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Abstract
Natural hazards, including earthquakes, are serious challenges for human societies. These phenomena
not only threaten human lives, but also cause significant economic and social losses. Considering that
some of these risks occur suddenly and unpredictably, it is necessary that the evaluation and optimal
management of these risks should be placed on the agenda of policymakers and crisis management
officials. Recent advances and achievements in the field of intelligent algorithms have been able to
reduce the human ability to reduce the effects caused by the occurrence. Among the examples of these
achievements are Earthquake Early Warning Systems (EEWS), which have been proposed as an
effective tool in reducing damages and human casualties, and can issue an early warning to the
population affected by the event by calculating the basic parameters of the earthquake and provide
the authorities with the necessary information. Considering that one of the basic pillars of using
learning algorithms is the existence of sufficient training data, in cases such as earthquake data where
the number of available samples is insufficient, data augmentation techniques are used. In this
research, the impact of data augmentation in the calculation of the earthquake has been investigated
in the real-time and based on the data of the strong motion network. Based on the analysis of the data
of more than three thousand earthquakes, it has been shown that the use of data augmentation has
improved the generalization performance of the trained network over test data by 37%.
Keywords: Intelligentization, earthquake magnitude, earthquake early warning system, powerful
earth movement, data augmentation.
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Test Data - Actual vs. Predicted

5.00 1
L}
. L g
4.75 - s .
e Jo sl
s | s B
. g i .0 4, 0
4.50 - : e R -
% LI l i ! i “ l : T g 0
3425_ - P 1 I | 1 L ]
= . W ] w
=3 i ' 0 I i l o 0
3 s gt -
= 4.00 A ¢
. P | , (I | L - .
T : P s * I i .
< 3y { I ',
- 3.75 1 3 * ¥ P
E : H l . I . " L -
S =S :
' IEENEY
-
3.25 1
3.00 1

T T T T T T T T T
3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00
Actual Magnitude

IS S L e 25T 1 g ke 31 013 Sl 03 e S8 3 trmlonn (512 a8l 25 50T 08 el (s 5 5 (o3l p3lie 05 S5 09) S
sl T
S5 domd
52y 48 Sl (S TIS” (sl SN 55 5 6 Bl 5 5 (6131 (s (6 8 SIS p sl acbo S bl i 5n L
e PR35 St U Gl )3 Sl e 1y oS (s i Sl 1S5 5 (Sl dile a3 e glatyT 3
ot e Sl 3)5m S Ol e 4 llesls 0L o bla ol s 5l AL DU 2alS 55 1) 35 oIS &S )
Sl (3l o3ly Dol 51 (S s 43S s 05 ) ey s Sl (5l diadgr 55 gl sl 36 T
il o OT S8 5510 st 4003 ) n (lion (sl ol 85,550 40 60354 85550 Slwboma 03 ) 03 v ylLin
OT I3 4 5 e dins 5 o 588 1 gaded il 57 oo s oy 30 40 65 Ol o7 515 Sl S 0T S g 01!
BN paans g s 5 alone o g e (sl T 355 ST @51 030 e (Ssal i Ghle 53 Jlo s Sl UL
A{ﬁu'Q‘}:A43.Ml)ﬁ&bﬁﬁdbjﬁOj)k&ﬂ‘b&‘j‘obu&ﬂ‘LHQ)%Q)Jﬁ@obw‘dj&aj)&z‘)ba‘ﬁﬁ-
SladnT 3 (g5l 87 55 4 55 (ol Sliions ¢ Jituns ool y S151 » ST LAl oo awadete (59,5 4w 35 5 (B3
S5 il glte & e Dl Mo (58 8 5 53 b i oS ) 53 oSl €88 oo b 0 blus (1 b a5 s
ot old At 55 5 05 e 0518 Lol bl (laolal Sledbl xils b Ll & ol 0l 1yl gy e Jlow s
LS 5l s 685 sl slealKanl 53 0dd 3, S,
AL or il BB G ol sl Olsie 4 ) 35l pm a8 8 ) o SlinlajT a5 L
(S oS Cale 3 3 das g i sla el s (Saly 55 03 s sls) 13 S 4 s L -
(B #dly (slaosls D3 gy s 53 e 4y dom 5 b3 g S 5 0 S 3l Jte 3 0 eslizal o315 oL o ol (555,
9333 Gons (§:5 3L 4K (s amglie 4t 5 LS Bl o gy BB ¢ el &K O gt 4 gl Blesls S eslizad

el T Sy ol &Uél R LSU:oJ\J O3 9 L Il



OG5 5 helanl Olgd s / oo Jaes S blove Soladllan (g 5le tind g 55 ol losls 56 )

Lok ag (s 5 otaT Sy codi S5k Grae Jike 35 5 S350 slaosls Jai 51l Jasl 13 &0 55 ¢ kS iy 4 -
ey oS il Sl Ol § g came 55 (Sl o:ﬁoijéuoa\ang)j@QJ}yT&,ﬁ»rf.&pﬁesﬁwqa\q—j

Aol 55 seT el (il and (glaenls s aSi oS Sl Al Sl 5585 4Kl 550 T Sl slasltss 6l ST sl o

. . . N N . F . . . - . . .
4 a5 5l 5y e s Ol o 2he w03 ) s S8 L5 o 3550 03 5 A5 gl lamell 5SS Olse w -

Sl 05 9 O}A‘jT Slresls ae gazes j3 ol eslazul osls Hlpa en I Ao 6l o g lf)_}_: A9+ PV U 5 ol oslatwl 6ol aliili

5L b3 3l ee Jals Ll 5 oo Galims ol el

ob S il alablo 4t dile 228 5L wae slaaSis dile Gooe Jlgdie (slaslans o 3l o3litul o gaast 53 Guos -
ol U] a8 pai= (8 3 3 Shas 5,87 5153 ai o il 5 o Ui slhite ke

25 s Soh 4y SLAI Sl b oo S Ol | S 5L 3550 Sas 503 slial (5le Ade L, KAl s -

éuw)ﬁ;m‘wljug,u;&;dxwmL;W);ﬁ),ﬁ\wumﬁ&&\,:);,u\}:@u:,-yh;iu

.b}.w
Sla eyl S aalone el Wl 5 oo oS Sl bl 5l L Lot e ls 5 oS sl 53 0ds 1) 025 SN S eslizl -

33 8 o sl AL 5 5 S
" s S5l 4y 5l enlinul ol (g il ad (claosls A & a4 old Gl diis 4 a5 L -
Ao S L O ) S - (S ~ 9 Awr) ) s -~ ot A A2 g0 U

S g o slgi 45}3} slaesls u‘i‘}é‘ N )jla;,.

&b

b ian. 25T lad Glulis j i J 55 cbals 55 50T sbaesls 2l gl &S JUEsl (VP ) 5 games ¢ g sb oyl
doi: 10.22108/isee.2021.124044.1490 AV-\\F «(F) Y .50 wnlipe 43

s Sl leslizal b bl slas Oolial (gl ST (gl p 2l W ge gl cme ol Blosls .(VFH ) NPT
TN et by s Gl 2l dee el ALy s il 2l de SSE
https://[jmvip.sinaweb.net/article_207014.html

Hajian, A.; Nunnari, G. & Kimiaefar, R. (2023). Intelligent methods and motivations to use in volcanology
and seismology. Intelligent Methods with Applications in Volcanology and Seismology. Cham: Springer
International Publishing, pp. 1-17. doi: 10.1007/978-3-031-15432-4 1.

Cheng, Y.; Wang, X. & Zhao, H. (2019). Data augmentation techniques for improving disaster prediction
models. International Journal of Disaster Risk Reduction. 34, 380-393.

Esmaeili, R. et al (2024). Performance enhancement of deep neural network using fusional data assimilation
and divide-and-conquer approach; case study: Earthquake magnitude calculation. Neural Computing and
Applications. https://doi.org/10.1007/s00521-024-10002-x.

Fernandes, P. M.; Silva, J. S. & Amraoui, M. (2019). Wildfire risk assessment using machine learning and
data augmentation techniques. Forest Ecology and Management 432, 43-55.

Gonzalez, R.; Castro, J. & Vargas, A. (2022). Integrating intelligent algorithms with data augmentation for
real-time disaster risk assessment. Computers & Geosciences 148, 104694.

King, G., & Zeng, L. (2001). Logistic Regression in Rare Events Data. Political Analysis. 9 (2), 137-163.
DOI:10.1093/oxfordjournals.pan.a004868.

Li, J.; Liu, Y. & Wang, L. (2021). Enhancing disaster response with artificial intelligence: Opportunities
and challenges. Disaster Science and Management. 30 (2), 160-176.

Lin, Y. et al (2022). Generating clusters of similar sizes by constrained balanced clustering. Applied
Intelligence. 52, 5273-5289. https://doi.org/10.1007/s10489-021-02682-y.

1. Long-Short Term Memory, LSTM


http://dx.doi.org/10.1093/oxfordjournals.pan.a004868

P Lo VY Ol /93 5 olomiy 05lad / 003 o o] Jases Slallan 5 Lol o anlihod

Samadi, H.; Kimiaefar, R. & Hajian, A. (2022). Fast earthquake relocation using ANFIS neuro-fuzzy
network trained based on the double difference method. Scientific Quarterly Journal of Geosciences. 32 (3),
93-102. doi: 10.22071/gsj.2022.296260.1922.

Tabatabae, S.M. et al (2022). Prediction of the peak ground acceleration for Zagros earthquakes using
ANFIS and data partitioning approach. Journal of Geography and Environmental Studies. 42 (11), 92-104.

Vigano, D.; Gabriele, S. & Dell'Arciprete, P. (2021). Earthquake risk assessment using augmented data.
Earthquake Engineering and Structural Dynamics. 50 (7), 1805-1820.

Yin, Z.; Zhang, Y. & Zhang, J. (2020). Machine learning in the assessment of natural disaster risks: A
review. Environmental Monitoring and Assessment. 192 (12), 786.

Wang, Z. et al (2020). MSLWENet: A novel deep learning network for lake water body extraction of google
remote sensing images. Remote Sensing. 12, 4140.

Zhan, Q.; Miao, L. & Xiao, J. (2021). Intelligent algorithms for natural disaster prediction and management:
Current status and future prospects. Journal of Natural Hazards. 105 (1), 123-142.

Zhang, X.; Xu, Y. & Chen, Y. (2020). Deep learning for flood prediction: A review. Natural Hazards. 105
(2), 123-146.



