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Abstract. In this article we present forecasts of the spread of COVID-19 virus, obtained by econometric and machine
learning methods. Furthermore, by employing modelling method, we estimate effectiveness of preventive measures
implemented by the government. Each of the models discussed in this article is modelling different characteristics of the
COVID-19 epidemic’s trajectory: peak and end date, number of daily infections over different forecasting horizons, total
number of infection cases. All these provide quite clear picture to the interested reader of the future threats posed by
COVID-19.

In terms of existing models and data, our research indicates that phenomenological models do well in forecasting the
trend, duration and total infections of the COVID- 19 epidemic, but make serious mistakes in forecasting the number of
daily infections. Machine learning models, deliver more accurate short —term forecast of daily infections, but due to data
limitations, they struggle to make long-term forecasts. Compartmental models are the best choice for modelling the measures
implemented by the government for preventing the spread of COVID-19 and determining optimal level of restrictions. These
models show that until achieving herd immunity (i.e. without any epidemiological or government implemented measures),
approximate number of people infected with COVID-19 would be 3 million, but due to preventive measures, expected total
number of infections has reduced to several thousand (1555-3189) people. This unequivocally indicates the effectiveness of
the preventive measures.
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dbogmomb abhmdosdn 0dg00mop dmndmggds dobpg-
doob 36939096¢980. bedhgbobmE, ®EEsdgghmg bamzmbalb
bodmgopmgdsl Homoe bgps o3 3dndy H30bdmab Boge.
3067b0, Gmdgmoi msgesdabgmep 2019 fmoab ©g393396-30
Bobgodo fobdmadgs, domgsg gobios ,3dm3monhn” J399-
bob bodwghgdb o dmgm dbmgmomdo 3gmdsgzen bobde-
00 go3hEgmEs. dgmdobgmdsl shommgdos  30bmbob
bofobosmdpggem 3hgdsbodol sbebbgdmds s dabo gowagg-
dob bodob(hogg. osgemgdasb godmfgggmoa Basba mobsdabo
bodzopénm sabsbs s@adnobms 2063bmgmmdsls ©s g3mbe-
obogmo

dogodg.  30bgdned  gmmomnBognal  bémmosw

©d 30bhdsbhmmoe dmpgmo dgdmggmegeds gbon  dadbals
063303 0070 3096m0sbgdnmo s godazabop 3303600
0dmmobgdgmo bobgmdhogmgonbs s badmgsomgdalb boboo.
39hgbs  boghmadmbabe dodmbgme, dgodomos godtamds,
bodmgomgodogn  (H0sbbdmbhne  babggdmmds, bogebde-
boomgdmm @afgbgdymgdgdal bogdosbmds s bbg., Gedsg
3339000@ godobs 1dndgghmds s dbndgbgmmgaba Bnobo
dooggbo 93mbmdogob. dg36aghgdal bbgowabbgs obga odpo-
6o hogbom ,mhobobo ool Hobserdwgg dédmmado.
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3om3gmo badmaghmdm o7 3mdgbiommoe mbgebodo-
30900bomg0l oo 360836gmmds Bgndabs 3sbgdnnl gogésg-
g3l 3bmgbmBdahgded, Gmdgmoay dgadmgds bogmdggmo
3obgl 9.5, ©odé1bgdal g9adab (roll back plan) dgwggbobe
©d bobgmdhogml dogh  gobbebmbngmgdnmoe  zamzgmo
0mbabdngdgdal g@gdhgdel Bgggebgdabs, obggg B9domo-
3900l bobggdmabs ©d @sbszatggdal m3(ndadainobomgals.
©00300900b  dmbagmmpbgmon  dobdedal  3mebs  360dgbg-
mm30b0s bodgonEnbm 930300 g3abs s dgonz039b60g00b docre-
30l 3mdab gobbedrgbabomgal, bogobmgsal dgdmbgggeda 30
obagmo badgeagnbm  ofgbgdnmgdgdal 3dgbgdmmonbamgals
(bmgmbg gb habgeda gobbmbEngms). d9303900b dmoa-
Bo3ob smpgbbogomma bizgbatgdal dmgmabgos badnowmg-
3ol 0dmgge  9bmdsbgol  Bgmobgh  obozebzgon o
dobegb dg3059008 Bmdalb bhmbep gobbedmahe. bazombal
ddthmenhmdedy dghyzgmgdl ob godhog, G®3 swbadbym
0930b00b 3933069000, Jmbagdms sbomnBabs s 3émgbm-
Bathgdabomgal gobzmmgbom 398-g396wdy, ,kaggle.com”-3g,
dg043bs  obogbmn  30bzabba. bsphabhnznbda dbmghedal,
R-ab, 3736035 L3gnommbom 3mbmbogabdrbobomgal gobogo-
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MIMENS, 830MOMDLMB05 ©S LOLOIFIGMN 3B ML)

006 Godpgbndg  3o3ghn  (Vaidyanathan, 2020) zm-
Gmbogadrgbols 3bmabmBabgdely Ibogomo badbmda dngdwmgbo
www.medrxiv.org-3g, @mdgmms bofamoal @ababgmgdgdn
Pobdmpggbomon  bodool  30dmggbgdmma  moapghodmdal
hodmbomgomBdns  dmygeboemo.  dbmgmombs ©s, gobbezme-
69800, bogobmggmml  g30bmdnzsdg  3sbpgdoal  gogmg-
bob 0bodl booblgbgbm débggemoa dognps dordwgbs Fméo-
bogm ,930bmd0ze s 00dbgbob“ Ggwadzesd (http://eb.tsu.
ge/?leng=ge). dgbododabo dmblgbgdgonm 3ébmdmgdal ob-
bomgo8n  dmbofomgmdpbgb  Jobmggma  dg3bagéo-q3mbem-
dobhgdo: dgdgavndgomo g., 303030 3., womabady g., 3mwgdebadyg
0., 0dgbadg 6., god7ho 3., 303700 3., dgbggmos 0., sébhgadg
0., d06o0s 3., dgbodgama 3. (dobomgde b Mo abaemgo:
363300 303000 ,306mbmdoge” | F3bbomo g3mbmdags o
008bgba, 2020, Ne2).

do3g37m bhodnadn dmzmgo aénl swhgébaema hggbo 3amg-

30b 990093930, mImgdai domgdohozndn, g3mbmdghénzgmo
©d obgobmérn bhagmgdab dmpgmgdal badnemgdem dogomgm

bogdobraggmmdn  3mbmbogatombal  gegégmgdal Hsgdhm-
Goobo o dobdhedgdal 3bmgbmdahgdalol, obggg bobgemdpho-
gl (3moghmds o bodgognbm bggbmb gdbdghgon) dagh
30bbmd0gmgomma 39303980 mmbalidngdgdal g39ghnabmdals
39g30b900bob. 330m930l 3m3gbdn gedmgaygbge gobymaama-
000b0 dmEgmgdo, S gmddab dmogmgdn, dmemabmdosmm-
b0 dmpgmo dmpogagahgdymo sbdopgdhntoo s dmzmg
dobbmgbmdnl gébdgma dmgma. Ibogemaghmgebo dmogmg-
00l gobbaemgod bodgemgds dmgge, bogdeme bémmo bnhomn
393399360 35bg3n0l baggrmbgbmob sze330bg000m.

3°bgmgamgdosbe dmpgmgde -
3633963070 0ebabdagdgdal sbsgmado

0699930760 ©d0g00g0g00b  dmEgmahgoabsmgals bdo-
bop godmnggbgds 9.0, 3obymagamgdosbn dmpgmgdn, Hm-
dgmomo ygggmedg dobhngn Hokdmdopggbgmas SIR dmpgmo
(dogomomo, Smith, & Moore, 2004; Harko, T., & al,,
e. 2014; Wilding, 2020; Tiwari, Kumar, & al., e. 2020;
Rahman, Ahmed, & al., e. 2020; Chen, Lu, & al., e. 2020;
Osthus, Hickmann, K., & al., e. 2017; Roda W, et al., 2020;
Wang, Zhou, & al., e. 2020 o bbg.). dobdo dmbobemgmds
dygmgomod  bod  g37qem:  S-0bgogndgdal  babzal  d393
dgmabo, I-0bgognbgdymbo s R-33mmgdnmo (Removed),
bog 960l 303m20bdbmgmgdnmms s gobsgmamas 2adn.
000077 23753d0 dgdagoem gmggm aboogaeb odgb gbhma o
03039 dobaboomgdgmo. 23710398 Bmbal dmdéomds swahghgde
393930 bobal Eagggégbiasmyba gobhmmgdgdam:

s psI
dt N’

(1)
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©3d3900b  dobgpg0m, dmbobemgmdnls (4)00')@350060 N
7630 gm0d, Gog gmabbdmab:

das N dl N drR
dt dt dt
30639m0 0396 gbg0smnhn 3ebhmmgds, bosg S-abs

©d [-0b bodbogmo godmbobogh Gabzol 4398 dgmgms o

0bg0g0bgomms  gggme  dgbadmm  3mbhogdhgdal  Gagbgl,
20hgbb  0bgoatgdol Gabzob J3938 dgmago  dmdnmspaal

)

33m0omgdsl OmBn. 33momgds sboEsEgdamns s bndbagl,
bmd S 30h93mb0sdn dgmagn Jobobemgmdal  Gogbmgbmds
dmbombyhew dzobhpgde. dgmbg ogghgbinsmabo gobhm-
mgos dg9bededgde 0bgaEndgdgmms HomEgbmdnl b™3n
33moegdal. 0bgoznbgdamms boEbmgbmdal Bébwal Hysbml
Pobdmagqgbl S 30¢g3mb0sdn dgman Jmbabmgmds, bomwmm
393306900 bpgds gsdm206dbmgmgdnmms sb gobosggmamms
bodmomgdom. d9bsdyg ogggégboommbn gsbhmmgds swhgbl
3060033m0mMms s godmz2obdbmgmgdnmms Goigbgal ebmda
3amomgdal, ©Gmdgmoi EsdmznEgdgmos 0bgagadgdnmms
Gompgbmdobs s godmzabdbhmgmgdabomgal bogober  bo-
39000 ©6m3y. (1)-(3)-80 Fgdogowo B oo y 30bzbyhgwe
Babooblols  3oeadhgdns. 3gbdme, B owbadbogh bmab
9603330 0bogoal 3mbhsdhgdel badhsmm Gomogbmdals
©d 0bgo30hgdnmmsb 3mbheddol dgdmbgggede ssgawgdal
3000339306 dmdommdal badbsgmb; ¥ o6l [-pob s R-do
3000b3m0b 309930309b¢)0.

3obgmagamgdasbo  dJmpgmgde  godmaygbgds  soge@g-
00l gogégmgdal bbgopabbgs dobsbosmgdmal 3émgbmBa-
©gd0bogal,  Gemgmbogss, dogomoms, abgognbgdymns
domnsbn Gompgbmds ssgegdal Eabéhmmgdabsl, gdwgdanl
bobgérdmagmods, 30306 dmdgbho ©s bbg. dmogmb bogmée-
orgdm 3980moge goshbaa: ngo oé amgamabfobgdl 3303900
©®babdngdgdal 9399l o g30@gdanl dghghgdal gbhmeghm
3089800 d00Bbgal gmgn®o 0dmboghghob (herd immunity)
30d037303900l. o0badbnmal godm, dabo bodmemgdam ob-
bmbngmgdnmo 3bmgbmBo bdnbop Ggommonbgeb 360dgbg-
mmgbo@ 560l Esdmbgdnmoa. o3 398mmogal admggs bpgds
30g0bhommgdnmo SIR (sby ESIR) dmpgmon (dsgamemsw,
Wang, Zhou, & al., e. 2020; Hamzah, Lau, & al., e. 2020).
dobo bodmomgdom dgzgndmos ex-ante-go 3obgobmbzgmmon
39303900b  0mbobidagogoal bodmmogns, gobgbadmghmm, o
303mgbol dmobgbl 36g39b30mmo wmbabdagdgdal bbge-
ggol)bgo bB{]Bo(’f)o 330@3800[) 30[)'3006%3, (4)08@350@ {]oggddmém
0dbgdo  3o(hobgomo mbabdagds, GmEabos m3@hedsnhn
53> 07 03 Pmbobdogdal (ogamamsw, 3060b¢bal) ohygos,
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SR ESIR Nl ESIR &2
320336)0 05(30(306’)360 2 854 339 1555 3189
gt ‘(‘;’7"["4’3@36“[’ 01/2021 22/06/2020 15/07/2020
Q V]
30306 Pytoiyocn 2710772020 15/04/2020 16/04/2020
RMSE 5976 N/A N/A

fgo®e: 530269306 300630608730

Go obal m3hodobo bobgbdmagmds s 0.9. dmpgmob
30g06mmgos 3gbadmgdgmos bmgmby 306sbinbal Ggg0dals
©ddo()g000m, 3b939 306bab gosg-30b 3mgmaEngbheb 3gmo-
™qd00 (Gog godmhggnmos 30bdoeggdal bdodrgoal dgdm-
©g000m, 3030960 Hqbgdol aggem, bawgBabggdzam badnomg-
0900l 30dmyqbgdom ©s .9.).

3693963010 0mbabdogogdal dgaebgdnbomgal vgs390m
SIR @s ESIR dmpgmgde s gbmdsbgol dggspebdgmn dowg-
070 36hmgbmBgda. dmpgmgdn sogm bbgepalbbgs dménBmb-
Hob dmbodgdy agbhbmdom. 50bsnpsb 3¢mgzbmBabgdsls
30bbo3gmbgdmn  abgdymgds  9dngdaal  bofyal ghddg
0d3b, mbngg dmpgmo 030390, bofgabo mba mgal dmbsiggddyg
©oyhEbmdom ©s dobomopn sbzzbgde domn badigamgdom
3939399790. 306d 330bs, JmEgemgdal emdabhmmmdal dgbe-
dmfdgomo d9093980b Gg30m3moEns dmgeboabgm mmbo
030l dmbs3gdgdal gedmygbgdnm. dmpgmol bodabhl gobe-
Bcdo godmygbgdmmoas bedmemm 335060¢) 7m0 dg3mdnsb
39bg0b 360dgbgmmds (RMSE), éo g30hgg698L bodgemm
gmggmemoné 30bbbgaggosl 3bmgbmdahgdnm ws bgowmyh
0bgg0goégosl dmboab. b ogal dmboggdgdom gozgomgdamo
3bmgbmBal 39093930 Habdmpggbamas 3bébamal-dn.

dopgdnmo gogagon bozdemo baobhgbhgbe ©abzgbal
393997900 bodomgdol 0dmgge. 3gédme, SIR dmpgma 3g0-
B39693L, Gmd gmggmagatn 3hgz9bommo wmbabdogdgdal
306939 dmbobmgmdol m00ddal 83% ©anbagognbgdms.
3bmgbmBn (gammdnbzeb dmbbes, Godgi3 dghyggmgol 3gom-
dob (RMSE-b) 360d3b9mmmds(3. 3bérngn 1-ab dcem mé bgghdo
boBggbgd00 36939b30mm0 Embabdagdgdem goggatmmgdrmo
SIR dopgmgdal dgwg3930. dmegmdn domn obobgs bogds
30670b gooEgdab B 30980309600 33mamgdam. ESIRNel-
b d9dmbgggedn  Lobgmdhogmdo o3bdamggdn  hy3gpee
33036090, dz0hg 0bhgbbogmonm. hysgho  godzoptgdal
dmpgmobgdabomgol dgabdbs  gdbdmbgbgosmmén  agmbdisas,
0,025-0b eremo maddps 3mgx03096h0m, Goi gogdmddogew
60dbogl 0dob, 603 B 309930309600 3b0d3bgmmds gdnwgdanls
©ohggd0ob  gbho 03930 bahyob Embgbomeb dgoeégonm
50%-000 899306090s. gogabomgdnma ESIRNZ dmpgmals
dobgg000 30 mbalbdagdgdl 3gbomommo bsbosmn odgl,
ondge 39bm 3393600, o3 8gdmbgggedn  wmbabdagdgdal
39()06900b  dmdgbhgoom dgobbs  3¢g8ogbholb ©g3bgHb
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30dm3gdobe o  Jomogdgoal hozghgol mobawmgdn. bmwm
3000339806 B 309%80309b¢0, badmmme 2s3da, 80%-00 dgd-
gobs. ESIR dmpgmgdal 36mgbmdgdn bozdomo  sbmmb
©3b ©gommdsbmsb. 3bmgbmBabgdnm 3génmpda gdowqdas
abémEgdmEs Gmd vbhs 0ddmbhnbgdgmo dgdmbggggdo.
b 733060b369m0 30 dmEgmda gomgamoabhobgdnma o6 sbab.
ESIR dmpgmgdol dobgpgom dg3g0dmos ©egebzgbem, ém3d
30()069d7m0 mmbobdogdgdn bogdomo gagdhaée swdmbbos
3067bmsb badbdmmggma.

3obbagmm ESIR dmpgmgdl, 330600)gbmdgomsb gbhmao,
30633970 8980mgg00  30ohbos, Go3 830380k gdmmad
30()069d7m0 mmbabdogdgdal B3bp g399hob dgaebgdoboeb.
dmpgmobgdabel 3os3930b 3mg@03096¢0b 39330t g0l Bemds
39060 hggbl dagh, 9dbdgbdmmoen s obo dmboggdgdal
bodmomgdom. dgbededabo, sbgmn Bggebgds  1dbegmalb
39dmbgggedo  bpdogddmdo o goesEgnmgdimoas. o7di3e
qb ob o7 aby oo 3bmdmgdss, GmEgbsg dmmoadnzab
0039333080 hobrormbo 56006 g30gdammmgqdn, Gmdgmms
bozdacnbo bodbhoo Bgmdmase 3 gagdhob gobbedmats o
39930900l gopaswgnmgdal dobadadagzas.

dgéomdal  sbsmoBabogal  dmpgmgde  gopsgomge-
9o mobo mz0b dmbozgdgedys. dombgoegew 0dabs, ¢hmd SIR
dopgmo o6 00g5mabhobgdl 36939630 mmbabdagdgdl,
domn 9g399ph0 0h0doE, dmbsggdgdal gogmom, sabobs dgwg-
39889. 396dmp, sbagmn 3bmgbmBaly dobgg00 233760 0bgo-
gobgds 707 555-3pg 993306 0gds, 3030 7 bgdhgddgbl oo-
godbobpgds, bommm g30pgdes Eobbamegds 2021 Hmalb 17
dobohb. 4 ogob dmbogdgddy gogatmmgdmn dmogmon
3000030 M0k gd1m 0bgm®dsgasl spa® dmaggdl, Gopgseb
39%m7003980L  360d3bgmmgabo bohoma dmablbs, éoy ESIR
dopgmb  SIR dmpgmoseb  dmagh  sobgmmggdl  (obogmgom
©00ghods 1).

©003603> 16-89 doo3gdmos 2 mgab dmbs3gdgddy ogg-
om0 ESIR dogma, dobbgbs 3hg0bg g96inzomabo badom
o0badbnmas 3030l Habhoma (Apr 15), dobrzggbs 0obodbal-
39600 dogdbodsgmmérn hHdabos nbgninrgdal (abagozadrgdnmagdl
dobmlb  godm20bdbmgmadnme) mebowa (Apr 28), bmmm
7620 g9hhozomybo  bodom  730b0b3bgmo  ©azg0tgqdal
osbopo (Apr 27). ©osgbeds 18-3g godmbobmmos mmbo
030l dmbo3gd938g 0gg0mmo ESIR dmgme, bopog goomge-
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mabfobgdamos dg8mmoggoal dmblbbs (03s3g mg3ém dghew,
30069 6gommmdsdn dmbs). ©0ghodasb hobl, “md dg-
Bomwag00b  demblbob  8gdmbgggedn  g3ngdonal  dsobdede
33mog bogobgadm badbyml domsbmmgogds. gb gmggmogg
393930 ©ab33b0b go3g0goal bedgamgosl admgge: dgdemo-
3900b  bémmo dobbbs (dso Foméal  abiebzndgdabs o
306dopob 30dmygbgdal) @obodggdos dbmmme dodab, bHe-
©qbog 0bgogndgds gebrmegds ob bém 3mbhdmml -
9939909806905  (Gog b0dbagh, “Om3 smeb 0oblbgdgdl b
d0bnd7353@g d9d3060g80 0bo0gbRh0g0306hgdm abgagaég-
O bopbgn). dopgdym 9peddg obbgdmmo dgdemmgqdn
98399hoobos s dobo 3093 gbd™ gedabinggds dgbsdmme
>03mhbpgl bobogoomm, gopbg godzabs o6 dgaddbgds. mmdse
060l 30093 9hm0 gobrgdmgds, bog Eoghods 18-89 dmizgdmo
bogmgdom dmbagmmpbgmo Jgg3930b  obbbal bodremgdsl
0dmgge: dmEgmdn dmbobmgmdal ©sdmzamgonmadabs o
Jabogobo gobhymonl 3gmamgdal gomgamabfobgde oé bpgds,
G gomds 30 badmgapmgds 998mmmg930l dmbbbal 3939303
30 0bobhnbgdl gmbaghmm bogbobaomgb, Go3 33390600
0930630b 0bggqqi300b gopsEgdab smdsmmdsb. 83 gobrgdmgdals
307030m0bHobgdmmosd gobsdnbmds bmb g masgbeds 18-39
390390 39b0dabygdo 36mgbmdal sbbgdmds.

dmmomb, 930b08bogm, G™I  sblbgdmdl  gobgmanmyg-
00060 dmEgmgdab gbm Gogmo gobnsbhgdn, bmgmbagss,
dogomomo, SEIR ©s SEIRS dmpgmgdn, Gmdmgdag omge-
mabfobgdgh 0@gbhogagntgdnm  3mbhodhadl ©o  dme)gb-
3076 0bgonhgdnmgol. Gmesd ©s bbg. (Roda, & al., e.
2020) ohggbgl, “md dmbsgdgdal Bgdmmoammdal 30dm,
dobhngn dmpgmgdn Jubom 30hgop 3hmgzbmdabhgdgh 3mbm-
bogodmbol 303639m930b, 3006y Gommwe dmpgmgde. qb
sddhmenho dgdonmges bogobmggmmbogabsg, sdaghmd hgqb
565308563ghmbomow dogohbogm SEIR ©s SEIRS dmogmagdal
3odmygbgde.

bohsbab 30 (S goddab dmpgmgdo)

3o00dgd0 93009300l dmpgmabgdabsl obggg bdabop
09969396 S 3ol 3mgdl. swbadbmma (odal Ibmwgdn
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Qooaéoao 13: ESIR mmbo ogab 30050(5333600)

P(Iinfected) B

0.11

0.2 Apr 1
N N
A\

00hghgb 36migbgol, Gmdgmoag bofyab gheddy gqdbdmbgb-
3oogbop 0dhpgds, bomm gobzzgnmoe bmalb 89dwga,
boEgbsg 36mzqgbo doomhgsh 303b, Bébwab ¢gdde dznbogds.
3030b Hgbhomdn dbmoe gowonmgbgds s 3bmEgbo 3mgdel
0hgg3L. S gm®dal 3b70930b bobggdns: mmgabdnzmén Ibmwa,
3963mbh-3oébmal  gebhmmagds, dobmolb Ibmwoa, Bbpab
360, Gohobal Bbpol dmpgmo, 3m3dghEab dbmwa,
bogdmanéa dbmo o o.8. (Goshu, Koya, (2013; Tsoularis
& Wallace, 2002; Hsieh, 2009; Mazurek, & Nenickova,
2020; Tjorve & Tijorve, 2017). dmpgmob (3bnoab)
396hgge ©dpgbndy odhmbdge Eodmzagdmo, dso Bm-
éob dombsgdms Gompgbmdsdy. 3bmgbmdahgdnbomgals hgqb
30dmg0ggbgo bodo 3bmen - gobdmgamgdnmo mmgabhnzgbo
dopgmo, gmddghipab dbjon, Gobobal dbmon. gobdm-
60@(\0363@80 qpmgob@osg(ﬁao 807(93@30 333@033 m30080b—
hméo 3bmgbmda dmggse. gb dmbommebgmag agm 0d gogddob
30030mabhobgd0m, Gm3 s0badbrmo dmgmoen domgdmmo
3mgbmBg30 dnnhbgge 36mgbob dggme dmatom. 90939800sb
30dmdnbatg, 3md3dghiabs o Gohsbpal 3bmogol Bmboal
o6hg30b0 d930h96 90 730606369mB . dobo gba-gbmn mdabe-
Babmds obal ob, Gm3 ob odsb 3ozab Habhomoal dndebror
bodghdogmmdal sdggds. swbadbnmo dmegmo sboghmds
d33mg3063s godmaygbs COVID 19-0b 3bmgbmBabrgdabamgals
(dogomomop, Wu, Darcet, &al., e. 2020; Masjedi, Rabajante,
&al., e. 2020).

3ob8mgopmgdnma Gobabpol dmpgmo 3ebabadmghgos
393930 ©0ggh bz ba gobhmmgdoo (Wu, Darcet, &
al., e. 2020):

O rcora- (%)) W

dt

boog C(t) d0badbogh obgazatgdnmas 37dgmahoné
Gogbab t ebmabmgal, r oéob Bébal (9330 spbgmm gheddg
©d K 360l 0bgogndgdnmos 203100 Gomogbmds gdnwgdanl
abenmgdabel, bowmem pef0,1] 3sbodghéns, GmIgma
Béal bbgoobbgs gm®dal dmpgmoabgdal dgbademgdmmm-
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3bdogo 2: 3bmgbmda Gabsboal dmpgmon

bohobab dopgmo Net Gohoéral dmgmae Ne2
203760 0bgagndgdo 1317 1975
930009300l Eabémmgdal pbm 27 bgdphgddgba 9 bggphgddgbo
RMSE 8.41 6.25

pgo&0: 03p06930b 300630%0d700

0ol admgge. 7330bgbo 330060¢980b sbofhédgaga sdmzbal
m3@)03030300b0m30b 608@335363@00 bOOBQoé)Oj]@o @3335—
0963-30630600b  smgmbondn.  Jmpgmalb  dpghomdnl
0bogmndabmgal 030390 ™bo gotnsbho: mbmgash (Nel) o
mobm3006 (Ne2) 3mbo(3939689 oybrbmdom. 3993930 dmzg-
dmas 3bbomo. 2-3n.

96 89m939%0 (boymygb, Gm3 Jmgmoen 3bmgbm-
B0k gdmmo dobggbgdmgdn bozdomm obmmb vbal bgommdsl-
00b. 33s30bmnmoE, dnpgmo dpghses bmgmb abhm-
™00l EbHmab, sbg39 93009300l dobdedal dbrmgbmdadrgdeda.
b0dobpmdmoagas 3093 ghon gobgdmgde: Gahobal s,
Bogooo, S gmddal dbmogdo mbogbhodgdnmgde ob séhasb
0760 06530306930l bfmbdso 3hmzbmBabgdeds. abobo 3oo-
™®336 3obbadmatmb 3bhmzgbab Béoab hésgdhméas badsgmm
H63gbal dobgg00. bodsbmggmmdn magbo abgoiadgdal
@0d®m6&)03n 80533535@360 ©0©0 083@0039007 0(4)530)9535
bodgemmb abggmag, Godog godmahgos dgzpmdal (RMSE)
3gatk 000 dopagma 3b0dgbgmmds, m7d3e badgbgmmgsebo
006h0pgd0b 36mgbmdabgds ©ods3dogmaamagdgma bodnbhom
3039000.

3omabednsgybo doegmo gdapgdoal
Bmgopo h6gbeab gomzgsmabhbgdeom

3mbmbagabmbol 303639930l 3shgbba, Gogo gotrg-
dmgdgo0l godm (3hgdobatal sbablbgdmds, h9ddghadmdals
d0dobo 3067bob dgpggmds s bbg.), 3ebbbgaggonme 439969~
00bogol  dobomspap  dbgegbes. 396dme, 3030 donmhgge
©asbmmgdom 7-9 3306080 s d7dwgy ahggde 0bgogatgdals
Bl (hd30b Bgbgamgds. Gogsb bogdobmgmmda gabmbo
3gathgo0m  g300b  goghgms, Bgdmombadbymo  gatg-
dmgdg00b gomgamabfobgdnm, 3gbodmgdmam dogahbagm, bbgs
939969880 gdngdnab gogagmgdal (Hégbon gadmgggygbgdabo
3bmgbmBobrgdabomgab. gobs sdabs, 736asbo aym, Gm3
93996900b  3mabhgbadaias dmgggbeabs gob3zggnma  dobo-
boomgdmol dobgg00 ©s badbmgbmBmw godmgggggbgdabs nd
93996980l 3mbozg3g30, Gmdmgdag bodobmggmmbosb ghmop
dmbgegdmEbgb  3mabhghdn. @ozaggde  gobbmbngms
dge0megdal 0ébggmog agmaab (Filaire, 2018) sgngméondals
bodmomgdnm, d9dwggn doboboomgdmgdal dobgogam: ®o
030l gobdogmmdadn g3ngdnal Bbal (3330l bodmemem o
dgenobs, dmbobmgmdol GomEgbmds, dgggbol  gebommon,
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dmbobmgmdal  bod3ebmgg,  dmbobemgmdal  Gompgbmds
009 Jomoddn, badednmm dbmedhe dmbsbemgmdal gbom
LBy, dmbogmmebgmo bogempbmol  bsbgbdmoagmds, ég-
80«)50, j33850b b@o@nbo '338(0[)03@360[) 8053@3000.
badbmgbmdm  dmpgmoal 83900l  3b0biadn 8gdpggne:
3mabhgbobgom dgbbgmmo d3gybgdn amegms gdnwgdanls
,0ba30L“ (30¢rggmo 0baggagndgdasb gobmo EEggda) dobge-
300. 393093, 0mmg7ma ,8bs30bomz0b* godmamgomo 4399bg-
40l dobgg00 g3ngdnab Béal ()3d30b badnomem ©s dgoasbs.
6936 gbeo
,0bo30b% dgmbg bagal dmmabmddy, dopgdmm bodnemmbes

8@33@@Q:)0‘3é)0 06(80(30(4)360[) &0@@360’)60

©d d900000087. dmEgmo 3obgow Jmghgem dmbsogdgdy (R2
= 0_98) ©o 30’)8030@0 47 Q)Q\)Ob boS&)maBm%m 3(*)(4)0%0')5@)%3
dmg3Ee ©0do3dagmagnmgdgma badbdol 3émgbmBa (badgemm
obbmqpn@géo '83(3(90')80, MAE:7,9). mgaeo 35@0 0@?06086(")[&,
bmd 5335 803(4) 838070’)030%363@0 63@0@360 l)(’f)od)nl)(bosz]é)ogc\)
5603b0d3bgmmgaboo o badbgdnig sbommgnznns, Gag ndab
o3bh76g000, b3 badsbomggmmdn gdnmgdanlb goghgmy-
dalbs (f)(’*)ogdd)mé)no bbgo d3386360b806 dqpogé) 305%303@360
(dogomomop, Ahmadi, Fadaei, & al., e. 2020). spbadbyemn
dopgmo s0gm mbo g0l dmbozgdgedy weyhbmdem s,
dopgdmo d9093930 godm, dabo gopomgms mmbo mgalb
dmbo(3999089 0o gabbmbzngmpo.

bg0bhmbymo Jbgmgdel dmpgme

7130b0b36gm 3gb0meda gobom b3gdh®al sdmiEabgdal
80@0%33@080 od@nﬂé)ogg 803«)0336350 ba@mgBUén 530(4)«)—
bymo  Jugmgdol smgmbmda (Alto, (2019). bgmmgbyb
bgobmbym Jbgmgdl goshbooo mogal ¢30bals sbognmgomndn
030893980, bmgmbogss ©abhogms gsdmEoamgdal gomge-
mabfobgdom, Gmdgmog Esgmd-bgdgmoas sEbg dopgdme
3oEbsdg, sdbhbodhmmo  ©abzgbgdal  gozgmgdal  mbata,
393003900bs s boznemeé Bgi3om3gedy sbhagmals 3bsbo
(39b0oba, 2004 ). 836 md-badnbrgonl 3bnggbbommba mgméanl
dobgg000 3033mgdbné bgodmbymo Jbgamgdal dmogmagol
397dm0so bo3zdebabo bodnbhoo domebemmgobgb bgonbdngbo
bobob ggbgzool (Lu & Lu, 2020). o330 0dabomgal bagnbms
00 GomEgbmdal dmbsgdgde, Goy Bggbl Bgdmbgggedn
3®m70g08  Hodmopggbl. dogbgoege 83 Fgdommgabes,
¢0dpgbndg d33tmgg06ab (Tamang, & al., e. 2020) sbogme-
3073600, bgobmbamo Jigmgdal gedmygbgonm hggbi gobge-
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bmbdogmgo 3bmgbmBathgds. 89dmm gobbagmmma bbgs dm-
©9mg00bgeb gobbbgoggdom, o3 8gdmbgggedn gmzmbahgde
393939090  ©Eoonho  0bgogadgoal  bhmb  3bmgbmddy,
dm3mg 3mbadmbidg (10 pmab babgébdmagmdom). dmgmo-
Ggd0bomgal 3goehs dm3zmggewasba dabbmgbmdal gédgmo
dopgmo (LSTM) (Srivastava,2017). s0bodbmmo dmpgmo
396300 7d3mog098s EO®omn dh3¢ng0l dmbszgdgdal dbmg-
bmBobrgosl o gabmme godmaygbgds odizogdal gobgdel o
bbgs dbgagbo 83mzebgdals 3bmabmBdathgdnbogal (Zou & Qu,
2020; Moghar, & Hamighe, 2020; 48-53). dmpgmb d33wgan
sbdodgdhade 3dmbos: bohgbmbgmop 30dmyqbgdnm adbs 130
ool dmboggdgdn, dmpgmdo dgpomes 30 Emal dmbsggdgdn
©d godmEomes dmdsgoma 10 ool 3bhmgbmda. boggbhmo
30dmgaygbge 27 agbaboweb 27 agmabadog dmboggdgon,
Gmdmob bodgemgdoms gobbmbogmes dmdsgemo 10 pwal
3bmgbmdn. s0badbymds dmpgmds gggmadg 81bd 3émgzbmBa
dmagee (RMSE=5.66), o930 gb bod7b)g bofommdéng gobe-
306 m30 Jozmg badbrmgbmdm 3mbadmbds.

bg3bmegisab Gogbze

930009300l 36 39mgdal 3bmgbmBabgonbomgal gébo-
96m0 3badgbgmmgeba 3obedghtns Ggdbmedisaab Gogbgo,
Gmdmob badmemgdoms g330dmoas 30bgbadmghmm 93nwg-
doob (hogdhens (dbs/3mgds) o dabn bodhgegg. bgdérm-
©79300b bogbgo g30h39693L badmommo “sdpgb s@sdasbl
206g3030698L 90 0bgatgdnmo s swabadbgds R_o-
0. o3 R 0>1 g30pgdos gdbdmbgbgnammbon 08ébogds,
R o<1 - 330(93800 3@363@«)6[5, R 0=1 - 330@93800[) 3éoo
dmdngns. gobolbbgoggdgh mba dndal hg3bmoydizab Gogbgl:
1) bodoBabm Ggdmoadralb Gogbge, R 0, 56 amgamabfobgol
300009300 smIscmmdal (33emamgosl ©s dnodngas gdopgdab
domnsbo babogmpbmm 30zmoal gobdsgmmdsda; 2) 999¢méo
6 93bmE7di300b GoEbga, R e, 30 @030 330mg00@0s ©d 350

(9003(4)636 2: {]qggj(b’g((fm 5033(6(0@3{1800[) é)oebb)n

Estimated R

Time

fgo&: 950&730b 300630608730
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306300 0bsboomgdl 93nwgdaal ©absdazel. Gg3bmondizoal
Gogbgab  godmbomgmgmon  bagobms  g0bmbab  bgbogmo
0bhgbgomol gobohaemgdal 3mebs (Baum, 2020; Du, Xu, &
al., e. 2020). goboo@sb sbbgdmmo dmbozgdgdal dobmdgeda
dabo dgg30930l badmomgds ob 33dmbes, gobgmddwgebgmgm
Bobgodn dotmBo badomdobs s bbg. (Nashiura & al., e. 2020)
3096 300g0m03s6edghégo0m: badgemm-4.7, bhsbpobhmo
3000bbs - 2.22, hmdgmo(z sbmmb obab 20b0s330b dbemagmoem
®gob0da00b 3ga3ebgosbmeb (Hamidouche, 2020).

30bmbagadrbal R_g-0b 3gboggabgdmaw 3bogoma 33mg-
30 hodpbdo bbgowabbgs d399sbsdn (Vaidyanathan, 2020;
Soetewey, 2020; Ellis, 2020; Caicedo-Ochao & al., e. 2020;
Zhuang, Zhao, & al., e. 2020 o bbg.). 390093930l b3gdhéon
bo3domE gobom s bogbhmggzebmgeba agm, bog gobsdabmos,
gbhoa 3bbog, 33mg30b dgmmEgdal sbsghmggzetmgbgdsd,
dgmég  dbbong, 3mbogdgoal  bhbndhm®edo  sbbgdmds
30blbbgoggoad. hggb mmbn mgal dmboigdgonl gedmygbgdaam,
doqbodoemmén sbeggébrgdmmdnl dgomoon, 8ggagebge bade-
Babm Gg3bmondgeal Goibgal 360dgbgmmds. gadmgaygbgm
1000 8géhggal 3dmby dgmbmégy (bootstrap) badymogas
©d 3030090, 6Gm3 R_p-ob 360d3bgmmds bodmsmmo dg-
oggbos  0.9874-b.  bodsdabem  Ggd3bmondgeab  Gogbgal
bogmalb godm, 0gogg dmboiggdgdom Bggegqebgm  gggddmton
69360793006 Gogbgn ™G 33060060 obgztnm, G badbagl,
o3 R e-ab gmggmo obagma 36033bgmmds  gedmamgmgde
fobo 14 ool dmbs39dg38g oybbmdnm. domgdnme 3gwgge
Pobdmoagbomos asg®ods 2-3g, bonpebog hobl Hm3 mboa
030099393 R_e-0b 36033bgmmmds 1-b hadm(zps, 8b7 930gdnsd
3wgde ofigeo.

©0036030006 0bg39 Bobl, G bodedabm Gg3bmo7d-
300l Gogbgn @o@ gobaogsl  gobogwal. gl gebdntmdg-
0700 goggmEeeho  0bgozabgdal Gompgbmdal badgze-
Gom, 6o 306y 23bmmoggho 33m0mgdal EbHmbg 0hgq3b
©oE 3hmEgbham (33momgdgel s, dqbsdsdabew, ahggsl

— Mean

95%Crl

100
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R_e-0b 3b0d3bgammgab gotnognal. ombodbrmal gedm, ogo
bogdoboggmmlb  dgdmbgggeadn  g9é  godmpggds  gdnwgdanl
609900l 306z 0bpazshmbop, gobbbgsggdem bbgs J399-
b930bogob, bowag 0bgagaégdal s3bmmagmén dohggbgdgma
©0QE0o.

©db3360

3mbmbagabmbol gogbh3gmgdal 3bmgzbmBabgds bozdomo
Gomo sdmEebss dmbsgdms 3g8emmmmdabs o7 3067bab
07bg00eb godmdwabatrg, Gog sbogbhoma 333mggzetal dagh
>eabodbs (Roda, & al., 2020). dogbgooge odabs, Bgqb
bogdome  Hobdshgdnm  dgzdgmom, gob3zzgama  bnboomo
39339936> 93009300l goghzgmgdal dmbagmmebgm Hégbo-
%3, o@ogd(’gm&oobo o 30[)300636%3. 80@363@0 83@33350b
dobgg0m d9330dmns az0b 33600, ™3 9bmdgbmmmganhds
dogmgdds (S gobddab Ibmrgdds), bogdsmo  3obgop
300639l mogn 3gdmombadbymoa 360dgbgmmgebo metnmg-
dobo o dobdedal 3bmzbmBatgdal. domgdaymo 30gtrgde
bogdom@ obmmmb agm bgomné dgpg390m0b, o ob gogo-
035m0bfobgdem 033mbhnbgdmm Bgdmbggggol. gebs odabs,
b dmpgmgde bsbosmpgompbgb Ed®dn dpghopmdnn. mo-
160 0bgoahgdal  3bmgbmBabgdedn begzgogbm  Bgmgge
ohgqbs  dobgdobgbo  Lhogmgdal omgmb0mdds, LSTM-ds,

07133d dmpgmal bdgzngnzopeb gedmdpbotg, 3émgzbmda
dbommE s0EEesh dmbszzgmdy odbs  gebbmbgagmagdamo
©d dgbodedabog, dobo dgoggel Bgoatigds bbgs dmogmgdmsb
bhgamgzebhmbo ob 0dbgds. gbdm bebgbdmoag 3gbamodg
©0d03d0gmg0mgdgmo dggan 0dbs dogdama Bggbl dagh
3930003089870 3mmobmdnsmbo dmpgmab badgamgdnom.

bobgamdhogmb dogé gododgonma 3¢g396p07mo0 wmbal-
dogdg30b dgboggabgdmop godmygbgdm agbs SR dmpgmo
©d 3oq30hmmgdgmo SIR Jopgmo. doébggm dmpgmdo dbhmg-
bmBo gobbmbzngmes bobgmdhogml dogh Hobrgggdal go-
1030m0bfobgdmop, bomm gegebmmgdnm SR dmpgmda
Bobommo agem 99303980b mmbabdagdgdnl gaggdpho. mmba mgalb
dmbo(39d9089 0g90mds dmpgmds ohggbs, Gmd dg303930b
©®babdngdgdal gobgdy obgogobgdnmms Gompgbmds do-
mombb  doowhggms, bmmm  gsdebgdnmo  wmbabdagdgsal
3909300 0bgoznbgdmms Gompgbmds Godwpgbndy smsbo-
dog 999306s. 3qbodsdabap, 3gzgadmas ©agebzgbem, Gm3d
dmoghmdab bgodzne dgg300b0 odmBbs. gobps #dabs,
ESIR dmpgmoo gbhodsbgol dggematigo gododgdnma mmbab-
d0gd930b g39dthnobmds. bmgmb s0dmbbos, gdnpgdasbmsb
dhdmmol bagzgogbm ads ohab 8g308900b mbabdagdgonl
bgmo oo 3hyg3900 3093036939 3gabngba o 335360 Jdgogdgdn
0§39396 boBmgamgdal gomadasbgdabs s dgbadmms dnggo-
430bmb badaéabdnbm Jgoggedey.
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