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Nghién ctru xay duwng Web-GIS cong bo ban do nguy co'lay nhiém
dich bénh COVID-19 trén dia ban thanh pho Ha Noi
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Tém tit: Ngay tir khi dich bénh COVID-19 biing phét trén thé gii, da c6 nhiéu cac nghién
ctru vé thanh 1ap ban dd nguy co lay nhiém dich bénh COVID-19. Muc dich chinh cua cac
ban do nay 1a cung cip cac thong tin cu thé Ve murc do nguy co lay nhiém dich bénh COVID-
19 trong timg khu vuc. Cac thong tin nay rat hitu ich cho cac nha quan ly quyét dinh cac
Chlnh sach, dua ra cac bién phap phong chong dich bénh hiéu qua va kiém soat duoc sy lan
truyén cta virus SARS-CoV-2. Trong bai bao ndy, nhom tac gia da nghién ctru xay dung
mot Web-GIS cong bd vé ban d6 nguy co lay nhiém dich bénh COVID-19 (CVI Map) trén
dia ban thanh phd Ha Noi, 1a mot hé théng duoc tham chiéu chéo, tich hop, cap nhat thuong
xuyén cac dir lidu va céc tinh toan, bao cdo hang ngay vé cac trudng hop COVID-19 cia
thanh ph Ha Noi, tao thanh mot tai nguyén mo toan dién, tir d6 dua ra cac phuong phap
thich trmg phu hop dya trén diéu kién dan cu, diéu kién séng, ha tﬁng, y té,... bay ciing 1a sy
chuan bi can thiét dé Ha Noi co thé img pho voi su xuét hién ciia cac bénh truyén nhiém
duong ho hap cling nhu cac bénh truyén nhiém khac trong tuong lai.

Tir khéa: COVID-19; Web-GIS; Ban d6 CVI; QGIS; Ha Nbi.

1. Giéi thi¢u

Hién nay, mic du dich bénh COVID-19 dang dan dugc day i tai Viét Nam ciing nhu
trén thé gidi, tuy nhién sy xuét hién cac bién thé khac nhau cua virus SARS-CoV-2 van la
nguy co co thé khién dich bénh bung phat tré lai. Vi vay, viéc chuén bj cac thong tin ho trg
phong chéng dich, dic biét 1a ban d6 nguy co lay nhiém dich bénh COVID-19 dua trén dit
liéu khong gian la rat can thiét dé dam bao Viét Nam c6 thé sdng an toan vdi virus SARS-
CoV-2. Béi voi nhitng nguoi nghién ctru dit liéu khong gian (geo-spatial data science), mot
trong nhirng céu hoi quan trong la: vay bénh dich s€ hay xuét hién & nhiing chd nao? Nguy
co dich bénh ¢ dau 14 16n nhat? Da c6 nhiéu nha khoa hoc, gidi quan 1y y té trén thé gidi tim
cach tra 161 cau hoi nay dé rdi tir d6 ho dua ra cic mé hinh tinh toan chinh x4c cho phép thanh
1ap cac ban dd nguy co lay nhiém dich bénh COVID (COVID-19 Vulnerability Index Map -
CVI Map). Céc ban d6 nay dugc tao ra nham muc dich danh gia va phan tich muc do nguy
co 1y nhiém cua dich COVID-19 tai timg khu vuc va dia diém khac nhau. Day 1a cong cu
quan trong dé dua ra quyét dinh va trién khai cac bién phap phong chéng dich hidu qua. Tuy
nhién, mudn c6 duogce dit liéu va md hinh dé thanh lap ban dd CVI-Map can co nhiing dir licu
théng ké hét stre chi tiét dé tir d6 co thé hinh dung tai mdi dia diém, khu vuc c6 cac dic diém
khéc nhau thi bénh dich s& 14y nhiém nhu thé nao? Tur ban dd nay s€ xac dinh duoc cac khu
vuc ¢6 nguy co 1y nhiém nhanh khi ¢6 FO trong cong dong, tir d6 xac dinh cac khu vuc co
nguy co bung phét dich cao, cn wu tién phu Vaccine som ciing nhu ¢ cac bién phap phong
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chdng dich hop 1y. Ngoai ra, viéc kiém soat dich bénh COVID-19 ciing da phét trién cac
thanh twu v6i cac muc tiéu phat trién (SDGs) vé stic khoe, kinh té va xa hoi, phat trién theo
hudng phat trién bén vimg [1-4].

Trudc day, su bung phat cua dich bénh COVID-19 va hau qua cua no trén toan cau da
dan dén cac van dé xd hoi nghiém trong lién quan dén stre khoe can duoc giai quyét nhu su
hoang s, lo lang, trdm cam, phan biét chung toc va khong khoan dung [2] Khi nhiing thay
doi di truyen d6i v6i virus xay ra theo thoi gian, virus SARS-CoV-2 bét dau hinh thanh cac
dong di truyén. Giéng nhu mot gia dinh c6 cay pha hé, virus SARS-CoV-2 ¢c6 thé duoc 1ap
ban d6 twong tu. Doi khi cac nhanh cua ciy d6 cé cac thude tinh khac nhau 1am thay déi tc
do lay lan cua virus, muc do nghi€ém trong ctia bénh tat ma nd gay ra hoac hi¢u qua cuia céc
phuong phép diéu tri chdng lai no. Cac nha khoa hoc goi nhitng virus ¢ nhiing thay d6i nay
1a “bién thé”. Chung van 1a SARS-CoV-2, nhung c6 thé hoat dong khac. Chinh phu cia cac
qudc gia trén thé giéi da gidi thiéu mot sb can thiép dé giam kha ning di chuyén caa con
ngudi va tiép xuc vai xi hoi.

Dé kiém soat COVID-19, viéc lap cac ban d6 va phan tich khong gian, hé théng thong
tin dia ly (GIS) cung v6i dir liéu khong gian dia Iy dong mét vai tro quan trong, va la mot
cach thirc cong ngh¢ rong rai dé nam bat, chuan bi, quan ly, tong hop phan tich tur nhiéu
nguon dir liéu [3]. Viéc lap cac ban dd va phan tich khong gian ciling co thé thuc hién theo
ddi, xac dinh mo hinh dia 1y 1ay truyén, phan doan khong gian dé dénh gia tinh dé bj ton
thuong va rui ro, mé hinh hoa khong gian va truc quan hoa bat ky sy kién nao c6 thé cung
cap hd tro thong tin khong gian nho gon cho viée ra quyet dinh, xay dung céac bién phap va
danh gia tinh hiéu qua cta su kién dé ngan chan va kiém soat [4]. Nam 1854, viéc lap ban d6
va phan tich khong gian da duoc str dung boi bac si ngudi Anh John Snow dé phat hién va
ngan chin dich ta bung phat & London. Két thiic ciia nghién ciru d6 da gitp ciru song nhidu
ngudi va hd trg hinh thanh mot hé théng quan 1y nudce va chit thai & London. Sau d6, né
duoc theo sau boi cac thanh phé khéc va tao ra mét sy thay ddi dang ké vé strc khoe cong
dong noi chung trén toan thé gidi [5].

Dé c6 thé tao ban d6 nguy co 1ay nhiém dich bénh, dir liéu khong gian dong vai tro quan
trong, lam dau vao cho cac mo hinh xac dinh chi s6 nguy co bénh tat [6]. Dua trén 80 liéu
thdng ké vé vi tri cia cac ca mic COVID-19, c6 thé tao ra mbi twong quan gitra mot s6 thong
tin khong gian nhu mat d6 dan sb, thu nhap binh quan dau nguoi, diéu kién sdng c6 nguy co
bung phat dich bénh, v.v.. .[7]. Thong tin khong gian nay co thé dugc thu thap thong qua cac
ngudn dir liu mo hodc ¢ thé duoc xac dinh gian tiép bang cac md hinh phan tich khong
gian théng qua dir liéu khong gian hién c6 nhu phan b6 do che phu dat, dir lidu dan so,
V.v...[8]. Phan tich tinh hinh dich bénh COVID-19 vé khong gian va thoi gian la rat quan
trong dé co the hleu r0 dugc ban chat murc d§, mo hinh dia ly ctia viéc truyen nhiém, cac yéu
t6 nguy co tiém an, murc do d& bj ton thwong va rii ro, va cac diém néng vé lay nhiém [9].
Phan tich khong gian vé su bung phat COVID-19 ciing rat quan trong khi xay dung dugc mot
chinh sach toan dién dé kiém soat cac tinh huéng bét loi cua dai dich st dung cac ngudn luc
¢6 san. Viéc phan tich khong gian va thoi gian rit quan trong trong dich t& hoc [9]. Trong hai
thap ky qua, dich t& hoc di tham gia va nhan dugc cac phan héi t6t trong nghién ctru cac Gmg
dung trung gian [10] va dd c6 mot sd nghién ciru nhat dinh dugc thyc hién trén thé gisi lién
quan dén viéc phén tich COVID-19 trong khéng gian [4,11-12]. bic biét, mot nghién clru
toan dién vé ban chat cta lan truyén theo khong gian, mé hinh lay truyen theo khong gian dia
ly, tinh dé bi ton thuong va mure d¢ rui ro cing vo1 viée phan tich cac diém néng ctia COVID-
19 da duogc cong bb trong céac nghién ctru cua cac nha khoa hoc nhu [7, 13-15].

Cho dén nay, viéc 1ap ban do nguy co lay nhiém COVID-19 di duoc bao cio ¢ nhidu
qudc gia trén thé gidi bang nhiéu céach tiép can khac nhau. Theo [16], mot trong nhitng cong
cu giup con ngudi c¢6 thé hidu dugc cin bénh nay 1a Hé thong thong tin dia ly (GIS). GIS
cung cap mot khudn kho tuyét voi dé tich hop dit liéu cu thé vé bénh tat véi cac khu dan cu,
co sO'y té va xd hoi cling nhu méi truong ty nhién xung quanh. N6 ciing cung cap dir lidu rat
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phtt hop dé phan tich dit liéu va hién thi xu hudng. Theo [17] dd dé xuét phuong phép tiép
can da tiéu chi va cong nghé GIS dé danh gia mirc d6 nguy hiém ciia COVID-19 trong qué
trinh phong toa cac quan ngi thanh. Tuong tu, MCDA dua trén GIS da dugc sir dung dé thiét
1ap ban d6 cac khu vuc dé bi ton thwong do COVID-19 cho Bd Tay, Palestine [18]. Ngoai ra,
dé xéc dinh cac khu vuc ¢6 kha nang d€ bj ton thwong do lay nhiém COVID-19, c6 thé hd
trg cac to chirc chinh phu duy tri viéc quan ly dich bénh va ngan chan sy lay lan cta no, [19]
da tao ra ban d6 vé tinh trang d& bi ton thuong cia COVID-19 ¢ Ty Bengal, An D¢ thong
qua nén tang GIS va mot phuong phap MCDM mé tich hop. Mit khéc, phuong phap nay
cling dugc ap dung trong viéc xdy dung md hinh xac dinh cdc chi s6 nhay cam COVID-19 ¢
Trung Qudc [20], danh gia muc do ton thuong do COVID-19 [21], x4c dinh cac chi sb nhay
cam COVID-19 do yéu tb xa hoi gdy nén & Iran [22], thiét 1ap ban d6 muc d nhay cam voi
COVID-19 [23].

Ngoai ra, phuong phép tiép can MCDA dua trén GIS, nghién ctru [24] da xac nhan vai
trd ctia ung dung hinh anh vé tinh, cong nghé vién tham va dir liéu khong gian dia 1y trong
viéc xac dinh cac dic diém va mdi quan hé o lién quan dén mirc d6 pho bién va ty 18 tir vong
ctia COVID-19 trén toan cau. Hon nita, nghién ciru [25] két ludn rang trong nhitng nim tdi,
viéc ap dung cong nghé vién tham sé& cho phép giam sat va quan 1y rai ro dai dich toan cau
hiéu qua hon nhiéu. Hién nay, cong nghé nay da duoc tmg dung rong rii trong nghién ciru
vé dai dich COVIDS. Nghién ctru [26] d3 str dung cong nghé vién tham, GIS va phuong phap
dya trén kién thirc dia phuong dé giai quyét hidu qua tinh trang lay lan bénh COVID-19 &
An 9. Sau khi tham khdo y kién cta chinh quyén dja phuong, ho di phan dinh khéng gian
cac khu vuc nguy hiém khéac nhau va cac hoat dong dugc phép & d6. Ngoai ra, nghién ciru
[27] da str dung hinh anh vé tinh dé phan tich tinh trang 1ay nhiém SARS CoV-2 trong nhiing
nhom dén cu dé mic bénh & Ecuador. Ngoai ra, su két hop gitra mang Bayesian va cong nghé
GIS con duoc sir dung dé xay dung mé hinh phan tich cac khu vic dé b ton thuong do dai
dich bung phat & Bangkok, Thai Lan. M6 hinh nay dugc sir dung dé thuc hién phan tich kich
ban da gitp phat hién ra cac chién lugc quan 1y 16 hong.

O Viét Nam, di c¢6 nhirng nghién ciru xac dinh vi tri ciia cac bénh nhu st rét [28] phan
tich dia Iy vé sy xuét hién bénh tiéu chay do vi khuan Shigella & Viét Nam [29], hay phan b6
dia 1y s6t xuat huyét ¢ thanh phé Ha Noi [30]. Cac nghién ciru nay cho thay thong tin dia
ly/théng tin khdng gian c6 thé gop phan nang cao hiéu qua phong chong dich bénh, bao vé
tinh mang nguoi dan va ddm bao an toan stc khde cho Viét Nam. Ngoai ra, cong ngh¢ GIS
cling da duge chimg minh la c6 hi€u qua trong viéc khoanh vung nguy co dich bénh COVID-
19 dé  phan cp mirc d6 tac dong [31]. Bén canh d6, dé dy bao va khoanh ving ving dich dé
c6 thé dua ra giai phap chinh x4c va nhanh nhét [32] 4p dung md hinh héi quy dia 1y cuc bd
dé danh gia tinh hinh dich trén toan thanh pho tap trung vao cac khu vuc dugc du bao co
mirc d6 14y nhiém cao va nguy co ldy nhiém rat cao. Tuy nhién, dich bénh COVID-19 Ia
bénh m&i va xuit hién nhanh nén hau nhu chua c6 kinh nghiém ciing nhu chua c6 nhiéu
nghién ctru st dung dit liéu khong gian dé du bao, xac dinh nguy co dich bénh.

Trong nghién ctru ndy, viéc xay dung mot Web-GIS cong bd vé ban dd nguy co lay
nhiém dich bénh COVID-19 (CVI Map) trén dia ban thanh phé Ha Ndi trén co s¢ xay dung
cac mo hinh nghién ctru cho phép xac dinh céac chi sé nguy co dich bénh tir dir liéu
khoéng gian, ciing nhu cac mé hinh phén tich khong gian xac dinh cac thong tin can thiét
cho mo hinh dich t& hoc nhu mat do dan sd, diéu kién sdng, thong tin vé& nhan khau hoc,
d6 tudi dan sd, v.v. nham danh gia va phan tich mirc 6 nguy co lay nhiém cua dich bénh
COVID-19 tai tirng khu virc va dja diém khac nhau trén dja ban thanh phd Ha Noi. Trong
do6, cac ban dd CVI-Map c6 thé dugc cap nhat va didu chinh theo thoi gian, dya trén cac
thong tin méi nhat vé dich bénh va cac yéu té tac dong. Diéu nay giup cho qua trinh phan
tich va st dung céc dir liéu khong gian trd nén linh hoat va c6 kha nang dap ing nhanh chong
dbi v6i tinh hinh dich bénh thay d6i. Két qua cua viéc xay dung Web-GIS nay c6 thé cung
cap cho chinh quyén va cic nha quan 1y y té nhiing thong tin quan trong vé nguy co 1y nhiém
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va téc do lay lan dich bénh trong timg khu vuc cu thé. Didu nay giip ho duara quyét dinh va
trién khai cac bién phap phong chdng dich hiéu qua cho thanh phé Ha Noi, vu tién phan phbi
vaccine, ciing nhu gianh quyén vu tién tai nguyén y té cho cac khu vuc ¢ nguy co cao.

2. Dir liéu va phwong phap nghién ciru
2.1. Gioi thiéu khu viec nghién curu

Thu d6 Ha Nbi ¢6 vi tri nim trong khoang tir 20°53’ dén 21°23’ vi 6 Béc va tir 105°44’
dén 106°02' kinh d6 Pong. Ha Noi nam tiép giap véi cac tinh Thai Nguyén, Vinh Phuc ¢
phia bic; Ha Nam, Hoa Binh ¢ phia nam; cac tinh Bic Giang, Bic Ninh, Hung Yén ¢ phia
dong va Hoa Binh, Pht Tho ¢ phla tay. Day la trung tam chinh tri, kinh té, van hoa, khoa hoc
va ky thuat cua ca nudc [33]. Nam trong ving dong bang song Hong phia Bic, Ha Noi 1a
viing c6 mat do dan s cao nhat ca nude véi dan s6 nam 2020 1a khoang 8, 3 triéu nguoi, nam
2021 1a khoang 8,34 triéu ngudi va nam 2022 1a khoang 8,4 tridu nguoi, song trén dién tich
3.359,82 km?, voi mat d 2.511 nguoi/km?, trong d6 hon 8 triéu ngudi sdng & cac khu do thi
[34].
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Hinh 1. Khu vuc nghién cu.

2.2. Dt liéu da s dung

Dt li¢u dugce str dung trong nghién ctru nay bao gém dit liéu vé céc ca nhiém COVID-
19 tai Ha Noi trong khoang thoi gian tir ngay 5/7/2021 dén ngay 22/9/2021 dugc thu thép tai
Trung tam Kiém soat bénh tat Ha Noi (CDC Ha Noai - 70 Nguyén Chi Thanh, Déng ba, Ha
No6i) va mot s6 dit liéu khong gian can thiét dé xdy dung ban d6 chi s6 nguy co dich bénh
nhu: dit liéu tham phua dat, dir liéu dan s6 va phan bd déan cu, dit liéu thi trudng dia phuong,
trung tam thuong mai, can ho, dir liéu vé cac khu cong nghiép,v.v. tai thanh phé Ha NOoi.
Béng 1 trinh bay dir lidu va ngudn duoc str dung trong nghién ciru.

Bang 1. Ngudn va céc dit liéu dugc sir dung trong nghién ciu.

Dir ligu Tham sb Ngudn
https://hub.worldpop.org/geodata
Dit liéu dan s6 Mat do dan cu (mat do nha trén 1 ha) World Population ndm 2020 d¢ phén giai
90%x90m

Céc tham s vé do nhay cam COVID-19
Dit liéu cac dbi tugng duoc xac dinh tur;
ha ting kinh té xa hoi CDC Ha Noi (duoc thu thap tir 5/7/2021

Vi tri cac ca nhiém COVID-19 dén 2219/2021)
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Dir liéu Tham sé Nguén

Vi tri cac chg dén sinh, trung tim thuong

mai, cic don vi hanh chinh, cac don vi Google Earth
dich vu, cac khu cong nghiép, khu ché

xuét, cac khu chung cu...

https://www.eorc.jaxa.jp/

(Dt liéu vai @6 phan giai 30m dugc giai
doan tir anh vé tinh do Jaxa cung cip,
1991- 2019),

Sentinel-1 SAR GRD
Sentinel-2 MSI Level-2A
Sentinel-2 MSI Level-2A
Landsat 7 ETM+ (Collection 1)

Dt liéu 16p phu sir Céc tham sb ctia mé hinh phan tich khong Landsat 5 and 4 TM (Collection 1)
dung dt gian Dir liéu khao sat mat dét, dit lieu diéu tra,
dit liéu giai doan bang mét thuong tir anh
v¢é tinh (130,000 sites)

ALOS PRISM Digital Surface Model
(AW3D DSM) di dugc tinh toan dé xac
dinh d6 dbc, huong déc, va do cao
Céc ngudn dit liéu phu tro khac bao gém
khoang cach dén song, dé bo bién, hé
thdng giao théng va nha cira

Dit liéu mét do dan cu (http://www.worldpop.org.uk/). Dit li¢u ¢6 do phén giai 100 m x
100 m va s lidu dan s6 ude tinh trén mdi diém anh nay. Dit liéu mat do dan cu duoc thé hién

nhu Hinh 2a.
] S e pranet = )
(@) ‘. L. " / o (B)

‘hqkhu bong thi Wn
Hinh 2. (a) Dir liéu mat d6 dan sé download dwoc tir http://www.worldpop.org.uk/; (b) Dit liéu chg
dan sinh va trung tdm thuong mai.

Dir liéu vi tri cac cho dan sinh tai Thanh phé Ha No6i duoc xac dinh tir Google Earth voi
tong 240 cho nhu trén Hinh 2b.

Vi tri ctia hon 3500 ca FO tai thanh phd Ha Noi trong khoang thoi gian 5/7/2021 dén
ngay 22/9/2021 (do cac ca bénh chi c6 thong tin vé dia chi, khdng co théng tin vé toa d6 nén
nhém nghién ctru da phai tién hanh xac dinh vi tri cac ca nhiém trén ban d6 mot cach thi
cong) dé dbi chimg voi két qua mo hinh xac dinh mtrc d6 nhay cam lay nhiém COVID-19
(Hinh 3). Dit liéu cac ca bénh FO dugc cung cép bdi Trung tam kiém soat dich bénh Ha Noi
(CDC Ha Noi) theo dinh dang file excel.


https://www.eorc.jaxa.jp/
http://www.worldpop.org.uk/?fbclid=IwAR0gJygxh1xYcanfGmQnWN29XScLlfi9hVQlo3qSqviUtM4LmAcQ4IhcXGA
http://www.worldpop.org.uk/
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Cac trudng hgp COVID-19 d Ha ndi
(Tir 5/7/2021 dén ngay 22/9/2021)
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Hinh 3. Vi tri dugc xé4c dinh dua vao dia chi caa 3500 ca nhiém COVID-19 & Ha Noi trong thoi gian
5/7/2021 dén ngay 22/9/2021.

2.3. Phuong phap nghién ciru

Trong qua trinh nghién ctru, chiing t6i da xay dung duoc mot ban dd nguy co lay nhiém
dich bénh COVID-19 trén co sd xay dung 02 md hinh: mé hinh xé4c dinh cac chi s6 nguy co
dich bénh va md hinh phan tich khong gian.

M0 hinh nhay cam trong khu vuc truyén bénh duoc xac dinh dua trén dir liéu cia Thanh
phé H6 Chi Minh duoc nhém nghién ciru cia Bui Hong Son x4y dung dua trén nghién ciru,
danh gia vé tuong quan giita cac yéu td vi tri dia 1y va cac d6i twong dia 1y voi nguy co
COVID-19 [32]. Theo d6, quy trinh xay dung ban d6 phan ving nhay cam lan truyén bénh:

1. Luong hoa céc gia tri dic trung cho muc dd nhay cam cua tung 6 (cell) kich thude
100 x 100 m (twong duong 01 hectar) bao gom tong dan so trong ban kinh 500 mét va khoang
cach tir timg cell dén cac dbi twong dia 1y nhay cam, dé tré thanh tdm lan truyén dich nhu
cho, siéu thi, chung cu, khu cong nghiép.

2. Xac dinh céc chi s6 nhay cam cho timg cell theo cong thire sau:

- Di voi dan sb xac dinh chi s6 PopIndex:

PopIndex; = Pop2020i/MaxOfPop2020 Q)

Trong d6 Pop2020; 1a dan s6 trong vong 500 mét ddi vai timg cell va MaxOfPop2020 1a
gia tr1 Max cua Pop2020.

- Chi s6 nhay cam dbi v6i cho:

) Cholndex: = (1000-Dist2choi)/1000 (2)
- Chi s6 nhay cam d61 v6i chung cu, cao Oc:
Chungculndex; = (1000—Dist2cc:)/1000 3

Trong d6 Dist2cci 1a khoang cach ting cell dén chung cu.
- Chi s6 nhay cam ddi véi siéu thi, trung tdm thuong mai:

Sieuthilndex; = (1000—Dist2st;) / 1000 4
Trong d6 Dist2st; 1a khoang cach timg cell dén siéu thi.
- Chi s6 nhay cam ddi v6i khu cong nghiép, khu ché xuét:

KhuCNIndex: = (1000—Dist2cn;)/1000 (5)
Trong d6 Dist2cn; 1a khoang cach ting cell dén khu cong nghiép (tinh theo duong thing,

khong tinh theo 19 trinh).

Chi sb nhay cam téng hop xéac dinh theo cong thirc sau:
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SensIndex; = kp. PopIndex; + kch. Cholndex; + kcc. Chungculndex; + kst.Sieuthilndex; +
ken. KhuCNIndex; (6)

Trong doé kp, kch, kec, kst, ken 1a cac trong sb cac yéu to nhay cam dan s6, cho, chungcu,
siéu thi, khu cong nghiép...

Do chudi so liéu thu thap duoc chua du 16m, trong thir nghiém dudi day kp, kch, kec, kst,
ken nhan gia tri bang 1.

, Dé thuén loi trong khai thac truc quan, st dung gia trj chi sb nhay cam tong hop twong
doi:
CovidSensIndex; = 1OOSensIndexL/MaxOfSensIndex @)

Trong d6 MaxOfSensIndex 1a gia tri 16n nhat trong cac gi4 tri SensIndex cua tat ca cac
cell.

Mo hinh nay duoc tao ra bai nén tang phan tich va moé hinh ndi suy cac gia tri chi sé
index cho cac grid khong c6 dit liéu, mot hé thong duoc thiét ké dé hop 1y hoa phén tich
thong ké va khong gian dia 1y phirc tap. M6 hinh thyc hién cac phuong phép hién tai va lich
sir dé xac dinh tinh trang cac ca bénh. M6 hinh bién cac thu tuc l1ap ban dd va phan tich kho
khin va ton thoi gian thanh cac ban do, biéu d6 va két qua d6 hoa dé hiéu.

Mo hinh phan tich mac d6 nhay cam véi COVID-19 ciia [32] 1a mé hinh duy nhat da
xdy dyng thanh cong ban dd nguy co lay nhiém dich bénh COVID-19 tai Viét Nam vao thoi
ky dau xay ra dich bénh. Trén nén tang d6, nhom tac gia da nghién ctru cai tién mo hinh cua
[32] dé xay dung mot Web-GIS cong bo vé ban d6 nguy co lay nhiém dich bénh COVID-19
tai Ha No1 bang cach gian lugc mot sd tham sb ciia md hinh trén cho phu hop véi cac diéu
kién vé dich bénh ctuia Ha Noi. Dit liéu duoc trinh bay nhu Hinh 6. Dé xac dinh muc do tuong
quan gitta mat d¢ dan s6 va ty 1€ nhiém COVID-19, dit liéu cac ca nhiém COVID-19 nhu
Hinh 6 duoc st dung dé xac dinh mat dé dan s tai cac vi tri nhiém bénh six dung phuong
phap phan tich khong gian trén phan mém QGIS.

Dir liéu vé mat do dan sé duoc phan doan thanh 18 nhom mat do tir 0 dén 850 nguoi/ha
v6i bude nhay 50 ngudi. SO liéu phan tich duge trinh bay trong Bang 2. Trong bang thong
ké téng sb lugng ca méc duoc dinh vi tai cac vi tri c6 mat do dan sb tir nhom 1 dén nhom 18
va dién tich tuong Uimg véi mdi nhom méat do dan sb. Ch'flng han, nhom 1 cho théy c6 27041
ca COVID-19 tai cac vi tri c6 mat d6 dan sb tir 0-50 ngudi/ha trong khi dién tich dét twong
g voi mat do dan s6 nay 1 3815 ha. Vi dién tich dat twong tmg & mdi nhém dan sé khong
déu nhau va viéc thong ké don thuan s6 ca mac theo mat do dan sb s€ khong phan anh ding
tuong quan gitta muc dg nhay cam cua COVID-19 theo mat d6 dan s6 nén nhom nghién ciru
da st dyng tham s6 N 1a ty sb giita s6 ca nhiém theo mat do dan sO/ dién tich dat c6 cing mat
d6 dan s6. Cach lam nay sé tiéu chuin héa dugc vé tuong quan giita s6 ca nhiém theo mat do
dan so.

Bang 2. Phan nhém mat do dan sé va sé ca mic theo mat do dan sd.

Mat dé dan sé N (Ty lé ca mac/S

Nhém dan sé ngui/ha) S6 ca mic Dién tich (ha) (Dién tich c6 ciing
(ngud mat d§ dan s6))
1 50 27041 3815 7.088073
2 100 16286 1276 12.76332
3 150 7313 2268 3.224427
4 200 9725 1259 7.724384
5 250 15170 5059 2.998616
6 300 12073 1386 8.710678
7 350 11579 1619 7.151946
8 400 8383 4064 2.062746
9 450 10326 13035 0.792175
10 500 11685 1349 8.661972
11 550 14699 1029 14.28474
12 600 20745 3244 6.394883
13 650 19506 178808 0.109089
14 700 9105 183 49.7541
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Mat dd dan sb N (T¥ 1§ ca mac/S

Nhém dan sé yilha) S6 ca mic Dién tich (ha) (Dién tich c6 cuing
(nguof mat d¢ dan sb))
15 750 5407 314 17.21975
16 800 5732 145 39.53103
17 850 3248 63 51.55556
18 900 55 2 275

Tt dit liéu trong Bang 2 ¢6 thé xac dinh chi s6 nhay cam theo mat d6 dan s6 bang phuong
phé&p hoi quy tuyén tinh. Trong d6, do6 thi phan bo va ham hoi quy dugc xac dinh nhu Hinh
4,

Twong quan giita mat d§ dan sé va s6 ca mic COVID-19
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Hinh 4. D6 thi phan bé hdi quy tuyén tinh dé xac dinh anh huéng cua mat do dan sé dén kha niang
lay nhiém COVID-19. Trong d6, duong nét dut mau den 1a duong hoi quy, duong nét lién mau do la
duong phén bac cho mé hinh gian luoc.

bé gian lugc héa mé hinh xac dinh nhay cam COVID-19, nhém nghién ctru su dung
phan bac dé gian lugc chi s6. Céc chi sb nhay cam cua mat d¢ dan s6 s& duoc chia 1am 3 mirc
bao gom: mirc thap (mat do dan s6 tir 0 dén 600 ngudi/ha), nhom trung binh (mat d¢ dan s6
tir 600 dén 700 ngudi/ha) va mirc cao (mat do dan s trén 700 nguoi/ha). Cac chi sé PopIndex
s& 1an lugt nhan cac gid tri 1, 2, 3 1an luot tuong Gmg véi mirc nhay cam thap, trung binh va
cao.

Mot chi s6 khéc lién quan dén khoang cach diém lay nhiém, nhom nghién ctu ciing tién
hanh gian lugc chi sb nghién ctru bang cach phan loai chi s6 nay thanh hai gia tri 13 khong nhay
cam va nhay cam. Khu vuc khong nhay cam la cac khu vuc ¢ khoang cach 16n hon 400 m dén
cac diém co nguy co lay nhlem nhu chg dan sinh, twong mg voi gia tri Cholndexi = 0. Nguoc
lai, khu vire nhay cam s& nam trong ban kinh 400 m dén cac diém c6 nguy co lay nhiém cao co
gia tri Cholndex; = 1.

Nhom nghién ciru ciing tién hanh xac dinh gian luoc mic d6 1y nhidm d6i véi cac khu
vue c6 diéu kién sinh hoat khong tdt, d6 1a cac khu dan cu co d3 duoc hinh thanh véi thoi
gian l4u, dién tich nha ¢ nho, diéu kién vé sinh khong t6t. Cac khu dén cu nay thudng dugc
hinh thanh tir trude ndm 1995 va dé xac dinh duoc twong ddi vi tri cac khu dan cu nay co thé
sir dung dir liéu 16p phu trong cac thoi ky trude ddy, trong d6 co xac dinh cac 10p dat xay
dung tuong g véi cac vi tri trude ndm 1995 ¢ khu vuc thanh phd va c6 mat do xay dung
cao. Céc vi tri c6 16p mat dét trude nam 1995 s& ¢ gia tri DKIndex = 1, cac khu vuc c6 dan
cu khong thude khu vuc trén s€ co6 gia tri DKIndex = 0.

D6i v6i mo hinh gian luoc, gia tri mirc d6 nhay cam s& duoc xac dinh bang:

CovidIndex: = kp. PopIndexi + kci. Cholndexi + ka.DKIndex: (8),

Trong do, kp, Ken, Kak 12 cac trong s ciia cac chi sé PopIndex, Cholndex, va DKIndex.
Trong md hinh gian luoc, cic trong sé nay déu bang 1, nghia 1a coi mirc d6 wu tién (quan
trong) clia cac yéu t6 nhay cam nay 1a nhu nhau.
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3. Két qua nghién ciru

Dé xac dinh duogc mirc do nhay cam dbi véi COVID-19 cho thanh phd Ha Noi, chling
t6i da str dung mo hinh gian lugc xac dinh céc chi s6 nguy co dich bénh COVID-19 theo cong
thirc (8). Trong d6 chi sb nhay cam véi mat do dan s6 duoc xac dinh tir dir liéu dan sd theo 3
mirc ciia mo hinh gian luge. Chi sb nhay cam dén sb cung chi s6 chg dn sinh va chi sé diéu
kién sinh hoat dugc st dung dé tinh chi sé nhay cam COVID-19 téng thé. Nhu vay, chi sb
nhay cam COVID-19 cho thanh phé Ha Noi duge chia thanh cac muc tir 1 dén 5 va duoge
biéu thi nhu trén Hinh 5. Trén hinh v& ndy, mirc d6 nhay cam dugc biéu thi bang mau séic
tang dan tir tring dén do.

Dé kiém chutng tinh chinh xac ctia mé hinh, nhém nghién ctru str dung 3500 mau cac ca
nhiém COVID-19 dua vao dia chi ctia cic ca bénh (dugc CDC Ha Noi cung cép dudi dang
file excel). Do cac dia chi nay chua dugc xac dinh vi tri nén nhom nghién ciru da phai tién
hanh xac dinh vi tri ctia cac ca nhiém COVID-19 trén ban d6 mot cach thu cong.

Hanoi Covid Vulnerability Map
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Hinh 5. Két qua xac dinh muc do nhay cam d6i véi COVID-19 theo mé hinh gian lwoc. Thang mau
tir trang dén do.

Mo hinh duge kiém ching bang cach thong ké s6 lugng cac ca nhiém COVID-19 theo
tirng mirc d¢ nhay cam nhu Bang 3 va Hinh 6.

Bang 3. Bang thdng ké dir liéu cac ca nhiém COVID tir 5/7/2021 dén ngay 22/9/2021.

Mike dd nhay cam Sb ca Dién tich theo mikc dd S6 ca nhiém/Dién tich theo
COVID-19 (CVI) nhiém nhay cam mikre dd nhay cam

1 1075 102548 0.010483

2 1051 14015 0.074991

3 775 3083 0.251379

4 146 2020 0.072277

5 185 384 0.481771

Do dién tich cac ving c¢6 mirc 6 nhay cam khac nhau khong déu nhau nén viéc danh gia
s6 ca nhiém theo muc d6 nhay cam khong hoan toan chinh xac. Chéng han dién tich c6 mirc
do nhay cam béng 1 1a 102548 ha trong khi s6 ca nhiém dugc ghi nhéan ¢ céc vi tri c6 mic
dd nhay cam 1 1a 1075 trong khi s6 ca nhidm & cac vi tri c6 muc do nhay cam 5 (muac nhay
cam cao nhat 1a 185 ca trén téng dién tich c6 mic do nhay cam 5 1a 384 ha. Néu chi so sanh
s6 ca nhiém thi c6 thé noi rﬁng s6 ca nhiém & cac vi tri c6 mirc do nhay cam 5 it hon rat nhiéu
s0 voi s6 ca nhidm ¢ murc 6 nhay cam 1 va mo hinh khong chinh xac.



Tap chi Khi twong Thity van 2024, 759, 32-45; doi:10.36335/VNJHM.2024(759).32-45 41

Dé ¢ thé xac dinh tinh chinh xac ctia mé hinh, nhom nghién ctru da str dung chi sb so
sanh la ty ) gitra s6 ca mac bénh COVID-19 tai mdi vi tri nhay cam trén téng dién tich theo
mdi mirc d6 nhay cam. So sanh trén Hinh 6 va Bang 3 c6 thé thdy xu thé chung khi mic do
nhay cam ting thi nguy co nhiém bénh ciing ting ty 1¢ thuan véi mic d6 nhay cam. Nhu vay,
md hinh hoan toan cé thé st dung dugc dé xac dinh mirc do nhay cam (dé ton thuong) voi
COVID-19 ¢ cac khu vue khac nhau, tir d6 dua ra cic bién phap dbi pho va thich timg phu
hop.

Twong quan gitka mire d6 nhay cam va s6 ca nhiém thwc té

Mire iy nhim
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Hinh 6. Xu thé twong quan giira mirc d6 1ay nhidm va mirc do nhay cam COVID-19. Trong d6, truc
tung gié tri mac d6 lay nhiém, truc hoanh la cac mic do nhay cam COVID-19 trong mé hinh gian
luoc ¢6 gia tri tir 1 dén 5. Puong mau do 1a duong hdi quy.

Hinh 6 thé hién xu thé tuong quan ty ) gilita s6 ca mac bénh COVID-19 tai mdi vi tri
nhay cam trén téng dién tich theo mdi mirc do nhay cam. Trong do, truc hoanh la cac muc
d6 nhay cam COVID-19 khac nhau trong mé hinh gian luge, c¢6 gia tri tir 1 dén 5. Néu twong
quan nay theo huong dong bién, c6 nghia 1a gia tri khi mirc d6 lay nhiém nho. Khi muc do
lay nhiém c6 gia tri thap thi mo hinh duoc cho 13 phan 4nh dung nguy co 1y nhiém.

Dé co thé pho bién rong rai dir liu ban dd nhay cam COVID-19, nhém nghién ctu da
tién hanh x4y dung ban db nhay cam COVID-19 truc tuyén. Viéc xay dung dugc dua trén
cong ngh¢ ma ngudn ma, voi thu vién Java Script Leaflet. Leaflet 1a mot thu vién JavaScript
ma ngudén mo cho viéc xay dung mot img dung map c6 tinh tuong tac. N6 ciing hoat dong
hiéu qua trén ca nén ting mdy tinh 1in mobile, c6 thé duge mé rong vai cac plugin, ngoai ra
né con c6 mot trang document API dep, don gian nhung dé doc.
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Hinh 7. Ban db nhay cam COVID-19 (CVI) truc tuyén tai https://covid.aiseess.com/.


https://covid.aiseess.com/
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DPé xay dung Web-GIS nay, nhém nghién ctu st dung mot plugin cia QGIS la
QGIS2Web. Qué trinh thyc hién du 4n vé cong bd ban dd nhay cam COVID-19 dugc thuc
hién hoan toan trén may tinh dé ban. Sau do, du an duoc dﬁy ra thu vién st dung cac API cua
Leaflet tir QGIS. Web-GIS cong bd ban d6 nhay cam COVID-19 cta nhom nghién ctru duoc dit
tai dia chi: https://covid.aiseess.com/ (Hinh 7). Ban db cho phép hién thi cac 16p dit liéu nhu 16p dix
liéu vé mirc d6 nhay cam COVID-19, 16p dit lidu cac ca miac COVID-19 tai Ha Noi tai thoi diém tir
5/7/2021 dn ngay 22/9/2021 trén nén OpenStreetMap. Ban db truc tuyén ciing cho phép tra ciru
murc d§ nhay cam tai cac vi tri, hién thi sd luong ca nhiém hién c6 tai mdi khu vue.

4. Két luan

Nghién ctru nay di giéi thiéu phuwong phéap xay dung Web-GIS cong bd vé ban dd nguy
co lay nhiém dich bénh COVID-19 (CVI Map) trén co sé xay dung cac mo hinh xac dinh cac
chi s6 nguy co dich bénh tir di liéu khong gian, cling nhu cac mé hinh phan tich khong gian
xéc dinh cac thong tin can thiét cho mé hinh dich t& hoc nhu mat d6 dan sb, diéu kién song,
thong tin vé nhan khau hoc, dd tudi dan sd,v.v. Két qué cua nghién ctru da xay dung dugc
mot Web-GIS cong bd vé ban do nguy co lay nhiém dich bénh COVID-19 trén dia ban thanh
phé Ha Hoi trén co s cac dit liéu thu thap duoc vé cac ca nhidém COVID-19 trong khoang
thoi gian tir ngay 5/7/2021 dén ngay 22/9/2021 do CDC Ha Noi cung cip va mot sb cac dir
liéu khong gian ctua khu vyc nghién ctru.

Trong bdi canh hién nay, mic du dich bénh COVID-19 di duoc day Iui tai Viét Nam
cling nhu trén thé gidi nhung cac bién thé ciia virus SARS-CoV-2 da xuét hién va ban chat
bién dbi khong ngumng cua virus nay c6 kha nang lam gia ting sy khang thudc va khang
vaccine d6i véi mot s6 bién thé, do do6 viéc theo ddi va danh gia cac nguy co lay nhiém ludn
rt quan trong. Chinh vi the viéc sir dung Web-GIS va cac ban d6 nguy co lay nhlem dich
bénh COVID-19 vin rat can thiét nham gilp cho cac nha quan 1y, cic co quan y té c6 thé
theo ddi, danh gia va san sang tng pho vé&i dich bénh trong tinh hinh méi.

DPong gop ciia nhom tac gia: Xay dung y tuong nghién ciru: N.-T.T.H., N.Q.M.; Xur ly 5O
ligu: N.T.T.T., N.Q.M.; Thu thap dit li¢u: N.T.T.H., N.Q.M.; Viét ban thao bai bao: N.T.T.H.,
N.Q.M.; Chinh stra bai bao: N.T.T.H., N.Q.M.

Lm cam on: Nghién 01’11} nay dugc thuc hién dudi sy tai tro cia Tmbng Pai hoc M(:) - bia
Chat Ha Noi thong qua de tai nghién ctru khoa hoc cap co s¢ c6 ma so: T22-44. Tép the nhoém
tac gia bai baoxintrantrongcamonsuytaitrociaTruong Dai hoc Mé - Pia Chat Ha Noi cho
nghién ctru nay.

Loi cam doan: Tap thé nhom tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap
thé nhom téc gia, chua duge cdng bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude
day; khong co su tranh chap 1gi ich trong nhom tac gia.
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Research to build a Web-GIS to publish COVID-19 vulnerability
index map in Hanoi City
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Abstract: Since the COVID-19 epidemic broke out in the world, there have been many
studies establishing a map of the risk of COVID-19 infection. The main purpose of these
maps is to provide specific information about the level of risk of COVID-19 infection in
each area. This information is very useful for managers to decide on policies, devise
effective disease prevention measures and control the spread of the virus. In this article, the
author has researched and built a Web-GIS published on the COVID-19 infection risk map
(CVI Map) in Hanoi city, which is a cross-referenced system, integrates and regularly
updates data and calculations and daily reports on COVID-19 cases in Hanoi city, forming
a comprehensive open resource, thereby offering appropriate methods. Appropriate
response based on population conditions, living conditions, infrastructure, healthcare, etc.
This is also necessary preparation for Hanoi to be able to respond to the emergence of
respiratory infectious diseases as well as other infectious diseases in the future.

Keywords: COVID-19; Web-GIS; CVI map; QGIS; Hanoi.



