information the image objects 
can be fully characterized 

Polarimetric decompositions 
and parameters can help 
account for structural 
complexity to aid in moisture 
retrieval (e.g. maximum degree 
of polarization, decomposed 
surface and volume scatter, 
etc)



Improving Organic Soil Moisture 

Retrieval from C-band SAR
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Research Goal: Develop improved satellite radar remote 

sensing techniques for monitoring surface soil moisture in 

boreal peatlands using polarimetric data to account for 

effects of biomass and surface roughness on the SAR 

signal when extracting surface soil moisture

Approach: Use Radarsat-2 fully polarimetric C-band data 

to empirically develop improved soil moisture retrieval 

algorithms using polarimetric parameters 

• Algorithms are based on sites sampled in open and 

treed fen, and wooded bogs in Alberta, CAN, Fairbanks 

Alaska, and Michigan’s Upper Peninsula.



Soil Moisture Peatland Areas
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C-band SAR Organic Soil Moisture Algorithms
Predicted vs. Actual Plots
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30-35% 

improvement in 

Moisture retrieval 

algorithms with 

polarimetric SAR 

over single band 

backscatter alone



Radarsat-2 Peatland Moisture Maps

Seney Open Fens on a Wet and Dry date 



▪ 2017 year 3 field sampling (August 2017) to cover any data gaps  

(types of sites/ecosystem/permafrost zone), to coincide with 

airborne data collections (primarily soil moisture studies) and to 

increase samples across study area

▪ Peatland mapping with radar and optical well established
▪ Complete peatland type maps for all NWT and Fort McMurray AB fires

▪ Further develop Landsat peatland burn severity algorithm with 

2017 data

▪ Develop organic soil calibration for NWT sites and new soil 

moisture probes in an effort to refine peatland PolSAR moisture 

retrieval algorithms from Radarsat-2

▪ Build fuel loading database for peatlands using biophysical and soil 

harvested samples (this is a huge data gap) to be used in CanFIRE

fire emissions modeling

▪ Age and determine rate of growth of forest ecosystems sampled 

with harvested tree ring data

▪ Continue sampling vegetation regeneration for years 3-4 post-fire

Summary and Next Steps


