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Motivation

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

Figure: (left) Damage Caused by Wildfires in the United States, 1984–2020
(right) Bushfire in Australia 2019 (damaged 60-84 million acres)

Christian Fuchs, Sascha Wolf Fighting Wildfires via Simulations 3 / 30



Applications

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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Spark Outline

Introduction

Wildfire

How the Simulation works

Presenting GUI

Christian Fuchs, Sascha Wolf Fighting Wildfires via Simulations 7 / 30



Spark
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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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Spark

Figure: Graph analysis
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Spark

Figure: LandscapeC lassification
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Data Analysis

Figure: Data analysis
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Data Analysis

Figure: Data analysis
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Weka

Weka tool for data mining tasks

Open Source Software
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Weka

Figure: Graphs
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Weka

Figure: Correlations
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Weka

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

Performance measurement:

Errormode l =

j∑
i=1

|riskmode l − riskexpec ted |

and j = max number of zones
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Prediction of risks

Training Data: Problem with data generation → partial use of fake
data

Assumption: Expert knowledge for weights

Provisional risk formula for zone i:

riskexpec ted = 0, 3 ∗ FlameHeighti + 0, 8 ∗ 1

ArrivalTimei

Desired risk formula for zone i:
riskexpec ted =
w1∗FlameHeighti+w2∗ 1

ArrivalTimei
+w3∗FireIntensity+w4∗SoilValue..
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Prediction of risks

Method 1: Neural network

Figure: Trained neural network
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Prediction of risks

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

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

Figure: Plot of risk, arrival-time and flame-height prediction

Mean error: 707

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

Figure: Firefly-Algorithm

Goal: Minimize damage by assigning firefighters to high-risk areas

Interest in estimated reward: ˆki ,t = ki t ,if i is covered

Otherwise: ˆki ,t =
1

t−1 ∗ 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

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 28 / 30



Future Work

Collect more data with simulation to train Machine-Learning
Algorithm

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

Final: Compare performance of the Firefly-Algorithm based on
presented formula
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Thank you!
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