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Abstract 
 
Structural fires frequently occur, causing injuries, loss of property, and taking 

lives.  The environment where fires can easily occur can be seen through 

historical data, and it is desirable to prevent them in advance through 
predictive models.  This study builds various machine learning models to 

predict the fire and performs a comparative analysis of the models.  We 

compare decision trees, random forest, extra tree classifier, XGBoost, neural 

networks, Stochastic Gradient Descent Classifier (SGDC), Gradient Boosting 
Method (GBM), Light Gradient Boosting Method (LGBM), and adaboosting.  

We use the data obtained from the local fire department in South Korea to 

build a fire prediction model. Before creating a fire prediction model, we 
analyze and extract the factors affecting the fire to perform machine learning. 

We implement a comparative analysis and show accuracy, precision, recall, 

and F1-score for the fire prediction models.  The predictive model includes 
the models that are suited for fire prediction.  We show the computational 

times and F1-Scores of each prediction model. The prediction model built 

with the random forest is the most accurate and precise, and there is a little 

difference in the accuracy of each model trained with the extra tree classifier, 
XGboost, and neural network. For the F1 Score, the model with a neural 

network shows the best value. Key attributes affecting the fire are identified. 

Since prediction models are built and performed comparative analysis on 
only data from specific regions, it is difficult to apply in general in all areas. 
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1 Introduction 
 

Among the disaster, accidents, fire accidents by human error or 

carelessness often cause large-scale casualties and a lot of property damage. 

The environment susceptible to fire can be seen through historical data.  This 

study views that the fire can occur in a similar pattern, and similar fire can 
frequently occur.  Fires occur in a variety of ways, including in natural 

environments. Such naturally occurring fires cannot be avoided and occur 

accidentally. However, there are many ways to prevent a fire from 
experience.Data mining is the process of building a model that can solve new 

problems in a given state of the case.  In this study, we use data mining 

techniques to analyze past fire cases to build a fire prediction model.  The 

existing fire prediction models are created by analyzing the relations with 
natural attributes such as temperature and weather to predict the fire [1].  In 

addition to the natural attributes, we also consider the material of the building 

frame and environmental factors of the building.  We use fire case data from 
the south Gyeongnam province in South Korea. As shown in Fig 1. the fire 

departments in Gyeongnam province has not enough human resources and 

equipment, and the area is vulnerable to fire [2].  Gyeongnam has the third 
highest frequency of fire occurrence. Besides, compared to the population, 

there were many casualties in five years.By analyzing the factors affecting 

the fire, we suggest fire occurring patterns to manage the factors to prevent 

or reduce the likelihood of fire.  We build fire prediction models and perform 
a variety of comparative analysis to find the most appropriate model.  We 

compare machine learning techniques such as decision trees, random forest, 

extra tree classifier, XGBoost, neural networks, Stochastic Gradient Descent 
Classifier (SGDC), Gradient Boosting Method (GBM), Light Gradient 

Boosting Method (LGBM), and adaboosting.  The models in this study are 

implemented and built by python language. 

 
Fig. 1: Current status of fires by region 
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2 Related Studies 
 

Many cities are densely populated, and there exists the potential for 
large-scale urban fires. Large fires are becoming an important research area 

across the world [3]. Research on the analysis and assessment of building fire 

has been conducted.  Fire risk of residential building was analyzed based on 
scenario cluster and its application in fire risk management to define the level 

of fire risk and to determine whether to take appropriate risk management 

measures or not [4].  Fires at more significant marketplace buildings were 
analyzed, and a fire risk assessment system was established [5]. 

Machine learning is the rapidly growing technology in the field of almost 

alrecent technologies in the market. With the successful application 

ofmachine learning in almost all the recent technologies, the growth in all the 
areas was splendid. Now a day, the machine learning algorithms and 

techniques were used for various applications like voice assistants, self-

driving cars, and other applications.  Some of the recently used applications 
that were making a significant impact on society [6].  Machine learning 

techniques are applied to predict fires in buildings. Atlanta Fire Department 

[7] used artificial attributes rather than natural attributes to build the fire 

prediction model by using machine learning techniques such as decision 
trees, Support Vector Machine (SVM), artificial neural network, and 

XGboost. They investigated the fire risk factors of the buildings and put the 

priority level of the risk factors.  The model built by SVM shows the best 
accuracy, 75%.  

Carnegie Mellon University and the New York City Fire Department [8] 

conducted a joint study. They built a model to find a building that has a high 
probability of fire using logistic regression, Ada Boost, XGboost, and 

Random Forest.  New York City conducted a fire inspection every year, but 

they were unable to inspect all buildings due to insufficient human resources. 

They tried to focus on predicting buildings with high fire risk by using 
artificial attributes such as injury accident data, the number of buildings 

adjacent to the location of the building, violations of the tax and health and 

hygiene laws, tax payment history, complaint report phone history, the 
material of the building rather than natural attributes.  Chang et al. [9] 

analyzed past fire data based on factors in the structure of the building and 

surroundings, highlighting the potential for fire and built fire prediction 
models using a variety of machine learning techniques.  

Many researchers try to know the superiority of machine learning 

algorithms based on the application area of data, which applies a variety of 

machine learning algorithms in various industries. They use the algorithms 
such as SVMs, neural nets, logistic regression, naive-Bayes, memory-based 

learning, forests random, decision trees, bagged trees, boosted trees, boosted 

stumps, etc. to build the prediction models [10].  
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Researches on comparative analysis of machine learning algorithms have 

been carried out mainly on many industry issues [11, 12, 13, 14, 14, 16, 17]. 

However, no research on the fire prediction model, considering both the 
natural environment and artificial factors, has been published. This study 

aims to provide knowledge that can help prevent fires by discovering patterns 

or factors that affect the environment susceptible to fire. It is not known that 
a specific learning algorithm is superior to other algorithms in all industrial 

problems in the performance like precision, recall, F1-score, etc. This study 

finds fire prediction models by setting the parameters based on the issue to 
solve and data to apply and to do a direct comparison analysis.  

  

3 Data and Learning Algorithms 
 

3.1 Data 
 

The study uses data on building fires in Gyeongnam province, South 

Korea, for five years, January 01, 2014, to December 31, 2018, which was 

taken from LH COMPAS. The most of data attributes prepared are based on 

artificial factors such as distance from tobacco retail stores, distance from the 
non-smoking area, etc.  One hot encoding is performed using an algorithm 

that cannot handle categorical attributes. The original data is collected as a 

digital form of csv files from the database of LH COMPAS. The table in csv 
file consists of 59,199 rows and 180 columns. Of the 59,199 data, the number 

of data that fire has occurred is 7657. This indicates a more proportion of the 

amount of data that did not fire occur is biased in a ratio of 1:7.  In this study, 

under-sampling is performed to mitigate somewhat the bias of the data for 
comparative evaluation of the models. The total number of data is 43,741 by 

randomly extracting 7657 data from the fire and the remaining non-fire data. 

Most of the data attributes are prepared based on artificial factors such as 
distance from tobacco retail stores, distance from the non-smoking area, etc.  

Many missing values are pre-treated in such a way as to delete the rows or 

add appropriate value. Additionally, we remove data attributes that are not 
meaningful, and that can distort the results. We delete data attributes that are 

not meaningful, and that can distort the results. 

In general, many types of data can be used to measure the properties of 

an entity.  A good understanding of data scales (also called scales of 
measurement) is important.   Depending on the scales of measurement, 

different techniques are followed to derive hitherto unknown knowledge in 

the form of patterns, associations, anomalies or similarities from a volume of 
data [18]. 

In this study, we consider both natural attributes such as temperature, 

humidity, climate, etc. and artificial attributes such as the number of adjacent 
buildings, the distance between buildings, building materials, etc.   
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The attributes that affect the building fire are confirmed through 

interviews with firefighters and past studies and are selected according to 

their importance.  The importance of attributes is computed as the 
normalized total reduction of the criterion brought by that attribute.  It is also 

known as the Gini importance. The relative importance of the features is 

shown in Fig 2. 

 

 
Fig. 2: Attribute Importance 

 

- Humidity: In general, fires occur more frequently and significantly in 
dry winters with low humidity. The higher the humidity in the summer, the 

less likely it is to cause a fire. As a result, humidity can also be seen to have a 

significant effect on the fire [1].  
- The material of structural frame: The frame of the building includes a 

steel-concrete structure and wooden structure and brick structure. It is 

commonly known that wooden structures are vulnerable to fire, but the 

reinforced structure is the lowest in fire resistance. As a result, as well as 
accessible to fire, it can drop rapidly in durable once it occurs [19]. 

- Temperature: Temperature is the natural environmental conditions that 

affect the fire, just like humidity. In the summer, when the temperature rises, 
fires such as vehicle fires and factory fires due to overheating are frequent. 

However, such fires occur less frequently during other seasons owing to 

other factors, such as humidity and wind speed [20]. 
- Distance to the non-smoking area: The closer the distance from the 

non-smoking area, the less the occurrence caused by cigarette butts or 

cigarette fires that cause the fire because the surrounding area is a non-

smoking area. Experts say that fires caused by cigarette fires are one of the 
most frequent sources of fire. Because of this, it can be seen that the distance 

to the non-smoking area has a significant association with the fire [21].  
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- Distance to tobacco stores: The distance from the tobacco retail store is 

also inferred in the same sense as a non-smoking area. The closer you are to 

the non-smoking area, the fewer cigarette butts or cigarettes will cause less 
fire. At this point, you can deduce that the distance from the retail store also 

affects the same context [21]. 

- Distance to CC camera: There may be cases where a person is set on 
fire with bad intentions, or a fire may occur due to a cigarette fire. In these 

cases, if the CC camera is installed at close range, it will be able to be a 

preventive effect of the fire to some extent [22].  
- Distance to fire water facility: The water facility supplies water to fire 

trucks. If there are enough facilities to supply water to the fire truck, it will 

be possible to provide water to the fire truck in the fire quickly.  The fire 

inside the building can also be quickly extinguished early in the fire.  It can 
be seen that it has a high level of preventive facilities that are well equipped 

with a fire extinguisher [23]. 

Fig. 3 shows the correlation coefficient (r) among attributes.  A 
correlation is a number between -1 and +1 that measures the degree of 

association between two Attributes (call them X and Y). In this case, large 

values of X tend to be associated with large values of Y, and small amounts 

of X tend to be associated with low values of Y. Because a residential 
building is commonly used as single-family housing, the correlation between 

single-family and residential housing is approximately 0.75. A positive value 

for the correlation implies a positive association.  
The correlation between the numbers of ground and underground floors 

was shown to be 0.69. The number of underground floors of the building, the 

number of buildings or houses, and the building area are also correlated with 
a correlation value of 0.5.  

We find that the larger the number of buildings, the higher the building 

area because it is a large building. In the case of the use of steel-concrete 

structure and multi-family housing, there is a high correlation. Therefore, 
based on the above analysis, we simplified the use of attributes. 
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Fig. 3: Correlation between attributes 

 

3.2 Algorithms 
 

In this study, fire prediction models are built using machine learning 
algorithms.  The data prepared in this study is applied to an extremely 

randomized tree classifier, random forest, neural network, and XGboost.   

- Decision tree: This study should handle the various attributes of the 

data.  Of the data mining techniques, the decision tree is considered to be 
appropriate to process the multiple attributes of the data. The decision tree is 

very suitable for creating classification models.  It is easy to organize 

decision rules into groups of interest and classify into several subgroups from 
the decision tree. Users could easily understand the process since they 

express the analysis process with the tree structure.  It can be very useful, 

even if the description of the analysis process is required. However, because 

it relies only on analytical data, it is likely to be unstable in the prediction of 
new data.  In general, it is sensitive to the sample size since the sample 

becomes smaller as the subnode progresses [24].    

- Random forest: Random forest is a classification algorithm consisting 
of many decision trees.  Breiman [25] proposed it as an enhancement of tree 

bagging.  
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Random forest [26] is a decision tree-based algorithm, refers to a model 

of the ensemble technique created by combining multiple decision trees 

having different structures and performance. Here, an ensemble is a 
technique for generating a final predictive model having a higher 

performance by combining several predictive models into one predictive 

model using the given input data. It uses bagging and feature randomness 
when building each tree to try to create an uncorrelated forest of trees whose 

prediction by committee is more accurate than that of any individual tree 

[27]. It uses a bootstrap replica of the learning sample, and the CART 
algorithm together with the modification used in the random subspace 

method to build a tree. The optimal split is derived by searching a random 

subset of size K of candidate attributes at each test node. It has known that 

random forests significantly outperform Tree Bagging and other random tree 
ensemble methods in terms of accuracy [25]. 

The characteristic of random forest uses the technique of complementing 

the weaknesses of a single tree and preserving the advantages of the tree. 
Also, the user can arbitrarily determine the number of the crystal tree 

directly.  However, there is also the disadvantage that high-dimensional data, 

such as text data, does not work well.  Using the bagging technique to give 

randomness to each decision tree constituting the forest, through which the 
predicted results of each decision tree to be correlated, as a result, improves 

the generalization performance. Bagging is a technique of combining the 

basic models learned using slightly different training data generated through 
the Bootstrap method. Bootstrap refers to a method that allows duplication of 

the input data to create a new data set with the same size as the input data.  

- XGboost [28] is a method that is often used in the creation of predictive 
models in recent years as a gradient boosting algorithm that puts forward 

parallel processing and optimization as an advantage. This technique is used 

as an ensemble algorithm that uses a combination of decision trees. It is used 

only to produce optimal results with a classification model that focuses on 
performance and speed. It also has the advantage of being able to add 

additional learning data to a model that has already been trained once.  It is 

crucial for the user to adjust the hyperparameter well to achieve optimal 
results. Salient features of XGboost include clever penalization of trees, a 

proportional shrinking of leaf nodes, newton boosting, and a randomization 

parameter. 
- The extra trees classifier performed similarly to the random forest. 

However, there are performance differences that, namely decision trees, 

show high variance, random forests show medium variance, and extra trees 

show low variance [29]. The decision tree algorithm has a weakness in that 
the over-fitting can occur. However, it can be solved to some extent by 

applying the attributes to the artificial neural network by selecting the 

attribute according to the attribute importance identified by a decision tree.  
 

https://en.wikipedia.org/wiki/Newton%27s_method_in_optimization
https://en.wikipedia.org/wiki/Randomization
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- Neural network: The neural networks are simple models of the way the 

nervous system operates. The basic units are neurons, which are typically 

organized into layers. It works by simulating a large number of 
interconnected processing units that resemble abstract versions of neurons.  

A neural network is composed of nodes and layers similar to human 

neurological neurons, and the node refers to the most basic elements of the 

neural network model. This technique is used to build models that are 
necessary to recognize the unique patterns or structures in the data. It is 

convenient to create a model for not knowing exactly whether the data has a 

linear relationship and a non-linear relationship or having two characteristics. 
In addition, it is more suitable than other techniques for dealing with noisy, 

incomplete, and inconsistent data [30].  To create an effective neural network 

model, it needs training data that includes a wide range of attributes. The 
model requires a precise setting based on the optimized conditions because of 

the technique that the result value can vary greatly depending on how the 

number of hidden layers and neurons is set. However, if the artificial neural 

network, there is also a weakness that takes a very long time in learning, and 
the prediction results cannot be specifically explained. Neural networks in 

this study consist of two hidden layers, where the first hidden layer includes 

11 nodes, and the second does two nodes. It uses Adam optimizer to optimize 
weight and also the Relu function as an activation function. 

- Stochastic Gradient Descent Classifier (SGDC): SGDC is a type of 

linear classifier model that uses a gradient method that divides the entire 

batch into several mini-batches to find the optimal value during the 
application of the algorithm. Although the advantage of being fast to use a 

number of data, it can be difficult to tune the algorithm according to the 

attributes of the data [31]. 
- Gradient Boosting Method (GBM): The gradient boosting method uses 

a gradient descent method that complements the model by giving a 

differential gradient error. They define the loss function and use a way to 
find and approach the direction in which the differential value is minimal. It 

performs well in predictions for tabular format data and is widely used in 

machine learning because of its excellent predictive performance [32].  

- The Light Gradient Boosting Method (LGBM): LGBM has the 
advantage of being able to process large amounts of data and use fewer 

memory resources. When utilized, a small data set is more likely to be 

overfitting, so the data is not split as much as possible, and the learning rate 
is zero by utilizing all the data.We find the best value of learning rate and set 

0.05. However, the accuracy and F1-score obtained a relatively low 

performance [33].  
- Adaboost algorithm: Adaboost algorithm allows the classifier to focus 

on the data that is misclassified by changing the weight of the misclassified 

sample adaptive to learn well.  
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There is an advantage that can be used in a variety of situations in that 

the weak classifier can correct the misclassified ones. The final classifier will 

be weighted to the individual weak classifiers, and the weak classifiers are 
complemented by each other step by step to amplify the performance of the 

final steel classifier. This has the advantage that it can be used in a variety of 

situations owing to the weak classifier [34]. 
SVM is a kind of intelligent pattern recognition method that is suitable 

for small samples, non-linear, high dimensions, and other complex problems. 

But this study doesn't use SVM since its classification performance, and 
generalization ability are limited by choice of penalty coefficient and kernel 

function parameters [35]. 

 

4 Analysis of Models 
 

4.1 The Pattern According to the Fire Risk Level 
 

We compare CPU times (Sec.) of the four machine learning algorithms.  

Fig. 3 shows the CPU time, according to the size of data that each algorithm 

learns for prediction.  Models can be seen that the larger the data size, the 
more CPU time it takes to learn in general. In the model of random forest, the 

time is the most sensitive increase in the size of the data, but the model of the 

decision tree has a little difference in the learning time depending. In the 
models, SGDC, GBM, and LGBM, the time is relatively gradually increased 

even with the increase in the number of data. 

 

 
Fig. 3: Comparisons of training speed (Sec.) 
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The probability of a fire occurring can be obtained by using a multi-layer 

perceptron [36] that extracts the probability of a fire in the multi-layer 

classifier model. For a further understanding of this analysis, it was classified 
as one group with a high probability of a fire, more than 0.9, and the other 

group with a low probability, less than 0.1, that is less likely to cause fires. 

Fig. 4 shows a simple example of the data distribution according to the multi-

family housing, steel-concrete frame, the fire risk level as a tree. 
 

 
Fig. 4: The distribution of data according to the fire risk level 

 
Of the 113 buildings, according to a high probability of a fire, nearly 

70.8% of them is multi-family housing, and 74.6% is a steel-concrete frame 

of the building. Of the 8430 cases for the low-risk buildings, multi-family 
housing is more than 99%, and a steel-concrete frame is more than 96%.  We 

find that the risk of fire is high if it is a steel-concrete frame building and 

multi-family housing.  
 

4.2 Performance of Fire Prediction Models 
 

As shown in Fig. 5, the models of the neural network, LGBM, SGDC, 
and decision tree are similar in the speed to predict fire, and the model of 

GBM is the next fastest. The larger size of the data to be processed, the more 

time it takes to make predictions.  
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Fig. 5: Comparisons of prediction speed (Sec.) 

 

 
Fig. 6: F1-Score comparison 

 

K fold cross-validation is performed to build a predictive model in this 

study.   It has the advantage of making a more accurate estimate of out-of-

sample accuracy since every observation is used for both training and testing. 
We use cross-validation and build K different models, so we are able to make 

predictions on all of our data.  

In Fig. 6, F1-score is a measure of a test's accuracy in a statistical 
analysis of binary classification. The F1-score is the harmonic mean of the 

precision and recall, where an F1-score reaches its best value at 1, i.e., 100% 

perfect precision and recall, and worst at 0.  It considers both the precision p 
and the recall r of the test to compute the score.  The precision p is the 

number of correct positive results divided by the number of all positive 

results returned by the classifier. The recall r is the number of correct 

positive results divided by the number of all relevant samples [37].  
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Fig. 7 shows precision (%) of each fire prediction model for the case of 

k=3, k =4, and k = 5 by k fold cross-validation.  The precision value of 

random forest is the highest. However, adaboosting represents the lowest 
value of precision. 

 
Fig. 7: Comparison of model precision 

 
Fig. 8: Comparison of recall 

Fig. 8 represents recall values according to the K-fold cross-validations.  

LGBM has the highest recall value, the artificial neural network has the 
lowest recall value, and the other predictive models show little change in the 

recall value for the increase in the fold number. 

Table 1shows the accuracy and the F-1 score of predictive models with 
nine machine learning algorithms. The prediction model built with random 

forest is the most accurate and the most precise. Still, there is a little 

difference in the accuracy of each model trained with the extra tree classifier, 
XGBoost, and neural network. For the F1-Score, the model with a neural 

network shows the best value 0.701. 
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Table1: Comparison of model performance (%) 

 

5 Conclusion 
 

In this study, we built fire prediction models by using machine learning 

algorithms and compared the performance and results of the models. Key 
attributes affecting the fire were identified. Since prediction models are built 

and performed comparative analysis on only data from specific regions, it is 

difficult to apply in general in all areas.  Besides, a variety of qualitative 
attributes affecting a fire, such as the careless behavior of people, etc. that 

should be quantified in more detail.  

It is difficult to predict the possibility of a fire, but it was possible to 

analyze the past fire occurrence data and discover the pattern. However, it is 
difficult to guarantee that the prediction model found in this study is as good 

as the results of this study when applying data from other regions. This is 

because irregular patterns may exist depending on the characteristics of the 
region. Therefore, we view that it is desirable to develop and apply a model 

considering the season, time zone, and climate depending on the area. 

 In the future study, we would like to use this study as follows: The first 
is to develop applications for firefighters that utilize natural conditions such 

as humidity, temperature, wind direction, wind speed, and precipitation. All 

of the natural conditions used here are based on the attributes that cause the 

fire.  First, the real-time data containing the natural conditions received from 
the Meteorological Agency Open API are stored in the database in the 

application, and the database is linked to the fire prediction module.  This 

will reduce careless behavior as much as possible on fire-prone days. Also, 
firefighters can thoroughly prepare equipment for the outing on high-risk 

days or replenish their personnel. This will be able to prevent fires and 

minimize the damage in the event of an outbreak. 
Second, this study can provide essential data on building a fire 

prevention system through building risk classification.  If you focus on 

building at high fire risk, you will be able to achieve a more significant 

effect.  
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Algorithm Decision 

Tree 

Random 

Forest 

Extra Tree 

Classifier 
XGboost 

Neural 

Network 

SGDC GBM LGBM Ada- 

Boosting 

Accuracy 83.8 89.3 88.8 89.2 89.1 87.9 84.2 48.2 88.5 

Precision 63.9 91.2 87.1 88.1 85.6 63.1 40.9 17.7 65.2 

Recall 65.1 55.1 58.3 57.0 59.3 20.2 41.6 83.7 29.8 

F1 Score 62.6 68.8 68.9 69.8 70.1 30.7 41.3 29.2 40.9 
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