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Abstract 
In this paper, we study the amount, intensity, frequency and type of precipitation. 
Specifically, we use MK test and Morlet wavelet analysis to analyze the annual variation 
characteristics of precipitation. In addition, we establish two prediction models of 
ARIMA and LSTM, and simulated the related weather data. Finally, by integrating data, 
we put forward the long-term construction planning proposals for cities under extreme 
precipitation conditions in the areas of extreme weather warning and urban 
infrastructure. 
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1. Introduction 

In the past two years, Henan, Shaanxi, Hubei and other places have encountered extremely rare heavy 
rains. At the same time, some northern cities encountered blizzards rarely seen in history. These 
torrential rains and snowfalls have seriously threatened the safety of local people's lives and property. 
Related personnel believe that in the context of global warming, the amount, intensity, frequency and 
type of future precipitation in my country will be directly affected. Due to the large land area of our 
country and the comprehensive influence of various factors such as topography and geomorphology, 
the precipitation characteristics of different cities show different characteristics. Therefore, it is 
imperative to establish prediction models and quantitative loss analysis models for potential extreme 
precipitation events in different cities. 

Generally speaking, the three main factors that affect rainfall are: sufficient water vapor supply, 
airflow rising to a supersaturated state, and sufficient condensation nuclei. The factors that affect 
precipitation are extracted include temperature, sea level pressure, visibility, wind speed, precipitation, 
snow depth, and indicators. We have selected the temperature, sea level pressure and precipitation 
that are most relevant to the three main factors. Measure three sets of data, calculate the value of each 
year separately, and then use the graph to visually analyze the rainfall situation at various locations 
in recent decades. 

In this paper, we only consider the most important impact factors, temperature, sea level pressure and 
precipitation and deletes missing data items. After a series of preprocessing of the data, the annual 
average of the three influencing factors is calculated, and the annual meteorological data of the three 
weather stations in Zhengzhou are summarized. The year with higher precipitation can be obtained 
according to the catastrophe analysis model. The 21-year flood the event adopts the quantitative 
analysis method of wavelet analysis. However, based on the analysis method, the three cities are 
simulated to obtain the largest rainfall years and rainfall cycles in recent decades. Furthermore, we 
predict the future rainfall of the city using the LSTM neural network model and the ARIMA model. 
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2. Model Establishment 

2.1 Mann-Kendall 

The Mann-Kendall model is often used in meteorological research and analysis. Mann-Kendall 
mutation detection is a non-parametric statistical test method. It is not only easy to calculate, but also 
can clarify the time when the mutation starts. The time period area of the sudden change. 

Supposing a time series 𝑥_𝑖  with n sample sizes, which means the cumulative number of the 𝑖-th 
sample 𝑥_𝑖 > 𝑥_𝑗 (1 ≤ 𝑗 ≤ 𝑖), we construct an order statistic, which can be expressed as: 

 

𝑆_𝑘 = ∑_(𝑖 = 1)^𝑘▒𝑟_𝑖                            (1) 

 

In (1), when 𝑘 = 1, U𝐹_1 = 0, 𝐸(𝑆_𝑘 )  and 𝑉𝑎𝑟(𝑆_𝑘) are the mean and variance of the cumulative 
number. When are independent of each other and have the same continuous distribution, which can 
be calculated by: 

 

      𝐸(𝑆_𝑘 ) = (𝑛(𝑛 − 1))/4                           (2) 

 

 𝑉𝑎𝑟(𝑆_𝑘 ) = (𝑛(𝑛 − 1)(2𝑛 + 5))/72                     (3) 

2.2 Morel Wavele 

Using the Morlet continuous complex wavelet transformation in the wavelet model reflects the 
change trend of rainfall in different time scales in Zhengzhou and other cities and can make qualitative 
estimates of the future development trend of the system. Where the wavelet 𝜓(𝑡) ∈ 𝐿^2 (𝑅)  satisfy:  

 

∫ _(−∞)^(+∞)▒〖𝜓(𝑡)𝑑𝑡 = 0〗                       (4) 

 

where 𝜓(𝑡) is a base wavelet function, which can form a cluster of function systems by scaling and 
shifting in time: 

 

𝜓_(𝑎, 𝑏) (𝑡) = |𝑎|^(−1/2) 𝜓((𝑡 − 𝑏)/𝑎), 𝑎, 𝑏 ∈ 𝑅, 𝑎 ≠ 0            (5) 

 

To solve the "multi-time scale" variation characteristics of rainfall sequences, our paper is selected 
CWT, which can be expressed as: 

 

𝑊 (𝑎, 𝑏) = |𝑎| ∫ 𝑓(𝑡)𝜓 𝑑𝑡                      (6) 

 

where 𝑊 (𝑎, 𝑏) is the wavelet transformation coefficient and 𝑓(𝑡) is a time series. With the change 
of 𝑎 and 𝑏, it is applied to analyze the trend of rainfall. That is, by increasing or decreasing the scale 
a to obtain mutation and achieve the analysis of different time scales of rainfall. 

The square value of the wavelet coefficient is integrated on the b domain, then the wavelet variance 
can be obtained, which can be expressed as: 

 

𝑉𝑎𝑟(𝑎) = ∫ 𝑊 (𝑎, 𝑏) 𝑑𝑏                         (7) 
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Wavelet variance charts can be used to determine the relative strength and the main time scale of 
existence, that is, the main period [1]. 

2.3 ARIMA 

ARIMA's modeling idea is to smooth the sequence through several differential differentiations. That 
is, through the d-difference, the smooth sequence is modeled and then the original sequence is 
reversed [2]. The ARIMA model is usually determined by the 𝑝, 𝑞 values and is recorded as ARIMA 
(p, d, q), consisting of the moving average model MA, the self-regression model AR, and the 
differential model difference: ARIMA (p, d, q) = AR (p) + Diffrence (d) + MA(q). 

The key to the ARIMA model is the ordering of p, d and q. The mathematical formula of the ARIMA 
model is: 

 

𝑦 = 𝜇 + ∑ 𝑟 𝑦 + ∑ 𝜑 𝜀 + 𝜀                    (8) 

 

where 𝜇 is a constant. 

The modeling steps for ARIMA are shown in Fig.1. First, the time series data is smoothed out. If it 
does not pass, a differential transformation is taken to turn it into a smooth sequence. After the 
stability detection, the white noise detection can be carried out, and when the sequence is not the 
white noise sequence, the appropriate ARIMA model can be selected for fitting. If the error value is 
detected by white noise, the timing data can be predicted using a fitted model [3]. 

 

 
Figure 1. ARIMA modeling steps 

2.4 LSTM 

LSTM is a neural network that contains LSTM blocks or other types of neural networks. It can 
remember values of an indefinite length of time, which can be expressed as: 

 
( )

( )

( )

( )

( )

                          (9) 

 

Below are four function cells, the far left function may become the input of the block, depending on 
the situation, while the three on the right will go through gate to decide whether the input can be 
passed into the block. The second on the left is the input gate, and if the output here is approximately 
zero, the value here will be blocked and will not advance to the next level. The third on the left is 
forget gate, which, when generated by a value approximately zero, forgets the values remembered in 
the block. The fourth, the right-most input, is the output gate, which determines whether the input in 
the block memory can be output, which can be shown in Fig.2. 
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Figure 2. Simple LSTM structure 

3. Experiment Analysis 

We took the data from the three weather stations into the M-K model and the wavelet model, 
processed the data with excel and imported matlab to calculate the variance, and finally exported the 
image by origin. Fig.3 (a) to Fig. 3 (c) are the average annual temperature, rainfall, and sea level 
pressure maps for station 1 (1957-2021), Fig. 4(a) to Fig. 4 (c) are the average annual temperature, 
rainfall, and sea level pressure maps for station 2 (1983-2021), and Fig.5 (a) to Fig. 5 (c) are the 
average annual temperature, rainfall, and sea level pressure maps for station 3 (1961-2021). 

 

 
(a)                     (b)                      (c) 

Figure 3. (a) station 1 temperature ; (b) station 1 rainfall; (c) station 1 sea level pressure 

 

 
(a)                    (b)                     (c) 

Figure 4. (a) station2 temperature; (b) station 2 rainfall; (c) station 2 sea level pressure 
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(a)                (b)               (c) 

Figure 5. (a) station 3 temperature; (b) station 3 rainfall; (c) station 3 sea level pressure 

 

We got data from three cities on NOAA's national centers for environmental information webstation 
[4]. We have obtained data from Lanzhou (1951-2008), Shenyang (1951-2020) and Taiyuan (1951-
2020). Two sets of values of precipitation and temperature are selected, and the same preprocessing 
and analysis are adopted. Thereby, we obtain Fig. 6 (a)-(f). 

 

 
Figure 6. (a) Lanzhou precipitation          Figure 6. (b) Lanzhou temperature

 
Figure 6. (c) Shenyang precipitation       Figure 6. (d) Shenyang temperature 

 
Figure 6. (e) Taiyuan precipitation        Figure 6. (f) Taiyuan temperature 
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Next, examine the self-correlation and partial correlation diagrams of the smooth. 

sequence to find the appropriate 𝑝 and 𝑞 values in the ARIMA model. 

It is used to test the first-order self-correlation of residuals in regression analysis, which can be 
expressed as: 

 

d =
∑ ( )

∑
                              (10) 

 

where 𝑒  is the residual value, the correlation of the residual values 𝑒 = 𝜌𝑒 + 𝑣 , the original 
assumption of the test is: 𝜌 = 0. 

As 𝑑 ≈ 2(1 − 𝜌), the closer the statistical value is to 2, the better, generally between 1 and 3 to indicate 
no problem, less than 1 indicates that the residuals are self-correlated. 

Next, make a smooth model prediction, predict the data for the next decade, and revert to the original 
sequence. Import the ARIMA model for prediction and export model diagnostics, which is shown in 
Fig.7 (a)-(c). 

 

 
Figure 7. (a) Lanzhou ARIMA model results 

 
Figure 7. (b) Lanzhou ARIMA model results 
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Figure 7. (c) Taiyuan ARIMA model results 

 

Draw a time series chart of the corresponding prediction results, which is shown in Fig.8 (a)-(c). 

 

 
Figure 8. (a) ARIMA predictive time series chart for Shenyang 

 
Figure 8. (b) ARIMA predictive time series chart for Taiyuan 

 
Figure 8. (c) ARIMA predictive time series chart for Lanzhou 
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On the basis of the ARIMA model, we again select the LSTM model for prediction. As a continuous 
neural network, the LSTM model can prove to have an advantage in explaining the volatility of time 
series. 

We collect the loss of the rainstorm in Zhengzhou, Henan in July 2021 and Shanxi in October 2021 
[5]. From the disaster situation in cities and counties, it can be known that the torrential rains in 
Shanxi have a wide range of disasters and involve a large area; while the disasters of heavy rains in 
Henan are concentrated in the small and concentrated areas of the city. From the number of people 
affected by the disaster, it can be known that more people were affected by the heavy rain in Henan 
than in Shanxi. The disasters in Henan were concentrated in cities and the area was densely populated. 
The disaster-stricken areas in Shanxi were scattered and mostly in rural areas with sparse population. 
From the analysis of the number of victims, it can be seen that there are more victims in Henan than 
in Shanxi, reflecting the concentration and emergency of heavy rains in Henan, and the lack of 
sufficient time for people to avoid danger, leading to an increase in the number of victims. From the 
data of resettlement personnel and collapsed houses, it can also be seen that the rainstorm in Henan 
is more concentrated and powerful than the rainstorm in Shanxi, resulting in more serious damage to 
the houses. The direct economic loss can be analyzed and it can be concluded that Henan's cities have 
been severely affected, and a large number of urban infrastructure and people's property have suffered 
damage and losses, causing greater direct economic losses. 

4. Conclusion 

In this paper, two models, MK test and Morlet wavelet test, are established to accurately determine 
the year of sudden rainfall changes in the rainfall data and their periodic changes. Two time series 
prediction models, ARIMA and LSTM, have been established to predict precipitation in the next few 
years. It has played a certain role in the prevention of heavy rains. 
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