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Abstract: Poisson-Gumbel joint distribution model uses maximum wind speed corresponding to multiple typhoons to construct sample sequence. Thresholds are usually used to filter sample sequences to make them more consistent with Poisson distribution. However, few studies have discussed the threshold setting and its impact on Poisson-Gumbel joint distribution model. In this study, a sample sequence based on the data of Qinzhou meteorological station from 2005 to 2018 were constructed. We set 0%, 5%, 10%, 20% and 30% gradient thresholds. Then, we analyzed the influence of threshold change on the calculation results of maximum wind speed in different return periods. The results showed that: (1) When the threshold increases, the maximum wind speed of each return period will decrease gradually. This indicates that the length of the sample series may have a positive effect on the return period wind speed calculation in Gumbel and Poisson-Gumbel methods. Although the augment of the threshold increases the average value of the maximum wind speed of the sample sequence, it shortens the length of the sample sequence, resulting in a lower calculated value of the maximum wind speed. However, this deviation is not large. Taking the common 10% threshold as an example, the maximum wind speed calculation deviation in the 50 a return period is about 1.9%; (2) Theoretically, the threshold is set to make the sample sequence more consistent with Poisson distribution, but this example showed that the effect is worth further discussion. Although the overall trend showed that the increase of the threshold can make χ2 decrease, the correlation coefficient of linear fitting was only 0.182. Taking Qinzhou meteorological station data as an example, the χ2 of 20% threshold was as high as 6.35, meaning that the selected sample sequence was not ideal.
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1  Introduction

There are many models for calculating the maximum wind speed in the return period, including Weibull distribution [1–4], Gumbel distribution [5–8], Pearson type III distribution [9–11], Poisson-Gumbel joint distribution, and binomial-logarithmic normal distribution [12–17]. They have different applicable conditions. At present, most countries use the Gumbel method of extreme value type I distribution to calculate the annual maximum wind speed. The Gumbel method counts one maximum wind speed every year, and it is impossible to count all the wind speeds affected by typhoons [18]. For specific meteorological stations, some years may be affected by multiple typhoons, and some years may not. The sample sequence cannot reflect the real typhoon situation. Meantime, some meteorological stations were built late, and the time scale of data recording was not enough, resulting in short sample sequence. The result of calculating the maximum wind speed in return period by Gumbel method with extreme value I-type distribution is not ideal. Poisson-Gumbel joint distribution model, using maximum wind speed corresponding to multiple typhoons to construct sample sequence. The threshold is set to filter the sample sequence to make it more consistent with Poisson distribution. It can effectively compensate for the shortcomings of short time series, and the simulation effect of medium time series for 15–20 years is the best [19,20].

Nevertheless, there is no fixed standard for setting the wind speed threshold at present [17]. Originally, the Gumbel model was modeled by using samples from different years. But it doesn’t work well when the year sequence is not long enough. So the year sequence can be replaced by the storm sequence. How to choose the extreme wind speed has requirements, the threshold is the standard. The normal setting method is to set a number so that there are no-storms in some years (larger than the threshold as the inclusion criteria), and the number of years no-storm does not exceed 1/10 of the total number of years [18]. The storm sequence selected in this way is relatively easy to conform to the Poisson distribution, and can ensure that the vast majority of storms are selected. The Poisson-Gumbel joint model is formed. In this study we analyzed the influence of threshold change on the calculation results of maximum wind speed in different return periods. We discussed whether it can improve the degree that the sample sequence conforms to Poisson distribution. In order to provide reference for the optimal use of Poisson-Gumbel model.

The remainder of this paper is organized as follows. Section 2 describes the data sources and research methods. Section 3 demonstrates the research results in detail. Next, Section 4 discusses the results of the study. Finally, Section 5 presents the conclusions.

2  Data Sources and Research Methods

2.1 Data Sources

2.1.1 Overview of the Study Area

Qinzhou City is situated in the southern coast of Guangxi, the northern coast of the Beibu Gulf, located at 107°27′−109°56′E, 21°35′−22°41′N. It is connected with Beihai and Yulin in the east, Qinzhou Bay in the south, Fangchenggang in the west and Nanning in the north. It is the sea-land transportation hub of Guangxi Beibu Gulf Economic Zone, a convenient access to the sea in southwest China, and a frontier city in China-ASEAN Free Trade Area. The total land area of the city is10897 km2, and the mainland coastline is 562.64 km. As shown in Fig. 1.
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Figure 1: Map of Qinzhou City

From 2005 to 2018, about 22 typhoons entered the affected area of Qinzhou wind farm, with an average of 1.69 per year, mostly concentrated in July to September. When entering the affected area, the intensity of tropical cyclones is the largest in the number of tropical storms, followed by strong tropical storms and typhoons, of which the benefit type accounts for 55%, the defensive type accounts for 27% and the destructive type accounts for 18%. The most influential typhoon is the super typhoon “Rammasun” in 2014. The maximum central wind speed is 48 m/s and the central pressure is 950 hPa when landing. As shown in Tab. 1:
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2.1.2 Meteorological Data and Typhoon Data

The meteorological data are from Qinzhou Meteorological Station (108.6E, 21.9833N), including the daily maximum wind speed from 2005 to 2018. The typhoon data comes from the typhoon network of the Central Meteorological Station, which are selected to mainly record the time period when it passes through Qinzhou.

2.2 Research Method

2.2.1 Poisson-Gumbel Method

The steps of calculating the maximum wind speed by Poisson-Gumbul joint extreme wind speed calculation method are as follows:

Firstly, it is assumed that the frequency k affected by typhoon conforms to Poisson distribution. That is, there is a probability of k occurrences:

Pk=e−λλkk!(1)

In the formula, λ = NM, N is the total number of typhoon effects.

Using Poisson-Gumbel joint extreme value distribution function expression:

G(x)=∑0kPk[F(x)]k=exp⁡{−λ[1−F(x)]}=P(2)

Take two logarithms to obtain:

F(x)=1+1λlnP(3)

Substitute into Gumbel function:

F(x)=exp⁡{−exp⁡[−α(x−δ)]}=P(4)

The equation is as follows:

exp⁡{−exp⁡[−α(x−δ)]}=1+1λlnP(5)

Take two logarithms to obtain:

α(x−δ)=−ln⁡[−ln⁡(1+1λlnP)](6)

The probability P is related to the return period R:

R=11−P(7)

The maximum wind speed is:

xR=δ−ln⁡[−ln⁡(1+1λln⁡(1−1R))]α(8)

Among them, δ is the position parameter, and α is the scale parameter. The calculation formula is as follows:

α=SySx(9)

δ=x¯−SySxy¯(10)

y¯ and Sy are related to the number of finite samples, x¯ and Sx are the mean and standard deviation of the finite samples, respectively [18–20].

2.2.2 Threshold Selection

In order to make the sample sequence conform to Poisson distribution, it is usual to determine a wind speed threshold, which is greater than the threshold and selected into the maximum wind speed sequence. In previous studies, this threshold should be such that no storms occur in individual years and not exceed 1/10 of the total number of years [21–26]. This study sets gradient threshold for comparison. First, we found the time period of typhoon in Qinzhou, and then selected the maximum wind speed data of Qinzhou meteorological station in the same period to construct the sample sequence. The threshold was set so that there is no storm in individual years in the data age and cannot exceed 0%, 5%, 10%, 20% and 30% of the total years (The following abbreviations are threshold 0%, threshold 5%, threshold 10%, threshold 20%, threshold 30%). A new sample sequence was formed after the above screening. By comparing the results of different sample sequences, the influence of threshold value on the maximum wind speed calculation results of Poisson-Gumbel model was analyzed.

3  Results

3.1 Threshold 0%

The corresponding threshold of 0% wind speed is 4.4 m/s, the existing data is 22 times, M is the total number of years, 2005-2018 a total of 14 years data. λ = 1.57.

Test Poisson distribution are as follows in Tab. 2:
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χ2 = 4.947 < α0.052

Note: fi is the number of years in which the number of typhoons is i in a year; pi is calculated by formula 7, which is the probability of i typhoon occurring in one year. The degree of freedom is the degree of freedom of chi square test. In this paper, the degree of freedom selects three variables: N, M and K.

The results showed that the typhoon data in Qinzhou conforms to Poisson distribution.

In this study, the time series of 22 typhoon samples constructed by 14-year data correspond to: Sy= 1.0754, y¯ = 0.5268.

After processing based on SPSS, x¯ = 8.014, Sx = 2.421.

The maximum wind speed in 50 years at Qinzhou station was calculated as X50 = 16.61 m/s.

The maximum wind speed of other different years is shown in Fig. 2:

[image: images]

Figure 2: Maximum wind speed at Qinzhou station with different return periods at 0% threshold

3.2 Threshold 5%

The corresponding threshold of 5% wind speed is 4.8 m/s, the existing data is 21 times, M is the total number of years, 2005–2018 a total of 14 years data. λ = 1.5.

Test Poisson distribution are as follows in Tab. 3:
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χ2 = 3.790 < α0.052

The results showed that the typhoon data in Qinzhou conforms to Poisson distribution.

In this study, the time series of 22 typhoon samples constructed by 14-year data correspond to: Sy= 1.0696, y¯ = 0.5252.

After processing based on SPSS, x¯ = 8.186, Sx = 2.338.

The maximum wind speed in 50 years at Qinzhou station was calculated as X50 = 16.43 m/s.

The maximum wind speed of other different years is shown in Fig. 3:
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Figure 3: Maximum wind speed at Qinzhou station with different return periods at 5% threshold

3.3 Threshold 10%

The corresponding threshold of 10% wind speed is 5.2 m/s, the existing data is 20 times, M is the total number of years, 2005–2018 a total of 14 years data. λ = 1.429.

Test Poisson distribution are as follows in Tab. 4:
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χ2 = 3.638 < α0.052

The results showed that the typhoon data in Qinzhou conforms to Poisson distribution.

In this study, the time series of 20 typhoon samples constructed by 14-year data correspond to: Sy = 1.0628, y¯ = 0.5236.

After processing based on SPSS, x¯ = 8.355, Sx = 2.263.

The maximum wind speed in 50 years at Qinzhou station was calculated as X50 = 16.29 m/s.

The maximum wind speed of other different years is shown in Fig. 4:
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Figure 4: Maximum wind speed at Qinzhou station with different return periods at 10% threshold

3.4 Threshold 20%

The corresponding threshold of 20% wind speed is 5.8 m/s, the existing data is 18 times, M is the total number of years, 2005–2018 a total of 14 years data. λ = 1.286.

Test Poisson distribution are as follows in Tab. 5:
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χ2 = 6.350 < α0.052

The results showed that the typhoon data in Qinzhou conforms to Poisson distribution.

In this study, the time series of 18 typhoon samples constructed by 14-year data correspond to: Sy = 1.0493, y¯ = 0.5202.

After processing based on SPSS, x¯ = 8.706, Sx = 2.103.

The maximum wind speed in 50 years at Qinzhou station was calculated as X50 = 15.85 m/s.

The maximum wind speed of other different years is shown in Fig. 5:
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Figure 5: Maximum wind speed at Qinzhou station with different return periods at 20% threshold

3.5 Threshold 30%

The corresponding threshold of 30% wind speed is 7.3 m/s, the existing data is 14 times, M is the total number of years, 2005–2018 a total of 14 years data. λ = 1.071.

Test Poisson distribution are as follows in Tab. 6:
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χ2 = 2.897 < α0.052

The results showed that the typhoon data in Qinzhou conforms to Poisson distribution.

In this study, the time series of 15 typhoon samples constructed by 14-year data correspond to: Sy = 1.0206, y¯ = 0.5128.

After processing based on SPSS, x¯ = 9.247, Sx = 1.867.

The maximum wind speed in 50 years at Qinzhou station was calculated as X50 = 15.55 m/s.

The maximum wind speed of other different years is shown in Fig. 6:

[image: images]

Figure 6: Maximum wind speed at Qinzhou station with different return periods at 30% threshold

4  Discussion

4.1 Comparison of Calculation Results of Maximum Wind Speed under Different Thresholds

It can be seen from Tab. 7 that when the threshold increases, the maximum wind speed calculation results of each return period will gradually decrease. This result is contrary to the conclusion of other scholars. In previous studies, it is often believed that when the threshold is low, the sample sequence is large, but the average wind speed is low, which will lead to the low calculation results of the maximum wind speed in the return period [18]. Therefore, the method of increasing the threshold is often used to prevent the low calculation results of return period wind speed. However, this study found that although the increase of the threshold will increase the average wind speed, the calculation results of the return period wind speed will also decrease with the decrease of the sample sequence. It showed that the length of sample sequence may have a positive effect on the wind speed calculation of return period in Gumbel method. This result is exactly consistent with the conclusion of the comparative study between the two models (Poisson-Gumbel joint distribution model and Gumbel model) [19]. In other words, the maximum wind speed calculation results of Gumbel model are often larger than those of Poisson-Gumbel model, which may be because it often has a longer sample sequence.

Nevertheless, the overall deviation of the maximum wind speed calculation is not large. From threshold 0 to threshold 30%, the maximum wind speed change of 100 a is reduced by 7.4%. From threshold 0 to threshold 10%, the maximum wind speed change of 100 a return period is reduced by 2.2%. When the return period is shorter, such as 20a, 30a and so on, the gap is smaller. In other words, usually using a 10% threshold to screen the sample sequence does not have much effect on the calculation of the maximum wind speed. Taking the 50 a return period as an example, this deviation is only 1.9%.

[image: images]

4.2 The Change of χ 2

It is generally believed that the purpose of threshold setting is to make the sample sequence more consistent with Poisson distribution [20], but from the analysis of this example, the effect is not always so. The variation of χ2 with the threshold is shown in Fig. 7. Obviously, the overall trend is that χ2 decreases with the increase of threshold. The fitting equation is y = −0.0204 * x + 4.5899. Correlation coefficient R = 0.182, so linear trend is not obvious. When the threshold was 20%, χ2 = 6.350, which was the maximum of all tests. That is, when the threshold is 20%, the filtered sample sequence is not closer to the Poisson distribution than other sample sequences, even the low threshold sample sequence. However, when the threshold was raised from 20% to 30%, the sample sequence was much shorter and χ2 was significantly improved to 2.897. In summary, although the overall trend showed that the increase of threshold can indeed make χ2 decrease, the randomness of χ2 change was large when the specific threshold was selected. In terms of Qinzhou, the effect of the 20% threshold was not ideal.

[image: images]

Figure 7: χ2 changes with threshold

5  Conclusions

In this study, the sample sequence was constructed based on the data of Qinzhou meteorological station from 2005 to 2018. The influence of threshold value on the estimation of maximum wind speed based on Poisson-Gumbel model was compared by setting gradient threshold. The main conclusions are as follows:

1.    When the threshold increases, the maximum wind speed calculation results of each return period will gradually decrease. It indicated that the length of sample sequence may have a positive effect on the calculation of wind speed in the return period in the Gumbel method and Poisson-Gumbel method. Although the increase of the threshold increases the average value of the maximum wind speed of the sample sequence, it shortens the length of the sample sequence, resulting in a lower calculated value of the maximum wind speed. Although this deviation is not large. Taking the common 10% threshold setting as an example, the maximum wind speed calculation deviation of 50 a return period was about 1.9%.

2.    The threshold is set to make the sample sequence more in line with the Poisson distribution, but this case study shows that its effect is needed further exploration. Although from the overall trend, the increase of the threshold made χ2 decrease, the correlation coefficient of linear fitting was only 0.182. In the specific threshold selection, the randomness of χ2 change is large. Taking Qinzhou meteorological station data as an example, the χ2 set at 20% threshold was as high as 6.35, and the selected sample sequence was not ideal.

The above research results show that this 1/10 setting method is not universal. If you want to achieve a better threshold setting effect, it is best to set the threshold by gradient and compare it.
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Table 1: Typhoon statistics affecting Qinzhou from 2005 to 2018

Time Name Maximum wind Central Wind force Wind scale
speed (m/s) pressure (hpa)

2018 Mangkhut 33 975 12 TY
2018 Bebinca 25 985 10 STS
2017 Hato 23 990 9 ST
2016 Sarika 25 985 10 STS
2015 Mujigae 48 960 15 TY
2015 Kujira 20 990 8 ST
2014 Kalmaegi 40 960 13 TY
2014 Rammasun 48 950 15 STY
2013 Haiyan 15 998 7 TD
2013 Jebi 28 982 10 ST
2013 Rumbia 25 980 10 STS
2012 Vicente 18 988 8 ST
2012 Kai-tak 30 980 11 STS
2011 Nesat 28 985 10 ST
2011 Haima 20 988 8 ST
2010 Chanthu 23 990 9 ST
2009 Soudelor 18 994 8 ST
2009 Koppu 18 995 8 ST
2008 Kammuri 18 990 8 ST
2008 Hagupit 20 985 8 ST
2007 Toraji 23 990 9 ST
2006 Prapiroon 20 995 8 ST
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Table 3: Typhoon frequency fitting test at 5% threshold in Qinzhou

k fi M A pi (£i-MP,)*/MP;
0 1 14 1.5 0.2231  1.444

1 6 14 1.5 0.3347  0.3686

2 6 14 1.5 0.2510  1.758

3 1 14 1.5 0.1136  0.2189
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Table 6: Typhoon frequency fitting test at 30% threshold in Qinzhou

Kk £ M A P, (f-MP,)"/MP,
0 3 14 1.071 0.3427 0.6734
1 7 14 1.071 0.3670 0.6748
2 4 14 1.071 0.1965 0.5667
3 0 14 1.071 0.0701 0.9822
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Table 4: Typhoon frequency fitting test at 10% threshold in Qinzhou

k f; M A pi (f;-MP;)*/MP;
0 1 14 1.429 0.2395 1.6518
1 7 14 1.429 0.3423 1.0169
2 5 14 1.429 0.2446 0.7252
3 1 14 1.429 0.1165 0.2442
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Table 7: Calculation results of maximum wind speed (m/s) in each return period under different

thresholds

Thresholds 20a 30a 40a 50a 60a 70a 80a 90a 100a
0% 14.493 15.438 16.101 16.613 17.030 17.381 17.685 17.953 18.192
5% 14.379 15.297 15941 16439 16.843 17.185 17.480 17.740 17.972
10% 14.286 15.181 15.809 16.293 16.688 17.020 17.308 17.561 17.788
20% 13.955 14.800 15.392 15.849 16.220 16.534 16.805 17.043 17.257
30% 13.823  14.596 15.138 15.555 15.894 16.181 16.428 16.646 16.841
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Table 2: Typhoon frequency fitting test at 0% threshold in Qinzhou

k f; M A pi (f;-MP;)’/MP;
0 1 14 1.57 0.208 1.256
1 5 14 1.57 0.327 0.040
2 7 14 1.57 0.256 3.240
3 1 14 1.57 0.134 0.411
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Table 5: Typhoon frequency fitting test at 20% threshold in Qinzhou

k fi M A pi (fi-MPi)/MPi
0 2 14 1.286 0.2764  2.128
1 8 14 1.286 0.3554  1.838
2 3 14 1.286 0.2285  1.013
3 1 14 1.286 0.0980  1.372
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