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Abstract: Although mountain areas account for approximately one fifth of the terrestrial surface,
there has been less research focused on fire in these areas compared to lowlands. Mountain fires
have distinct behavior due to dynamic winds interacting with the terrain, which can influence the
fireline intensity and propagation. For the sake of fire safety of fire crews, it is essential to know how
difficult to control the fire is in the mountain regions, with fireline intensity providing a useful
indicator of risk and suppressibility. We studied one of the major disasters, wildfire, in Australia in
such a highland by using the Great Pine Tier Fire, which occurred 15t January in 2019, ending up
burning approximately 511.86km?. Weather and fire intensity at pseudo weather stations located at
key points of fire progression were analyzed by wind vector maps and numerical weather model
vertical sounding (NWMYVS). Fire propagation was then simulated in Prototype 2, a fire simulator
capable of detecting the potential for lateral fire channeling (LFC), and simulating fireline intensity
using Australian vegetation sub-models. We found that the synoptic wind appeared to be modified
by the interaction with the terrain in windward and the fire intensified the most in its leeward. In
practice, the fire moved out of the valley axis and up its sidehill by following the wind which had
been modified by local vertex of the curved valley axis before reaching this location.

Keywords: rugged terrain; AFDRS; fireline intensity; wildfire; forced channeling; terrain forced
flow

1. Introduction

The propagation of fire in high-country landscapes is often more complicated, with abrupt
changes of atmospheric processes than in lowlands (J. J. Sharples et al., 2012). In particular, it is
difficult for fire crews to control fires when there are multiple ignitions in poorly accessible areas
(Westerling et al., 2004). Mountain regions comprise one fifth of terrestrial area in the world (Becker
& Bugmann, 2001). On the other hand, the mountainous regions have been often less prioritized
because of low accessibility and distance despite their high biodiversity and abundant natural
resources (Hofer, 2005). The Australian continent is relatively flat; for example, the average of
elevation is 325 m while the global average is 870 m (Pain et al., 2012). However, the island state of
Tasmania in Australia’s south, contains a large area of rugged terrains compared to the rest of the
continent due to the actions of exposed glacial and peri-glacial erosion (Bowman et al., 2022). Fire-
prone vegetation is common across the elevation gradient, and the mountainous regions often
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experience wildfire. In the summer between 2018-19, a number of fires simultaneously occurred
across rugged regions of the state, such as the Riveaux Road Fire and the Gell River Fire (Richards &
Spencer, 2020). It was the hottest January in Australia and the second driest February on record in
Tasmania (Hague, 2021; Handmer & Keating, 2020).

Our study case in this paper is the Great Pine Tier Fire, which was ignited on 15% January 2019
by a dry lightning strike on the Tasmanian Central Plateau, which ended up burning approximately
511.86 km? (Foulkes et al., 2021; Land Information System Tasmania, 2020; Richards & Spencer,
2020). This fire brought about significant ecological losses. For instance, almost of all vegetation above
ground in the shrubland was killed by a highly severe crown fire (Foulkes et al., 2021). There were
also artificial infrastructures, such as Waddamana Power Station, a component of the hydroelectrical
scheme operational across much of the Tasmanian highlands, that were threatened by fire impact,
although ultimately it avoided damage (Australasian Fire and Emergency Service Authorities
Council, 2019; Hydro Tasmania, n.d.).

We aim to find the relationship between dynamic winds driven by rugged highland terrain and
both fire propagation and fireline intensity. Wind is one of the elements of fire weather that can have
an impact on ignition, behavior and suppression of fire (Whiteman, 2000). In particular, the
interaction of synoptic wind and terrain can cause atypical fire behavior. We focus on two types of
dynamic winds: terrain forced flow (TFF) and forced channeling (FC). TFF is the synoptic wind
modified by topographical structure which changes not only its direction but also magnitude. For
example, the wind can be accelerated in the regions where the ridgelines are either perpendicular to
or concave against windward flow (Whiteman, 2000). FC is a subclass of TFF which is caused by the
friction between the sidewall of the valley and geostrophic wind, resulting in wind flowing down
into the valley from aloft (J. J. Sharples, 2009; Whiteman, 2000). Fireline intensity is the quantity of
heat energy released by fire, which is measured in units of kilowattage per length of fireline, and
provides a useful criterion of difficulty for fire fighters to control the fire (Keeley, 2009; Rossi et al.,
2019; The Australasian Fire and Emergency Service Authorities Council (AFAC), 2022).

We employed two approaches: interpretation of weather plots through the course of the fire at
specific locations, and fire simulation followed by verification against actual fire spread. Three
specific types of plots are analyzed: wind vector plots, which show the air flow with topography, and
is expected to identify terrain forced flow (TFF), numerical weather model vertical soundings
(NWMVS), which indicate various weather changes through the depth of the atmosphere in a time
series, and fireline intensity, which shows the spatially explicit intensity of fire based on hotspot
images from two types of satellite system, also in a time series. Fire spread simulations were
performed using Prototype 2, a fire simulator implemented based on the specification of Australian
Fire Danger Rating System (AFDRS) (Ozaki et al., 2022). Prototype 2 allows not only simulation of
fire propagation but also recording the fireline intensity and detecting potential lateral fire channeling
(LEC) in each prediction grid when simulating the fire propagation.

Our hypothesis is that either terrain forced flow (TFF) or forced channeling (FC) would have an
impact on not only fire propagation but also fireline intensity because both TFF and FC are modified
synoptic winds, which provide more air flux and therefore oxygen gas, which is required for
combustion than microscale winds do.

2. Study Area, Dataset and Methodology

The Great Pine Tier Fire occurred in the Central Plateau of Tasmania, which has an average
elevation of about 1 km, and where dry eucalypt accounts for more than 60% of the vegetation area
(Geoscience Australia, 2020; Land Information System Tasmania, 2020). Weather conditions and fire
phenomena of the study case are investigated by interpretation of various weather plots and
recreation of fire spread using Prototype 2, a fire simulator.

2.1. Spatial coordinate system and datetime, study area and spatial dataset
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We employed various weather datasets and fire isochrones for verification of fire simulation
quality. Displayed timestamp and map coordinates are localized consistently unless represented
explicitly.

2.1.1. Spatial coordinate system and datetime

The coordinate system and time zone to represent in this study area follow GDA94 zone 55 and
local time (Australia/Hobart) with yyyy-MM-dd format respectively unless mentioned explicitly. The
study area is the Great Pine Tier Fire which is characterized by highland topography and rugged
valleys with abundant eucalypt forest and highland vegetation. The modelling domain in that
coordinate system was defined to extend beyond the mapped boundary of the Great Pine Tier (Figure
1).

SrssnsssadanELEEE s

.

&

) Geest Pime Tiex Fire
] EZ3 lsschrome #1
\\ E2 luschrone 92

o ‘ Fire Start Location

Figure 1. Great Pine Tier Fire is located in the Central Plateau in Tasmania and shown with reported
ignitions, fire isochrones, pseudo weather stations and digital elevation model (DEM).

2.1.2. Study fire

The fire started on 15 January 2019 in the far west of a plateau, is represented by star mark in
red (Figure 1). Then it moved south-west on the plateau and down into a valley, which contains two
fire isochrones that were measured by fire agency staff during the course of the fire. Because the total
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burnt area is too large (511.86 km?) to simulate the entire fire all at once, two fire isochrones were
employed instead to model important sections of the fire spread of relevance to dynamic wind effects.
One or two pseudo weather stations were set up in each isochrone to monitor weather and to act as
ignition locations (Figure 1). Ignition time was estimated from fireline of the adjacent isochrones, each
of which contained a timestamp reported by Tasmania Fire Service (TFS), because there was no
precise fire-starting point location available for the study isochrones. Isochrone #1 was situated at the
entrance of the valley from the plateau and started burning around noon on the 25 and completed
within that isochrone around noon on the 26t (Table 1).

Table 1. Fire isochrones with their areas, starting and ending date times and ruggedness as standard

deviation of DEM (m).
1 14.86 2019/01/25 11:30:14 2019/01/26 12:18:06 1.03 73.04
2 3.46 2019/01/29 18:16:08 2019/01/30 11:46:08 | 0.73 73.36

Isochrone #2 was located in a lower elevation of the valley than #1 and started burning around
the border of the preceding isochrone in the evening of the 29* and ended within the isochrone
around noon of the next day. Both isochrones were expected to identify dynamic wind in the valley.
Although areas are different between these isochrones, ruggedness, which is represented by standard
deviation of digital elevation model (m) in this study, is similar in each case. Details of fire isochrones
are further addressed in Section 1 in Appendix A.

2.1.3. BARRRA-TA weather datasets and downscaled wind field

The main dataset used as the basis of this study is the Bureau of Meteorology Atmospheric high-
resolution Regional Reanalysis for Australia for the Tasmanian region (BARRA-TA), which consists
of various weather parameters, such as cloud coverage, precipitation, temperature, dew point
temperature, geopotential height, soil moisture, and relative humidity represented at various
atmospheric pressure levels (Eizenberg et al., 2021; Su et al., 2019). In addition, the surface wind in
this dataset is employed to produce another surface wind field downscaled by WindNinja, a
diagnostic tool (Firelab, n.d., 2020; Ozaki et al., 2022). These parameters, including two types of these
surface wind fields, are used to parameterize the Prototype 2 fire simulator, and used to produce
wind vector maps and numerical weather model vertical soundings (NWMVS). The resolution of
BARRA-TA surface wind field and the downscaled wind field are 1500 m and 353 m respectively,
and these surface winds represent flow 10 meters above the ground surface. Wind vectors at the time
of the first ignitions for isochrone #1 and #2 are shown in Figure 2 and Figure 3 respectively.
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Figure 3. Wind vector at ignition for isochrone #2.

2.2. Methods

Weather and fireline intensity at pseudo weather stations are analyzed using two types of plots:
wind vector maps and numerical weather model vertical soundings (NWMSV). Meanwhile, fire
propagation area, fireline intensity and lateral fire channeling (LFC) potential are simulated using the
Prototype 2 simulator. The simulated fire spread is then verified against actual recorded isochrones
using fractions skills score (FSS), to gauge the skill of the simulation under various wind fields
(Mittermaier & Roberts, 2010; Roberts & Lean, 2008; Skok & Roberts, 2016).

2.2.1. Wind vector map and numerical weather model vertical sounding (NWMYVYS)

Three types of weather plots are employed to diagnose the dynamic wind effects on this fire: (1)
wind vector maps, (2) numerical weather model vertical soundings (NWMVS) and (3) plots of
calculated fireline intensity with satellite hotspots. The first type is further classified into two surface
wind fields: BARRA-TA and the downscaled fields, by superimposing a digital elevation map (DEM)
so that it is possible to identify terrain forced flow (TFF). The second type of plot consists of various
weather variables in different atmospheric levels. Only atmospheric levels whose geostrophic
elevations were higher than the elevation of each pseudo station were plotted in time series. NWMVS
can be utilized to identify forced channeling (FC) by comparing and identifying an offset between
the valley axis direction and wind directions in various atmospheric pressure levels. The third plot
type shows the fireline intensity calculated by Prototype 2 in time series and compares it with fire
radiation power of the hotspots monitored by two types of satellite sensors: the Visible Infrared
Imaging Radiometer Suite (VIIRS) sensor on the Suomi National Polar-orbiting Partnership Program
(5-NPP), and the AHI sensor on the Himawari-8 geostationary satellite JAXA, 2022; Lee, 2014; ORNL
DAAC, 2018; Schroeder, 2017). SNPP and Himawari-8 were launched in 2011 and 2016 respectively
(Listi et al., 2018; Yumimoto et al., 2016). Spatial and temporal resolution varies between the two
satellite hotspot products. The temporal resolution in VIIRS data is poor with observations only six
times a day at most (Lee, 2014; Schroeder, 2017; Wang, 2021), while its spatial resolution is high, with
a pixel size of 375 m. On the other hand, the spatial resolution in the Himawari-8 hotspot detections
is low, with 2 km pixels, but its temporal resolution is extremely good, due to the geostationary nature
of the satellite, with detection frequency of up to 10 minutes (Listi et al., 2018; Yumimoto et al., 2016).
The fireline intensity is plotted regardless of the starting time of fire and the location of the fireline
intensity in this plot is only for a pseudo station. Calculation of fireline intensity in both in plots and
in fire propagation is the same and its detail is described in the section, 2.2.2.

2.2.2. Fire simulator, Prototype 2 with fireline intensity

Prototype 2 is a fire simulator that incorporates various fire models of fire spread for different
vegetation types and provide two types of wind field: BARRA-TA and downscaled winds (Ozaki et
al., 2019). The prototype 2 then maps simulation results on either of five geometries: Delaunay,
diamond, hexagon, square and Voronoi (Ozaki et al., 2022). Primarily, fire propagation is simulated
by Prototype 2. There are three sets of simulations with different ignitions: pseudo weather station 1
in isochrone #1, station 2 in #2 and station 3 in #2. Each set consists of ten simulation samples, which
comprise all the five geometries with the two types of wind field. The sample which achieved the
best score is selected from each set. The reason why two sets in isochrone #2 are prepared is due to a
limitation of the Prototype 2 simulator. In reality, the fire entered the isochrone in a linear fashion
around the border of the isochrone which had been burnt previously. However, linear ignitions have
not yet been implemented, therefore, two ignitions are separately configured in isochrone #2 to
analyze the effect of weather and topography on fire propagation, fireline intensity and lateral fire
channeling (LFC). In addition to fire propagation, the fireline intensity, which is a new function and
computed from rate of fire spread (ROS), heat yield and fuel load based on the specification of
Australian Fire Danger Rating System (AFDRS) in Prototype 2, is also recorded in each grid, along
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with the potential for lateral fire channeling (LFC) (The Australasian Fire and Emergency Service
Authorities Council (AFAC), 2022). A general equation of the intensity throughout fire models is as
follows:
Tg=h xw xROS

Where Iy, h, w and ROS indicate fireline intensity (kW m™), heat yield (k] ‘kg), fuel load (kg- m?)
and rate of spread (m- s™) respectively. This intensity is also used in the third weather plot. The LFC
often promotes fire spotting and accelerates the fire spread (J. Sharples et al., 2011, 2017). However,
currently Prototype 2 can only identify the potential for LFC and does not consider the effect of the
LFC, such as spotting fire, acceleration of spread, and lateral spreading, on the fire propagation yet.
Note that fire isochrones are prevented from moving back to previously burnt area in fire simulations
so that the area cannot be burnt again.

2.2.3. Verification

Fractions skill score (FSS) is employed to verify the simulated fire propagation against actual
recorded isochrons (Ozaki et al., 2022). The FSS provides a threshold value representing “usefulness”
which is used to confirm the accuracy of fire spreading. The fireline intensity is compared in two
different ignitions in fire isochrone #2.

3. Results

Synoptic wind was found to be the driving force of not only fire propagation but also high
fireline intensity in its leeward. In addition, terrain forced flow (TFF) was confirmed around
isochrone #2.

3.1. Wind vector map and numerical weather model vertical sounding (NWMYVS)

Although synoptic wind was dominant in both isochrone #1 and #2, only terrain forced flow
(TFF) appeared to influence in #2. Firstly, there were some influences of synoptic wind on the fire
propagation. Wind speed stayed the same when the fire entered isochrone #1 from the north around
11:30 on the 25t (Table 1 and Figure 2). At that time, BARRA-TA surface wind blew along the valley
axis near isochrone #1. The BARRA-TA wind did not appear to have a significant TFF effect, as its
magnitude and direction remained mostly constant, unaffected by the elevated topography even
though the elevations vary (Figure 2). Although downscaled wind showed only a few stronger wind
vectors around pseudo weather station 1 in isochrone #1 compared to its surroundings, there were
many greater wind vectors around the ridge to the west of station #1 (Figure 2). BARRA-TA surface
wind started blowing along the axis at 11:30 on the 25 and remained the direction largely constant
until midnight while the upper air at 700 hPa kept blowing along the axis at station 1 in isochrone #1
(1-a in Figure 4).

do0i:10.20944/preprints202307.1448.v1
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Figure 4. numerical weather model vertical sounding (NWMSV) at pseudo weather station 1 (803m)
for isochrone 1.

The small gap between the direction of surface wind and upper air indicates the possible forced
channeling (FC) from 18:00 till 19:00 on the 25t because the surface wind fields in orange and black
were closer to the valley axis represented by black horizontal line around 315° than other higher
elevated winds (1-a in Figure 4). This gap shows that the surface wind fields were potentially derived
from its mainstream and channeled along the valley. On the 26%, the wind direction gap became
larger (2-a in Figure 4). The reason why the wind direction gap was small on the 25" is because of
both high geostrophic winds” magnitude and high cloud coverage from noon till midnight on the 25
(1-b and 1-c in Figure 4). Note that diurnal wind is generally less active under high cloud coverage
and therefore synoptic wind tends to dominate than under low cloud coverage (Whiteman, 2000).
Although the directions of these winds were close together, the direction gap between these winds
and the valley axis increased as the magnitude of geostrophic winds decreased (2-a and 2-b in Figure
4). To sum up the weather, the synoptic wind, which appeared to be FC temporarily, was dominant
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in the first half of the fire period while local wind overweighed during the rest of period when the
fire propagated through isochrone #1. No TFF effect was evident in the isochrone.

Secondly, terrain forced flow (TFF) appeared to have an impact on isochrone #2 in addition to
the synoptic wind. Wind vectors show the increase of both surface wind types: BARRA-TA and
downscaled wind types, above the valley side in isochrone #2 at 18:00 on the 29t when the fire started
propagation in this isochrone (Figure 3). This is because the air was compressed vertically when it
passed through on slightly higher elevation than that of windward location. On the other hand, the
NWMSV plot shows good alignment of wind in all atmospheric levels (1-a and 2-a in Figure 5 and

Figure 6).
(1-a) 2019-01-29 (2-a) 2019-01-30
0 * 360 [
............... : >
[ LA A T LY YRyl ge TR e e e tea e By
S SRR E R i E T T I IR RS T1 SNBSS AL FYPPSEYSLLLE L MR
- ¥ < 9 < 3 P2EEE i 9 r;' 315‘*':":;)2:
270 270

«  BARRA wind direction at 700 hPa

4 BARRA wind direction at 800 hPa

¥ BARRA wind direction at 850 hPa
BARRA wind direction at 900 hPa

" » BARRA wind direction at 925 hPa
BARRA wind direction at surface "=wjrwrrrmmirmrmr e

<  BARRA wind direction at 700 hPa
BARRA wind direction at 800 hPa

¥ BARRA wind direction at 850 hPa
BARRA wind direction at 900 hPa

» BARRA wind direction at 925 hPa
BARRA wind direction at surface

Wind direction (degrees)
=
=

Wind direction (degrees)
=
=)

- .4
135 % windNinja wind direction 135 *  WindNinja wind direction
----- Valley axis direction +===+ Valley axis direction
% 90
»
45
45
»
0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Time (hh:mm) Time (hh:mm)
(1-b) 2019-01-29 (2-b) 2019-01-30
31 - BARRA wind at 700 hPa 31 <=+« BARRA wind at 700 hPa -
--=-- BARRA wind at 800 hPa ----= BARRA wind at 800 hPa
g e P W e Wt P BARRA wind at 850 hPa £ ol ol i i e BARRA wind at 850 hPa ~
2 BARRA wind at 900 hPa 2 BARRA wind at 900 hPa
—-- BARRA wind at 925 hPa Gl R ) —-- BARRA wind at 925 hPa
-g 21 BARRA wind at surface 2 LA £ BARRA wind at surface
= " —— windNinja wind = 3 ¥ '—— windNinja wind
B W7 : BT ALY
g4 - g 1
2 s 2
210 . =1 Fging
g i S # | b oS A
7 . LY 7 M ;
\'\\/— B S
0 i |
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21;00 00:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21;00 00:00
Time (hh:mm) Time (hh:mm)
—— Temperature (C) —— Temperature (C)
(1-c) 2019-01-29 —— Dew point temperature (C) (2-¢) 2019-01-30 —— Dew point temperature (C)
—— Cloud coverage (%) = Cloud coverage (%)
pal 90 =26 100
g A S ol
o 2 87 o B 90
: / g I\ o 2T
2 / / \ 77 £ 20 V \ \ / \ 80
b
E 17 67 = g7 / 0 =
"’ / 5 e & ~ \ | s
C s <7 By = 0 g
T \ FC N7 U/ \
v 12 8L e 11 50 2
: \ RS Tls s
£ 10 B= 2 7 40 =
gL / | — |, & \Vi | E
g 7 v 200 E 4 30 O
E 4 M\ ’.\-/ 19 E l / \Vv 0
g 2 \ 9 % -1 // \\/ / \ 10
a
0 LW 0 4 0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Time (hh:mm) Time (hh:mm)

Figure 5. numerical weather model vertical sounding (NWMSV) at pseudo weather station 2 (466m)
for isochrone 2.
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Figure 6. numerical weather model vertical sounding (NWMSV) at pseudo weather station 3 (520m)
for isochrone 2.

Although there were gaps of wind direction among atmospheric levels as well as the valley axis,
these gaps were considered to be caused by the meandering topography of valley (1-a and 2-a in both
Figure 5 and Figure 6). Indeed, the valley axis, in which two separate pseudo weather stations were
configured, showed different directions in the figures in isochrone #2. The valley axis for station 2 is
aligned more north-south, approximately 160° or 340° than that for station 3, which is approximately
130° or 310° (Figure 3, 1-a and 2-a in both Figure 5 and Figure 6). From the broader view, these gaps
between the valley axis and wind direction, therefore, were marginal enough to consider that
synoptic wind was dominant during the fire period from 18:00 on the 29 till noon on the 30t. There
were a few exceptions in these time series plots. For example, the wind directions varied from 23:00
on the 29t until at 0:00 on the 30" when the winds at 850, 900 and 925 hPa and temperature dropped,
and cloud coverage had continued to be nearly zero (Figure 5 and Figure 6). This means that diurnal
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wind was dominant, however, the diurnal surface winds were very weak, nearly zero (1-b and 1-c in
both Figure 5 and Figure 6).

Thirdly, fireline intensity at pseudo weather stations in fire isochrone #2 showed some
correlation with hotspots detected by infrared channel in Himawari while it did not in isochrone #1.
Figure 7 shows percentage of relative values for fireline intensity with two type of surface wind fields,
wind magnitude, hotspots, cloud coverage, temperature and dew point temperature.
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Figure 7. Time series of fireline intensity including the time fire starting: (a) at 11:30 on 25" at Station
1, (b) at 18:16 on 29" at Station 2 and (c) at 18:16 on 29" at Station 3. Red circle icons are displayed
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with BARRA-TA surface wind field if any hotspot is identified nearby while green square icons are
with the downscaled wind if any hotspot is detected nearby.

The simulated fireline intensity rapidly rose between 11:00 and 12:00 when the fire entered in
isochrone #1 while no hotspot was identified by any satellite sensors (Figure 7-a). The cloud coverage
retrieved from BARRA-TA was moderate, below 70%, for satellite sensors to detect the fireline
intensity at the start of fire in the isochrone. On the other hand, hotspots were identified near station
1 before 11:00 and after 19:00. With regard to isochrone #2, both pseudo station 2 and 3 showed some
association between the simulated fireline intensity and hotspots detected by a satellite sensor. The
fireline intensity with both wind fields showed a decline around 18:00, when the fire entered this
isochrone (Figure 7-b and -c). At the same time, hotspots identified by Himawari, and represented
by olive color dotted line in the figures, also exhibited a decline. In addition, both surface wind types:
BARRA-TA represented by orange solid line and downscaled wind in black solid line, showed
decreases from 18:00 till 22:00 (Figure 7-b and -c). After this, both hotspots detected by Himawari and
the simulated intensity flattened out. Interestingly, both the BARRA-TA surface wind field in yellow
solid line and the downscaled wind in black solid line also showed decreases for several hours from
18:00 (Figure 7-b and -c).

3.2. Fire simulator, Prototype 2 with terrain filter

The fire simulations showed a strong ability to accurately model these propagations. The
percentages of fractions skill scores (FSS) above threshold in the samples of fire isochrone #1 with
pseudo station 1, #2 with station 2 and #2 with station 3 were 100%, 90% and 100% respectively. Fire
appeared to intensify mostly along leeward direction of the starting point of fire regardless of
topography. Lateral fire channelings (LFC) were confirmed along the valley axis in isochrone #1 while
there were none or few LFCs in isochrone #2. Figure 8, Figure 9 and Figure 10 show fire propagation
in (a), vegetation group in (b), fireline intensity in (c) and fire lateral channeling (d) for fire isochrone
#1 with pseudo weather station 1, #2 with station 2 and #2 with station 3 respectively.

(a)

(©

=,
@)
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Figure 8. Simulation with (a) fire propagation, (b) vegetation types, (c) fireline intensity and (d) lateral
fire channeling (LFC) for fire isochrone #1. Dry eucalypt in bright turquoise and wet eucalypt in putty

are the dominant vegetation shown in (b). .

Vegetation Group

I Dry cucalypt forest and woodland
77 Highland and trecless vegetation
9 Madified land

Figure 9. Simulation with (a) fire propagation, (b) vegetation types, (c) fireline intensity and (d) lateral
fire channeling (LFC) at station 2 for fire isochrone #2. Dry eucalypt in bright turquoise is the

dominant vegetation shown in (b).
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Figure 10. Simulation with (a) fire propagation, (b) vegetation types, (c) fireline intensity and (d)
lateral fire channeling (LFC) at station 3 for fire isochrone #2. Dry eucalypt in bright turquoise is the
dominant vegetation shown in (b).

Firstly, the fire appeared to follow wind direction. The fire was initialized the at pseudo weather
station represented by a cross circle icon along the valley axis in each simulation (Figure 8, Figure 9,
and Figure 10). The fire followed both wind direction and the valley axis in isochrone #1 because the
wind direction was along the valley axis at the starting point of fire, visible at 11:30 on the 25% of
January. On the other hand, fire appeared to be guided by wind more than by topography after the
ignition, visible at 18:16 on the 29t of January in isochrone #2. Although the valley axis lies along a
vector from northwest to southeast, the wind blew from west-northwest to east-southeast and the
fire followed the wind direction in isochrone #2 (Figure 5-1-a, Figure 6-1-a, Figure 9-a, Figure 10-a).

Secondly, the modelled fireline intensity is the highest at the leading edge of the fire, as it moved
in the direction of the wind. Darker grid colors indicate a higher fire intensity computed by the
simulator (Figure 8-c, Figure 9-c, and Figure 10-c). The highest intensities were simulated leeward of
the ignition relative to wind direction. Because the intensity is recorded with fire propagation and
counts in the rate of fire spread (ROS), it is dependent on the propagation. Therefore, the distribution
of the simulated fireline intensity varied between two ignitions, even within the same isochrone
(Figure 9-c, and Figure 10-c).

Thirdly, the potential for lateral fire channeling (LFC) was identified more frequently in
isochrone #1 than in #2 even though the majority of vegetation was forest, which is one of its
requirements (J. Sharples et al., 2017), in both isochrones (Figure 8-b and -d, Figure 9-b and -d, and
Figure 10-b and -d). The reason why LFC occurred more in #1 than #2 is the presence of greater wind
speed. The magnitude of wind, which is also one of the requirements of LFC (J. Sharples et al., 2011,
2017;].]. Sharples et al., 2012), was approximately 9 msor 32 kmhat the beginning of the fire, 11:30
on the 25t January and increased gradually in #1 while it was around 5 ms™ or 18 kmh™ when the
fire started, 18:16 on the 29t and decreased in #2 (1-b and -c in Figure 4, Figure 5 and Figure 6).

4. Discussion and Conclusion: Relationship between Fireline Intensity and Dynamic winds
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Synoptic wind had an impact on the fire propagation, fireline intensity and lateral fire
channeling (LFC). Firstly, the fire propagated by following the wind rather than topography. Figure
8 shows that the simulated fire propagated along the valley axis, although fire tends to climb faster
than to descend in general (Sullivan et al., 2014). This is because the wind speed was approximately
9 ms?! or 32 kmh™at ignition, at 11:30 on the 25% and increased in #1 (1-b and 2-b in Figure 4). The
wind direction was consistent with being synoptically forced, rather than forced solely by terrain and
showed characteristics of forced channeling (FC) (Figure 4-1-a). Some areas of potential lateral fire
channeling (LFC) were identified in this isochrone (Figure 8-d). On the other hand, the fire followed
the wind direction in isochrone #2 even though the wind magnitude decreased from 5 ms™! or 18
kmh™ at ignition, at 18:16 on the 29% in #2. The wind type was identified as terrain forced flow (TFF);
however, it was not strong enough to produce many LFCs (Figure 9-d and Figure 10-d). Secondly,
the simulated fireline intensity, which indicates the difficulty to control the fire (Rossi et al., 2020),
appeared to be dependent upon wind magnitude in a fire intensity plot in time series while it was
dependent on wind directions the most in the simulation of fire propagation. Unfortunately, no
hotspots were confirmed by satellite sensors at ignition, at 11:30 on the 25t in isochrone #1, possibly
due to the low resolution of satellite image (Figure 7-a). On the other hand, all surface winds, fireline
intensity and hotspots detected by the satellite showed a decline at 18:16 on the 29t when the fire
started in isochrone #2 (b and c in Figure 7). Thirdly, the fireline intensity recorded with fire
propagation depended on its wind direction (c in Figure 8, Figure 9 and Figure 10). This is because
fireline intensity is calculated with the rate of fire spread (ROS), which takes into account wind
direction and magnitude along with other weather parameters. Lastly, the terrain effect is also
important. For instance, the valley axis is aligned closer to east-west in the northern area of isochrone
#2 and this orientation is similar to the direction of the wind guiding the fire in this isochrone (Figure
3, Figure 5, Figure 6, Figure 9 and Figure 10). This wind type was found to be the terrain forced flow
(TFF), which then determined the direction of fire propagation and intensity in the isochrone.
Therefore, it is necessary to consider not only imminent but also broad interaction weather,
topography and vegetation for fire propagation and intensity in such rugged terrain.

There are some limitations with our study. (1) Although, each cross section between preceding
isochrone was linear, due to current constraints in the capabilities of Prototype 2, only a single
ignition is allocated along the valley axis of each fire isochrone in order to reduce bias. (2) other
limitations follows our previous study (Ozaki et al., 2022).

Although the fireline intensity was confirmed at some ignition points by comparison with
satellite data, the quality of the calculation was constrained to the location of ignitions in our study.
In future studies, the difficulty of the fire will be more accurately estimated when linear ignition is
implemented.

5. Data Availability

TasVeg 4 and fire history are available at Land Information System Tasmania (LIST)

https://www.thelist.tas.gov.au/app/content/home )
https://www thelist.tas.gov.au/app/content/home (accessed on 19 August 2020). Curing data are
available at Australian Bureau of Meteorology

http://opendap.bom.gov.au:8080/thredds/catalog/curing_modis_500m_8-
day/aust_regions/tas/tiff/catalog.html  (accessed on 14 June 2020). DEM and Geol-ogy data are
available at https://www.ga.gov.au/ (accessed on 6 February 2021). Relative Soil Moisture is
available at https://eo-data.csiro.au/projects/awap/ (accessed on 26 July 2020). BARRA is available at
National Computational Infrastructure (NCI) at https://nci.org.au/ (accessed on 22 May 2023).
Lightning strikes or Fire Isochrone are not available in public for free. Visible Infrared Imaging
Radiometer Suite (VIIRS) is available at https://www.earthdata.nasa.gov/learn/find-data/near-real-
time/firms (accessed 13 November 2020). Hotspots of P-Tree system provided by JAXA is available
at https://www.eorc.jaxa.jp/ptree/ (accessed 30 August 2022)
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