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CAC MO HINH THONG KE NGHIEN CUU O NHIEM KHONG
KHi TU HOAT PONG GIAO THONG PUONG BQ BEN SUC
KHOE - TRUONG HQP THANH PHO HO CHI MINH

STATISTICAL MODELS FOR AIR POLLUTION CAUSED BY GROUND
TRANSPORT: A CASE STUDY IN HCM

‘Nguyén Thi Thanh Ha, *Tran Dinh Tuéng, *Nguyén Thi Thu Trang, “Mai Thi Hdi Ha,

STrdn Vin Thanh, *Nguyén Diép, ' Truwong Thi Dung, °Ha Nguyén Thiwy Linh

1278 hoa Co ban, *Vién dao tao va hop tic quoc té (IEC),**Vién nghién ciu Méi truong va Giao thong
Trueong Pai hoc Giao théng van tai Thanh phé Ho Chi Minh.

SKhoa Co ban, Truwong Cao ding Céng thwong Thanh pho Ho Chi Minb.

Tom tit. O nhiém méi trieong la van nan déng bao dong hién nay trén toan cau. T rong d6 6 nhiém khong
khi do khi thai tir cac phwong tién giao thong la mot trong nhitng nguyén nhan chinh gop phan tao nén vén
nan dé. Bai bdo svr dung cdc mé hinh todn hoc bang cong cu thong ké dé nghién ciru tinh trang 6 nhiém khong
khi tir hoat dong xd thdi ciia cdc phwong tién giao thong diong bé. Bang viéc sir dung cdc mé hinh hoi qui,
mé hinh tw hoi quy tuyén tinh (AR), tich hop (I) va thay déi (dich chuyén) trung binh (MA) c6 xét véi yéu to
mua vy, bai bao phan tich va dw bao hién trang 6 nhiém khong khi tai Thanh pho; Ho Chi Minh véi cdc dir
liéu cdp nhdt. Cdc tinh toan mé phong trong bai b&o duwoc trinh bay trén ngon ngir ldp trinh R.

Tir khéa. M6 hinh thong ké; 6 nhiém khong khi; AQI; giao théng dé thi; sirc khée con nguoi.

Ma phin logi: 6.2

Abstract. Environmental pollution is an alarming issue globally. One of the main sources contributing
to that problem is the air pollution induced by emission from transportation vehicles. This paper uses
mathematical models to study the air pollution from the exhaust operation of ground transport. By using
regression models, ARIMA (Autoregression — Integration — Moving Average) models with seasonal variations
of the AQI, we analyze and forecast the air pollution in HCM city. The computations were simulated in

programming language R.

Keywords. Statistical models; air pollution; AQI; ground transport; health.

Classification code: 6.2

1. Giéi thiéu

Giao thong van tai (GTVT) la mot trong
nhing yéu t6 chinh gbp phan gay ra tinh trang 6
nhiém khong khi tai Viét Nam. GTVT thai ra
mdi trudng cac chat giy 6 nhidm khong khi va
cac hat bui (Particulate Matter - PM) v6i nhiing
thanh phan va kich ¢ khac nhau. Theo béo céo
cta to chirc WHO, khoang 30% luong bui min
(PM2.5 - céc hat c6 duong kinh nhé hon 2.5 um)
thanh phan chinh xay dung chi s6 chat lugng
khong khi AQI (Air Quality Index) dugc thai ra
tir cac 6ng xa khi ctia cac loai xe ¢ dong co [1].
Céc hat bui c6 duong kinh 16n hon (2.5 um -10
um) dén tir cac hoat dong khac ctia giao thong
dudng bo nhu bui dudng, thing xe va céu tao
16m cuia 16p xe. Ngoai ra, giao thong dudng bd
ciing 14 mot trong nhitng nguén chinh thai ra
nitrogen dioxide va benzen.

O nhiém khong khi dén tir hoat dong GTVT
lam ting nguy co tir vong, cu thé 1a tir nhing

bénh lién quan t6i tim va phdi. Nghién ciru thuce
nghiém chi ra rang cac tac dong nay c6 lién quan
dén nhiing thay doi trong viéc hinh thanh cac gbc
oxy hoa tur do (reactive oxygen species), su thay
ddi kha ning chdng oxy hoa va tang phan g
viém, do d6 gdy ra cac t6n thuong sirc khoe. O
nhiém khong khi dén tir GTVT ¢6 thé lam ting
nguy co di img va lam tram trong thém céc triéu
chimg, déc biét v6i nhom nguoi nhay cam. Mot
s0 nghién ctru khac bao cdo sy gia tang dang ké
nguy co nhdi mau co tim sau khi tiép xic véi
ngudn khong khi 6 nhidm dén tir cac hoat dong
GTVT. Viéc tiép xtc voi khong khi 6 nhidm
cling c6 thé dan dén nhimg thay doi trong co ché
diéu hoa hé than kinh thyc vat va tang phan ing
viém. Mot s0 nghién ciru khac cting cho thay ty
1é méc ung thu phéi gia tang & nhiing nguoi tiép
xuc 1au dai v6i khong khi 6 nhiém dén tir hoat
dong GTVT chang han nhu [6]-[8] va céc tai
liéu duoc trich dan trong do.
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Tai Thanh ph6 H6 Chi Minh (TP. HCM) co
khoang 30 tram quan tric véi tan sudt 10
ngay/thang thuong do vao 2 thoi diém (7 gio 30
phut dén 8 gio 30 phut va 15 gid dén 16 giov), chu
yéu dit tai cic giao 16, vong xoay, cic tuyén
duong c6 mat d¢ giao thdng cao nhu khu vuc
vong xoay An Suong (Quén 12), vong xoay My
Thuy (Quén 2), nga tu Huynh Tan Phat - Nguyén
Van Linh (Quén 7), nga tu Binh Phudc (Quan
Thu Pic)... Cong tac 14y mau dugc thuc hién
ban tha cong, dir liéu khong dugc quan tric
24/24 gid dan dén dir liéu duoc cap nhat cham,
khong déy du gay kho khan cho cong tac canh
b4o 6 nhiém va cac bién phap kiém soat 6 nhiém.
Bén canh do6 con c6 cac t6 chirc x4 hoi, da phan
1a nuwéc ngoai quan tric dit liéu lién tuc véi
nhimg tram quan tréc ¢b dinh nhu Tong lanh su
quan Hoa Ky quan tric thong s6 PMas.

Vi tac dong nguy hai dén sirc khoe nguoi
dan thanh phd, doi hoi ¢6 nhimg nghién ctru tin
cay v6i sb liéu cap nhat va cac thong sd 6 nhiém
cta khong khi 13 hé qua tryuc tiép tir hoat dong xa
thai ctia cac phuong tién giao thong duong bo
nhu: TSP (bui téng lo ling), SO2, NO2, CO,
benzen, hoi xang dau, bui chi V.v... tai nhiing
noi c6 mat do giao thong cao theo d& an qui
hoach tong thé mang luéi quan tric tai TP. HCM
duoc Uy ban Nhan dan Thanh phd phé duyét
(2015), ddng thoi sir dung chi s AQI véi s6 liéu
du 16n dé phan tich, du doan tinh hinh 6 nhiém
tai Thanh phd trong thoi gian t6i.

Viéc st dung cac mé hinh todn hoc trong
nghién ctru 6 nhiém khéng khi da thu hat nhiéu
nhom nghién ctru tir trong nudce cling nhu trén
thé gisi [3]- [5], [11], v.v... Bai bao xdy dung cac
md hinh théng ké dé giai quyet van dé trén nhu
xdy dung cac mo hinh hdi qui nghién ctru méi
twong quan théng ké gitra cac thanh phan 6
nhiém khong khi chinh tir cic hoat dong giao
théng dudng bd véi s6 lidu cap nhat. So vai [3],
két qua ndy dd xay dung cac mo hinh hdi qui
tuyén tinh tir don gian dén mo hinh hdi qui tuyén
tinh da bién trong sy phan tich ¥ nghia tir cc
tham s6 ctia mo hinh. Ngoai ra bai bao con st
dung mé hinh Box-Jenkins [2], va ké thira ky
hiéu va két qua [4] cho viéc str dung chudi thoi
gian, mot khai niém quan trong trong thong ké,
dé phan tich va du doan chi s6 AQI trong nhiing
nim gan day tai TP.HCM.

Cau tric bai bao dugc trinh bay nhu sau,
trong muc 1, nhom téc gia gi6i thiéu tinh hinh
thoi su va dong luc ctia van dé nghién ctru. Muyc
2 trinh bay ndi dung chinh ctia bai bao. Phan dau
tién ctia muc 2 nhom trinh bay céac thong tin co
ban cua dir liéu quan sat va phan tich lya chon
mo hinh. Ngoai ra muc nay con phén tich mé
hinh tuyén tinh chudi thoi gian tir d6 dwa ra cac
dy doan cho tinh hinh 6 nhiém khong khi trong
thoi gian sap dén tai TP. HCM. O muc cudi, bal
bao tom tit cac két qua nghién ciru va dé xuét
cac giai phap dé kiém soat, han ché 6 nhidm
khong khi do cac phuong tién giao thong duong
bo tai TP. HCM.

2. Két qua

2.1. C4c md hinh hoi qui tuyén tinh

Két qua quan tric khong khi v6i bon théng
s6: TSP, SOz, NO2, CO, don vi tinh pg/m®, mdi
mAu lay trung binh trong mét gio, chi tiéu duoc
VIMCERTS cong nhan, thoi diém thang 11 nim
2020 tai nam dia diém: Vong xoay An Lac 218,
Qudc 16 1A, Phuong Tan Tao A, Binh Tén;
Vong xoay An Suong: 6C — 10Bis Truong
Chinh, Quan 12; ngi tu bay Hién — nga tu Ly
Thuong Kiét — Cach mang thang tam; 300 Dién
Bién Phud, Quan 3; nga tu Hang Xanh — Dién
Bién Phu giao v6i X6 Viét Nghé Tinh, trong diéu
kién troi néng, cac hoat dong binh thuong dugc
thé hién trong bang 1.

Ta tham s6 bon thong s6 TSP, SOz, NO2,
CO lan luot bang cac bién X,, X3, X,, Xs. Dix
liéu vé cac bién quan sat dugc thé hién hinh 1.
Dua trén biéu d6 cta hinh 1 trén, dit liéu thu thap
ctia cac bién quan sat kha t6t, khdng cd thé hién
phan ngoai lai (outliers). Bang thong ké mo ta
cac thong so cho ta thay, ngoai thanh phan CO,
cac thong s con lai déu vuot ngudng so voi
QCVN 05:2013/BTNMT va dac biét NO2 co
bién d6 dao dong kha manh so v6i trung binh
(bang 2). Biéu do tan xa va hé sd twong quan cac
théng sé quan tric thé hién hinh 2.

Dua vao két qua phan tich mdi trong quan
(dwong) giita bui tong lo limg TSP véi cac thong
s6 con lai bao gém SO2, NO2, CO kha cao dac
biét 13 hai théng s6 SO2, NO2 duoc duoc thé
hién & muc tin cay cao (hinh 2).

Dua vao Két qua quan sat, voi do tin cay
95%, ta c6 thé udc lugng lugng bui tong lo ling
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cia TP.HCM vao khoang (381,07; 434,26)
ug/m® déu vuot khd cao so véi QCVN
05:2013/BTNM. Ta xay dung céc phuong trinh
hoi qui, mo ta sy phu thudc cua cac thong )
S0z, NO2, CO lan luot vao thong sé TSP vai cac
két qua 1an Iuot nhu sau (bang 3). Trong d6 gia
tri cua thong ké F trong timg phuong trinh héi
qui déu c6 ¥ nghia thong ké.

Dua vao bang 3, ta thiy mo hinh ¥; ~
18.78 + 0.3X5 + 5.98X, — 0.01X5 €O hé s6 xac
dinh hiéu chinh 1a 0.71, cao nhét trong 3 md
hinh, trong khi gia tri thng ké F = 12.9 cO y
nghia théng ké. Do d6 ta lya chon mo hinh nay.
Puong hoi qui thuc nghiém va dudng hoi qui
tinh toan thé hién & hinh 3.

Bing 1. Két qud quan trdc.

STT TSP SO2 NO:2 CO
1 330 105 68 7500
2 360 96 64 7900
3 380 108 73 8100
4 410 104 68 7300
5 370 118 75 7800
6 430 129 79 9300
7 480 120 90 9200
8 540 114 93 9000
9 580 119 98 10400
10 450 125 94 9350
11 460 137 85 9800
12 590 156 100 11200
13 310 62 62 6900
14 330 66 68 7400
15 360 72 70 7800
16 350 64 60 7100
17 380 66 64 6700
18 400 73 74 7700
19 390 70 57 6800
20 410 75 60 7000
21 430 73 64 8200
22 380 68 67 7600
23 360 83 64 7200
24 480 90 78 8500
25 390 91 63 10100
26 370 95 67 10200
27 350 84 70 10400
28 320 86 74 11800
29 390 98 81 12100
30 450 104 87 12900

Nguén. Nhém téc gid.
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X2 X3 X 4 X5
Mean 407.67{Mean 95.03|Mean 73.90|Mean 8,775.00
SE 13.00(SE 4.48|SE 2.21|SE 314.36
Med 390.00|Med 93.00/Med 70.00/Med 8,150.00
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Max 590.00|Max 156.00|Max 100.00|Max 12,900.00
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Count 30.00|Count 30.00|Count 30.00|Count 30.00
Nguén. Nhém téc gia.
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Hinh 2. Phan tich twong quan va ham mdt dé cdc bién quan sat.

Nguén. Nhom téc gia.

Bing 3. Cdc phuong trinh hoi qui.

STT Phwrong trinh hoi qui R? Thong ké
hi€u chinh F
Y, ~ 188.65 + 2.27X, 0.52 17.25
Y, ~ 498 + 0.42X; + 4.7X, 0.68 16.65
Y; ~ 18.78
3 0.71 12.9
+0.3X5 + 5.98X, — 0.01X;

Nguon. Nhém téc gia.
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x2
Hir]h 3. Dwd?zg hoi qui thiee nghiém (mau do) va dwong
hoi qui tuyén tinh (mau xanh) ciia phiong trinh Y3 ~
18.78 + 0.3X5 + 5.98X, — 0.01Xx.
Nguén. Nhém tac gia.
2.2. Céc mé hinh chudi théi gian

Dé danh gia 6 nhiém khong khi théng qua
chi s6 AQI v6i dit liéu d 16m trong thoi gian dai,
ta str dung di liéu tir quan trdc ciia Tong Lanh su
quan Hoa Ky tai TP. HCM tir thang 1 nam 2017
dén thang 8 ndm 2020 tir website
https://www.airnow.gov [1]. Bai bao sir dung
m6 hinh Box-Jenkins [2] dé phan tich mé hinh
tuyén tinh chudi thoi gian. Phuong phap Box-
Jenkins bao gdm ba yéu t&: Tur hdi quy tuyén tinh
(Autoregression—-AR), Tich hop (Integration —I)
va thay ddi trung binh (Moving Average — MA).
M6 hinh dugc viét tit: ARIMA.

M0 hinh tu hdi quy cap p, viét tit (AR (p))
co dang

Ye=¢o+ PV + -+ Yyt (1)

Trong phuong trinh (1), gia tri hién tai ctia
chudi Y; 1a t6 hop tuyén tinh cua p gié tri gan
nhat va nhiéu. Trong mé hinh thay d6i trung binh
(MA), gia tri cuia Y; phu thudc vao nhitng gia tri
ctia nhiéu & mot khoang thoi gian thay vi phu
thudc vao nhiing gia tri trong qué khr cia chudi.
Phuong trinh cia md hinh dich chuyén trung
binh cip g ¢6 dang:

Vi=pn+e —0164—

M hinh téng hop cua tu hdi quy va thay doi
trung binh, ki hi¢u bai (ARMA(p, q)), trong do
pva q 1an luot 13 cAp ctia phan ty hdi quy va dich
chuyén trung binh. Phuong trinh ¢6 dang:

Ye=¢o + 1Y + o+ ¢th—p
+ertut+e —016 1 — =064 (2)

- eqet_q

M0 hinh (2) nay thich hop ¢ mé ta nhimg
chudi thoi gian dimng. Do bao gdm ca hai phan tu
héi quy va trung binh dich chuyén, viéc dy doan
ctia md hinh nay phu thudc vao hién tai va qué
khir ctia chudi thoi gian ciing nhu hién tai va qua
khir cua thing du. Khi chudi thoi gian khong
dung, tirc 1a dir liéu khong dao dong quanh mot
gid tri trung binh va mot xu hudng thay ddi nao
¢6 thé nhéan ra, c6 mot cach dé lam dit liéu tré
thanh chudi dimg 1a xem xét sai phan cta chudi
thoi gian ban dau. Pinh nghia toan tir dich
chuyén IUi B: BY, = Y,_,. Sai phan cap 1 duoc
dinh nghia boi: AY; =Y; — Y;_; = (1 — B)Y;.
Sai phan cac cip cao hon duoc dinh nghia boi
(1 — B)?Y,. M6 hinh tich hop tu hdi quy va
trung binh dich chuyén c6 dang:

Y/ =c+ oV + -+ Yy

+01€1 + -+ 046 T € 3)

Trong d6 Y/ 1a chudi da dugc chuyén hoa
qua mot toan tir hiéu nao d6. Mo hinh (3) dugc
viet dudi dang ARIMA(p, d, q) trong d6 d la so
lan lay sai phan (differencing), trong thuc té
nguoi ta thuong lay d < 2. Phuong trinh ¢6 the
viét dudi dang:

(1-¢4B—-—¢,BP)(1 - B)%Y,

=c+(1+0,B+--+0,8Y) (4

Pé xéac dinh sy chinh xé4c cua viée 7d1,J: doan
dua trén m@t mo6 hinh nao do, ta co thé xét cac
loai sai sO sau:

e Sai sb tuyét dbi trung binh: MAE =

?=1|Yt - Y\tlr

e Sai s phan tram tuyét d6i trung binh
MAPE = -3 | Yt| x 10;

e Sai s6 binh phuong trung binh MSE =
52
?:1(Yt - Yt) ;

e Can bac hai sai s6 binh phuong trung
binh RMSE = VMSE.

Trong Y, la gid tri du doan, n 1a ¢& mau
duoc du QOén.,Mé hinh véi céc sai s0 nho s€ la
MO hinh tot. Ket qua tinh todn va md phong dugc
thuc hién dya trén phan mém R nhu sau:
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Nguéon. Nhom tac gid.
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Hinh 5. Do thi hé s6 tur tgf(Sn()g quan hoi quy ACF (@) va
hé s6 tu tuong quan hoi quy thanh phan PACF (b).
Nguon. Nhom tic gia.

D6 thi hé sé twong quan hdi quy va hé sb
twong quan héi quy thanh phan ACF va PACF
duoc V& dé xac dinh gié tri thich hop cuap va q.
Gié tri PACF khong dang ké dbi voi tré, goi y
p = 0. Giatri ACF bé dan sau tré hai goiy q =
1 hoic 2. Chudi thoi gian khong 6 xu huéng ro
ranggoiy d = 0.

Pé xac dinh anh huong mua vu, ta su - dung
m6 hinh ARIMA c6 anh huong dén yéu tb mua
vu, goi tat 1a md hinh SARIMA (Seasonal
ARIMA). Ta ky hleu
SARIMA(p,d, q)(P,D, Q)5 trong d6 chisd S
la yéu t6 mlia vu (xét S = 12, twong img véi 12
thang trong nghién clru nay) bo chi sb
(P,D,Q) biéu thi cho phan yéu t6 mua vu
(seasonal part). Tir do, ta v& db thi va tinh ACF,
PACF ctahiéuY; — Y;_4, dudi day:
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Hinh 6. Do th; hé So sur khac biét, hé so tur twong quan hoi
quy ACF va hé sé tu twong quan hoi quy thanh phan va
PACF c6 yéu té mua vu.

Nguén. Nhém téc gia.

Tir do thi ACF va PACF cia Y, — Y,_y,, ta
cOthé dudoan P = 0,Q = 1 hoac Q = 2.

Véi nhitng du doan trén, nhom chay mo
phong 10 md hinh yéi gid tri (p,d,q) va
(P, D, Q) khac nhau. O day nhom chi trinh bay
mot vai mo hinh tiéu bicu:

e M0 hinh 1: SARIMA(0, 1, 0)(0, 1, 1)*2

e M5 hinh 2: SARIMA(O, 1, 2)(0, 1, 1)*?

e M0 hinh 3: SARIMA(O, 1, 1)(0, 1, 1)12

e M6 hinh 4: SARIMA(L, 1, 0)(0, 1, 1)*?

e M0 hinh 5: SARIMA(0, 0, 2)(0, 1, 1)12

S6 liéu dugc sir dung tur thang 1 ndm 2017
den thang 12 ndm 2019 dé wéc luong cac tham
sd cua timg m6 hinh. Sau do6 s6 liéu cua tam
thang dau nam 2020 duoc ding dé tinh toan sai
s6 du doan.
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Hinh 11. P6 thi md phong di dodn cho md hinh 5.
Nguén. Nhém téc gia.
Céc sai s6 du doan duoc dua ra trong bang sau:
Bing 4. Sai so cua cac mo hinh.
ME RMSE MSE MPE MAPE
M6 hinh 1 -13.885 16.148 13.884 -20.069 20.069
M6 hinh 2 -15.092 17.150 15.093 -21.842 21.842
M6 hinh 3 -17.262 19.130 17.262 -24.848 24.848
M6 hinh 4 -3.2 9.984 8.972 -4.545 12.604
M6 hinh 5 1.668 8.753 7.619 2.093 10.968

Nguén. Nhém téc gid.
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Dura vao bang sai sd ctia cic mé hinh (Bang
4), ta thay sai s0 cia mo hinh 5 1a bé nhat do vay
ta chon mo hinh nay trong cong tac du béo.

Forecasts from ARIMA(0,0,2)(0,1,1)[12]
160~

]
=
'

series

training

test

o
=
'

40- i ! !
2017 2018 2019 2020
Time
Hinh 12. Dy béo viing chi s6 AQI.
Nguon. Nhom tac gid.

Dua trén d6 thi hinh 12 ta c6 thé thiy ving
du bao cho khoang thoi gian tiép theo, (chang
han sau thang dau nam 2021) AQI dao dong
khoang (45; 155), so sanh két qua dudong cong
thyc nghiém tinh toan kha gan véi dir lidu quan
sat.

3. Két luan va khuyén nghi

Bai bao di sir dung cac md hinh hdi qui, md
hinh tir hdi quy tuyén tinh tich hop va thay ddi trung
binh (ARIMA) va md hinh ty hoi quy tuyén tinh
tich hop va thay d6i trung binh c6 anh huéng cta
yéu t6 mua vu (SARIMA) dé phén tich hién
trang 6 nhiém va du doan tinh trang 6 nhiém tir
cac hoat dong xa thai cua cac phuong tién giao
thong duong bo tai TP. HCM va du bao su 6
nhiém nay trong thdi gian téi. Dudi tic dong
nghiém trong dén strc khoe nguoi dén, thiét nghi
ca hé thong chinh quyén va mdi ngudi dan can
nang cao ¥ thirc trong viée giam thiéu khi thai tir
cac phuong tién giao thong hang ngay. Tuy
nhién, dé danh gia chinh xac hon vé anh huong
va nhimg thay dbi vé sirc khoe con nguoi trong
va sau khi tiép xuc voi khong khi 6 nhiém, cac
co s& dit liéu nghién ctru van can duoc cai thién.
Dic biét, can c6 nhiéu nghién ctru hon vé cac mod
hinh va tac dong x4u dén strc khoe cua viée tiép
xuc v6i cong dong va vai trd ciia cac thanh phan
khac nhau trong hdn hop 6 nhiém. Can ¢ thém
nhiéu nghién ctru danh gia loi ich strc khoe cong
dong cua cac bién phap cai thién chét luong
khong khi khac nhau, dac biét 1a thong qua cac
can thiép nham giai quyét 6 nhidém khong khi
lién quan dén giao thong, tir d6 c6 nhitng hd tro
thich hop cho cac chinh sachd
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do thi doi véi sire khée con nguoi” voi ma sé DT203006.
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