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ABSTRACT

In the summer of 2015-2016 several large dry lightning storms ignited wildfires that
burned across Western Tasmanian landscapes desiccated by the combination
of severe spring drought and above average summer temperatures.
Approximately 20 000 ha of the Tasmanian Wilderness World Heritage Area burnt
including Sphagnum moss communities, or ‘sphagnum bogs’, and other
significant areas of high conservation value Gondwanan refugia. The scale of
the fires prompted the Tasmanian government to fund research in techniques to
rehabilitate fire-impacted Gondwanan refugia, including sphagnum bogs, in the
Lake Mackenzie area of the Northern Central Plateau. A key step in sphagnum
bog restoration is the development of rapid, broad-scale, cost-effective and low
impact survey techniques to identify sites in need of rehabilitation. We ftrialled
unmanned aerial systems (UAS) with visible spectrum sensor technology to map
fire extent and severity. Three sphagnum bogs were used to develop an ENVI
classification workflow based on a training data set of burn severity categories
and other ecological surface cover measurements to map burn severity. These
maps were validated using ocular assessments of ground cover and burn severity
in pre-existing permanently marked quadrats. We found poor to moderate
agreement between the UAS and field fire severity with considerable variation
amongst the sampled bogs. Total burnt area sphagnum bog maps were then
produced by combining burnt severity categories for five bogs, including the
three used for fire severity mapping, The congruence between Sphagnum burn
extent maps with field data collected by differential Global Positioning System
was found to range from substantial to poor according to Cohen’s Kappa index.
Multivariate analysis of the quadrat ground cover assessments showed that high
grass cover was most strongly associated with poor field validation agreement
(low Kappa scores), whereas acceptable field validation agreement (high
Kappa scores), were associated with high cover of Sphagnum. A major
constraint of this study was the two-year time gap between the fire and remote
sensing mapping and field survey. Higher accuracy fire severity mapping and
area burned mapping would be possible if imagery was acquired immediately
after a fire event. In light of our findings, we provide recommendations for future
UAS surveys of fire impacted sphagnum bogs, the most critical of which is
acquiring remote sensing and field data in the same growing season as the fire.
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BACKGROUND

The Tasmanian Wilderness World Heritage Area (TWWHA) protects globally
unique biodiversity values, including endemic flora and fauna with origins in the
supercontinent of Gondwana. Anthropogenic climate change is threatening
these Tasmanian paleoendemic species directly through increased warming
and drying and indirectly by increasing the occurrence of fires ignited by dry
lightning storms (Bowman et al. 2019; Bergstrom et al. ; Harris et al. 2018). A recent
example of this was the summer of 2015-2016 when several large dry lightning
storms ignited numerous wildfires in remote Western Tasmania. This landscape
was particularly receptive to lightning ignitions due to the low spring rainfall in
2015 and the above average summer temperature associated with the
interaction of several interannual global climate modes (Bowman et al. 2019;
Karoly et al. 2016). One of the most impacted areas was Lake Mackenzie where
almost 14 000 ha of subalpine vegetation, including 141 ha of pencil pine
(Athrotaxis cupressoides) forest (Bowman et al. 2019; Bowman et al. 2020) and
an unknown area of Sphagnum moss communities (or ‘sphagnum bogs’), were
burnt (Figure 1). Sphagnum bogs typically exclude fire because the vegetation
and organic substrate is saturated but become combustible during extreme
drought conditions (Kettridge et al. 2015).

The 2016 Tasmania Wilderness Fires sparked global media interest (Marris 2016)
and lead to a senate inquiry (ECRC 2016), a Tasmanian government inquiry (Press
2016) and Tasmanian Government identification of significant impacts to
conservation values (DPIPWE 2017). All inquiries identified the importance of
Gondwanan refugia, including sphagnum bogs, and the need to undertake
research info post-fre impact assessment and restoration intervention
techniques of these communities. This led to the establishment of the Lake
Mackenzie Restoration Trials project undertaken by the University of Tasmania
(UTAS) and funded by the Tasmania Department of Primary Industries, Parks,
Water and Environment (DPIPWE).

Studies in the Northern Hemisphere have advanced general peatland and
Sphagnum post-fire restoration intervention techniques (Rochefort et al. 2003).
Until recently, little research has been dedicated to trialing restoration
techniques in mainland Australia (Clarkson et al. 2016). Following the widespread
2003 fires in the Australion Alps, in which significant sphagnum bogs were burnt
in Namadgi and Kosciuszko National Parks (Hope, Whinam & Good 2005;
Whinam et al. 2010), Whinam et al. (2010) conducted post-fire restoration
experimental trials across a range of burn severities. Treatments included
application of shade, rewetting, and fransplantation of Sphagnum spp. cores
into fire affected hummocks (Hope, Whinam & Good 2005; Whinam et al. 2010).
Recovery of Sphagnum spp. observed in these trials was described as both slow
and complex, however, results indicate that restoration intervention tfreatments,
parficularly shading and combined transplant and fertilizer treatments,




POST-FIRE IMPACT ASSESSMENT OF TASMANIAN SPHAGNUM BOGS | REPORT NO. 724.2022

Vrrrrrfrrrnnnininininininininiiiiii

increased recovery rates by at least twice that of untreated areas four years
post-fire (Whinam et al. 2010).

Efficient and accurate targeting and monitoring of post-fire interventions is
essential for effective restoration and conservation of important refugia,
particularly in infractable terrain like the TWWHA (Keppel 2015). Traditional on-
ground mapping and monitoring of fire severity is labour intensive and can
compound fire damage through extensive trampling of already impacted areas
(D'Acunha, Lee & Johnson 2017; De Roos et al. 2018). Low spatial resolution
remote sensing products, such as satellite imagery and aerial photography is
unsuitable for surveying fire severity in sphagnum bogs because of their small
extent, (typically <1-2 ha), frequent obstruction by cloud cover, and complex
and fine-scale vegetation mosaics (De Roos et al. 2018). Small unmanned aerial
systems (UAS) can capture imagery at 1-2cm resolution and have previously
been used for mapping and monitoring fire severity and species compositions in
other environments (De Roos et al. 2018; McKenna et al. 2017; White et al. 2020).
Additionally, digital surface models (DSM), generated from ultra-high resolution
UAS imagery data, have been used for microtopographic modelling to provide
detailed information about drainage and potential hydrogeological
interventions for peatland restoration (De Roos et al. 2018; Hilman et al. 2021;
Lucieer et al. 2014). This UAS technology may prove a valuable tool for restoration
targeting and monitoring of fire impacted sphagnum bogs.

This study is based around six burnt sphagnum bogs and two unburnt sphagnum
bogs used for the sphagnum bog restoration trials that were selected from a
preliminary fixed-wing manned aerial survey (Figure 1). Table 1 summarises
geospatial attributes of each of the six burnt sites, and details respective quadrat
and UAS survey dates.




POST-FIRE IMPACT ASSESSMENT OF TASMANIAN SPHAGNUM BOGS | REPORT NO. 724.2022

Vrrrrrfrrrnnnininininininininiiiiii

424]000 432|000 440l000 448]000 456]000

O — = Kilometres

012 4 6 8
N

Guns Lagoon A
1

Heath ’

539?000

- Parsons East

5382000 538?000

537('5000

Eagle Valley

Jacks Lagoon

- Fire Edge & o

L
Unburnt 1+2

| |
424000 432000 440000 448000 456000

FIGURE 1: LOCATION AND NAMES OF THE 6 BURNED AND 2 UNBURNED SPHAGNUM BOGS USED IN THE LAKE MACKENZIE SPHAGNUM RESTORATION
TRIALS. THE 2016 LAKE MACKENZIE FIRE BOUNDARY IS INDICATED BY THE RED POLYGON AND IS OVERLAIN ON GOOGLE EARTH IMAGERY.

TABLE 1: GEOSPATIAL ATTRIBUTES AND SURVEY DATES FOR THE SIX FIREIMPACTED BOGS SPHAGNUM BOG SITES STUDIED FOR THE LAKE MACKENZIE
SPHAGNUM RESTORATION TRIALS.

Eagle Fire Guns Heath Jacks Parsons | Unburnt
Valley Edge Lagoon | Central | Lagoon East 1

1.69 0.50 3.09 0.43 1.15 0.38 2.36 2.01

Area (ha)

Max linear
path (m)
0.04 0.07 0.03 0.06 0.07 0.07 0.03 0.03

Perimeter to
area ratio

Shape
descriptor

Mean 2102 1246 1246 1125 1262 1192 1230 1246
elevation (m)

Elevation
range (m)
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Ecological 03/2019 10/19 02- 03- 11/19 03/19 03/20 03/20
quadrat survey 03/20 04/19

(mm/yy)

UAS survey
(mm/yy)

Supplementary 03/21 03/21 03/21 03/21 03/21 03/21 NA
field validation
data collection

(mm/yy)
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OBJECTIVES

The primary objective of this study was to investigate the efficacy of using ultro-
high resolution UAS visible spectrum imagery to map the severity and area
burned of sphagnum bogs by the 2016 fires. The maps are validated against
ground cover and fire severity assessments of permanent plots to identify factors
affecting mapping accuracy. Based on the research we provide
recommendations for future UAS surveys of fire impacted sphagnum bogs.
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METHODS

FIELD SURVEY

Ocular assessments of the percentage cover of healthy, damaged and killed
sphagnum (using definitions in Table 2, and summing to 100%) and the
percentage cover of other lifeforms and species growing above the Sphagnum
layer (Table 2) were conducted at the six burned bogs. Quadrats (0.5m x 0.5m)
were positioned to overlay Sphagnum hummocks, using a stratified sampling
method based on a qualitative assessment of either low (< 75% killed) or high (>
75% killed) Sohagnum burn severity as defined in Table 2. Each burned bog was
sampled with 84 0.25 m? quadrats, except at Eagle Valley where an additional
18 quadrats in severely burned Sphagnum areas were also undertaken. In the
two unburned sites with healthy Sphagnum cover the same cover classes were
used to assess ground cover using 20 0.25m?2 quadrats that were allocated
haphazardly, but with at least five metres distance from a neighbouring quadrat.

TABLE 1: GEOSPATIAL ATTRIBUTES AND SURVEY DATES FOR THE SIX FIREIMPACTED BOGS SPHAGNUM BOG SITES STUDIED FOR THE LAKE MACKENZIE
SPHAGNUM RESTORATION TRIALS.

Cover class Definition

Damaged sphagnum Living but with burned foliage

(Healthysphagnum  Free of any killed or damaged foliage
Bryophyte Bryophyte species other than Sphagnum

Gleichenia  Gleicheniaalpina
Other fern species Fern species other than G. alpina

perke  |[Meolncowhebecsowmedes |
Restionaceae Restiads, primarily Empodisma minus, Sporadanthus tasmanicus, and

Baloskion australe

Weeds Exotic non-native species (other than fescue)

Other shrub species Miscellaneous shrub lifeforms other than Richea spp

Dead ground vegetation Dead foliage

ANALYSIS

Data exploration and all statistical analyses were undertaken using statistical
software R (R Core Team 2020). We tfransformed the three permanent quadrat
sphagnum severity assessments (Table 2) into a categorical variable. Because
assessments of percent damaged and percent killed Sphagnum were nearly
perfectly correlated, and there was little healthy Sohagnum cover, the severity
of Sphagnum impacts was classified by quartiles of percent killed (burn severity
1 —4), with unburned quadrats assigned a burn severity class of 0. For these five
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severity classes, we calculated average values of the percentage of the ground
cover assessments (Table 2). Box and whisker plots were produced to further
explore associations of canopy cover variables between and among burn
severity classes and sites (Appendix). Average cover values for all site X fire
severity combinations were then ordinated using metaMDS non-metric
mulfidimensional scaling.

Sphagnum burn severity maps were prepared for three sphagnum bogs at Lake
Mackenzie: Eagle Valley, Heath Central and Parsons East (Figure 1). The
methodology employed for the capture by UAS (unmanned aerial system) and
orthorectification of aerial imagery in the study was based on those described in
De Roos et al. (2018). Geospatial image analysis sofftware, ENVI
(hitps://www.I3harrisgeospatial.com/), was used to classify orthophotos into
mapping units and to exclude bodies of water and areas beyond the immediate
bog sites. Training data were defined by ocular examination of each orthophoto
and manual selection of the target area to delineate the following fire severity
and ground cover categories: healthy Sphagnum, damaged Sphagnum, killed
Sphagnum, other vegetation, dead wood, rock, bare soil, and water. Most (c.
90%) of the training data was used in the ENVI classification workflow to produce
a thematic mosaic for each site. The remainder was retained for statistical
analysis of the classification performance using Cohen’s Kappa scores via the
confusionMatrix function in the R caret package. The fire severity maps were then
compared with quadrat survey data by matching the fire severity classification
for each 0.25 m2 quadrat using Pearson (r) coefficients to quantify the
relationship between field quadrat cover and virtual quadrat polygon cover for
Sphagnum condition classes, healthy (unburnt), damaged and killed.

Sphagnum area burned maps were produced by amalgamating damaged
Sphagnum and killed Sphagnum classes in the burn severity maps field sites
following the methods described above. These maps were validated using 490
field assessments of three broad categories of ground cover: healthy Sphagnum,
kiled Sohagnum and non-Sphagnum. These assessments were taken from within
a 49cm? circular area that was accurately geolocated using a differential real-
time kinematic GPS (differential RTK-GPS) referenced to a local base. For each
burned area map the corresponding modal mapping class for each of the
geolocated circular areas were compared to the field assessments using ENVI
software.



https://www.l3harrisgeospatial.com/
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FINDINGS

The ordination analysis of mean ground cover scores revealed very strong
differences amongst the two unburned as well as the six burned sphagnum bog
sites associated with variation in lifeform and dominant species cover
(Appendix). By confrast, there was a comparatively small effect amongst
Sphagnum spp. burn severity categories. Collectively these analyses show a very
strong site effect, and a more modest effect of fire severity, on the ground cover
composition, a function of pre-existing site attributes (Table 1).
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FIGURE 2: ORDINATION DISPLAYING SIMILARITY AMONGST SITES AND SPHAGNUM BURN SEVERITY CLASSES. THE NON-METRIC ORDINATION WAS
BASED ON AVERAGED VALUES OF ALL GROUND COVER PERCENT ASSESSMENTS (TABLE 2) IN EACH BURN SEVERITY CLASS WITHIN EACH SITE. OTHER
VEGETATION CLASSES MOST STRONGLY RELATED TO GRADIENTS IN THE ORDINATION SPACE ARE INDICATED IN BLUE. SITE CODES ARE PROVIDED IN
TABLE 1. SPHAGNUM BURN SEVERITY CODES ARE: 0 = 0%, 1 = < 25%, 2 = 25-50%, 3 = 50-75% AND 4 >75% KILLED.

For the three study sites, the image classification using ENVI software classification
performance found ‘substantial’ or ‘almost perfect’ agreement between burn
severity classifications and retained testing data for all site classifications (Table
3). However, amongst the three sites, there is a variable correlation amongst
mapped and field assessments of the % kiled and damaged sphagnum. The
Eagle Valley site showed the strongest and most consistent correlations (although
not perfect) between the field and remote sensing estimates of Sophagnum spp.
fire severity categories (Figure 3), whereas there were weak and inconsistent
correlations at the other two sites (Table 4).
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TABLE 3: TABLE OF COHEN'S KAPPA SCORES QUANTIFYING AGREEMENT BETWEEN SPHAGNUM BURN SEVERITY CLASSIFICATION DATA AND TESTING
POLYGON DATA ACCORDING TO CONFUSION MATRICES FOR THREE SITES AT LAKE MACKENZIE. KAPPA SCORE INTERPRETATIONS ACCORDING TO
LANDIS AND KOCH (1977) ARE PRESENTED.

Cohen’s Cohen’s Kappa
Kappa score qualitative

Eagle

Valley

Heath . Almost perfect
Central

Parsons

East

TABLE 4: PEARSON (R) CORRELATION COEFFICIENTS QUANTIFYING CONGRUENCE BETWEEN FIELD QUADRAT SURVEY DATA AND VIRTUAL QUADRAT
POLYGON COVER FOR SPHAGNUM CONDITION CLASSES: HEALTHY (UNBURNT), DAMAGED AND KILLED. ** = P-VALUE (CORRELATION NOT EQUAL TO
ZERQO) < 0.01.

Healthy Killed

Valley
Health
Central

Parsons
East

248800

_— . Kilometers
0 003 005 0.1 0.15 0.2 0 003 005 01 015
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FIGURE 3: FIRE SEVERITY MAP OF EAGLE VALLEY SITE THAT HAD REASONABLE CONGRUENCE WITH FIELD DATA. PAIRED MAPS OF ORTHORECTIFIED
AERIAL IMAGERY (LEFT) AND SPHAGNUM BURN SEVERITY CLASSIFICATION MAP (RIGHT) OF EAGLE VALLEY SITE OVERLAYING A GOOGLE EARTH BASE
IMAGE. RIGHT MAP DISPLAYS CLASSIFICATION CLASSES: HEALTHY SPHAGNUM (ORANGE); DAMAGED SPHAGNUM (BROWN); KILLED SPHAGNUM (RED);
OTHER VEGETATION (GREEN); ROCK, DEAD WOOD AND BARE SOIL (WHITE); AND WATER (GREY) GEOGRAPHIC COORDINATES AND GRID REFERENCES
ARE SHOWN AT 500 METRE INTERVALS.

UAS SPHAGNUM AREA BURNED MAPPING

There was variable agreement between area burned mapping and field data
collected with a differential GPS, with the strongest agreement for Eagle Valley
and poorest agreement at the Parsons East sites (Figure 4). There was a strong
correlation (r = 0.787) between mean percent grass cover observed on
Sphagnum hummocks and field validation agreement for burnt sites, as
measured by Kappa scores (Figure 5), suggesting at least one cause of the poor
accuracy of area burned mapping relates to the post-fire regrowth of grasses.

Substantial

Moderate

Kappa

Far

Poor

EV HC FE JL PE
Site

FIGURE 4: HISTOGRAM OF COHEN'S KAPPA SCORES QUANTIFYING AGREEMENT BETWEEN SPATIALLY CORRESPONDING FIELD VALIDATION DATA AND
SPHAGNUM BURN EXTENT MAP DATA. KAPPA SCORE BENCHMARKS (LANDIS & KOCH 1977) ARE INDICATED BY Y CONTINUOUS INSET LINES. SITE
CODES ARE PROVIDED IN TABLE 1.
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FIGURE 5: SCATTER PLOT AND CORRELATION COEFFICIENT OF MEAN PERCENT GRASS COVER AND COHEN'S KAPPA SCORES QUANTIFYING
AGREEMENT BETWEEN SPHAGNUM BURN EXTENT MAPS AND FIELD VALIDATION DATA SPATIALLY REFERENCE BY DIFFERENTIAL GLOBAL POSITIONING
SYSTEM. SITE CODES ARE PROVIDED IN TABLE 1.
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CONCLUSION

The objective of this study was to investigate the efficacy of using ultra-high
resolution UAS visible spectrum imagery as a tool for fire severity and area burned
mapping in Sphagnum bogs. Field validation revealed that, with one exception
(the Eagle Valley site), fire severity mapping had poor congruence with small
(0.25 m?) quadrats assessment of kiled and damaged sphagnum cover. This
poor agreement was despite the strong internal agreement of the fire severity
mapping with reserved visual assessments of fire severity and ground cover
categories. Likewise, field validation of combined fire severity categories into
area burned did not consistently improve mapping reliability at all sites.

There are several likely reasons for the discrepancy between the UAS remote
sensing classification and field assessments. First, as Figure 6 below shows there
were considerable delays in the acquisition of the UAS imagery (up to two
growing seasons) and the field assessment (up to three growing seasons). In the
Australian Alps, Hope et al. (2005) observed rapid regrowth of and colonisation
of Sphagnum hummocks by grasses, restiads and other bryophytes in the 18-20
months following the 2003 fires, hence it is likely the time lag between the 2016
fires and UAS imagery capture, and field assessments impacted the accuracy of
fire severity and area burned mapping. This is particularly important given
Tasmanian sphagnum communities are more floristically diverse than mainland
communities (Whinam et al. 2010).

UAS Survey JL

UAS Survey FE

Quadrat Survey EV, HC, PE
UAS Survey EV, HC, PE
Quadrat Survey FE, IL
Quadrat Survey GL

UAS Survey GL

Diff. GPS field validation
EV, FE, GL, HC, JL, PE

_—Lake McKenzie Fire

2015 2016 2017 | 2018 | 2019 | 2020

8
~
[y

FIGURE 6 FLOW CHART AND TIMELINE OF METHODOLOGY AND DATA COLLECTION FOR THIS STUDY.

Second, and relatedly, there are substantial differences in vegetation
composition amongst the bogs. Hence, the bog with the greatest sphagnum
cover (Eagle Valley) was found to have the most accurate fire severity and area
burned maps. By contrast, the bog with the highest grass cover (Parson East) the
least.
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FUTURE USE OF OUTCOMES

Considering these constraints, we recommend the following workflow for
capture, classification and validation of UAS imagery for Sohagnum fire impact
assessment (Figure 7 below). A key recommendation is acquiring UAS and field
data within the same growing season as the fire event to avoid the confounding
effects of post fire recovery of other plant species, particularly grass. Field
validation should occur concurrently with the UAS image acquisition using
differential GPS. The field assessments should be used to guide training data
selection during imagery classification workflows, where 25% of these samples
are retained for image classification verification.

Determining the minimum number of field assessments points required to validate
maps, while minimising trampling, warrants investigation. It is possible that multi-
spectral sensors, instead of the visible spectrum sensor employed for this study,
could improve fire severity, and burned area mapping. However, disadvantages
of this approach are the requirement for more specialised equipment
(multispectral sensor) and the need to acquire field validation for individual
species (Holmgren, Persson & Séderman 2008). Likewise, digital surface models
(DSMs) and object-based analyses may help distinguish burnt hummocks from
burnt other species occupying inter-hummock hollows and flats (De Roos et al.
2018; White et al. 2020).

Differential RTK-GPS UUAS RGB imagery survey | "F“F:ﬂ':ﬂ
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FIGURE 7: FLOW DIAGRAM OF AN IMPROVED WORKFLOW RECOMMENDED FOR FUTURE CAPTURE, CLASSIFICATION AND VALIDATION OF
SPHAGNUM BURN IMPACT MAPS.
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APPENDOIX

APPENDIX: BOX AND WHISKER PLOTS DISPLAYING PERCENT COVER OF GROUND
COVER FOR EACH SITE BROKEN DOWN BY FIRE SEVERITY CLASSES. SITE CODES ARE
EV EAGLE VALLEY; FE FIRE EDGE; GL GUNS LAGOON; HC HEATH CENTRAL; JL
JACKS LAGOON; PE PARSONS EAST; UBT UNBURNED SITE 1; UB2 UNBURNED SITE 2.
SEVERITY CLASSES ARE: 0 0%; 1 <25%; 2 25-50%; 3 50-75% AND 4 >75% KILLED
SPHAGNUM WITH 0.25M2 QUADRATS. BOX AND WHISKER PLOTS SHOW THE
MEDIAN, THE FIRST AND THE THIRD QUARTILE (UPPER AND LOWER HINGE), THE
RANGE WITH 1.5* THE IQR (WHISKERS) AND INDIVIDUAL DATA POINTS (GREEN
CIRCLES). THE MEAN VALUE OF THIS DATA WAS USED IN THE ORDINATION
ANALYSIS.
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Herb Cover by Severity Class
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