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Abstract. The characteristics of the earthquake activity in the Eurasian
earthquake zone, which is the second largest earthquake zone in the world,
was investigated by researchers. The earthquake activity of the Eurasian
earthquake zone was analysed in various disciplines, such as earth
dynamics, rock mechanics, geology and tectonics. The emergence of
fractal theory provided a new direction in exploring the characteristics of
the earthquake activity in the Eurasian earthquake zone. This study
processed the data on the earthquake activity in the Eurasian earthquake
zone by self-similarity method and scaled invariant feature test and used
the rescaled range analysis method to analyse the nonlinear time series
fractal characteristics of the earthquake activity in the Eurasian earthquake
zone. Results show that the time series of earthquake activity in the study
area is not an independent Poisson process, which exhibits the
characteristics of scale invariance and long-range correlation.
Approximately 80% of the H values of the earthquake activity iteratively
increase and decrease for moderate earthquakes, which is mainly
concentrated during the increasing stage. The time difference of the H
value between the two-neighbouring earthquake shows that the H value
fluctuates in the active earthquake region and is stationary in the relatively
stable region. Strong earthquakes will likely occur in the next few years
because the H value fluctuates.

1 Introduction

Research on earthquake activity is a comprehensive and interdisciplinary field, which
involves knowledge from various fields, such as geophysics, earth dynamics, rock
mechanics, geology, tectonics and geodesy [1-8]. Significant results are obtained in
analyzing the earthquake activity in the Eurasian earthquake zone, such as the spatial
distribution of the Eurasian Earthquake Research on the laws of earthquake activity [9-16].
Only a few studies are related to the characteristics of earthquake activity at the current
stage of large-scale earthquake zones, such as the Eurasian earthquake zone [17-21].
Earthquake activity exhibits the characteristics of a complex system. Thus, using a large
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spatial scale to examine earthquake activity helps explore the characteristics of earthquake
activity from the system perspective. Small-scale earthquake activity is generated based on
the stress balance of the large-scale earthquake zone [22]. Therefore, investigating the
characteristics of the earthquake activity of large spatial scales is necessary. This study
focuses on the earthquake activity of large spatial areas to fill the gap in research.

The current study employs the rescaled range analysis (R/S) method to examine the
earthquake activity in the Eurasian earthquake zone based on fractal theory. The invariance
and long-range correlation of the earthquake activity in the Eurasian earthquake belt was
verified using complete earthquake activity data. The study analyzed different kinds of
earthquake activities by utilizing the R/S method to obtain the Hurst index. Different kinds
of earthquake activities were analyzed by employing the full-time sliding method to
determine the special properties of the earthquake activity in the Eurasian earthquake zone,
vector of the plate movement, stress equilibrium and spatial distribution of the earthquake
activity in the Eurasian earthquake zone. Only a few studies are related to the
characteristics of earthquake activity at the current stage of large-scale earthquake zones,
such as the Eurasian earthquake zone. Earthquake activity exhibits the characteristics of a
complex system. Thus, using a large spatial scale to examine earthquake activity helps
explore the characteristics of earthquake activity from the system perspective. Small-scale
earthquake activity is generated due to the stress balance of the large-scale earthquake zone
[22]. Therefore, investigating the characteristics of the earthquake activity of large spatial
scales is necessary. This study focuses on the earthquake activity of large spatial areas to
fill the gap in research.

The current study employs the rescaled range analysis (R/S) method to examine the
earthquake activity in the Eurasian earthquake zone due to fractal theory. The invariance
and long-range correlation of the earthquake activity in the Eurasian earthquake belt was
verified using complete earthquake activity data. The study analyzed different kinds of
earthquake activities by utilizing the R/S method to obtain the Hurst index. Different kinds
of earthquake activities were analyzed by employing the full-time sliding method to
determine the special properties of the earthquake activity in the Eurasian earthquake zone.

2 Previous study

Earthquake birthing is considered a nonlinear process [23], which indicates that earthquake
attributes, are essentially heterogeneous and complex. Therefore, considering the nonlinear
system in research is an innovative and effective method to examine earthquake activities
which have nonlinear characteristics.

The R/S method is applied to process earthquake data. Yangming et al. [24] analyzed
the earthquake activities at different magnitudes and spatial scales in the US by using this,
Turkey, China and other locations and determined that the frequency time series of these
earthquake activities exhibited a good R/S relationship; thus, the characteristics of
earthquake activities were identified in the time series. Chen et al. [1] also employed the
R/S method to assess the parameters of earthquake activity and determined that the H value
declines significantly before earthquakes occur. To sum up, the H value is a good predictor
of earthquakes.
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3 Description, processing and analysis methods of data

3.1 R/S analysis method

In 1965, British hydrologist H. E. Hurst first proposed R/S theory, which is eventually
called the R/S method [1]. The R/S method is employed to analyses research objects with
time sequence properties, known as the ‘the analysis that changes the scale’. The indicator
of the R/S is the Hurst index [25]. The Hurst index can be used in analyzing various
complex and natural phenomena to obtain the time series characteristics of these
phenomena [26]. The research objects of this method must possess a certain statistical
regularity in different time series. The conclusions obtained from the entire timescale can
be used in the timescale after a certain treatment, and the opposite can also be true, by
which the similar characteristics between the parts and the whole can be obtained [27-31].

Varying Hurst values have different meanings. H > 0.5 indicates that the research object
is random and rules must be followed, which is long-range correlated in time, and vice
versa. H < 0.5 denotes that the study object is mainly regular and less random [32]. The
Hurst index can obtain by analyzing data in different short timescales to achieve the
regularity of data in a timescale. Thus, the Hurst index can be used to predict the
occurrence of an event.

3.2 Verify the scale invariance of earthquake activity

The Gutenberg—Richter (G-R) relationship pertains to the magnitude—frequency
relationship. The G-R law is a typical example of fractal power law, which is used to
analyses the regularity of earthquakes and verify the integrity of earthquake data [33,34].
The earthquake activity in the Eurasian earthquake zone was statistically analyzed to obtain
the magnitude—frequency curves of earthquake data from 1900 to 2015, which were
preprocessed in the study area (Figure 1).
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Fig. 1. Magnitude—frequency curves of the earthquake data in the Eurasian earthquake zone

Figure 1 shows that the G-R relationship is an exponential relationship, which can be
applied to a broad range, i.c. from regional earthquakes to global earthquakes. The
relationship shows that earthquake scaling invariance is established in a large range, which
indicates that the entire Eurasian earthquake zone has scale invariance.
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3.3 Verify the long-range correlation of earthquake activity

The pre-processed earthquake data in the Eurasian earthquake zone from 1900 to 2015 were
analyzed dimensionally. The earthquake data with different spatial distributions and time
series were examined from a different magnitude. Therefore, year was used as the unit to
statistically analyze the frequency of different magnitudes of earthquake data. The
statistical results were analyzed based on the Hurst index, and the analysis results in
different scales of magnitude (Table 1) were obtained.

Table 1. H value of the Hurst index in the Eurasian earthquake zone

Earthquake magnitude Ms H value
>35 0.7704
>4.0 0.5434
>45 0.7574
>5.0 0.7485
>55 0.8006
>6.0 0.6600
>6.5 0.9621
>7.0 0.8608

When the H value is less than 0.5, the earthquake time series contains more certainty
factors and less random factors, and vice versa. The calculation results indicate that the H
values of the different earthquake frequencies in the earthquake zone are > 0.5, which
denotes that the earthquake activity in the earthquake zone is not an independent Poisson
process. By contrast, earthquake activities have long-range correlations, which show that
previous incidents influence future incidents and that earthquake occurrences are both
regular and random. This conclusion is consistent with that obtained by Roy P. N. S. [35].
Therefore, the R/S method is useful to analyze different magnitudes at various timescales in
the earthquake zone.

4 Analysis of earthquake time series in the Eurasian earthquake
zone using the R/S method

The amount of study data and the size of sliding windows significantly affect the accuracy
and reliability of the H value. From the pre-processed data, the current study selects the
earthquake activity data that meets the conditions of Ms > 2.0 and Ms > 7.0 from 1900 to
2015. The sliding window was set to two years, and a month was considered a sliding step
[36-38]. Strong earthquakes in the earthquake zone were analyzed by using the R/S method.
The characteristics of the H value during earthquakeity or before earthquakeity were
identified.

Figure 2 shows that the average value of H is 0.5274, which is > 0.5. This value
indicates that the earthquake data have a long-range correlation. The actual H value
fluctuates from the average value, and approximately half of the total values are higher than
the average value. The H value of the earthquake zone changes with time and follows a
certain law. The values of 105 datasets are less than 0.5, which account for 51% of the
entire data. The values of 100 datasets are less than 0.5074, which account for 49% of the
entire data. The values of 90 datasets are more than 0.55, which account for 43.6% of the
entire data and indicates that the incidence of strong earthquakes is high. Approximately
87.68% of all the H values of the earthquake activity iteratively increase and decrease for
moderate earthquakes, which are mainly concentrated during the increasing stage. The H



E3S Web of Conferences 299, 02001 (2021) https://doi.org/10.1051/e3sconf/202129902001
EDEP 2021

values declined on January 1911, June 1913, June 1914, December 1915, July 1917 and
July 1918. During the remaining time period, a strong earthquake occurred within 10
months after a low H value was detected, and the time intervals of two low-value adjacent
earthquakes are mainly three to five months. The earthquake activities in the earthquake
zone increased and decreased, and the time points of earthquakes mainly occurred in the
stage of increasing earthquake activity.
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Fig. 2. Time course curve of the H value with Ms > 2.0 in the Eurasian earthquake zone

The results shown in figure 3 indicate that the mean value of H is 0.5036, which is
greater than 0.5. This result indicates that earthquakes of this magnitude have a long-range
autocorrelation. Overall, the H value of earthquakes in this magnitude fluctuates around the
mean. However, the majority of these values are near the mean, and 82.22% of earthquakes
have H values that tend to increase and decrease, gain a low value and increase again and
then increase again. Except for the data on January 1905, September 1921 and April 1961,
whose occurrence time declined, as many as 201 earthquakes were followed by a
moderate—strong earthquake three months after a low H value was detected. The time
intervals of the two low values of adjacent earthquakes are mainly five to seven months.
Among the H values of the 204 earthquakes whose Ms is greater than 7.0, 107 account for
approximately 52% of the total number with H value greater than 0.5, 109 account for 53%
of the total number with H value less than 0.5036, and 89 account for approximately 43.6%
of the total number with H value greater than 0.55. The results show that earthquakes of
this magnitude have a long-range autocorrelation.
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Fig. 3. Time course curve of the H value with Ms > 7.0 in the Eurasian earthquake zone
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5 Analysis and discussion

The results of the analysis, which employed the R/S method on the pre-processed
earthquake data of the Eurasian earthquake zone from 1900 to 2015, indicate that:

(1) The earthquake activities in the Eurasian earthquake zone exhibit self-similarity and
are scale invariant. G—R relationship was used for analysis and testing to prove that the
earthquake activity in this zone is not an independent Poisson process in the timescale.
Current earthquake activities are influenced by past earthquake activities, which indicates
that the Eurasian earthquake zone is scale invariant.

(2) The H value has strong correlation in the time series. The H values of all different
earthquake frequencies in the earthquake zone are greater than 0.5. This result indicates that
the earthquake occurrences in the Eurasian earthquake zone are both regular and random,
which denote that the earthquake activity in the earthquake zone has a long-range
correlation.

(3) By employing the R/S method, the H values of all the earthquake activities in the
Eurasian earthquake zone are greater than 0.5. The values increase then decrease, incur a
low value then increase again, and most are in process of increasing again. These findings
indicate that the Eurasian earthquake zone is an active earthquake region.

(4) The H value fluctuates before a major earthquake. When the H value of Ms > 7.0
earthquakes becomes observably abnormal, most of the earthquake activities in the
Eurasian earthquake zone are followed by an earthquake in three years because of the low
H wvalue. This result indicates that the earthquake occurrences in this zone are closely
related to the geological structure and geographical conditions of the earthquake zone. The
outcome also shows that the development and occurrence of earthquakes are complex, and
various factors influence these processes. The frequent and abrupt increase or decrease of
the H value warrants further research because these data indicate that an earthquake
occurrence will likely occur in the next several years.

6 Acknowledgments

This work was jointly supported by the National College Students Innovation and
Entrepreneurship Training Program (N0.201910349017&N0.202010349024)

Reference

[1] Li, X., Yin, L., Yao, L., Yu, W., She, X., & Wei, W. (2020). Earthquake
spatiotemporal characteristics in the Alpide Himalayan Earthquake Belt. Earth Science
Informatics, 13, 883-892.

[2] Zheng, W., Li, X., Xie, J., Yin, L., & Wang, Y. (2015). Impact of human activities on
haze in Beijing based on grey relational analysis. Rendiconti Lincei, 26(2), 187-192.

[3] Li, X., Zheng, W., Wang, D., Yin, L., & Wang, Y. (2015). Predicting seismicity trend
in southwest of China based on wavelet analysis. International Journal of Wavelets,
Multiresolution and Information Processing, 13(02), 1550011.

[4] Liu, S., Zhang, Y., Zheng, W., & Yang, B. (2019, February). Real-time Simulation of
Virtual Palpation System. In IOP Conference Series: Earth and Environmental Science
(Vol. 234, No. 1, p. 012070). IOP Publishing.

[5] Dankwa, S., & Zheng, W. (2019). Special Issue on Using Machine Learning
Algorithms in the Prediction of Kyphosis Disease: A Comparative Study. Applied
Sciences, 9(16), 3322.



E3S Web of Conferences 299, 02001 (2021) https://doi.org/10.1051/e3sconf/202129902001
EDEP 2021

[6] Dankwa, S., Zheng, W., Gao, B., & Li, X. (2018, July). Terrestrial Water Storage
(TWS) Patterns Monitoring in the Amazon Basin Using Grace Observed: its Trends
and Characteristics. In IGARSS 2018-2018 IEEE International Geoscience and
Remote Sensing Symposium (pp. 768-771). IEEE.

[7] Liu, H., Su, H., Li, X., & Zheng, W. (2018). Deriving bathymetry from optical images
with a localized neural network algorithm. IEEE Transactions on Geoscience and
Remote Sensing, 56(9), 5334-5342.

[8] Tang, Y., Liu, S., Li, X., Fan, Y., Deng, Y., Liu, Y., & Yin, L. (2020). Earthquakes
spatio—temporal distribution and fractal analysis in the Eurasian seismic belt.
Rendiconti Lincei. Scienze Fisiche e Naturali, 31(1), 203-209.

[91 Zheng, W., Li, X., Yin, L., Yin, Z., Yang, B., Liu, S., ... & Li, Y. (2017). Wavelet
analysis of the temporal-spatial distribution in the Eurasia seismic belt. International
Journal of Wavelets, Multiresolution and Information Processing, 15(03), 1750018.

[10] Li, X., Zheng, W., Lam, N., Wang, D., Yin, L., & Yin, Z. (2017). Impact of land use
on urban water-logging disaster: a case study of Beijing and New York cities.
Environmental Engineering & Management Journal (EEMJ), 16(5).

[11]Li, X., Lam, N., Qiang, Y., Li, K., Yin, L., Liu, S., & Zheng, W. (2016). Measuring
county resilience after the 2008 Wenchuan earthquake. International Journal of
Disaster Risk Science, 7(4), 393-412.

[12] Zheng, W., Li, X., Yin, L., & Wang, Y. (2016). The retrieved urban LST in Beijing
based on TM, HJ-1B and MODIS. Arabian Journal for Science and Engineering, 41(6),
2325-2332.

[13] Zheng, W., Li, X., Yin, L., & Wang, Y. (2016). Spatiotemporal heterogeneity of urban
air pollution in China based on spatial analysis. Rendiconti Lincei, 27(2), 351-356.

[14] Liu, S., Gao, Y., Zheng, W., & Li, X. (2015). Performance of two neural network
models in bathymetry. Remote sensing letters, 6(4), 321-330.

[15] Zheng, W., Li, X., Lam, N., Wang, X., Liu, S., Yu, X., ... & Yao, J. (2013).
Applications of integrated geophysical method in archaeological surveys of the ancient
Shu ruins. Journal of archaeological science, 40(1), 166-175.

[16] Zheng, W., Liu, X., Ni, X., Yin, L., & Yang, B. (2021). Improving Visual Reasoning
through Semantic Representation. IEEE Access.

[171Ni, X., Yin, L., Chen, X., Liu, S., Yang, B., & Zheng, W. (2019). Semantic
representation for visual reasoning. In MATEC Web of Conferences (Vol. 277, p.
02006). EDP Sciences.

[18] Xu, C., Yang, B., Guo, F., Zheng, W., & Poignet, P. (2020). Sparse-view CBCT
reconstruction via weighted Schatten p-norm minimization. Optics Express, 28(24),
35469-35482.

[19] Yang, B., Liu, C., Zheng, W., Liu, S., & Huang, K. (2018). Reconstructing a 3D heart
surface with stereo-endoscope by learning eigen-shapes. Biomedical optics
express, 9(12), 6222-6236.

[20] Liu, S., Zheng, W., & Yang, B. (2018, August). Adaptive Terminal Sliding Mode
Control for Time-delay Teleoperation with Uncertainties. In 2018 IEEE International
Conference on Mechatronics and Automation (ICMA) (pp. 1883-1888). IEEE.

[21] Yang, B., Cao, T., Zheng, W., & Liu, S. (2018, July). Motion Tracking for Beating
Heart Based on Sparse Statistic Pose Modeling. In 2018 40th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBC) (pp.
1106-1110). IEEE.



E3S Web of Conferences 299, 02001 (2021) https://doi.org/10.1051/e3sconf/202129902001
EDEP 2021

[22] Chen, X., Yin, L., Fan, Y., Song, L., Ji, T., Liu, Y., ... & Zheng, W. (2020). Temporal
evolution characteristics of PM2. 5 concentration based on continuous wavelet
transform. Science of The Total Environment, 699, 134244,

[23] Yin, L., Li, X., Zheng, W., Yin, Z., Song, L., Ge, L., & Zeng, Q. (2019). Fractal
dimension analysis for seismicity spatial and temporal distribution in the
circum-Pacific seismic belt. Journal of Earth System Science, 128(1), 22.

[24] Li, X., Zheng, W., Yin, L., Yin, Z., Song, L., & Tian, X. (2017). Influence of
social-economic activities on air pollutants in Beijing, China. Open Geosciences, 9(1),
314-321.

[25] Xun, L., & Wenfeng, Z. (2013, June). Parallel spatial index algorithm based on Hilbert
partition. In 2013 International Conference on Computational and Information
Sciences (pp. 876-879). IEEE.

[26] Ma, Z., Zheng, W., Chen, X., & Yin, L. (2021). Joint embedding VQA model based on
dynamic word vector. Peer] Computer Science, 7, €353.

[27] Liu, S., Zhang, X., Zheng, W., & Yang, B. (2017, December). Adaptive neural
network control for time-delay teleoperation with uncertainties. In 2017 11th Asian
Control Conference (ASCC) (pp. 1270-1275). IEEE.

[28] Yang, B., Liu, C., Huang, K., & Zheng, W. (2017). A triangular radial cubic spline
deformation model for efficient 3D beating heart tracking. Signal, Image and Video
Processing, 11(7), 1329-1336.

[29] Huang, W., Zheng, W., & Mo, L. (2017). Distributed robust Hoo composite-rotating
consensus of second-order multi-agent systems. International Journal of Distributed
Sensor Networks, 13(7), 1550147717722513.

[30] Yang, B., Liu, C., Zheng, W., & Liu, S. (2017). Motion prediction via online
instantaneous ~ frequency  estimation  for  vision-based  beating  heart
tracking. information Fusion, 35, 58-67.

[31] Zhou, Y., Zheng, W., & Shen, Z. (2016). A New Algorithm for Distributed Control
Problem  with  Shortest-Distance  Constraints. Mathematical = Problems in
Engineering, 2016.

[32] Wang, B., Wu, W., Zheng, W. Liu, Y., & Yin, L. (2020, November).
Recommendation Algorithm of Crowdfunding Platform Based on Collaborative
Filtering. In Journal of Physics: Conference Series (Vol. 1673, No. 1, p. 012030). IOP
Publishing.

[33] Wu, W., Wang, B., Zheng, W., Liu, Y., & Yin, L. (2020, November). Higher
Education Online Courses Personalized Recommendation Algorithm Based on Score
and Attributes. In Journal of Physics: Conference Series (Vol. 1673, No. 1, p. 012025).
IOP Publishing.

[34] Tang, Y., Liu, S., Deng, Y., Zhang, Y., Yin, L., & Zheng, W. (2020). Construction of
force haptic reappearance system based on Geomagic Touch haptic device. Computer
methods and programs in biomedicine, 190, 105344,

[35] Ding, Y., Tian, X., Yin, L., Chen, X., Liu, S., Yang, B., & Zheng, W. (2019,
September). Multi-scale Relation Network for Few-Shot Learning Based on
Meta-learning. In International Conference on Computer Vision Systems (pp.
343-352). Springer, Cham.

[36] Zheng, W., Liu, X., & Yin, L. (2021). Sentence Representation Method Based on
Multi-Layer Semantic Network. Applied Sciences, 11(3), 1316.



E3S Web of Conferences 299, 02001 (2021) https://doi.org/10.1051/e3sconf/202129902001
EDEP 2021

[37] Tang, Y., Liu, S., Deng, Y., Zhang, Y., Yin, L., & Zheng, W. (2021). An improved
method for soft tissue modeling. Biomedical Signal Processing and Control, 65,
102367.

[38] Zheng, W., Li, X., Lam, N., Wang, X., Liu, S., Yao, J., & Sun, Z. (2013). Analysis of
the Geologic Features and High-precision Magnetic Prospecting Results of Jinsha
Ruins. Journal of Applied Sciences, 13(21), 4773-4781.



