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o Wildfires causes significant economic and human losses globally

@ Small improvement in the fight against wildfire can significantly
reduce total damage

@ Goal: Improvement of the determination of high-risk zones

@ Method: Predict the high-risk-damage probability for a zone based
on real data
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Figure: (left) Damage Caused by Wildfires in the United States, 1984-2020
(right) Bushfire in Australia 2019 (damaged 60-84 million acres)
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Applications

e Situation: Existing wildfire

@ Question: Which zones to fight to minimize damage?

Figure: Wildfire from above in Turkey 2021
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Applications

@ Answer: Fight zones with highest damage probability

Figure: Categorization in zones with risks
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Project roadmap

-
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. + Use of machine * |mplementation
. *  Analyis of data
;Jisrﬁjfa;s;rk for via \: . learning to predict of Firefyl-Algin
Wildfires o @l missing values t\.Mo ways
+ Change input analysis o see * Enables us to *  First: use of risk
dict risk prediction
coherence of the [ARS
p.ararlnfters to - * Comparism of three based on real
:IIiE:r:ni setting different models data

* Second: use of
risk prediction
based on the
paper

* Compare the
results

+ Collect the data
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@ Introduction
o Wildfire
@ How the Simulation works

@ Presenting GUI

Christian Fuchs, Sascha Wolf Fighting Wildfires via Simulations



™

200

2o0m

200

20

2o

2o

20

20m

2008

@rodent

Christian Fuchs, Sascha Wolf

Fighting Wildfires via Simulations




Introduction to Spark

Spark is a Wildfire Simulation toolkit
Created by the Research Team of CSIR O Research

Allows to visualize and output Data

Can be used for planning, warning, response and manly research
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Figure: View
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Figure: Graph analysis
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Figure: Landscapec /assification
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Data Analysis
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Figure: Data analysis
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Data Analysis

Start time: Do Okt 17 13:00:00 2013 GMI+1100
End time: Di Okt 22 22:00:00 2013 GMT+1100
Simulation time: 5d Sh Os

Time: Do Okt 17 13:01:00 2013 GMT+1100; .41 ha; tiles: 1 (1); [0%]
Time: Fr Okt 18 57.1 ha; tiles: 1 (1); [10%]
Time: Fr Okt 18 14:48:00 2013 GMT+1100; area: 1992.51 ha; tiles: 1 (1); [208]

Time: 3a Okt 19 0p:4 00 2013 GNT#1100; area: 4323.69 ha; tiles: 5 (5); [30%]
Time: Sa Okt 19 16:36:00 2013 @NT+1100; area: 7400.88 ha; tiles: 5 (5); [40%]
Time: S0 Okt 20 05:30:00 2013 GNT+1100; area: 11459.3 ha; tiles: 9 (9); [50%]
Time: S Okt 20 18:24:00 2013 GMT+1100; area: 16070.5 ha; tiles: 9 (9); [608]
Time: Mo Okt 21 07:18:00 2013 GMT+1100; 2085.7 ha; tiles: 9 (9); [708]
Time: Mo Okt 21 20:12:00 2013 eMT+1100; 8680.5 ha; tiles: 9 (9); [80%]

Time: Di Okt 22 09:06:00 2013 GMT+1100; area: 35230.6 ha; tiles: 10 (10); [90%]

Tims: Di Okt 22 22 00 2013 GNT+1100; area: 42050.4 ha; tiles: 17 (17); [100%]

Execution completed in 60.5441 s

Output: shapefile 'C:/Users/sircc/Documents/Uni/WS22_23/AISE Project/Output\projl projl emsemble projl iso 3.shp' written

Output: raster arrival time 'C:/Users/sircc/Documents/Uni/WS22_23/AISE_Project/Output\projl projl_ensemble projl ensemble projl projl projl t 1 L.tiff' written
Average spsed: (0.034 /s

Maximum intensity: 9300.000 ki/m

Maximm flame height: 5.136 m

Fire area: §947€.013 ha, perimeter (estimate): 261.247 km

Output: raster data 'C:/Users/sircc/Documents/Uni/WS22_23/AISE_Project/Output\prejl projl_ensemble projl ensemble projl projl projl_t 1 3.tiff' written
ARNTNG: No nodes in mesh, no shapefile written
Output: shape file 'C:/Users/sircc/Documents/Uni/fS22 23/RISE Project/Output\projl _projl ensemble projl iso 5.shp' written

Figure: Data analysis
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@ Weka tool for data mining tasks

@ Open Source Software
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Figure: Graphs
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Figure: Matrix
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Prediction of risks

@ Problem: some feature-values may be unknown which are necessary
for risk calculation

@ Goal: Estimate missing values with machine-learning algorithms —
predict risk for a zone

o Performance measurement:
J

Errormoder = E |ri5kmodel - riSkexpected
i=1

and j = max number of zones
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Prediction of risks

e Training Data: Problem with data generation — partial use of fake
data

@ Assumption: Expert knowledge for weights

@ Provisional risk formula for zone i:

@ Desired risk formula for zone i:

riSkexpected =
wy * FlameHeight; 4 ws L

ArrivalTime: ~+ ws x Firelntensity + wy x SoilValue..
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Prediction of risks

@ Method 1: Neural network

Perception

Air-temperature \. FlameHeight

Relative humidty ArrivalTime

WindSpeed
Risk

WindDirection

Distance

Inputs Hidden Layer Outputs

Figure: Trained neural network

Christian Fuchs, Sascha Wolf Fighting Wildfires via Simulations



Prediction of risks
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Figure: Expected loss over n=500 steps
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Prediction of risks
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Figure: Plot of risk prediction

@ Mean error over n=20 runs: 565
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Prediction of risks

Method 2: Multi-Output Regressor

Divides problem into 3 subproblems

Problem 1: Given X, predict FlameHeight

Problem 2: Given X and FlameHeight, predict ArrivaTime
Problem 3: Given X, FlameHeight and ArrivalTime, predict Risk
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Prediction of risks
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Figure: Plot of risk, arrival-time and flame-height prediction

@ Mean error: 707

o Neural Network (565) performs better than the Multi-Output
Regressor (707)
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Firefly-Algorithm

Algorithm 1: The Firefly Algorithm
Inputs: Gg, r,m, C.n
forer=1,..., Tdo

Environment generates fire strength vector a, and
reward vector k.

wu, +— Fire location vector (if available)

v +— Greedy max-m coverage on éi (Sec 3.1)

Estimate a; ; and f:,-lg (Sec 3.2)

w} , — Solve perturbed knapsack from Eq (7)

dy 4 = Fét,ﬂw:_g

Wi : Allocate d; , firefighters to i and observe true
reward f:(d;.) (Sec 3.4)

Update A;  and K; ; (Sec 3.2 and 3.3)

end

Figure: Firefly-Algorithm

Goal: Minimize damage by assigning firefighters to high-risk areas
Interest in estimated reward: k; ; = kj; ,if i is covered
Otherwise: k; ; = ?11 * Ki t—1 and K = cumulative reward

Distribution of firefighters by maximizing the sum of the reward of
each zone
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Firefly-Algorithm

Figure: red: high-risk area; green: save area

o Performance measurement: Number of red zones to which
firefighters are sent to
@ Compare which version performs better
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Conclusions

@ Spark allows us to simulate specific wildfire in fixed Area

@ We can change and create new data

@ We're able to take the simulated data and analyze them in weka

@ Through the analyzed data we get the Possibility to calculate risks
through flame height and arrival time

@ this data we compare to our machine learning Alg

Christian Fuchs, Sascha Wolf Fighting Wildfires via Simulations



@ Collect more data with simulation to train Machine-Learning
Algorithm

@ Implement a third Machine-Learning Algorithm and compare to the
other two

o Final: Compare performance of the Firefly-Algorithm based on
presented formula
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o Fighting WildfiresunderUncertainty: A Sequential Resource Allocation
Approach Hau Chan , Long Tran-Thanh and Vignesh Viswanathan

Thank you!
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