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Abstract. Global climate change and human activities have intensified flood risk. Therefore, 
accurate prediction of flood probability and disaster loss reduction has become the focus of disaster 
prevention and mitigation research. At the same time, traditional statistical methods are difficult to 
meet the needs of flood prediction in complex environments. Given this, this study starts with many 
index factors that affect the probability of flood occurrence and combines the multi-layer perceptron 
model to predict the likelihood of flood occurrence. This model has a good effect in the field of 
prediction and can make up for the shortcomings of traditional statistical methods. Specifically, this 
paper first conducts Spearman correlation analysis for different indicators, aiming to select 11 
indicators with high correlation. The multi-layer perceptron model was further used to modify the 
model parameters and data set division. Finally, the flood probability prediction model was obtained 
with a 60% training set and 40% verification set, the number of hidden layer neurons was 64 and 32 
respectively, and the root mean square error RMSE was 0.038242. The model was considered 
reliable. Based on this, it is applied to the event prediction of unknown flood occurrence probability, 
and the results of the event prediction are 0.534, 0.470, 0.452, etc., and most of them fall between 
0.45 and 0.55. At the same time, this study deeply explored the distribution of flood probability, 
combined with the Q-Q diagram and probability distribution, and found that the data set conforms to 
the normal distribution, which is consistent with the real world. 

Keywords: Flood Disaster, Spearman Correlation Analysis, Multilayer Perceptron, Flood Prediction 
Model. 

1. Introduction 

With the intensification of global climate change and the impact of human activities, the frequency 

and intensity of extreme weather events are increasing, and natural disasters such as floods have 

brought severe challenges to human society and economic development. Flood disasters not only pose 

a threat to human life and property but also cause long-term damage to the ecological environment 

and infrastructure. Therefore, how to accurately predict the probability of flood occurrence [1] and 

reduce the risk of flood has become a key research direction in the field of disaster prevention and 

mitigation [2]. 

Traditional flood prediction methods [3] are usually based on historical hydrological data, using 

statistical models and meteorological forecasting tools for analysis. However, the effectiveness of 

these methods is often limited when dealing with high-dimensional data and nonlinear relationships, 

and it is difficult to meet the needs of flood prediction in complex environments. In recent years, with 

the development of data science [4, 5] and artificial intelligence technology [6], neural networks [7, 

8] have gradually become a research hotspot and have been widely used in many fields, and multi-

layer perceptron (a branch of neural networks) has played a significant role in the field of prediction. 

For example, Zhang et al. [9] predicted the good mud content in a uranium mine by using a multi-

layer perceptron, and Su et al. [10] predicted species diversity by using a multi-layer perceptron, 

which proved the feasibility of multi-layer perceptron in the prediction field. Therefore, to make up 

for the limitations of traditional methods to deal with complex systems, this paper adopts a multi-

layer perceptron algorithm to predict flood problems. 

First, this paper collected the index data set of related factors affecting the probability of flood 

occurrence and pre-processed the data. Then Spearman correlation analysis [11] was used to analyze 
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the correlation between each index and the probability of flood occurrence. Several indicators with 

strong correlation were selected and a multi-layer perceptron was used to build a flood prediction 

model, and the model was used to predict events with unknown flood occurrence probability. The 

distribution characteristics of the predicted probability are analyzed. 

2. Data Preprocessing and Spearman Correlation Analysis 

The data sets used in this study are all from http://www.apmcm.org/ 

2.1. Data preprocessing  

1) Missing value detection 

For the data given in the data set, first of all, directly use the positioning function of Excel table, 

select the null value for positioning, and get the prompt that no cell is found, indicating that the table 

data has no missing value and does not need to be processed. 

2) Outlier test 

The Z-score method was used to test the outlier values of the data detected by missing values. 

The Z-score method can standardize the original score, converting it into a relative position relative 

to the mean, so that it can be compared between different data distributions. The value of the Z-score 

can be positive, negative, or zero. If the Z-score is positive, the original score is higher than the mean; 

If the Z-score is negative, the original score is lower than the average. If the Z-score is zero, the 

original score is equal to the average. The Z-score is the deviation from the mean in standard deviation, 

where both standard deviation and variance are 1 and the mean is 0. 

The calculation formula is: 

 Z =
X−μ

σ
                                  (1) 

Where X is the original fraction, μ is the mean, and σ is the standard deviation. 

Outlier recognition is divided into three steps. First, the Z-score is calculated and the outlier 

threshold is set. Here, ±3 is selected as the threshold. For outliers, due to the huge sample data, it is 

considered to directly delete outliers, and use the positioning function of Excel tables to delete the 

row where the deleted data is located, and only the row with complete data is retained for subsequent 

analysis. 

2.2. Data analysis 

Since it is uncertain whether the data obey the normal distribution, and the assumption of Pearson 

correlation analysis is that the data conform to the normal distribution, this paper considers using 

Spearman correlation analysis, which is not affected by the distribution, to analyze the correlation of 

the processed data. 

Spearman correlation analysis is a non-parametric statistical method that uses the rank (or order) 

of the observed values of two variables to calculate the correlation between them. This method does 

not depend on the specific distribution of the data and is not affected by outliers, so it is particularly 

suitable for cases where the data does not conform to a normal distribution or there are outliers. 

1) The algorithm is divided into four steps. The first is ranking conversion, by converting the data 

for each variable into a rank (or sort). If there are parallel data, take their average rank. For example, 

if two data points are both the smallest, their rank is the average of the number of these two data 

points (i.e., if the parallel smallest is two data points, then they are both 1.5). The ranking difference 

is further calculated by calculating the difference in the rank of each pair of variables. That is, for 

each pair of observations, the difference between its rank on one variable and its rank on another 

variable is calculated. The sum of the squares of the ranking differences is then calculated by squaring 

the ranking differences of all observations and summing them. This sum of squares reflects the degree 

of inconsistency in the ordering of the two variables. Finally, the Spearman correlation coefficient is 

calculated according to formula (2) 
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ρ =
∑ (xi−x̅)(yi−y̅)i

√∑ (xi−x̅)
2∑ (yi−y̅)

2
ii

                               (2) 

In practice, the connection between the variables is irrelevant, so ρ can be calculated using the 

difference between the grades of the two observed variables in a simple step: 

 ρ = 1 −
6∑di

2

n(n2−1)
                                   (3) 

2) Algorithm solution 

The built-in function in MATLAB was used to calculate the Spielman correlation coefficient, and 

the correlation coefficient matrix and P value of the 20 indicators and the probability of flood 

occurrence were obtained in descending order, as shown in Table 1: 

Table 1 Ranking table of Spearman coefficients 

The Spearman correlation coefficient matrix P value matrix Name of index 

0.1812 0 Infrastructure deterioration 

0.1804 0 Terrain drainage 

0.1795 0 Monsoon intensity 

0.1791 0 Dam quality 

0.1787 0 River management 

0.1781 0 Silting-up 

0.1776 0 Population score 

0.1768 0 Deforestation 

0.1766 0 Climate change 

0.1766 0 Landslip 

0.1759 0 Ineffective disaster prevention 

0.1749 0 Agricultural practice 

0.1748 0 Wetland loss 

0.1746 0 Drainage area 

0.1736 0 Policy factors 

0.1731 0 Insufficient planning 

0.1719 0 Urbanization 

0.1714 0 Corrosion 

0.1695 0 Drainage system 

0.1692 0 Coastal vulnerability 

 

According to the P-value matrix is all are less than 0.05, it is 95% sure that these 20 indicators are 

related to the probability of flood occurrence. According to the Spearman correlation coefficient 

matrix, the correlation between each index and the probability of flood occurrence is not strong, and 

all of them are relatively close. Considering that there are too many factors, to facilitate subsequent 

model training and reduce model complexity, this study sets ineffective disaster prevention as the 

dividing line to screen factors. 

3) Correlation coefficient interpretation 

This paper chooses ineffective disaster prevention as the dividing line and considers that 

ineffective disaster prevention and indicators higher than it: Infrastructure deterioration, terrain 

drainage, monsoon intensity, dam quality, river management, silting-up, population score, 

deforestation, climate change, and landslip are closely related to flood probability, among which 

infrastructure deterioration and terrain drainage are most closely related to flood probability. 

Agricultural practices, wetland loss, drainage area, policy factors, insufficient planning, urbanization, 

corrosion, drainage systems, and coastal vulnerability are less strongly associated with flood 

probability. 
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3. Flood Probability Prediction Using Multilayer Perceptron 

3.1. Construction of prediction model of occurrence probability 

According to the correlation coefficient between each index and the probability of flood 

occurrence obtained above, the first eleven indicators are selected here, and the multi-layer perceptron 

in the neural network algorithm is considered for prediction. 

Multilayer perceptron (MLP) is a feedforward neural network model whose basic structure 

includes an input layer, an output layer, and at least one or more hidden layers. Each layer is composed 

of multiple neurons, each of which receives input from neurons in the previous layer and, after 

processing with weighted summation and activation functions, generates output and passes it to the 

next layer. 

This paper divides the processed data into a training set and a validation set. Due to the large 

number of samples, through continuous parameter adjustment, the data set was finally divided into 

about sixty-four, that is, 600,000 events were randomly selected as the training set, and the remaining 

385,308 data were selected as the verification set. The training cycle was set to one round, and the 

number of neurons in the first hidden layer was 64 and the number of neurons in the second hidden 

layer was 32. After a round of training, the training result is obtained: the root mean square error 

RMSE of the verification set is 0.038242, indicating that the training effect is good and the model is 

reliable. 

3.2. Predict the probability of flooding 

The trained model is used to predict the probability of flood occurrence according to the data of 

each index in the data set. Part of the forecast results are shown in Table 2: 

Table 2 Part of the prediction probability sample table 

id Flood probability 

1 0.534 

2 0.470 

3 0.452 

4 0.487 

5 0.489 

 

According to the forecast results, a histogram and line chart of flood occurrence probability was 

drawn, as shown in Figure 1 and Figure 2 

 

Figure 1. Histogram of forecast flood probability 
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Figure 2. Line chart of forecast flood probability 

According to the histogram and line chart, it is found that most of the probability distributions are 

between 0.45 and 0.55. Therefore, this paper speculated that the prediction probability may follow a 

normal distribution, so a Q-Q chart is used to judge whether the data obeys normal. 

Q-Q plots [12] are often used to evaluate whether a data set conforms to a particular theoretical 

distribution (such as a normal distribution). The verification results with the Q-Q diagram are shown 

in Figure 3 

 

Figure 3. Q-Q graph normal distribution test 

As can be seen from the figure, the data points roughly fall on a straight line, so it is considered 

that the data set conforms to a normal distribution. 

4. Conclusions 

In this paper, the missing value and outlier data in the data set were first processed, and then 

Spearman correlation analysis was carried out between these 20 indicators and the probability of flood 

occurrence to obtain the correlation between each indicator and the probability of flood occurrence. 
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Then, the first 11 indicators with high correlation were selected, the data set was divided into a 

training set and verification set, and the prediction model was established by using a multi-layer 

perceptron. A prediction model with a root-mean-square error of 0.038242 was obtained, and the 

accuracy of the model was judged. Based on the established prediction model, the required index data 

is extracted from the predicted data set and put into the model for prediction. The histogram and line 

chart are drawn according to the predicted flood probability, and the Q-Q chart is combined for 

verification. It is considered that the distribution of the predicted probability is approximately subject 

to the normal distribution, thus proving the accuracy of the model. 

This paper provides a research idea and framework for flood prediction. Through data processing 

and analysis, model construction, and accuracy evaluation, the feasibility of Spearman correlation 

analysis combined with a multi-layer perceptron flood probability prediction model is proved. 
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