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began to spread to other countries {Hadibasyir et
al, 2020; Kang ot al. 20200, By Movember 11, 2020,
the cases increased rapddly bo 51,251,715, indud-
ing 1,270,930 deaths within 220} countries, aneas,
or lerrbaries (WHO, X204}

COVID-IY was initially found m Wuhan,
Clhire, and ks surmoundings. The disease began
torspread ona broader scale, and 5o ik became an
epidemic in a very short time. Then, the disease
spread out globally and was recopnised as a pan-
demnic from March 2000, COVID-19, or coronavi-
s disetse, arise due boa new by pe of coriayi-
ns discovered in 2%, Coromavirus is a family of
vimises that causes respiratory disease in umans
ad andmals, ranging from the common cold b
other more severe diseases such as MERS and
SARS (WHO 2030k). Whils COVID-1D tends bo
be less dangerons for most people who can re-
cover without hespltabsstion, [k can gel worse for
thie ebderly as well as those sith cheanke health
problems, Lintil 2021 them were many muta-
Hon by pes af COVIDETY one of witich s called
the delta wariamt from India. This delta variant
spread approsimately 0% moie raprdly than the
first varant. The muikations of COVIES Y vinees
alsa make this disease Iethal o the eldery and
youngger poeople alike,

Since the first case i 2N9, the spread of
COWIDE 19 haes bocome nereasingly uncontrolla-
hle t'l1.111|.|#|.-::|.1l! thie world. Countries across Asia,
partieularly Southeast Aska, reparted a COV]D-19
outbresk with & large number of dally posative
cases (on average 23800 in June 2021), making
thi= region a hotapot of the diesse (Choolajorn
ot al. 2021}, The new delta varianl contributed
aleo bo the elatng coses in Bang kadesl, Malaysda,
Pakistan, Thailand, and Victnam [BBC, 20121).

bdeamwhile, Indonesia started to find cases on
Muarch 2, 20X COVIEE1% in Indonesia spread
:|'v.'.'l.'.||l':i'|.-1zI:..l qu.in:kl:.r. which i.nir.i.:'l]:; haed uni'_l.r (RET]
posibive vasos e March, then it goew b0 10,118
confirmed positive cases in April ¥ (Eementrian
Fosshatam Repabl ik ndoresia, 220k The gosern-
rrveevl of [nd eonesia then promoted social ddanctng
iy descrease pmpli.".-l rn-:!hlit‘i'l:].' (hlas"uds, Winan
SR Arnbn et al, A1) and created a response ao-
celeration task force for coordination and proven-
Har o thee pandemic al o Honal apd village levels
{BMNTPE & Universitas Inchonesia 20X, Permatasan
et al 221; Sspuira et al. 2022, Even ll'u:luprh L
devilaprment of the COVID-1% case b [ndonesia

is qquite alarming, there are still many people who
violate governmient regulations to maintain phys-
real distance and avisd oul-of-hame wcHvities for
varied purposcs, ranging from the need of earn-
kg money to the need of dobng activities to eet rid
of baredom, There are even some people whe do
ot belieane dn the damgaes of COVID-19. The large
number of Indenesia’s popalation, which i 2003
is estimated to reach 265005200 people (ASEAMN
Bocpetarkat J19H, coupled sith the preseiee of dt-
izens wha do not comply with government reg-
wlations, will certainly be dangemus because the
potential for virus transmission can be kigher and
more people can get infected or bemome severely
tll. Spatio-bemporal data of COVID-1% & impor-
tant ko emderstand the pandemic appropriately,

Although preveous studies attempbed b de-
fiver the trend of OOV cases in [ndomesia,
this research waes based upon data from the Aest
alw months and did net exaniee the sioilas-
by condition of cases and demographic statos
( Adayah elal 20000, Therehode, the dovelogment of
thi COVID-TY case b= essential bo present the spa-
te-hemporal dynamites of COVID-19 data within
avyear of the skeprvation pariod. Areas that havea
higher number of COVID-19 cases need attention
s that the government can anticipate it and bring
the number of cases down bo a mnn1|._',,mhl-;l vl
The comparson of regional conditors with the
ratio nf essential cases should he made 1o knima
whish condifions are condwcive 10 a higher num-
Brer oof ciases a0 thad other areas in a stenibar sitaa-
tion can be kept om it

The purpese of this sludy = o analyse the
spatio-tempaoral distribubion and custers  of
COVID-1% in [ndomesia fora year period based on
the number of cases, numboer of deaths, the case
fatality rate (CFR), and vulnerable groups using a
clustering abgorthm, We present clusterdng anal-
yeis to classily the provinces with similar charac-
terktics incases neenber of deaths, CPR; and wul-
nerable ETOUFS. Therdorne, app rnpri.:.l:r.- mi.'ril:;_u.ti-a-n
b prevend furtlwe geoswth of COVTD-1% cases can
b forrmudabed Based on seghbona ] charackeristics

Method

This :flud_l.r was conduwded in Indonesia,
which is sdministratively divided into 3 prov-
ke (Fig 10 We used geogra phic infosmition
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S v eloboamition,

system (G1S)-hased spatial and statistical anaky-
sls ko prendde both the spaho-temporal diseeilbuo-
tion of Coardd-19-data and cluster clazgification.
The pemeral overview of the framewnotk used in
thi= study = presented in Flg 2 The ramesork

mainly consists of three parts: spatio-femporal
amalysi= of CFR and sulnerable group mapping
bazed on the age proportion, and clustering anal-
wsi= hased on the mamber of cases, the number of
deaths, CFR. and vulnesable groups.
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This study was conducted using data on the
number of COVID-19 cases in Indomesia from
March 230 o March 2021, obiabned from thw
Currend  Situation Report by the Ministre of
Health of the Bepublic of Indenesia, The data on
COVID-19 was downloaded from hitps:/ [/ infe-
e gl kermbec pobd £ We complled the daka m
virous forms nbo o standardised excel file and
brought it into G15. The tabular data of COVID
cades and the Rkalktes svere pined with spatial
data on Indonesia to produce the spatic-termporal
data.

The map with the cumulatve nomber -of
COVIDE IS cases and deaths per provinoe was
clasalfied in such a way that the class length
was cakufated using the logarithmic method.
Afterward, the number of deaths was divided
by the positive cases and was presented in per-
cettage to calculate the CER (WHCY, 20200 Thw
valwes of CFR werfe grovped using the natural
breaks (Jenks) method, The maps were divided
inbe three clagses pepredenting the nimber of
high, mediomy and low numbers: then, one class
was added bs represent areas wigh no cases or ()
cases 60 that a totalof four classes are on the map.

The population's valnerability (VLN} was cal-
culated constderng the nge grougp Bllowing the
study’ of Forcheddu ot al. [_EI'.E-ITI-. whara the per-
centage of vulnerasle people within each groug
was calculated based on the tolkwing mbes
058 (02 G0-a0 (04), T0-F0 (1.5, =8 360), T
VLM index was defined based on the progpaortben
of the total vulnerabls population of all Aroups
wikhin the populaton,

Data analysis was performed wsing the spa-
tii-termporal deseripriive method on e compiled
mape The spatio-temiporal analysis & intended
to observe changes in a particolar place withina
speciibed perbod, feom March 20020 t6 March 2024,
The analysis was also carrsed oot by searching
for varius mformation from pews explainimg
the reasons for the increase, the high number of
COVID-19 infection cases and demograpldc con-
ditbons ln an area,

Lastly, the K-mears clustering algorithm was
applied to dedye an instght regarding reglonal
homogeneity. Varinbies included in the custer
avalysls embrace VLN, CFR, cumulabive cases
per 1 miillion of the I.KJI.II.IJ.!‘HH.I’I‘I. (as at March 1,
2021}, and thee noember of desths per 1 million of
the poguilation (a8 al March 1, 2021}

Results and discussion

The spatio-temporal dynamics of COVID-19
CABLE

This study was compiled vsing data on the
nunber of COVID-19 cases fronn BMarch 2, 2030
ko March 1, 2021, In osder not o comgpile too
much daty on maps, tables and graphs, the de-
vilopment of lssues was not seen per day bl per
W

The devedopment of COVID-I9 cases during
the observation period & provided in Fig, 3. In
generi, this figure shows that the COVIE-19 case
in [ndonesia began in Java lsland around early
March. The cases continued to spread 1o ather
tslands rapidly within only one week, while the
cases became higher in Java Istand, In late April,
the case of COVIESTY has spread  throupghout
Indonesia, withthe number of poatbive cases from
43 to 1,739 This number got worse in the middle
off My, when positive cases reached at least 1 760
cases in the eastemn part of Java, folfowed by the
wadbern and central part of [ava, sodith Sumatera,
the southern part of Kalimantan and Sulawesi in
June, It took anfy 13 wevks of vires transmission
for Java Bsland (escluding the Banben Provinee)
ta transform froma green zone o a red 2one. The
high posthve cases are then ransmmdtbed to Pagua
and other parts of Sumatera starting from July.
Al the end of ab=sarvatbon wme (March 1021,
Indonesia wos almest covered entrely b high
pesitivir cases of OOVIT-19 (e red zone; axcept
the weabern part of Kalimantan whicl svas still a
yellow zonel.

The spatio-temporal dynamics of COVID-19
CFE and VLM

Fegarding the number of desths due to
COVID-1% (Fig. 4} arsd the CFR [Fig. 5, it can be
seen that death cases have a similar pattern to the
proslbive cases from March b the midlsdle of May,
Surprisingly, deapibe the high positive cases, the
number of deaths in West Java remained Tow
Froom May 25 bo Augost X Also, death cases in
Papua stayed low regardless of the high number
of postbive cases, In lime with the positivity cases
pattem map (ﬁg. 34, in the end. the anulﬂtinn
of the Java and Sumaters Islands has also experi-
ervied e imest se e fatalities,
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Fig. 6, VLM of COVID-1% befween March 2020 and Barch 2021,
VEM = vulnerabiliy
Sonirces chigt i slaboeratlon,

The ¥ViM indes based on the proportan of
vulnerable age groapes to COVIILEY {Porched da
et al. F2M &= presented in Fig 6 The figure
shows that Java has the highest VEM compared
tonther Elands, espedially in Java’s west, central,
and east, On the cther hand, the eastern past of
Indonesia, such as r'.'lFrun and Mlaluky, are rela-
tively less valnerable compared g the others,

H.EE'iJﬂil I.'hJﬂEI Ill\.l.'“d LEl )] I‘L-'memn I.'l.'l.ll}‘lil-

Custers of OOVID-EY in Indonesia were ob-
tarned through the coleulation of K-means, The
calcolation vsed data om VLN, (FR, cumulative
cascs per 1 million of the popualation {as at March
1, 2021 and the pember of deaths per 1 milleon
of the population (as at March 1, 2021}, Based on

Bt data, the E-mems produced threse elosters
(5ew classification in Tahle 1). Fig 7 chows the
distribotion of the COVITRED cluster, whike Takie
1 ahwwws the characteristies af the three clusters,
and Table 2 presents the detailod result from the
E-mmeans caloubabion,

The classification of clusters s provided in
Table 3, accompanied by the deseriptive stabiates
i Table 4. Cluster 1 represents e class of mod-
erate VLN with low comulative COVITL S mazes
por 1 milhon of the population, a low death rabe
per I milkon of the pnpu]al:i.nn._. and a ]'|i:;5]1 CFR.
Cluster 2 iz for the chass with Lo VLM and o emogd-
crate level of cumulstive mascs par I million of
Ehae FH:I'FII.1|:I Hon, the death rate por 1 miltion of the
population, and CFR, while chasker 3 represents
the class of low CFR with high VLM, cumulative

Table U Avsibales of clusters and sunmiary

| - — : & TR %
YLM Bloslisrahe Liw Higla
CUS per 1 million of population Ly Moderate Ygh
Death per 1 million of population Lriv Musdirate High
TR High Moderate Lionw
Miembsers of clusters Thirty=-e obler Twn prioy mees: Ch perinf e
provinces (Table Z) East Kalimantan ard DEI falart
Faarih Kalimaidan

CFR = cise Batolity riotey VM - sulnerability; OO - cumulabive cases

Soirce: pavi sty
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Fig. ¥. The claster aof COOWID=19 based an VLN, cumu lative cases, death cases, and CFR in every prowvince
YLM - walnerabdlity; CTFR — case Fatality raic.
Sonrces awmn clnboration.

Table 2. Cluster ml:mb-ur:hip of OONVTER TS by eveny |:rrnl.'i:ncu.

Mo P VLN [ 005 per 1 i pop | Death per 1o pop CFR Cluster
1 | Aceh .24 1H1EHZ TLET $02 1
I |l 07 T.958.33 Za5s FET] [
3| Baivten .25 L47H.H 51,60 Zika 1
4 | Kepulauan Bangka Belitung, LA S50 Th. 152 1
5 | Bemgpkulu 0.2 1465.7% 7313 Pl 1
& | IA YTogvakarta 1 e e 1 Y 18555 Za4 L
T | Janald 0127 1,54h0.20 0% 1.51 1
2 | West Kalitranban nz4 H5 AT f. 10 s ey | 1
10 | Central Kalimamtnn nis 53,2536 135,55 Zhi 1

11 | South Ealimantan 3o 541507 1TLES x32 1

13 H'.|l|:‘|1||.i.1.||:||1 Bimi ni7 4,2 HEGR Tk HO 252 1

14 | Wesl Musa Tenggara nxr 1.h52.26 hd. = LA9 |

15 | Seih Sumabera 35 1.HH5.4R .62 4 HA 1

16 | West Sumadera L34 3.281.4H 11700 222 1

17| Marth Saliwsi 151 3,733.21 13415 330 |

15 | Marth Samatera {(1.30 1, il it 3 140 1

19 | South East Suliwesd 115 RN TaIE 1493 1

¥ | South Sulaswesi 035 &, 211.58 910y 150 |
I | Cenirad Sulawes 24 337759 Bh.62 I56h 1
I | Larnpung .40 1,309 55 214 Sl 1
2| K a4 4922.22 1172 L43 |
X | Morith Maluku i 3, 11484 HH.Z5 ZhY L
5 | Maluku .19 1,775.14 S 150 1
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o Provinee VLN | CCSperimipop |Death per 1 mi pop PR Cluster
% | West Papua i 6,584 06 111.50 159 [
7| Papun i 34732 41,15 104 |
B |Wesl Sdawes 0.0 1,i45.02 3.4 1.99 1
2| East Nusn Tengaars 0.3 L7240 41,15 242 L
W | Gorgntalo Lz 4, LHEH5 11624 283 [
32| West Java 04 441N 48,57 111 [
35 | Cenimad |ave LAy 4,20iH.24 18316 455 L
¥ | Fast [ave 0.7 3,195 213.01 705 i
9 | East Kalinomibim IL1= T4, HH.49 7.2 234 k3
i2 | Marth Ealimartan 042 14,0408.57 L 151 2
31 | D ikt n3ay 33 36076 Sd.eT 1h2 3

T Bl o e frclicatees o pacrticulor voriabke value that surpessses odbee cluster oernes:
VL - vulnembility; OC% - carmulative coses, CFR - case fatalty rate

Spiare: e cakeulabinnm

cases, and death rake, As shown in Fig, 7. almost
all provinees bn Indonasia ane classifbed inbo clus-
ter 1. Oaly the Province of East Kalimantan and
Morth Kallmanbin are grouped b cluster 2, and
onlby the Provinee of Jakarka is b cluster 3.
E-mieans clustering dassifies o province mbo
a cluster by consddering the four varinbles that
have been mentioned, There was no overdap-
prng: wvalue for cumilatve cases amd death rake
aver clusters. However, some anomalons  con-
diticns are Found, where the value of a variable
inane cluster exceads the value of the centre of
anothar cluster. Anomalous conditons in chos-
ter 1 woigh o VLN value <015 [sentee af closter 2)

Talale 3. Final cluster centre.

Firul Clusier Conten
varubles. T ] 3
VLM k33 15 0.57
05 per T million ol 340143 | 1440853 | 3230676
ki
Death per 1 midlion of a4k YRR | RRASZ
populatan
CFH 74 1493 1.62

CFR = cose Batality ribes WL - sulnerabiliny, U5 - ou-
v i C nses
Srubce: o cakiulalion

were found in RBiaw (0.14), Morth Maleka (0,11}
and Pagua (LM} [ ad dikbon, anamalous condi-
tiome in cluster 1 with CFR values «<1,93 {cenire:
of cluster 2) were found in Kepulanan Bangka
Beltuing (1.52), Jambi [1.51) Weat Kalimantan
(713, South Subawes (1500 Mataku {1 505, West
Papua (169, Papua (1.04), and West Java (1.11).

Discussion

In this stidy, the spatic-temporal frerd of
COVID-TY cases in Indonesia was analysed. As
spen in the resulks, the cases and death rate were
high in Java Island, especially in the Province of
West [ava, Central Java, and East [ava. Hovwever,
Froem Jure, e cases speesd outside Jaun, start-
inE from Sulawesi, Kalimantan, and Somatera
faland (See Section " The spatio-tem poral dynam-
ics of COVIDUIY cases™ and FiE,_ 3. This tremen-
dowas change was ob=served dght after the coke-
braton of Eid D.'J:.- o M..':_'!.' 34T, X3, which iz
folkowed by annual leaves and schonol halidays.
Althowgh the central and local authorttos {Le.
FProvince of Jakarla and other deshnation prosi-
inces) have aleeady appled seme  nesdricHons
far peaple tmveling between citics during those

Table 4, Descriptive siatistics for pach cluster,

T VLN o 1%uﬂ m%mmuummm% O
1 o | 133 | 1 EornT | 3H31.43| FAENEAT 1310 Ml | IE4A L7l | 274 | 705
1 041 | 15 | (k43 | 1400557 | 14406853 1450640 21148 o e o o T O O O P
1 AT | 37 | RET | 3R TE| 3E366.7E ) T2 3EATR| 24462 SZ46Z| SE4EE | 16D | 162 | 161

S - cumvidadive cases; CFR - thse Ratality rates VEN - vulnerability
Seurces: Analysed from waww.covid19god and glsdubcapdlkeendagrl go.id.
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Table 5. Indonesian holidays and the increasing number af positive mses

Type af Balidays Baselive® | A week after T woeks after
Fid l.|ﬂ. [l'r1|1. | H-24, ""Ilﬂl -I..'-'_5-T Froroasa 4975 | lirease 0% G0 scoaim lidive i%
| Thae inirth od F‘I\.*}Id Wufammad {Cctaber 28731, WY FLO7E | Increase 39% | Increase 59% (i :u'n.lrnuluH'l.'D]
el el Minw Year's Eve (Docorber 25-31. 2000 SA60 | InorEmse b3 | screase 7105 G acodimi ladive]

Scurces: compiled from www covid 19 god; Lithang Kempas (2021), Chryshra (202,

Mo "Murmber of coses during the holidays,

weeks {2,z PSBB (Sockal Lockdown]' and reduc-
ity the armual feaves duratien for goverminent
emplovees), vet this pegulation was not applied
almultanecusly  bor all peevineess |buabyiddin
220K and the mobility of people conbd not be
anticpated and well-managed by the joint cen-
tral and local government's network (Nurdin ef
al. 2022}, Therefore, a8 mentioned in the study of
Mowvellet et al, (2027), the restriction of human
mbility B important to comiral the OV
trandmission. From the followdng daka, some
changes can be observed due bo several tpes of
hotidays in Indemesia [Table 5],

[y Ehe otfer hand, the Eavernmient cladimed
thiat the sharp increaze was not salely due to the
high mobaliey of peaple diaring the hatldays but
aleo doe to the governmremt’ s increased capacity
incond ncting tests and tracing tothe positive cas-
es. Althougzh B s reporbed that the data reglstre-
tion of corvtact and tracing wae nat going well in
the early phase ([Bappenas 20000}, the governimnent
then surceeded in ncreasing the specimen: test-
iryg capacity by TGO bests per day LAntarunews
2020, Tnalorwsia’s teatleg capacity 22 of thie and
of Movermnbor XN has roached 990.61%. With the
irereasing number of laboratores and undvers-
ties capa ble of lesting, the government was op-
tumiatse b achde g WHO standards (Indomesia
COWIM 1S Eand[in.;_:; Task Foroe 2030,

In terms ob the COVICL19 cluster cases, 31
provinces are classtfled tnbo custes 1 seith mod-
erate VLM, low cumoiative caces. low death cas-
es, g high CFR, On the sther honad, clusker 2
was only given to DHI Jakarta with a low CFR
and high level of YLM, cumubabive cases, and

U Amording o Givemament abion [ Meratiran
Femerintah) Mo 21 Year 2021, the {oos af the Brge
bl of svial rediciedion palicy it Indaresis fisn Ba-
la= knam as Pesrhatocmr Sesil Byrsbafo Sy PSEAY
was o srengthen the social distancing, This podlcy
pivns fo eduice crovds ot sulficently adbvering w
Prenlh protoeol, and is expegbed 10 rechacoe fhe apnead
o e Cotinavirus.

death rate. [n confrast to Malaysia (Aw et al
20210, thee high nusaler of cases In Jakarks might
be mlated to its high population densite. Also,
the obaorvaton of lesy CFR in Jakarta might be
due to the increased number of health facilities
because of its status as the capital of Indonesia.
The Provioee of karta has a relatively beter
tesst and tracing capacity. In adsdition to Jakarta;
by Dhecembeer 20200 anotbwer fikeen provinees had
better tests and tracing capacity, Among them
Ehures pecw Ences have conststently adhieved WHO
standards, namely Provioces of lakarks, East
Kalimantan and Papua. The aother provinces e-
ferrad bo Riau, West Papua Weat Sumatra. Maotth
Bulawesi, T Yogyakarta, Bali, Central [ava,
Soudi Kallmantian, Bamten, Central Kalimankan,
Sowth Sulawesd, Corontale and Wess Sulawvesi
(Indonesia COVIR-19Handiing Task Foree 2000),
Dhire o the vareed level of festng and teacing ea-
pacity, further studies are still required, particu-
Larly about the relatonship bebween COVID-19
Cames, Ii‘ﬂl.'il.'l.s_ and tr.iring_ E-‘IF-‘IEi‘I‘_Ir'. and the dis-
Eribution of health facilities in every province
(Stegel, hallowe H21)

Based on the K-maans I.'ll'.lEl:lu'il.‘lE rismults, cui-
mubabive cases and death rates did not overlap
from one clustor ko the other clusters. This shows
that thiose variobles wore the madn deberminant
in :huH}'i:nE the charactoriztics of the Cowvid-19
su'l.'enir_.r na prnvjn:e.'l'.l'l.en:'l:'urc. e povernmicnt
can prepare miHgabon measimes for handling
i =19 bﬂ; Emphm:mﬁ cumulative cases and
death e conad iHens over provioces inlndonesla,
Furthermare, in terms of VLN, the propaction of
g group seems associnted with the nomber of
posdtive ad death cases, which are al=o domon-
strated by Zhu et al, (2021}, By the time the study
peprt was wed thery, the COWV] COSEs Wer e e -
d.rrminanli:,.' caused by variant 1,466.2, B.1.A70,
B11.3% amd B145 (CNN [ndoneska, 2021,
'.I'.hrquh :I.‘FFHUdI patierns, we can obeerve thal
the incressed fatalities are grooped togetherwith
the chavacteristc of the volnerables age group,
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that is between age 30 to 59 {covid 1% go.id 2020},
However, in 2021 the new variants an:. claimed
to be more ageressive and infectious and essily
spread 1o many regions in Indonesia,

Conclusions

The dynamic distribution of COVID-1% in
Indesmista veas anevsed In this study using spe-
tial and temporal perspectives, Observation using
secondary data was conducbed from March 2020
to March 221, The mesults show that Indonesia
experienced COVID-19 cases starting from early
March i Java, and bt eonbinued to spread ko other
regions by the end of March, This spatial pattern
of high positve cases was oormelated to the VLN
conditiom, Heweyver, it was nob always folloswed
by the patterm of the fatality. The K-means elus-
tering result shows that the Pravince of [akarta
has a high VLN, cumulative positive cases, and
death cases but a low CFR For further studies,
some other indicators could be included for a
e comprebensive analyses, such as the dsta-
hution and capacity of heatth fcilitios.
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