Enhancing the Accuracy of Mapping Wildfire
Susceptibility through the integration of Remote
Sensing Data and Artificial Intelligence (Al)

Discover how a combination of remote sensing and machine learning can
accurately predict and dynamically monitor the spread of forest fires. Join
me on a journey to explore how remote sensing and machine learning can

predict and prevent forest fires.
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Wildfires

The Costs: Billions of dollars in property and
environmental damage each year

The Causes: Flammable ecosystems, lightning strikes, human
activities, and the effects of climate change

The Impacts: Economic loss, loss of vegetation and wildlife
habitat
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Necessity of forest fire prediction tools

Bushfi i
ushfires Sydney, Brisbane and Perth face
; . ’ .
increased risk of bushfire’ this summer
Seasonal bushfire outlook for 2023-24 suggests large areas of
eastern Australia could burn but authorities say forecast not as
dire as 2019's black summer
Follow our Australia news live blog for latest updates
Get our morning and afternoon news emails,free app or daily
news podcast
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According to ABC

Australia on high alert: Upcoming hot and
dry summer poses elevated bushfire risk

0000~

l»:E] Nino will be gracing us for summer and staying. Here is the detail about what to expect in the
next couple of months. Picture Shutterstock

B El Nino will be gracing us for summer and staying. Here is the detail about what to expect in the next couple of
months. Picture Shutterstock
This is branded content.

Well, it's official. It's going to be an El Nino summer.

According to recent forecasts, Australia is set to experience one of its

28th Sepntember 2023 News, Australia's new fire wafnings syStem needs more

[ significantly escalates the nation's vulnerability to

improvementto minimise misleading ratings and exaggerated risks.

Australian Wildfires

IThe Shocking Size of the

Acres burned in selected recent major wildfire events
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Fires in the Amazon rainforest excluded due to lack of reliable figures
Sources: CalFire/Russian Federal Forestry Agency via BBC, Associated Press
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Queensland bushfires destroy more than 30
homes, multiple watch and act warnings current
across the state

By David Chen, Tobi Loftus, Victoria Pengilley, and Jessica van Vonderen

Posted Fri 27 Oct 2023 at 7:07am, updated Fri 27 Oct 2023 at 4:59pm
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Inaccurate predictions

The current prediction
models rely on basic
mathematical
assumptions and average
climate models. This
results in very inaccurate
predictions of fire
behaviour, spread, and
transition.

Problem Statement

Delayed and 3
Inaccurate data

The existing fire-tracking
systems are not highly
efficient. The fire location
may not be reported until
it has already grown
significantly, making it
difficult to manage and
control the fire effectively.
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Inadequate data
integration

Data on the weather
conditions, the
topography of the land,
and human activity are
all critical parametersin
predicting forestfires.
However, integrating data
from multiple sources
and in different formats is
still a challenge.
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Temperature in °C

Wildfire Prediction: key challenges

Fuel Moisture Content Terrain Features
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s Specific forest types include remnants of sub-tropical and warm temperate

rainforests and moist eucalypt forests that are mainly restricted to the

mountain regions.

Other forest types include tall open forests, open Eucalyptusforests and
woodlands, dry eucalypt forests, Melaleuca wetlands, and Banksia low

woodlandsand heaths.

Vegetation type Fire intervals in years
Rainforest Fire exclusion

Wet sclerophyll forest 20-100+

Grassy dry sclerophyll forest and woodlands 3-6

Shrubby dry sclerophyll forest and woodlands 7-25

Coastal heathlands 7-20

Inland (rocky) heathlands 15-50

Paperbark (Melaleuca quinquenervia) woodlands 15-30

Legend

| Brsnane City
‘J; "~ | Gow Coast Cty

| ipswkh City

| Sunstne Coast Regiona!
Toow oomba Regonal

0 b L) 100 Mikaorwtre

| W T T . S W

Suggested fire intervalsfor vegetationtypes in Southeast Queensland

(Source: Fisk et al (2003, Table 7.5))
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Remote Sensing Machine Learning Statistical Analysis
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Climate Change Processes:
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Fire Spreading Mechanism and Its Parameters

Factors That Affect Fire Spread Parameters to Monitor
Fuel Quantity and Quality Moisture Content in Fuel

Wind Speed and Humidity Wind Direction and Speed
Surface and Atmospheric Temperature Temperature Gradient of the Air

University of the ; % =
Sunshine Coast =
e

Australia Cooperative Research Centre <



Data analysis and results

Parameter

Weather conditions

Burned area

Behaviour and Spread pattern

Data description

Humidity, Temperature,
Pressure, Wind Speed, Wind
Direction

Area affected by the forest fire

Burning intensity, direction
and acceleration
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Expected results

Accurate data on current
weather conditions and the
predicted conditions for the
next few days.

Accurate estimation of the
burned area will help identify
the most affected areas and
prepare accordingly.

The predicted behaviour will
help define the best
management steps, including
containment efforts and
effective firefighting strategies.
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Forest fire susceptibility indicators
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GIS database

Sucess rate AUC=0.98 Prediction rate AUC=0.93
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Artificial Neural Network (ANN)
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Analytical Hierarchical Process (AHP) Model

DEM

Analytic

hierarchy
process
RE vegetation Forest structure W5 N
data version 13 type
R Wé v
| Sentinel 2 }—>| EVI }7  EEEE——

Fire Risk Index

: wr -
—f—>| Road Layer }—>|Di5tance to road }7 — Ferest fire risk
' Zone map

— w2 ) Location of Forest Fire
. Stream Distance to H
N stream .

: Fire Histo P Time Series of
Quserslend 1 Report | Validation | o (GEe)
portal ! :
' Factors Ferest—-Aspeet+Slope | Elevation | TWI Distance | Distance | EVI Camping | Criteria | Criteria
R type. | toroad | to Site Weights | weight
stream (%)
Forest 0.397 | 0.700 | 0.370 | 0.292 0.245 | 0.176 0.144 0.153 | 0.121 0.289 28.875
structure
type
Aspect 0.050 | 0.087 | 0.476 | 0.146 0.123 | 0.396 0.096 0.026 | 0.242 0.182 | 18.239 Fire Susceptibility
Slope 0.057 | 0.010 | 0.053 | 0.389 0.368 | 0.264 0.096 0.026 | 0.152 0.157 15.702 High
Elevation | 0.066 | 0.029 | 0.007 | 0.049 0.061 | 0.044 0.216 0.204 | 0.091 0.085 8.526 .
TWI 0.099 | 0.044 | 0.009 | 0.049 0.061 | 0.044 0.216 0.128 | 0.030 0.076 7.556 0 15 3 6 Kilometre Low
Distance 0.099 | 0.010 | 0.009 | 0.049 0.061 | 0.044 0.192 0.230 | 0.061 0.084 8.383 Lo 1 |
to road
Distance 0.066 | 0.022 | 0.013 | 0.005 0.007 | 0.005 0.024 0.204 | 0.061 0.045 4.533
to stream
FRI = z W * p EVI 0.066 | 0.087 | 0.053 | 0.006 0.012 | 0.005 0.003 0.026 | 0.212 0.052 5.227

Camping 0.099 | 0.011 | 0.011 | 0.016 0.061 | 0.022 0.012 0.004 | 0.030 0.030 2.959
Site

= (FS * Wl) +(AxW2)+ (S«W3)+ (ExW4) + (TWI «WS5)+ (DR W6)+ (DS*W7)+ (EVI* W8) + (C;% wWo)
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ISDR

International Strategy for Disaster Reduction

Zonal Fire Regimes:
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* During hesght growth bafare bark thickens. 2
* Whie “candling” m early spring

befare needles emerpe il
on new growth

o \ b Hstoncally, low
v N ' " atensity fires
L4 ) g frequently moved
. 5 3 4. = through the
‘ L3 $ landscape
1] * 1
N i l || Ay T'Iriny'h(‘ o fires
prescribed fire

Fire reduces

M hardwoods and other
pines, maintaning ‘

open conditions '! i

necessary for
longleaf pines and SRS
native plants, while
RN provking food and

z Sapling:
BN habitat for wildlife g

Lateral branches
emerge at 810 ft
in height,

Regroath two weeks affer fre

Rapid height growih
increases ongleafs
compettive advantage
for sunlight and moves
the growth bud abave
lypical lame heghls

: Grass Stage:
Fire consumes litter  Young longleaf resemblea
on the forest floor, clump of grass. The dense _

Conclusion

O
Mature:
Lower pine limbs are
pruned by fire, keeping
the canopy above most
flame heights.

Native undersiory

creating optimal needie cluster protects = Bottlebrush: Thick plates of bark plants and K nnk af
conditions for the bud from fire and Longleaf bolts protect the inner
germination. . Wil quickly regrow in height with trunk from fire.

no branching.

& e e . w4 ‘ The devastating impact of forest fires on the environment, property and
¥ : ‘ S wildlife cannot be ignored. The proposed solution uses advanced
technology and techniques to predict forest fires’ behaviour and spread
accurately. Using remote sensing and machine learning algorithms for
forest fire prediction enables more proactive decision-making that can
significantly reduce the damage caused by these disasters.
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Thank You for Listening

| appreciate your attention to this important research work. | am
excited to contribute to the growing field of remote sensing and
machine learning, and hope that work will have a positive impact on

fire management and environmental preservation.
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