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ABSTRACT

Earthquakes are natural disasters that can cause high damage. Prediction of
earthquakes is necessary to reduce damages, develop resistant infrastructure, and prevent the loss of life
in human societies. This research aims to predict the magnitude of possible earthquakes in the Shahrood
district of Khalkhal County using artificial neural networks (ANN).

YIETEY A multi-layer perceptron neural network was used to predict earthquake magnitude.

The results showed that in the fault areas, especially the Kalur fault, earthquakes with a mag-
nitude of 1-3 on the Richter scale are more likely to occur (70%). The likelihood of earthquakes with a
magnitude of 4-6 on the Richter scale is moderate (26%) and the earthquakes with a magnitude of 7-10
on the Richter scale have a very low probability (4%).

In future studies, it is recommended to use machine learning models to better and more ac-
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Extended Abstract

Introduction

rom ancient times, following natural disasters,

mankind has sought solutions to prevent or

control these disasters. Earthquakes are one

of these natural disasters that have always

caused financial and human losses. The time,
place, and magnitude of the earthquakes are the three
main parameters of the earthquake assessment. To con-
trol and minimize its adverse effects, a good estimate of
their values should be available (Arjamand et al., 2015).
Earthquake is a natural hazard with sudden shaking of the
ground, which is of particular importance for human soci-
eties in terms of magnitude and area of destruction, unpre-
dictability, and occurrence in a very short time (Gholami
and Shokuhi Bidandi, 2023). For earthquake prediction,
it is necessary to consider the time, place, magnitude,
probability, and reason for its occurrence. The purpose
of earthquake prediction is to help disaster management
organizations prepare for earthquakes. When a strong
earthquake is predicted, disaster management organiza-
tions should be alerted to take preventive measures. In
disaster preparedness, decisions and activities focus on
damage prevention. Various earthquake prediction tech-
niques have been applied to mitigate damages (Bhatia et
al., 2023).

Shahrood, a district of Khalkhal county, Ardabil, Iran,
is an area vulnerable to earthquakes due to the existence
of geological formations with heterogeneous resistance,
being located on an alluvial plain with less resistance than
the thick bedrock, and being surrounded by numerous
faults. Also, due to being located in the folded zone of
Western Alborz and Azerbaijan, different faults in the re-
gion have been formed, the most important of which are
Talash fault, Neor fault, and Shahooud Kalur fault. This
research aims to predict the magnitude of possible earth-
quakes in the Shahrood district of Khalkhal County using
artificial neural networks.

Methods

This research used various data and information, includ-
ing the geological map of Rezvanshahr, Khalkhal, and
Masuleh counties with a scale of 1:100,000, from which
the map of faults and geological formations was extract-
ed. ALOS-PALSAR digital elevation model with a spa-
tial resolution of 12.5 m and Sentinel-2 satellite images
were used to identify geological features. For finding dif-
ferent characteristics of earthquakes, the 30-year seismic
data from the Institute of Geophysics of the University of

' Disaster Prevention and
‘ Management Knowledge

Tehran and the global seismic data from the US Geologi-
cal Survey were used, which included date of occurrence,
magnitude, focal depth, and geographic coordinates. The
selection of a 30-year period was due to the existence of
complete data. For the period of more than 30 years, the
data were mostly incomplete. All the data used for the
preparation in the first stage were entered into the ArcGIS
software and preliminary processing was done on all neu-
ral layers. After the preprocessing, the modeling is done
using SPSS Modeler software.

Results

For modeling the input data for the network, the data
was split into two sets; 70% for training and 30% for test-
ing. Five criteria were determined for predicting earth-
quake magnitude: Earthquake focal depth, magnitude
of previous earthquakes, distance of the faults from the
occurrence points, location of previous earthquakes, and
fault length. After designing the model and configuring
the network, the data was processed, and a multilayer per-
ceptron (MLP) artificial neural network was created with
5 input neurons, 3 hidden neurons, and 1 output neuron.
This model achieved an accuracy of 98.2%, indicating
its high precision in processing data for predicting earth-
quake magnitude. The results indicated that, in the MLP
model, the highest effect (0.83) was related to the magni-
tude of previous earthquakes, followed by the distance of
the faults (0.58) and the focal depth of earthquakes (0.42).
The lowest effects were related to the location of previ-
ous earthquakes (0.25) and fault length (0.18). The MLP
model was finally found to have high validity and reli-
ability in both training and testing phases.

Conclusion

The prediction results showed that earthquakes with a
magnitude of 1-3 on the Richter scale are very likely to
occur and the possibility of their occurrence on faults,
especially the Kalur fault, is very high (70%). Although
earthquakes with this magnitude have low risk, their oc-
currence in shallow depths and close to residential areas
can cause mortality and financial loss. Also, earthquakes
with a magnitude of 4-6 on the Richter scale have a mod-
erate probability of occurrence (26%). These earthquakes
can cause a lot of damage in the region. Moreover, the
likelihood of earthquakes with a magnitude of 7-10 on the
Richter scale in the area is 4%, indicating a low probabil-
ity. In future studies, it is recommended to use machine
learning models to better and more accurately predict
earthquakes in the studied area.
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4, Deep neural network (DNN)
5. Random forest (RF)
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6. ALOS—PALSAR satellite
7. ArcGIS
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8. Geographic information system (GIS)
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9. Receiver Operating Characteristic (ROC)
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10. Area under the curve (AUC)

Y oylods NF 0 90 NPV Lol

0530303 S8 552 (a6l oo >yl Joe il AY 5 guad

05 30mme3 S1 551 (St 53 6999 Jeloe (5,138 555 1503 AP 519005

2t 4l yo o Lagas sl s el sblo gl 2
OV FY cooljolag) 0gs dales yieS cdo by glacols (gl yls 5
GRS liedr o ASGd Cund (5 (i liel (pisren
Ol 9 &9 oy O9d o0 Ll (rilitel 5 oS
2 O Sl piie 55 (795 slaodls CukS el
523 5 bl ol polie ] o5 sl A5 s iy
oy Ve aylaosls e Jas >y (ioe 10yl 1l 0,5 solaiul
cosbes Jlo dy 5030 (poenll A Cannd Qo Yo g 0]
Bolie sl pslie o Yo il fao alye 5 e
S g0 S 5 shigal sloodls by o 5 anilag&i Ty (b3,
ool duo o Vo (gloools et 5 aSit s (gl 31 40 9
sools awslis Joe b S0 Ojgoas i8lay 0sd 0
s lel fogai iyl jf wepe Yo (slaosls g 29y
OV T Y cooliolog) ans oo sinles |y 29,5
4 bgye Jol 20 ;0 5V F o )lad poa (giovie ddzrgily
ol easmorylas JLiel lie e MLP Joo 5900 Coonnd
egas 3 Ol (siighey 5 03 Wiael o Je 45
e ol le .l Slazel B oasyl 1o 0 Jeyey 1555
S iy Alold (51l a 12 olipun ) Lglas 457 Cul (gldigTay
Creired sl (6 5WL el glls aily Lol 50,8 Somis

ool 88w 31 03wl g JA oy louws pnd D902 ity 40 ot 23 oo 5 STy 30 (St rdiag +r 5o 9 STy (6 ki Ly yd

Wy



https://dpmk.ir/fa

Y oylods NF 0,90 NF-Y Ll

oole aolilias 7
Ol S0y 9 (6 Sl (iilS

/!

AUC) smin pj 4l polie Y Jgusr

o9l Cond (SN rllS
aus aus Jde
+/3)) +[AY¥ ISTRWS;

osds b (795 09,95 S 9 Ao (19,98 ¥ (63939 (19590
ol el lsae Ghomins 5 GHi9al 5l ams oo (ales gl 9 <o
Jleim i, YU Y 61850 9 ool b oo Joyae a5 0ols jLis
dluS bl o lagl olas) oSl g wi)ls g0l s 93
D ol 2120} ) e 47 Caaily (e 19l oS o5
2 bplols, Lol wigd oo (ganail jladeS aud) o Dl g
Sl bloday o5 GgSume 3blio 4 Su35 9 05 slages
sloml 53l (o 9 (Sl Sl Wlgs oo Wy (aaly CudeS
o3 VL a0, P B Y )5 b alooj Jome) rizran oS
9 538 s oo} Jerne) ol Sy 355 (Slaugio g3y oz

w0iime S5 aedS g (Fmoi dwgn g3 Canl o3l
iy b ST s el (5,505, poe sloools
Jelge ogas 3o 1y s losime alyy Slyise o)l (o3 o
o 4l 0 boj o) Jlgie olasy 05 als Galise
Yo b Ve Goe o lagl auoys Vo 5l jiiny a5 09,0l i
Oos Jld easmolis esgy e Y6 Y )5 b g s teskS
55 53 5505,) bl gl gy s (it ol 55lS JuS
B o S Syo35 10 bl doyd Vo 45 o pylae ablate
Joe.ils (gl g bl | by S s> codlad Ly g oolidl
BLojdeme; S5 (raesd 9 (st balal, o oadi il

2gald iRy j3 0 ) (e (A U )l gad

100%
80%
60%

40%

Aa d‘)“‘“

20%

0%
1 2 3 4

5 6 7 8 9 10

e 43N a5 i) 0 Jae o g3 Al 315 618 ) 3 e i Ui aa

03 0cre3 68 35 (S tan SIoges N i gual

ROC 7w Liiel 4y bogy yo 505 7 53 9uai

ool 88w 31 03l Y A oy Uiaw pend D9 92 iy 40  loint 23 oo 5 Sy 30 (st rdint +r 10 9 STy (6 ki Ly 56



https://dpmk.ir/fa

Ol S0 0 9 (6 Sl (UlS % /|

Az ,» ol bols 4 cul digfay gz opl Lo
Slel s cadly Lol 50,8 cie 5l (g ey alold (gl ls
e Caons &1 o)l Sz Vb Joged 8 Crizren Sl oYU
Sbles po > ol 45 oo alyy YU Cows 45 5 00 ke
oisal ol sl el o 0 Jae @V Ll
)L,S:U.:JMQ‘Z.:’Q)QLS?j)}@bjo&WJMW
SSu 0 +[AVF g Bigel E5u 0 +/AY) sue AUC luie
Ol GLgS aS (Vo leds Jauor) amo g0 inled |) aSCuls cous
G s G5 50 (o 5 gl S ) e e 4
Ol oz s 9 48,513 Jle a5 5 5009 (VL el
ol olezel L8

M Sllhse
SARg3 ST Jgeol 51 59m

ol 0dd Culey Shmgss BB Jguol ales allia o)y
Sl

(s slagloils | (Jo S5 digma Laghy
] oé)ii &:ABLA)\) scL&.:J).,é5 Ls"}'"

OB Mg C5 ) lbeo
S &8 Lt dllie oyl (g 5loslel 18 E s 5 ples
&lo 5,3
315 adlie (2 )la5 dllie ol ey inn i Jlodl iy
(08 g ;S
S 50955 dunwo 9 (5945 (6, 1K505)) 35 10 (397 53515 5]

g Wosls &3l)l b tdghy ol plonl gz 40 a5 )l 445 oKl
S sa (8308 ¢ ;ST s )T (53 ) Lo e e

Y oylods NF 0 90 NPV Lol

S ooyl ddlais 3 1) (g0l Ol s Wilgs so oadicay pai s
A2y Ve bV as YL oad g 0j08l olie; Jiae) aizren
dalaie o oyl £o8y Jlaixl gails Vb LS oo 50 &j0d
995 Jlazl a5 ol ol saimd )it 4T sl o o F g < jaiay
ol il g1l g Sl 9 Lnos s Joo ol 583 3
S LWL (L )08 g Db by aleo Jiree £989 S po Ll
SO 3oy g Cul (ymly Caday ddlaie o iy, Ve BA
Ol ey (b Jlosol a0 5185 ol yho &y S0 35 525 oo
4 (fgran (gn p e S Jde )8 SIS 05 lre; oo
otee Sl el 1) Cilides (slo el 5 s (6 S0k (Ul
95 e -Sigdi oo iU odezen Sluws Jo b alad
bl a0 glowlons S 3o peSl cleay a5 4V
Gy oz v ;0 bges wjls aaly cpl 0 o9 5,Sles
oalaiul by .00 oo 00lainl 03 Jyuny oo guas i i
4z gyt Jao ohigh (Bgas Ghen sladue |
2 60k SeS Wi oo 05 Jirme) B (St opaS

S Calises oduzny daly, o oS0 Ll Ly alal,

S LE A

u”f‘]w 3 )Ja> (Godigy AldS g Laosls (ST )L,.::l & 2
Ol el oas oolazul Waosls 29,5 Liaka ) WROC  goeis
Sloosls (gly ob g D350l (slmosls (5l op sadoly e
P dee S omijliel gl cadd sad ol Al s
5 e B 29 omtanluzel 5 (300l al>jo aily Jol aleg
o (gl (Adu j0 45 (Jue 09D polan (jgel Siou
B gl )ls Wosls 505 oled al> o 48 Loges ally ol JLael
e yliel yuizmen (VT Y ooljlang) o9 anlss (50
el 3 ol i plea 55 AE Cus iy
Srosls CotS 53900 50 g E95 a1 10940 g0 ALSUl
Ol 503 A Cansd (5 8 (paizred ol uklie 5o (29>
5 Oelpby 0,8 oolasud o3y s gblie Jolw polis |
Soyd Yo g bigel duoyd Vo a laosls Joo )b s
al> o 10 l38le 5 ool Jlie sl 00l s 4D Cad
g3, o5y Bblie ol ol do o ¥ (g3l e
MG‘)JPTJQSAJS‘SAJ u;;snﬁ)jﬁTdLboé‘éb‘)c)Tj
Ndle 5 0ad oo oolitul dus s Yo (glaosls yaan ) 4
Yo odls g 29,5 swodls auglin Joo b |IS055 & jg0ay
a3 oo aled |y (o29)5 ot lel fogad 51k 5l sy
oo 0 A ojleds ygad) (Somie aaz gl (VF 1 ¥ iooljlag)
Shzel liae cadd MLP oo (h390] Caonnd 4y bogsse Jl
(st 9 035390l o954y Jae 4 el oyl sasms it
ol olazel B8 osisT 3 05 ) pae; S50 Logas s o

ool 88w 31 03wl g JA oy louws pnd D902 ity 40 ot 23 oo 5 STy 30 (St rdiag +r 5o 9 STy (6 ki Ly yd

\Y¥



https://dpmk.ir/fa
https://geophysics.ut.ac.ir/en/
https://geophysics.ut.ac.ir/en/

Summer 2023. Vol 14. Issue 2

References

Arjomand, M. A,, Mahmoudi, J., Rezaei, M., & Mohammadi, M. H.
(2016). [The earthquake magnitude prediction using multilayer
perceptron neural network (Persian)]. Modares Civil Engineering
Journal, 16(4), 1-8. [Link]

Ahmadi Namin, M., & Kazemian, A. (2023). [Study of the relation-
ship between earthquakes and weather in recent earthquakes in
Iran (Persian)]. Bulletin of Earthquake Science and Engineering, 10(2),
129-141. [DOI: 10.48303/ bese.2022.553375.1075]

Berberian, M., & King, G. C. P. (1981). Towards a paleogeography
and tectonic evolution of Iran. Canadian Journal of Earth Sciences,
18(2), 210-265. [Link]

Dana, T., Lelahizade, B.,, Hemmasi, A., & Aghamohammadi, H.
(2020). [Vulnerability assessment of Tehran Municipality District
8 against earthquake (Persian)]. Disaster Prevention and Manage-
ment Knowledge, 10(2), 177-186. [Link]

Esfandyari, F., Gafari, A., & Lotfi, K. (2014). [Vulnerability assess-
ment citiesnear by faultsusing TOPSIS Method & GIS: A Case
Study of Ardabil (Persian)]. Journal of Natural Environmental Haz-
ards, 3(4), 17-33. [DOI:10.22111/jneh.2014.2466]

Esfandiari, F., Ghafari Gilande, A., & Lotfi, Kh. (2018). [Investigat-
ing the seismic power of faults and estimating human casualties
caused by earthquakes in urban areas, a case study: (Ardebil
city)(Persian)]. Quantitative Geomorphological Research, 2(4), 17-36.
[Link]

Gandomi, M., Dolatshahi, Pirooz, M., Varjavand, L., & Nikoo, M. R.
(2019). [Application of multilayer perceptron neural network and
support vector machine for modeling the hydrodynamic behav-
ior of permeable breakwaters with Porous Core (Persian)]. Marine
Engineering, 15(29) , 167-179. [Link]

Gholami, H., & Shokohi Bidhandi, M., S. (2023). [Relative evaluation
of the vulnerability of urban areas of Khorramabad in terms of
earthquakes using hierarchical analysis method (Persian)]. Dis-
aster Prevention and Management Knowledge, 12(4), 481-499. [Link]

Hayati, S., Gholami, Y., Esmaeili, A., & Razavinejhad, M. (2017). [Pre-
dicting the location of a possible earthquake in Khorasan Razavi
Province by Using Artificial Neural Network (Persian)]. Journal of
Geography and Environmental Hazards, 5(4), 1-19. [DOI:10.22067/
geo.v5i4.47594]

Heidarimozaffar, M., & TajBakhshian, M. (2022). [Zoning the vul-
nerability of Nahavand Settlements to Earthquakes (Persian)].
Journal of Natural Environmental Hazards, 11(34), 57-78. [Link]

Khairi, A., Balafar, M., & Zamani, B. (2017). [Prediction of Tabriz
fault earthquake using polynomial regression (Persian)]. Scientific
Research Quarterly of Crisis Management, 10, 77-81. [Link]

Kazemi, M., Mahood, M., & Zafarani, H. (2021). [Magnitude and
epicentral distance estimation from a single seismic record in the
Alborz Region (Persian)]. Bulletin of Earthquake Science and Engi-
neering, 8(2), 1-7. [DOI:10.48303 / bese.2021.244102]

Khodadadijid, Sh., & Porzinli, S. (2022). [Seismic zoning of Ardabil
city using deterministic risk analysis and fuzzy system(Persian)].
Modares Civil Engineering Journal, 22(2), 57-74. [Link]

Pirizadeh, M., & Pirizadeh, M (2021). [Artificial intelligence appli-
cations in analyzing seismological data (Case study: Precursors
data) (Persian)]. Disaster Prevention and Management Knowledge,
11(3), 299-309. [Link]

' Disaster Prevention and
‘ Management Knowledge

Soltanpour, H., Zaré, M., Moghimi, E., & Jafarbiglo, M. (2019).[Earth-
quake risk assessment in northwestern Tehran using Analytical
Hierarchy process (AHP), case study: 22nd District (Persian)].
Disaster Prevention and Management Knowledge, 8(4), 373-386.
[Link]

Al Banna, H., Abu Taher, K., Shamim Kaiser, M., Mufti, M., Saz-
zadur, R, & Sanwar, H., et al. (2020). Application of artificial in-
telligence in predicting earthquakes: State-of-the-art and future
challenges. IEEE Access, 8, 192880 - 192923. [DOI:10.1109/ AC-
CESS.2020.3029859]

Almaghrabi, M., & Chetty, G. (2020). Improving sentiment analy-
sis in Arabic and English languages by using Multi-Layer Perceptron
Model (MLP). Paper presented at: 2020 IEEE 7th International
Conference on Data Science and Advanced Analytics (DSAA),
Sydney, NSW, Australia, 06-09 October 2020. [DOIL10.1109/
DSAA49011.2020.00095]

Apriani, M., Wijaya, S. K., & Daryono. (2021). Earthquake magnitude
estimation based on machine learning: Application to earthquake early
warning system. Paper presented at: Journal of Physics: Confer-
ence Series, Volume 1951, International Symposium on Physics
and Applications(ISPA 2020), Surabaya, Indonesia, 17-18 Decem-
ber 2020. [DOI:10.1088/1742-6596/1951/1/012057]

Bhatia, M., Ahangar, T. A., & Manocha, A. (2023). Artificial intelli-
gence based real-time earthquake prediction. Engineering Appli-
cations of Artificial Intelligence, 120, 105856. [DOI:10.1016/j.engap-
pai.2023.105856]

Feng, B, & Fox, G. C (2020). Spatiotemporal pattern mining for
nowecasting extreme earthquakes in Southern California. arXiv,
2012.14336. [DOI:10.48550/ arXiv.2012.14336]

Galkina, A., &Grafeeva, N. (2019). Machine learning methods for earth-
quake prediction: A survey. Paper presented at: The Fourth Confer-
ence on Software Engineering and Information Management,
Saint Petersburg, Russia, April 2019. [Link]

Hagan, M. T., Demuth, H. B., Beale, M. H., & Jestis, O. D (2014). Neu-
ral Network Design. Retrieved from: [Link]

Lee, S, Ryu, J. H,, Lee, M. ]., & Won, J. S. (2006). The application of ar-
tificial neural networks to landslide susceptibility mapping at Jan-
ghung, Korea. Mathematical Geology, 38(2), 199220. [DOI:10.1007/
s11004-005-9012-x]

Menhaj, M. (2009). [Fundamentals of neural networks (Persian)]. Teh-
ran: Amirkabir University of Technology.

Mousavi, M., & Broza, G. (2023). Machine learning in earthquake
seismology. Annual Review of Earth and Planetary Sciences, 51(1),
105-129. [Link]

Ramdhani, Y., Mustofa, H., Topiq, S., Alamsyah, D. P., Setiawan,
S., & Susanti, L. (2022). Sentiment analysis Twitter based lexicon and
multilayer perceptron Algorithm. Paper presented at: 10th Interna-
tional Conference on Cyber and IT Service Management (CITSM),
Yogyakarta, Indonesia, 20-21 September 2022. [DOI:10.1109/ CIT-
SM56380.2022.9936029]

Saad, O., Chen, Y., Savvaidis, A., Fomel, S, Jiang, X., & Huang,
D., et al. (2023). Earthquake forecasting using big data and ar-
tificial intelligence: A 30-week real time case study in China.
Bulletin of the Seismological Society of America, 113(6), 2461-2478.
[DOI:10.1785/0120230031]

Sayarpour, M. (1999). [Landslide risk potential zoning in the south of

Khalkhal, Ardabil province (Persian)] [MA thesis]. Tehran: Uni-
versity of Tehran. [Link]

Esfandiari Darabad., et al. (2024). Predicting Earthquake Magnitude in Khalkhal Using Neural Networks. DMKP. 14(2), 158-177.



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1
https://mcej.modares.ac.ir/article-16-6306-en.html
https://doi.org/10.48303/bese.2022.553375.1075
https://cdnsciencepub.com/doi/abs/10.1139/e81-019
https://dpmk.ir/article-1-338-fa.html
https://doi.org/10.22111/jneh.2014.2466
https://www.geomorphologyjournal.ir/article_77928.html?lang=fa
https://marine-eng.ir/article-1-734-fa.html
https://dpmk.ir/browse.php?a_code=A-10-701-1&sid=1&slc_lang=fa
https://doi.org/10.22067/geo.v5i4.47594
https://jneh.usb.ac.ir/article_7100.html
https://www.joem.ir/article_25284_3bad30cdf8418be786e9c0e5ef489c11.pdf
https://doi.org/10.48303/bese.2021.244102
https://mcej.modares.ac.ir/article-16-52304-fa.html
https://dpmk.ir/article-1-430-fa.html
http://dpmk.ir/article-1-224-fa.html
https://doi.org/10.1109/ACCESS.2020.3029859
https://doi.org/10.1109/ACCESS.2020.3029859
https://doi.org/10.1109/DSAA49011.2020.00095
https://doi.org/10.1109/DSAA49011.2020.00095
https://doi.org/10.1088/1742-6596/1951/1/012057
https://doi.org/10.1016/j.engappai.2023.105856
https://doi.org/10.1016/j.engappai.2023.105856
https://doi.org/10.48550/arXiv.2012.14336
https://www.researchgate.net/publication/333774922_Machine_Learning_Methods_for_Earthquake_Prediction_a_Survey
https://hagan.okstate.edu/NNDesign.pdf
https://doi.org/10.1007/s11004-005-9012-x
https://doi.org/10.1007/s11004-005-9012-x
https://www.researchgate.net/publication/365630136_Machine_Learning_in_Earthquake_Seismology
https://doi.org/10.1109/CITSM56380.2022.9936029
https://doi.org/10.1109/CITSM56380.2022.9936029
https://doi.org/10.1785/0120230031
https://ganj.irandoc.ac.ir/#/articles/5a0564a0c17476aac9e836a04229f6fc

Management Knowledge

T S oz

Vahabzde, M. (2023). [Risk zoning of skirts on Khalkhal road to
Shahroud using artificial neural network system (Persian)] [MA
thesis]. Ardabil: University of Mohaghegh Ardabili.

Yan, J., Zeng, S,, Tian, B., Cao, Y., Yang, W., & Zhu, F. (2023). Rela-
tionship between highway geometric characteristics and accident
risk: A Multilayer Perceptron Model (MLP) Approach. Sustain-
ability, 15(3), 1893. [DOI:10.3390/su15031893]

Yazarloo, R., & Beey, A. (2023). [Prediction of induced earthquakes caused
by dam construction by artificial neural network (Persian). Paper pre-
sented at: The First National Conference on New Technologies
in Energy Consumption and sustainable Urban Planning in Civil
Engineering and Architacture, Golestan, Iran, 10 May 2023. [Link]

Esfandiari Darabad., et al. (2024). Predicting Earthquake Magnitude in Khalkhal Using Neural Networks. DMKP, 14(2), 158-177. 176



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1
https://doi.org/10.3390/su15031893
https://civilica.com/doc/1670883/

This Page Intentionally Left Blank



