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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.

Citation: Esmaely, R.; Kimiaeifar, R.; Hajian, A.; Soleimani, Kh.; Hodhodi, M. (2024), Investigating the Effect of Data
Augmentation on the Intelligentization of Environmental Hazard Studies - Case Study: Real-Time Calculation of Earthquake
Magnitudes in Early Warning Systems, Journal of Geography and Environmental Studies, 13 (52), 6-17.
Doi: 10.71740/ges.2024.1130183

Copyrights:

Copyright for this article is retained by the author (s), with publication rights granded to Journal of
Geography and Environmental Studies. This is an open — acsses article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which
permits unrestricted use, distribution and reproduction in any medium, provided the original work
is properly cited. Publisher: Islamic Azad University of Najafabad



https://doi.org/10.71740/ges.2024.1130183
http://creativecommons.org/licenses/by/4.0
https://sanad.iau.ir/journal/ges
https://portal.issn.org/resource/ISSN/2717-0896
https://doi.org/10.71740/ges.2024.1130183

P o VY Ol /93 5 olomiy 05lad / 023 o o] Jases Slallan 5 Lol o anlihod

Doi: 10.71740/ges.2024.1130183

- e O blre Oldllas (Silw Nnligh 30 213810818 W56 owy g
Y5 & gw ol Slgatumw 9 b‘)}g gT dwlxo 1650 )90 axfliae

ERY-YYS 50 "@l%l.u 9 gu> dok>l> o e c*‘}@“w dz9y Jégkwl Olge )
Ol T Cmms ¢ ol 13T o8 e3LT Uit ol ¢ 5 pmpolS vckign 0dKiils S5 53 09 8.

Ot LT Cams ¢ oDl 13T o8t 3L T Uiz ol ¢ 5 5apalS wvkign 0dSKiils ¢ ol 035 .Y

bt Shlus (Gl oMo ooty pl sy g sl 4 (5 ks ol o (612 oot sla SHlr S ela J e alear I ks Sl bl
SRR NN SR JB e 5 S ob 4 e e ol | pdm Sl 4 5 bl Jbis & 515 ey JB ol
Sz sliws 5 S iy 3 8 513 0l e OY e 5 OIS ol 5187 ) s 53 Sl Jblinn ol atgy o ke 5 2501 47 o
Lo dm)jl:.w;wa,gy..\.a;u:.a\fl)tjéw'\G&UJUTJAAK);,@Q\):\;M\MI;w}asuﬂ)ﬂ\ww;ﬁs\
Gl el )y dsslons b 15 o0 5 0kl = Jlae SLudl DL LewwT L2l 55 e g)lpl Olse 4 a5 Azud o)) e o s
& aom g L dins 51,3 OY g Ll 53 1 5L 350 oDl 03,57 53l sl g5 51 ke Comar a4 ) (o055 51k 05 ) e o le
1 Wl BB g gme Ll 5 Ll g & A3l o (IS 55 58T (slaosls 3 g 0k S sl Lgusr.u_)jiﬂjl oalizul _wlul 8,1 51 S oS
SEL s 53 555 90 g gad Sl 457 65 ) s Oolalllas 4 b gy e (slaesls dSle (63,190 53 a7 Sl Jl s ol das iy
Pl 5 ST ose w05} a8 55 amloa 53 glBlesls 6 (i oal 3 kg e ealizal gl Blesls (slaeSSS (ol
033 e a1 e glaesls (655 p 48§ oy s gla low el oSl 45 S5y 350 e Ky i (slaesls

sl 0 M)JVVJ\MQc.U;JE@@:M 3 S 35 o o g Blosts Sl eslinl 8 ol 0 031> QLS win g £ 5
.@_\j-;\nmw)‘.x;ﬂ,ﬁs%coj)wjéﬂjtmwcoj)@ﬂjdlf,ﬁ (Sl Liaads oo 1 Sls” DOolols”
\?'V/'i/'OZJLﬂ)| GJ\;

VEY/ VA 16 K55k fa s

r-Kimiaefar@iaun.ac.ir.of 1 bl i Sl 3137 o8l (3l T e doml 53yl onokige adS2313 5 58 03 3 ¢ 3 boS Al 55 2 o ki 95

o @ Flo sl g
e Dbl Sl (5l diedgr 53 gl Blesls S gy V) e cgladn €5 st ¢ laddes 15 e Ol ot 55 ¢ g beST 40155 ¢ holad
Doi: 10.71740/ges.2024.1130183 £~V «(dY) V¥ ¢ Jases Colalllas 5 Ll i aslilluas (a5 (e e Slgatis 5> B 5 ST amlous 1535 g0 alllas

Copyrights:

Copyright for this article is retained by the author (s), with publication rights granded to Journal of
Geography and Environmental Studies. This is an open — acsses article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits
unrestricted use, distribution and reproduction in any medium, provided the original work is properly
cited. Publisher: Islamic Azad University of Najafabad



https://doi.org/10.71740/ges.2024.1130183
https://doi.org/10.71740/ges.2024.1130183
http://creativecommons.org/licenses/by/4.0

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

o

4o i
Obr L & o by ol gy on sled 4 (6 % pal s s r sla Al S ool san dad 5 dher I anb O bl
Sl ar g b ol jsba bbb s a 6l s b6 sl 5 @oladl Ol SL S o Ldg | Lol
oy nl b (g 0bss dng u e 5 (a3l 4 ol Y lias a1 Gt BB 5 SWSL b 4 Ol 4 Lad
DUl o T 28187 53 50 (6ol Olsie & 15 o Slbin (Sla gt i 2l 33,8 S5 s 53 b
Sl s S (5 K 5 sl F5 (slaosls 31 oslizal b gt ol (Y YF 0L 5 Olar) Lipd gn = e L]
P 33 Ghle DS Lo 4 [y 5 OBl 5 0587 luls 1y 0315 ¢ 585 o5 5sb 4 A3l 5 oo ckindi g 5 Slolos
5 Goledde 53 ods osliwl glaesls CueS 5 LS @ atwls QM@LAW gl @bl dl s Jae s
e e s & by e Sladllas 3 ol5dlesls Sjs b copl gl (Y YY O 5 SLbLL) ol LOT oo i
el gy p s cdllin opl 55 Sl ok oS wut;y&gcqu\oaﬁavaku,a; il shate 4
s ] (om0 55 (g Blesls (ST 5B 5 )5 e 5lAEs (Slaptnn Conal (b S bloue (il
Sl e o als

SUs o Sl oslizal Lo opl SladnT 3 5 ool Jaomn s 5 Sl ot Sy ke )3 (ST A1 565 (acb Sl bl 101,
Sl SISl 4y 4 5 b (B o Sy o a4 Slolons 40§ 53 ¢ 520 SESEST 355 i p sl (slaast by 2n
wils |y ooy sla S Slolis 5555 slaosls oo Ul ¢ o smmn Lisn 5 odle 6,83k ladia o 4 clin g
5055 Y LS 5 ) Llesls DL 1y 355 B Ol oo LB Slolid 5 s s e C55 50 53 6550 b 4 s
a5l 55 Sl o) opl 535S e (lgdsy Sl eslizul ¢ anb Oy g 4 (Y YY OLIKen 5 Gens (Y TN OLKs
il so 51 G Olgie 4 48 ol ol 5hlosls ¢SS pdle (6,8 3L 0 g dial g 5 ) 0b 5 ST I K Sl 0l
duﬁ,)ﬁldju%,d:;ﬂd\ﬂ%spjgxsdunuw‘uq_?,g,unuﬁﬁduwyﬁﬁwu
5033 il e Gl ol Sl esbizal (Y YF 0L 5 helewl ;Y18 0L 5 ¢Kin) a8 o ¢SS et o
XY LS 5 LE Y 0L 5 ) debsls sla ulow o5 5 3 4 U155 o 5 0dd ladule Olialsl S LB
) elol il s Ol gie 4 ol 3losl> 5 Guas (6,5 3 AL o)) ) e SIES R s s (DliioS oy )
gﬁ,;&tpmu);u,auaf,ﬁ,;&,ma,y@o;)O:A;G,w,\mwﬁ;g;mgum,‘sxfgg
Sldllas 53 (gl blosls ST Sl aslinal 51 g lad sal candie aalsl 53 ol 0d ply (o) 2 3,50 o, S5l s s Shes
afc),yc)uﬁuﬂ‘éﬁuﬁamogu;ﬁlgun\;)dzbgﬂj\mjauél,w,ﬁ;u,.@:,bc)\,bum;?
.,ulouuus.u,_@?é@&u;,,u;)@u,omamcjskwQ,}_pa,.

b claesls g 9o slad sad b Waosls jleslannl L aS™ 5 45 oo 3O &\Aég:lis 4 gazes 4 gldlosls ( IS )50 4
Skt 4 g s il 308 o san g s bl (6,50k oiem 3 bges LSS ol gk M5 o
Lghéi:.&?db:m@bb&.a Sladlles o) g 53 9 Li\}é\a:l:&:&?jl oslazul 3l 90 gl 5o A8 eSS e L;Ji';\%r‘:"*;
23050 3¢5 sd i 0153 ( SUAS (ol o Ll 035 5l (Sla sad 53 Dl i sl ain 53 kg 03linal 5 ) 50

Dl 31 53,150 el 53 ol Bl Sl B 35 05 sl 5 5okt SSGESS 558 g b 3 4 Ul ol 3. L

1. Data Augmentation



P o VY Ol /93 5 olomiy 05lad / 023 o o] Jases Slallan 5 Lol o anlihod

Sy s L3 S eslizal o530 esls SLSUST I Lol Soyso 4 45 anb Sl blbee il ate 5o asl Hlasl ded )
Llods 55,0 Il

S oslizal b (g5 g 55T (sl oSNy 57 inls OLES (Y410) 0K 5 '3 5 S slassw 5T il o5 o
b Dl sty 0 53 53 (T Y1) 0L 5 0855 S o i iy 333 1 S5 5T st Camds 035381 (slaesls
e 15 o (2l Blels 3l a3linal 487 Lisls O 5 0313 plonil malr Gaions (o1 3ol 5 Gras 6 S 3L eSS 5l aslinal
G35 ol 059380 (glaosls 31 oslazal b &S sls olas Ol Gaaso 6\:5 D el Uag)k:w = Jde Cés 4> g J;'B 3 4
eSS 5t gy a (1Y) 0L 5 55 (Kos G &S5 sl 4l 21531 Aoy 10 Ol s 4 gt
(ol Plosls eSS 5 Calises lacgsluacs Sl eslizal b a5 Wsls Olas 5 axtls p 45 Slbs S5, 53 gljblesls
el a5 5 DG S e s S8 ot 4 03B S 5,5 skl e Ol e
d;\jb;‘@__,»u,iguuu:.igg?,“@uméuuuw;,yusj@g\pm\;p@)g&\;c)@w,;%Jfl
Llos g 5 jaze glolgale slar jleslizal (655 » 1 )5 odas ¢35 ols gy p Sliddio 53 5 dBl o 3 gdone iliddioes
Mt 55 oS 0ks (55515 5 slas il dg, Lo T sladlad Laseis ) hte 4 45 glandlas ;5 (VF+Y) b ol
5T Sk gad Ll g1 03,8 s il ol (gl and Lol 5 55 ¢ Jome Olas I s slai 4 1) Wilokds (5557 maz 55,
G ) 53 Lol 43 8 D) gt oo W ge oS S S onlizal Ly oS e AT 3 S e oSS 5 g0 T (61 (5 50
Sl copimman didu o 5 ) BT dad lolis 5 Shes a5 BB Sojgo 4 0T 3 opl S Sl 0l (6,5 s
oo buie Wgo nme b G 5 Sl 5T ln 5 350 (B30T Glakisas 35S L ads ) glite 4 (VFHY)
b 8 aom i 03,5 o3l 453 oly I Sroviw glaailele Lo g5 odd 5,573 ,5 ib i slas sladige o33l 0sls
AL FLE g e Sledgy s Cad 0l S g,y ST ol

Jﬁ:\{ﬁdﬁ&\}é‘ab‘.}j‘ a:LLLﬂ\AfC,.&b)LE;J\ o\}:u.a uﬁy“m;&,o@a,mm wl.w\jjglfa)}.p:g
j&&‘?‘bb‘bdj‘hd@j‘&udﬂc\ ‘_}iijs.:}.i:\’bl:\' )\.\.S.aaea.,\iﬁf:li i @:Maﬂw
5 8555) ol 0k 03551 U 30 arl 33 OT (Sl gimn 03 5mn s lalis 5 shaie & Syl s o) (Sloslsale s gl &5 (53,
KA DRI FIEONY

osls s 31 81 luwo ¢ 1391 0010

el (6 8 3l 05 8313 s W) 35 5 baosls 015 pute K s ad ¢n e Sl s 5153l gl 3,18 53
Sl 5 ol jdlesls r‘i)}g‘ &S Cal s ()l Lsd o gluaiws 5 sel Slesls slad js og w93 a dS ol
Slaesls 3151 gl ol58lesls jlaslanal &8 Ui osls Ol (Y~T\°)Q\)l§.~a;‘5)5l{|é:}>5).s Seh b L;.i,)'}aT rosls
et S o 5 (6 St g 1y 0S5k 025 S s Waesls 15 poe alin ¢ i 63 Jlaz 4 (o35 5T
05,8 3344 555nT slaosls Ligmean L1y o S5k Jie slaesls Ol e 45 isls Ol (Y+YF) O, 5 Leleul
5o il 53 .l el (6 3 Sas T (055 » a5 pend 5 25501 8 3500 (ple3ls 4 ol (s g 0kl (Gl 5

sl ol 0313 a5 wlie AW L ol blesls

1. Fernandes
2. Fusion



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

(Bl 0dds 1So s s goas (0 ¢ ol g @ 3 gos K s Calien (ola 2l Jlasl CIB 53 (63555 2 goas S5 Sl ok o jalests y glas 51 obassei :(V) IS

.(Y'Y' cf)b&»ﬁ}&j)d@éh‘)})boﬂaxuﬁﬁ}d(eUd edbyaﬁu&ﬂj_}«dj(c

15 4 555 ga Lol oS oy Sladibe 13 Saod Sy 55 5 nn pske b s e Sl 3 (3505 slaesls g5
b oS 35 il g L0555 4 1 48 0T I 4y 5 il ¢ gime 0l ;8 oS 0 (63555 (G55 p0T (slresls
Jalazal (glaosls ¢ 2ol 35U 4 ped bl s 31y Wi gas 31 om0 355 S a3 ¢ 2 5, Shae b, S 0b 5705
b3 Shes 35 55 orw 3 43108 SUS 13l sl g, Ol g @ |y LOT o) eyl géuag\ag@\fﬁwéu&; EECIS
Do yls S e e ke )3 e 5 b Gl 53 e 1 5 SN AT e sl (slaesls oy S S e

) pa e Sl 4l b sdiuad 5 ol e amy Lipd o (svadi 0 SN 3 S S Ol e 4 osls STl o5
EqUal-) o j1ales (ssas s e slagsity ad 5 48 ol 4 il oo il SuS b8 e slaad ot olie sl o7 ol
(YoYY) 0L 5 o Lo g ol 6yl S,y Gln oo S5 U 5 Guos ol 53 358 o Gl (Sizes Clustering
B pdy o D) e

g 03031 5 (ami slasl (B saT a4 Laad s ples S OLSS Doy 0 ol (suad s slaesls 13l eps pul8
c@j;ﬁého:bdl;&n\gd&:w&)y@w}sﬁshdﬂslu\sjﬂxp)sh 3Y Vel s s Olge as pdy o
Lk s L 53 0T 5 i luel

St goi (S a sl 5 B8 Sy (S s p slialy po ) (Sas b ol blie (55T (slaesls I cp gy
b ot slass pos e 3550 5 (S 505 OT sliwly 53 555 de 6K Hlime 51 Bl ol b conlite S i Jlael L ik
D3 T Coda e oS Jl ps s W5 (S5 a bty 5o (K5 a4 Ghate Sk sad JS slne 31l 1o ys
e gr (B et

(e ko) 0585 (GLaesls b6 s 4l 55 50T 5 e (6)lonn b a0 (G5 50T (sloosls O ok 4 o 5 Ll o3

wle Lol (sla a5l Sudoen 0y guals] o 53 g ooy OLL & 0T 5 03 S 51U 55 5590 dom 4 Oy o) 0 53 2355 o0

1. Decile
2. Target



P o VY Ol /93 5 olomiy 05lad / 023 o o] Jases Slallan 5 Lol o anlihod

3,5 Al iy aalsl s Shae 5 ogllan s 4 Oy 5T 5 il oo 55 50T 3dme €0 5 0 a5 lne o1 il OLs
e 39351 0ol S50 I S5 5 plad oo (s oS OLSS b g5 53 g s U3 55 b il (gl g (5
oliS p s ¥ Jg.i).so.\.é4$|)|u'z))Q)\g-}lé.vufbd@j;jiﬁjmtgbb)adxg&sd)bTleﬁswﬁ
sl oS

lehgy 9 bodls

503 s K S (5585 05 ) aKh G a5 ods CE ISV 4 b e Basg al ol slaesls s perms
S5 Ges 5l LY 65505k 4548 03 3de Y FOAL 5 S glasli s, b bl (glas, 587, sluw (0¥ i) cl
SL (omomatt el 0dd 03, 5T V gk 53 ol 0313 48 gazes (5leT SleDMb| Ll 3L ijc}ﬂ;w‘}‘éfﬁj.l:{?/\* G
u,z\f)ufg;gﬁtwaufwths}:%ﬂ.@\a,\.:u)ﬂ}gvJﬁ.z)“y\dujbdu,aﬁmmcbuu
Wosls CH}.:: = Lyl 15 T u;fvl._.A)\ S50 S ol 55 daesls S5 roF warg L aS Sl glaeslsy o
Sz 3 T (6 s Do)y 4 5l S 0 55 )3 el 31 S AL ST BT o ol el s
£ 10 (Ll 15 e kS VAL I i Ges o sl g 5 (STl sl L &S das e OLE ¥ S s 3 pdh Oy se
Olsis s Y001 (0855 5 68 ol sl 5, Ol e 4 e 40 55 50T 3 Waslily 5 ol ozt e 30 51 ol slae
ST mls & o 5 L gia o5 )3 LS 23108 HUST e kST VAL I i Gee L asly g, baosls 5 YL 55 s oo
3 e $8 55 4 gl 55 e Dli 3T (gla eyl 50,85k dubo 0 b o (s ol ol (alsB o S iy oS 4
o dlown (last Ol oo cad gl Slagle3T 3 Lasly g, ol (61 & ol o5 0 p3Y LS wild8 LS (Wlazils Al s O

.:}&d;ﬁ)séwowwd\ﬁM?Ed\gjﬁ.\.iazbcfjjcj\:bbég;_j\;\“g&::iﬂ.fow)lf‘_gu

. L2 -
Mok At
P b A—{
Wl
G s g | A b3y el |
3 el e Mo g x|

_’lei .La‘-’.ai.::_‘,‘;‘v =1 5

} , ‘ B

i Gl g adls e = sl
u%-‘.h." gl s o ‘,-e-‘ )..:-.,»‘ |
TR vlb,b.,«&n.,p-

(213 S il u}.. v ez o)
Aol g [—alt s Rk — Tl U s e
Ay A S J
T Vl u’
p " — -
[ i ad e s [ » 7 B
f ~ | M }

A adls e g e

5, Sas (gl p e ol 0305 g okl &1 2 sy oyl 4hs 1(Y) s

1. https://www.kyoshin.bosai.go.jp



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

ol Glrosls a8 gazes (55T Lo 5 1(1) Jsd

P . ) -
" Wi Job TP g (ke e SL digiy . e
Sl . : ] SP Gos . 037 Lwl sl
9 ¥ 09 SV by R}
Sluss
R 103589 103589 103589 103589 103589 103589
[~
Sk 38.00 62.84 476.13 49.80 52.73 4.86
31 Bl
- 2.84 22.23 228.03 68.49 3344.95 0.97
Pl
Lns” 31.09 25.00 111.11 0.00 0.00 3.00
Llid 45.49 100.00 2100.00 682.00 1633075.00 9.00

(a) (b)

2855 € 555 Gar o Ols iy (B S5 Gos o 16,5 @ ol slaosls 61, PGA 5185 ae (S5 ablize (il () S

.C,:j;ﬁJ}:Maéw‘dh:\u\i});f})@.}d(d} u\;’.&%w



P o VY Ol /93 5 olomiy 05lad / 023 o o] Jases Slallan 5 Lol o anlihod

Loz Ikl 35 55 5 055 adkaie Glaojlu >lb 3 ole )l &K &S e Old iy pslie Gl Sulg 5o
3 55 palie sy ST (ales 5 0dts 4B 8 i )3 Lol s gdome 0355 gr @lg ealizel 355m 5 Sle 5 Sl
Ll 0ls &Sl ¢ Gao

Ol ko 3T

b 8 55305} en S8 55 amlonn 0 e 85 s gl T e blad VA LT (155 (S oleme b Goes (6,5 5L S8 K
(e el (Gloosls 46 sazms 3 S dslons (61 "0t Olse Jelsl 5 5 0kd Y aled 55 RelU (g5l mb s
S35 2 O3y oot 53 3 Shas oy Blaie 5 odkd 43 S 5 53 &SSO o el P gLyl slas s osliz
.Mél}c:u:.w\:)}»a.uud;oj;dmdj%olj&@@w)\?:p\duub

Cadge 53 el sl e W0 03 (i g S ot LBl Dlatis S sy Sjle ok S5k s (slaas)s
Sler230s 4k e 2 AT o BB 5 s e dalaie B4 ga 53 12 POA pslie Solg 3 5 oS!
PGA slie Lo b oyl 3 s juice adls 53 33l ol oaws 5 Slecksss &K 51 oslisal UM 3 o8l 2 (51
S8 55 olie (5l shaie 45 S e (Glag s b o5Ll 353 iy amilinr il o K5 510y 2 3 sl 55 50 (61
03 Golers (o g 55 .l ol os)jh\'o.,\.i,a;u.uléﬁpéﬁf:li@&)w QWFJ.{.Z)J.UUMML&;MJJ'J}
(nns o 4 8055 Y (oalis Ko Dl i 4 POA ol Ol a4 5 LS Sl s g 0 p Y b a3 5
S s 35 go Sl BB 516 Ab 35 5 05705000 5 Sl (Solons  ASTE L 5 Grae Jlo (5 5lans
(Y OIS 5 Ol ) 555 aulS Wlodds A6 Laosls 43 3 5 Ol s 4 bl s

(e 9 0 4 o a}l&\ﬁ&f@@ho;l;@fcmb\): (8 Lo )3 0l 030> TP s sl S5l G aargl
(o s 4 8 L5 g5 ad g a ldoyn Ve g Ve slie 5 5w e0se T s o lael (BT (glaesls s (gl
(o) losls 5 6 5le Vb 5 dsle S5 Sllas 6,8 8Osy S e slaosls codd €] gy 3 Shos dulin S yg 0o 4 4 55 L
0357 0315 (595 1 0dd (5,5 059 4K ekl o (B30T AT 3 pladl oy 5 0 o3liel 0d S5 Ja 2554 T (51
p3lie 5 ABly polie o OS] 5 gd e sdalive dssilr ol ol 031y Jiales O JSKa 53 OT aoeits 457 A 03557 Coids

el iy Lo 855 doly oSG b ok Joke

1. Peak Ground Acceleration, PGA
2. Sequential

3. Fully Connected

4. Loss

5. Epoch

6. Auto Encoder



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

Wl ot 4 8y 5055 55 slgde (6 olenn 1457 Gaiwd 53 0kd e3litl Goas S0 (5 slame () ST

.4_;“&Uému‘.;,_,,inJw\o,ugajgo,.jétf)ﬁwwdlﬂw%;;,ﬁ@M@,;,dét,ﬂ;woﬂf):(a)p

Gl gllosls T3 5 odd (siy oo B lacSTas & (S5s o huly )3 5500l (slaesls calo o nl )
S 53 33 slona 3 31wl Ol e 63 a3l 4 g0 o (sl gt (i ki3 8 plomil ¢y e 53 0l 0313 Sl 5
L;\ﬁcubia)u\c\fﬁﬁwjdygb“ ESas a y3 ol Mg LgUMG}A}J‘M.M@;#)b%&éuﬁﬂ@jéb{
LS s iy Solame b (a4 5 g0T 1 g kb 43 8 3 )3 i O 0dd (318 855 olin ot pslie
OT O 85 s F S8 53 65 A acalos 03037 Slaosls 535 2 OT o e A el TS S
il (s oo Wosls (g 5ldie 5 (gleo 13 ¥V 5 5 1 OLES 0l O] 05051 35 G rg 5 (oS ooy p oSl 0l 03 55T
4 25T T 5 53 SIS0 oK 035 o s & ol e w5V Sl 0350 655 oty 2 8T st Ol ey STl

.gwmﬁuup,“ma\,\u:,)gﬂuwjﬂwuﬁvw%u



P o VY Ol /93 5 olomiy 05lad / 023 o o] Jases Slallan 5 Lol o anlihod

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 4o
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
s p g SWlas 350 ¢S Olsie 4 cdilosls O o blius o] g5 3 B Dl el ys s 2 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 & 5 3 a5 i o) S fadss Ll 5 oo ot S5 3o 40 653 Ol oo 48 303 Smnl g 0T S g
BN paans g s 5 alone o g e (sl T 355 ST @51 030 e (Ssal i Ghle 53 Jlo s Sl UL
@205 Ol jee 4 sl g (0550 0L pogdle (Els cpl 5l eslatul ( gads Oy o 4 5 5 85 o0 el K o5 aSs )50,
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,
3333 Gooe S5 b b s dlie 44 5 LS ) Bl o o)1 BB (el S5 Ol e 4y gl Blesls Sl eslizal

el T Sy ol @Uél R Lg\.d:o.ﬁ\.ﬁ 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 o VY Ol /93 5 olomiy 05lad / 023 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.



