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Tém tit

Cong nghé thong tin - truyén thong (CNTT-TT) dang ngiy cang phat trién va giit vai tro quan
trong trong phat trién kinh té; tuy nhién, didu nay ciing dit ra nhiéu thach thic d6i voi cac quoc gia
trong viéc bao vé mdi truong va on dinh lugng phat thai CO2. Muyc dich nghién ctru nham phéan
tich tac dong cia CNTT-TT dén luong phat thai CO2 trong giai doan 2000 - 2020. Bén canh do,
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tac dong cua ting trudng kinh té, dau tu truc tiép nudc ngoai, d6 md thuong mai va quy mé dan sb
dén luong phat thai CO2 ciing dugc dé cép trong bai. Phuong phéap udc luong Driscoll-Kraay véi
dir liéu bang duoc téng hop tir 161 qudc gia, vung lanh thd trong giai doan 2000 — 2020. Két qua
thuc nghiém chi ra réng su phat trién ciia CNTT-TT c6 tac dong tich cuc dén lugng phat thai CO2,
diéu nay ham y rang CNTT-TT dan dén tinh trang moi trudng trd nén x4u hon. Dua vao két qua,
nghién ctru ciing dua ra nhitng dé& xuit mot sd chinh sach phi hop dé phat trién CNTT-TT, dong
thoi giam thiéu lwong phat thai CO2.

Tir khéa: Cong nghé thong tin — truyén théng (CNTT — TT/ICT), phét thai CO2
JEL: C38, 033, Q53, Q55

THE IMPACT OF INFORMATION AND COMMUNICATIONS
TECHNOLOGIES ON CO2 EMISSIONS IN 2000 - 2020

Abstract

Information and communication technology is increasingly developing and plays a vital role in
economic development; however, the rapid development of ICT also poses many challenges for
countries in protecting the environment and stabilizing CO2 emissions. This study analyzes the
impact of ICT on CO2 emissions from 2000 to 2020. Besides, the effect of economic growth,
foreign direct investment, trade openness, and population size on CO2 emissions is also mentioned
in the article. The study uses the Driscoll-Kraay estimation method with panel data collected from
161 countries and territories in the period 2000-2020. The experimental results identify the
development of information technology-communication positively impacts CO2 emissions. In
other words, ICT leads to environmental degradation. Based on the analysis of these results, the
authors have also proposed several appropriate policies to develop ICT and reduce C02 emissions.

Keywords: Information and communication technology (ICT), CO2 emissions.

1. Giéi thiéu chung

Cong nghé thong tin va truyén thong (ICT) ngay cang phat trién mang lai hiéu qua kinh té cao,
nhung day ciing 1a mot thach thirc 16n dbi voi van dé moi truong va dic biét trong dam bao luong
phat thai CO2 & muc 6n dinh. Theo nghién ctru tr Pai hoc Lancaster, tac dong cia CNTT-TT dén
lwong phat thai CO2 dang trd nén dang lo ngai hon. Nganh CNTT-TT, chiu trach nhiém vé ty 1¢
phat thai khi nha kinh 16n hon udc tinh trude day, vao khoang 2,1-3,9% (16n hon lugng phéat thai
cta nganh hang khong).

Nghién ctru tic dong cia CNTT-TT ddi v6i luong phat thai CO2, nhidu nha nghién ciru ciing
d4 chi ra ICT c6 thé gitp giam luong khi thai CO2 thong qua cai tién cong nghé, t6i wu hoa quy
trinh san xudt va qua trinh phi vat chat hoa, nho d6 gitip giam 6 nhidém méi trudng (Atsu & cong
su, 2021; Danish, 2019; Kouton, 2019; Ahmed & Le, 2020). Mt khac, nhiéu quan diém cho rang
nhiing loi thé phét sinh tir viéc ing dung ICT s& 1am giam gi4 san pham va dich vu, tir d6 kich thich
tiéu dung, thic day cac hoat dong kinh té va cong nghiép héa, lam tang mic tiéu thy ning luong
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va khi thai (Aldakhil & cong su, 2019; Haftu, 2019). Viéc chwa ddng nhat cac két qua nghién ciru
nay co thé duoc 1y giai bdi viée st dung cac bién dé dai dién cho CNTT-TT gilra cac bai nghién
ctru 12 khac nhau, pham vi nghién ctru vé ca khong gian va thoi gian ciia cac bai nghién ctru ciing
khac nhau. Hon nita, hau hét cac bai nghién ctru chi méi dua ra tic dong cia CNTT-TT dén luong
phat thai CO2 nhung chwa chi rd su khac biét vé tac dong dén tirng nhom quéc gia.

Vi thé, nhém tac gia quyét dinh lwa chon dé tai: “Tac dong cua cong nghé thong tin truyén
thong dén luong phat thai CO2 giai doan 2000-2020”. Nghién ctru str dung phuong phéap két hop
dinh tinh va dinh luong, nghién ctru sb liéu cua 161 qudc gia, ving lanh tho trong giai doan 2000-
2020. Ngudn sé liéu duge thu thap chi yéu tir World Development Indicators (WDI), International
Telecommunication Union (ITU) v6i mong mudn dwa ra dén cach nhin tong quéat hon, két qua
nghién ctru c6 thé 13 bang chimg va dé xut chinh sach dé cac qudc gia phat trien CNTT-TT, dong
thoi giam thiéu luong khi thai CO2.

2. Téng quan nghién ciru va co sé 1y thuyét
2.1. Tong quan nghién ciru

Trong thoi dai cong nghé phat trién hién nay, nhiing loi ich tiém ning cia CNTT-TT da duoc
nhan thirc rd rang trén khip thé gioi (Niebel, 2018; Majeed & Khan, 2019). Tuy nhién, nguoi ta it
cht y dén mot van dé quan trong khong kém, d6 1a 1am thé nao dé sy phat trién cia CNTT-TT
quyét dinh bién d6i khi hau. Céc tai liéu hién c6 vé CNTT-TT va mdi trudng rat da dang, phtc tap
va xung dot, moi quan hé gitta CNTT-TT va luong phat thai CO2, nhung két qua dua ra van chua
c6 su thong nhat trong cac nghién ciru trude day.

Godil & cong su (2020) nghién ciru trong pham vi Pakistan hay gan nhét 1a Xuan & Hung
(2023) nghién ctru cho Viét Nam vé tic dong ciia ICT, phat trién tai chinh va chét lugng thé ché
dén lugng phat thai CO2, chi ra rang trong dai han, thu nhap qudc dan va chét luong thé ché cé tac
dong tich cuc dén luong phat thai CO2, trong khi CNTT-TT va phat trién tai chinh c6 tac dong tiéu
cuc dén lwong khi thai CO2 ¢ bat ky mirc phat thai cao hay thap, diéu nay cho thay néu ting cudng
phat trién tai chinh va CNTT-TT s& 1am giam lugng khi thai CO2. Ngoai ra, nghién ctru cuia Zafar
& cong su, 2022 cling cong nhan tac dong nguoc chiéu dai han cta ICT dén khi thai CO2.

Vé6i goc nhin khac vé ICT, nghién ctru ctia Haseeb & cong su (2019) hay nghién ctru cta
Muntasir (2020) ciing da tap trung vao tac dong clia viéc mo cira thuong mai CNTT-TT dén viéc
sir dung nang lugng tai tao va giam phat thai CO2 & Chau A. Nghién ctru chi ra raing CNTT-TT ¢6
tac dong tich cuc trong viéc giam lwong phat thai khi nha kinh nhu CO2 bang cach ting truy cap
dén nang lugng tai tao, hi€u qua ning lugng, nhién li€u sach va ho tro theo ddi 6 nhiém khong khi
va luu trit cacbon.

Tuy nhién, mot s6 nghién ctru lai cho thdy su phét trién cia CNTT-TT lam cho chét lugng méi
truong trd nén xau di do tang lugng khi thai CO2 (Avom & cdng su, 2020; Asongu & cong su,
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2018; Lee & Brahmasrene, 2014). Thém vao d6, Elmi & Arianfar (2023) chi ra rang st dung
internet va thuong mai déu 1am ting luong phat thai CO2. Ngoai ra, nghién ctru ciing chi ra mirc
d6 thu nhap ciia mdi ngudi dan trong cac qudc gia xuat khau dau ciia OPEC Plus ciing c6 tac dong
dén luogng phat thai CO2, theo mé hinh cua duong cong méi trudng Kuznets, tic 1a khi mic thu
nhép ctiia mdi nguoi dan tang 1én, lugng phat thai CO2 ciing ting 1én, nhung sau d6 s& giam xudng
khi murc thu nhap dat dén mot ngudng nhat dinh.

Mot s nghién ctru xem xét dén murc thu nhép cua cac qubc gia va cho rang CNTT-TT cai
thién tinh bén vitng méi trudng & cac qudc gia cé chat luong CNTT-TT cao, thuong 1a cac nudce
da phat trién; trong khi lam suy giam méi trudng & cac qudc gia co chat lugng CNTT-TT trung
binh va thap, dién hinh cho cic nén kinh té dang phat trién (Appiah-Otoo & cong su, 2022; Majeed,
2018). Ngoai ra, Appiah-Otoo & cong sur (2022) con chi ra ton tai mbi quan hé nhan qua hai chiéu
gitta CNTT-TT va luong khi thai cacbon ¢ cac qudc gia c6 chat lugng CNTT-TT cao va trung binh,
trong khi c6 mbi quan hé nhan qua mot chiéu tir phét thai cacbon dén CNTT-TT & cac qudc gia co
chat lugng CNTT-TT thap.

Maic khac, c6 nghién ctru chi ra viéc sir dung dién thoai di dong va internet khong anh hudng
dén luong phat thai CO2 (Asongu & cdng su, 2018), trong khi c¢6 nghién ctru chi ra tac dong nhan
qua hai chiéu hay mot chiéu dén CO2 (Haseeb & cong su, 2019).

Qua qua trinh tong hop, phén tich cac nghién ctru di trudc cho thdy méi quan hé gitta CNTT-
TT va luong phat thai CO2 rat phirc tap va chua c6 su dong nhat, diéu nay co thé duogc 1y giai boi
viéc str dung cac bién dé dai dién cho CNTT-TT giita céc bai nghién ctru 1a khac nhau. Mot 1y do
khac c6 thé 1a sy khac nhau trong pham vi nghién ctru vé ca khong gian va thoi gian. Vi thé, nghién
ctru nham do ludng tic dong cia CNTT-TT dén lugng phat thai CO2, danh gia xem nhom cac qubc
gia theo thu nhap dang & vi tri nao theo duong cong Kuznets, qua d6 dé xuat mot sb giai phap dé
phat trién CNTT-TT, dong thoi lam giam thiéu luong CO2 thai ra méi trudng, céi thién chat lugng
moi trudng.
2.2. Khdi qudt vé CNTT-TT va phidt thai CO2
2.2.1. Khai niém
Phat thai CO2

Luong phat thai CO2 1a mét trong cac chi sé duoc dung dé do ludng su xudng cip ctia moi
truong (Tsaurai, 2019). Theo Co quan quéan ly Nang luong va Moi truong Phap, lugng phat thai
CO2 duoc tinh:

Lwong CO, phat thai = Z (Fuel; x EF,)
j

Trong d6: j 1a loai nhién li¢u; Fuel 1a lvong nguyén, nhién li¢u tiéu thu phuc vu str dung; EF 1a hé
s6 phat thai (hay hé sé chuyén doi) trén mot don vi can tinh toan.
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Céng nghé théng tin Va truyén thong

Theo Bo thong tin va truyén thong, cong nghé thong tin va truyén thong 1a mot thuat ngir dugc
két hop gitra cong nghé thong tin va cong nghé truyén thong, chi chung cho tit ca cac loai cong
nghé cho phép ngudi dung tao, truy cap va thao tac voi thong tin. ICT bao gdm tit ca phuong tién
k¥ thuat dung dé xtr Iy théng tin va hd tro lién lac nhu dién thoai, mang may tinh, vién théng (duong
day dién thoai va tin hiéu khong day), thiét bj xir Iy 4m thanh, video va cac phuong tién truyén
thong khéc.

2.2.2. Anh huong cia CNTT-TT dén lwong phat thdai CO2
Ly thuyét duwong cong Kuznets

Nghién ctru vé tac dong ctia ICT dén lugng phat thai CO2 dugc mé ta bang mot dudng cong
hinh chir U nguoc tuong tu nhu Puong cong Méi truong Kuznets.

Ly thuyét duong cong Kuznets bat dau dugc (mg dung trong cac phan tich lién quan dén kinh
té hoc moi trudng tir dau nhitng nam 1990. Ly thuyét chi ra: ting trudong kinh té khong phai 1a mdi
de doa, ma né la phuong tién nham cai thién méi truong trong tuong lai (Galeotti & Lanza, 2005).
Cu thé, 6 nhiém méi truong ting 1én trong giai doan dau phat trién kinh té, tuy nhién qua mot moc
thu nhap nao do, chét lugng moi truong dugce cdi thién va mirc dg cac chét thai giam dan, ¢6 hinh
dang U ngugc (Hinh 1).

M‘;IC Giai doan tang
dA,Q i truong manh |
on . A :
T | Claidomndiu dopi g N kinh g6
moi téng tmffng : da phat trién
kinh té

v

Hinh 1: D) thi mdi quan hé giita m6i truong va tang truong kinh té
Nguén: Uchiyama, K.,2016

Twong tu véi mdi quan hé giita moi truong va ting trudng kinh té, mbi quan hé giira ICT va
lwong phat thai CO2 ciing duge mo ta bang Puong cong Mai truong Kuznets. Xét vé cac yéu to
trong mo hinh ting trudng Solow (1956), cong nghé duoc nghién ciru 1a mot yéu t6 cua ting trudng
kinh té. Cong nghé cho phép san xuat hiéu qua hon khi tao ra san luong cao hon véi cling luong
lao dong va tu ban, 1am cho nén kinh té tiép tuc phat trién.
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Nhu vay, mbi quan hé theo Kuznets cho thdy rang ap dung CNTT-TT ban dau lam méi truong
xudng cép tram trong hon cho dén mot ngudng nhat dinh, sau d6 viéc ap dung CNTT-TT co thé
gitip giam luong phat thai CO2, cai thién chat lwong méi trudng. Tuy nhién, sau ngudng niy, viée
sy tham nhap séu hon ciia CNTT-TT cang tién tién lam giam suy thoai méi truong (Grossman &
Krueger, 1991, 1995). Do d6, suy thoai mdi trudng 13 mot diéu khong thé tranh khoi trén con dudng
phat trién cta cac qubc gia. Ngoai ra, tién bd cong nghé c6 thé 1a mot Iy do dé giam lwong khi thai
khi mét qudc gia dat dén giai doan thu nhap cao. Diéu nay c6 nghia 1a khi cac qudc gia tré nén giau
¢6 hon, ho ¢6 nhiéu nguff)n luc hon dé cai thién cong nghé cua ho, khi d6 cac cong nghé gay 6
nhiém c6 thé duoc thay thé bang cac cong nghé than thién véi méi truong (Galeotti & Lanza, 2005).

Ly thuyét hiéu ing phuc hoi

Méi lién hé cia CNTT-TT voi méi trudng ciing phu thude vao tac dong phuc hoi cia CNTT-
TT. Ly thuyét vé hiéu ing phuc hdi ngu ¥ rang nhimg tac dong tich cuc ciia cong nghé c6 thé duge
bu dép trong thoi gian dai (Muhammad, 2018). So d6 dudi day chi ra tac dong phuc hdi cia CNTT-
TT c6 thé duge phan loai thanh ba cép la: tdc dong truc tiép. tac dong giadn tiép, va tac dong hé
thong.

CNTT-TT va Méi trudng

A 4

Téc dong truc tiép Tac dong gian tiép Tac dong co6 hé thong
[Hiéu ung bac nhat] [Hiéu trng bac hai] [Hiéu trng bac ba]

. . ) Ung pho véi tac dong cua
San xuat CNTT-TT, giao Ung dung CNTT-TT ICT va nhiing thay doi trong

ha r d a xur Iy . . a1
ang, st aung va xuly hanh vi nguoi ti€u dung

Hinh 2: Cac khia canh sinh thai cuia CNTT-TT
Nguén: Muhammad Tarig Majeed, 2018

O cép thir nhét, sy phat trién cia CNTT lam méi trudng xau di thong qua viéc ting cudng san
xuat, st dung va thai bo cac san pham CNTT-TT. Vong doi ciia cac san pham lién quan dén CNTT
trai dai tir “san xuat, phan phdi, van chuyén, sir dung va thai bo”, goi ¥ rang mot sé giai doan trong
vong doi cia CNTT sé& dan dén 6 nhiém. Vi du, viéc tang lugng rac thai dién tr va st dung ning
luong nhiéu hon trong san xuat gay ra nhiing anh hudng xau dén chat lugng moéi trudng.
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Tuy nhién CNTT-TT con tac dong gian tiép dén moi truong. Ung dung CNTT-TT gitip nén
kinh té chuyén ddi tir cung cip san pham vat chét sang cung cip dich vu, do do, s& gitp con nguoi
giam chi phi vét 1y. Ngoai ra, CNTT con cung cép giai phap théng minh va ty dong trong céac linh
vuc khac nhau nhu san xuét dién, giao thong va xay dung. Vi vay, CNTT dugc coi 1a cong cu hd
trg phat thai cacbon thap va yéu t6 quyét dinh chinh cua sy bén vimg méi trudng.

Bén canh do, CNTT dugc coi la gidi phap tang cuong bao vé moi trudong, giip con nguodi nang
cao nhan thirc vé van dé& moi truong. Viéc st dung cong nghé xanh, than thién voi moi truong
thong qua viéc cung cép kién thirc, théng tin, qua d6 giam thiéu nhimg tac dong tiéu cuc do hoat
dong cua con ngudi tao ra ddi voi moi truong va giai quyét nhitng thach thirc méi truong quan
trong nhu bién doi khi hau.

Tém lgi, phat trién CNTT-TT c6 thé 1am ting lwong phét thai CO2 ciing c¢6 thé cai thién chat
lugng mdi truong theo tic dong truc tiép hay gian tiép. Ngoai ra, viéc ap dung CNTT-TT ban dau
c6 thé 1am chét lugng méi trudng tram trong hon va sy cai thién c6 thé dén sau do.

3. Thuc trang anh hwéong cua CNTT-TT dén lwgng phat thai CO2 giai doan 2000-2020

800 3000

800 3500
. 2000 = 750 / 2500
g 700 2 2
SR \ 1500 S 5, 700 2000
= 1000 = £ 650 1500
= = 5
< 600 500 € = 1000
= 600
550 0 e 800
PF&TEEDL DO H
Q7 AA” A A7 AD” A A A A A D Q b & O 0 X b S O
A A A (\9% ",QQV ’\,QQ GQQ ,»Q q,Q\ A,Q\v ,§\ ,,P\ W,Q\ '\»@,
—C02 FBS —C02 FTS
800 20000 800 12000
750 /_/\/- 5000 750 m 10000 )
£ 700 ] £ 700 8000
2 10000 g 2 6000
5 650 = 5 650 4000
600 5000 g 600 2000
550 0 550 0
Q & X o & O O > b & N Q I X o & O O X b & N
R Y R
—C02 MCS —C02 1]

Hinh 3: Tac dong cua FBS, FTS, MCS, IUI dén lugng phat thai CO2 giai doan 2000-2020
Nguén: Nhom tdc gid tw tong hop

Hinh 3 cho thiy mbi tuong quan nhiéu chiéu giira mirc phat thai CO2 binh quan dau nguoi va
ICT trong giai doan 2000-2020. Trong giai doan 2000-2008 khi lrgng CO2 binh quan dau ngudi
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c6 su gia tang tir 720 tan/ngudi 1én 780 tin/ngudi khi ting FBS, MCS va IUI, ham y ICT lam ting
CO2 trong thoi ky dau tu va phat trién cong nghé.

Nguoc lai, trong diéu kién phat trién ha tang cong nghé cao (2010 — 2020), FBS, MCS, IUI
tuong quan nguoc chiéu dén khi thai CO2. Nguoc lai, FTS va lugng khi thai CO2 cing giam trong
giai doan nay. Theo IEA (2017), viéc sit dung CNTT-TT ciing duoc ky vong s& ddy nhanh qua
trinh chuyén dbi sang str dung ning luong tai tao, tir d6 s& giam thiéu phat thai CO2 toan céu.
Ngoai ra, phan mém CNTT-TT va cac goéi mod phong da ning cao hiéu qua sir dung vét liéu va cac
ngudn luc khéc trong san xut, néng nghiép, tai chinh, xay dung va cac linh vuc khac cac nganh
cong nghiép bang cach giam ton that vat cht trong nganh. Tuong tu, cam bién ICT cung cap ung
dung IoT (internet of thing) c6 thé cai thién nhiéu khia canh cta cudc séng con ngudi, tir cic thanh
phé thong minh bén viing dén cic quy trinh kinh doanh nang cao, tiéu ding va san xuat bén viing.

Bén canh d6, xu huéng phat trien CNTT-TT giai doan 2000-2020 theo biéu do cho thay viéc

sir dung thué bao di dong (MSC) cao hon cac chi s khac CNTT-TT, linh vuc chu yéu thuc day
nhu cau vé céc cong cu lién lac tur xa.

4. Phuwong phap nghién ciru
4.1. M6 hinh nghién cvru
4.1.1. Xay dung mo hinh nghién ciru

Mot s6 mo hinh da duoc phat trién dé danh gia tac dong cta cac hoat dong nhén tao ddi véi
moi trudng. Pau ndm 1971, Ehrlich & Holdren dé xuit phuong trinh IPAT. Theo cac tac gia ndy,
tac dong moi trudng (1) 1a mot ham tuyén tinh ctia quy mo dan s6 (P); Su giau c6 (A) va Cong nghé
(T). Mic di, md hinh IPAT di duoc sira ddi va cai tién, tat ca cac bién thé khong dé dang cho phép
hiéu tng khong don di€u hoac khong ty 1€ ctia cac dong luc (York & cong su, 2003). Vi vay, nghién
ctru sit dung md hinh STIRPAT (Stochastic Impact by Regression on Population, Affluence and
Technology) do Dietz & Rosa (1997) dé xuét cho phép linh hoat hon cac bién thé khac. M6 hinh
STIRPAT co ban dugc viét 1a:

Iir = aPR AT ey (1)

Véi a 1a hang s, trong khi b, ¢ va d 1a cac tham sd lién quan dén P, A va T twong tmg va € 13
sai s6. Cac chi sb i va ¢ tuong Gmg cho qubc gia va khoang thoi gian.
bé giai thich cho cac bién bd sung, mo hinh STIRPAT dugc mé rong nhu sau:
b d
Iiy = aP AL T Z 5 €t (2)

Trong d6 Z 1a viét tat ciia cac bién bo sung c¢6 anh hudng dén chit lugng moi trudng e 1a tham
s6 lién quan dén Z

Biéu dién dang tuyén tinh nhu sau:
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Inly =a+bInP; +clnd;; +dInT;y + e InZ;; + € (3)
Trong d6 In() 1a log tu nhién.

Dé nghién ctru anh huong cta ICT dbi voi luong khi thai CO2, mé hinh dugce st dung (Avom
& cong su, 2020) nhu sau:

lnCOzit =a+ :8 lnICTl-t + Z (p] lanit‘P + SZL + Eit (4)
J

Trong d6: CO, 1a lugng phat thai CO2 theo dau ngudi; ICT 1a chi s6 CNTT-TT; X; 1a bién doc
lap tht j bao gdm: GDP binh quan dau ngudi (GDP), dau tu tryc tiép nudc ngoai (FDI), d6 mo
thuong mai (Open), dan s6 (Pop). Z; dai dién cho tic dong riéng co cia md hinh. ; minh hoa cho
cac nudc; ¢ 1a chi s6 thoi gian; €;, 13 sai s6 ciia mo hinh.

4.1.2. Phuong phap nghién ciru

Bai nghién ctru sir dung cac phuong phap ude luong cho dir liéu bang bao gdm: md hinh hoi
quy gop POLS, m6 hinh tac dong ¢d dinh FEM va mo hinh tac dong ngéu nhién REM. Tiép dén,
dé lua chon mé hinh phu hop nhét cho bd dit liéu, nhom tac gia thuc hién céac kiém dinh bao g@)m:
kiém dinh nhan tir Lagrange va kiém dinh Hausman. Cudi cung, st dung mé hinh héi quy Driscoll
— Kraay dé kiém soét cac khuyét tat nhu phuong sai sai s6 thay do6i va tu tuong quan trong mé
hinh.

4.2. Dit liéu va bién so

Nghién ctru nay phan tich tic dong cia CNTT-TT dén luong phat thai CO2 trong giai doan tir
2000 dén 2020, day la giai doan bung nd va phat trién cong nghé nhung luong phat thai CO2 ting
cao toan cau gay ra nhiéu hau qua nghiém trong. Do han ché vé s6 liéu nén nhom tac gia lay s6 liéu
161 qudc gia: 53 nudce thu nhap cao, 47 nudc thu nhap trung binh cao, 45 nudc thu nhap trung binh
thap, va 16 nudc thu nhap thap.

4.2.1. Bién phu thuoc

Luong phat thai CO2 binh quan dau nguoi duoc bang tong lugng khi CO2 ciia qudc gia, 1anh
thd chia cho téng dan s, dai dién cho suy thodi méi truong, dugc léy tr World Development
Indicators (WDI).

4.2.2. Bién gidi thich

Dé phan tich tac dong cia CNTT-TT dén lugng phat thai CO2, nhém tac gia di sir dung cac
bién giai thich ICT duogc tong hop tir 4 chi s6 phu bang phuong phap phan tich thanh phan chinh
(PCA - Principal components analysis).

PCA dugc st dung dé giam ) luong bién trong tap dir li¢u thanh mot s6 'thr nguyén' nhé hon,
1am giam tinh chiéu hudng cua tap dir liéu, ting kha nang dién giai ctia nd, nhung dong thoi giam
thiéu mat thong tin. Ngoai ra, PCA ciing 1a mot phuong phap thich hop va thudng duge sir dung
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trong cac nghién cuu ICT trudc day (Appiah-Otoo & Song, 2021; Dabbous, 2018; Khan & cong
su, 2020).

Chi s6 ICT index dugc tinh toan tir ba thanh phan phy cta ICT thong qua phan tich thanh phan
chinh (PCA) dé tranh van dé da tuyén (Dabbous, 2018): sb thué bao dién thoai ¢ dinh — FTS, sb
thué bao dién thoai di dong — MCS, ty 1€ nguoi st dung Internet — IUI (Khan & cong su, 2020;
Appiah-Otoo & Song, 2021).

Bang 1: Bién s0, dinh nghia, don vi, ngudn dir liéu

Ky hiéu Pinh nghia Pon vi Ngudn dir liéu

FBS S6 thué bao bang rong c¢d dinh S6 thué bao/100 nguoi
FTS S6 thué bao dién thoai c6 dinh S thué bao/100 ngudi

ITU; WDI
MCS  Sb thué bao di dong S6 thué bao/100 ngudi

Ul Ty 1é dan s6 sur dung Internet %

Nguodn: Nhom tac gia tu tong hop
4.2.3. Bién kiém sodt

Céc bién kiém soat duoc dua vao mo hinh dé kiém soat moi dong gop dang ké cua cac bién
nay dén luong phat thai CO2 cua cac qubc gia, viung lanh tho trong khoang thoi gian nghién ctru.
Céc bién kiém soat dugc thu thap tir bo dir li¢u thir cép cua WDI, bao g@)m: thu nhép binh quin dau
ngudi (GDP), dau tu tryc tiép nudc ngoai (FDI), @6 mé thwong mai (Open), quy md dan s (Pop),
dugc trinh bay ¢ bang.

Ngoai ra, dé so sanh sy khac biét trong tac dong ctia CNTT-TT lén luong phat thai CO2 giira
cac nhom qudc gia, ving lanh thd phan theo thu nhap, nghién ctru di dwa vao cach phan chia mirc
thu nhap caa World Development Indicators (WDI), va luong héa véi bién gia Type. Trong do:

Type=1: Qudc gia c6 mirc thu nhap cao

Type=2: Qudc gia c6 mirc thu nhap trung binh thap
Type=3: Qudc gia c6 mirc thu nhap trung binh cao
Type=4: Qudc gia ¢ murc thu nhap thap

Bang 2: Ky hiéu, giai thich, ky vong du, ngudn dit liéu, ngudn tham khao bién sb

Kr h-n Df( k‘ A
y e Gii thich auky — Nguon

.z Ngudn tham khio
bién so vong dir liéu g
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INCO2

InICT

INnGDP

InFDI

InOpen

InPop

Type

Luong phat thai CO2 binh

quan dau ngudi (tin/nguoi),

lay logarit tw nhién.

Chi s6 tong hop CNTT-TT

theo phuong phap PCA tu 4

chi sd: FBS, FTS, MCS,
IUI.

GDP binh quan dau ngudi,
PPP, gia c6 dinh nam 2017
($/nguoi), lay logarit tu
nhién.

Pau tu tryc tiép nudc ngoai
(%GDP), lay logarit tur
nhién.

D6 mé thuong mai (%), ldy
logarit ty nhién.

Quy mé dan s6 (nghin
ngudi), 1ay logarit ty nhién.

Phan loai thu nhap qudc gia:
thu nhép cao, thu nhap trung
binh cao, thu nhdp trung
binh thép, thu nhap thap.

WDI

WDI

WDI

WDI

WDI

WDI

Appiah-Otoo & cong su
(2022), Asongu & cdng su
(2018), Lee & Brahmasrene

(2014)

Knight & Schor (2014)

Holtz-Eakin & Selden (1995),
Asici (2013), Hassan (2015)

Pao & Tsai (2011), Lee (2013),

Huang & cong su (2019), Kim

& Seok (2023), Salahuddin &
cong su (2018)

Wang & cong su (2021)

Le & cong su (2016), Managi
& cong su (2009), Bernard &
cong su (2016)

Dong & cong su (2018)

Bongaarts (1992), Smil (1990),
Dietz & Rosa (1997)

Stern & cong sy (1996),
Schmalensee & cong su (1998),
Grossman & Krueger (1995)

Ngudn: Nhom tac gia tong hop

5. Két qua nghién ciru

5.1. M6 ti thong ké

Bdng 3: M6 td thong ké thé hién gia tri nho nhat, gia tri 16n nhét va gia tri trung binh trong cac
bién sb, bao gdm lugng phat thai CO2, trinh d¢ phat trién CNTT-TT, ting truong kinh té, FDI, d¢
mé thuong mai, quy mé dan sé va bién gia phan loai 4 nhém qudc gia.
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Bang 3: M6 ta thong ké

i , Gia tri i i Gia tri Gia tri

Tén biéen S0 quan sat Sai s0 chuan i i
trung binh nho6 nhat  16n nhat
InCO2 3381 0.6994248 1.522854  -3.826326 3.864029
InICT 3381 -3.77e-10 1.000004 -4.716013 1.324761
InGDP 3381 9.276082 1.172771 6.443644 11.70063
InFDI 3381 1.020699 1.385363 -10.54686 9.751931
InOpen 3381 4.343004 0.5149302 2.29809 6.573565
InPop 3381 15.82208 1.907749 10.67851 21.06763
Type 3381 2.149068 0.9921093 1 4

Ngudn: Nhom tac gia tong hop

5.2. Ma trdan twong quan bién sé

Ttr ma tran twong quan bién sb dudi day, co thé théy bién thé hién su phat trién cia CNTT-TT
(InICT) ¢6 twong quan manh, cung chiéu voi lugng phat thai CO2. Bén canh do, hé ) tuong quan
giita ting trudng kinh té va phat thai CO2 dat 91.93%. Ngoai ra, hai bién s6 dai dién cho toan cau
hoéa kinh té 1a InFDI va InOpen c6 tac dong twong quan dang ké va cung chiéu voi lwong phat thai
CO2 (trén 15%). Cubi ciing, quy md dén s6 1a bién sé duy nhét ¢ twong quan thap va nguoc chiéu

vo1 lugng phat thai CO2.

Béang 4: Ma tran tuong quan

INCO2 InICT InGDP InFDI InOpen InPOP
InCO2  1.0000
InNICT  0.8513 1.0000
INGDP  0.9193 0.8385 1.0000
InFDI  0.1653 0.1670 0.1673 1.0000
InOpen  0.3774 0.3229 0.3557 0.4351 1.0000
InPOP  -0.0547 -0.1124 -0.0617 -0.2084 -0.5247 1.0000

Nguon: Nhom tac gia tong hop
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5.3. Két qud nghién ciru va théio luin

Bang 5: Két qua hdi quy mo hinh

Bién dai dién: CO2 POLS REM FEM Driscoll -
Kraay

InICT 0.326***  0.138*** 0.140*** 0.326***
(0.0177)  (0.0132) (0.0135) (0.0362)

INnGDP 0.913***  0.614*** 0.570*** 0.913***
(0.0201)  (0.0176) (0.0185) (0.0292)

InFDI -0.0112 0.0153*** 0.0142*** -0.0112
(0.00719)  (0.00332) (0.00331) (0.0107)

InOpen 0.221***  -0.00868 -0.0172 0.221***
(0.0239)  (0.0178) (0.0179) (0.0194)

InPOP 0.0410*** 0.0863*** 0.195*** 0.0410***
(0.00569)  (0.0169) (0.0278) (0.00782)

2.Type 0.206***  -0.789*** 0.206***
(0.0459) (0.108) (0.0512)

3.Type 0.270%**  -0.223** 0.270%**
(0.0309) (0.102) (0.0264)

4.Type -0.349***  -1.088*** -0.349***
(0.0708) (0.156) (0.0623)
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H¢ 56 chin -9.461***  -5.851*** -1.617*** -9.461***

(0.235)  (0.305) (0.421) (0.243)

Kiém dinh bo sot bién F(3, 3369) = 27.84
Prob > F =0.0000

Kiém dinh da cong tuyén ~ Mean VIF = 3.68

Kiém dinh phuong sai sai s6 chi2(38) = 476.87
thay doi Prob > F = 0.0000

Kiém dinh nhan tir Lagrange chibar2(01) = 24345.64
Prob > chibar2 =

0.0000
Kiém dinh Hausman chi2(6) = 67.97
Prob > chi2 = 0.0000
Kiém dinh Pesaran Kiém dinh Pesaran =
13.861
Prob = 0.0000
Kiém dinh Wald hiéu chinh chi2(161) = 82353.16
Prob>chi2 = 0.0000

S6 quan sat 3,381 3,381 3,381 3,381
Hé s6 xé4c dinh 0.885 0.857 0.706 0.885
S6 qudc gia 161 161 161 161

Ghi chii: ¥¥% ** * 6y nghia thong ké ¢ mire 1%, 5%, 10%. Sai s6 chudn viing trong ngodc don
Nguon: Nhom téc gia tong hop.

Trude hét, nhom tac gid thyc hién 1an luot cac kiém dinh va uée lugng c6 lién quan dé lua
chon mé hinh phut hop bao gdm kiém dinh bo sot bién, da cong tuyén, phuong sai sai s6 thay doi
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va ty twong quan trén nén tang mo hinh binh phuong tdi thiéu thong thuong POLS. Két qua cho
thiy mo hinh khong mic da cong tuyén nhung méic ba khuyét tat con lai.

Tiép dén, nhom tac gia tién hanh kiém dinh nhan tir Lagrange va dua ra két qua mo hinh hoi
quy gop (POLS) 13 khong phu hop. Do dé, tac gia sir dung kiém dinh Hausman dé lya chon gitta
mé hinh REM va FEM, két qua cho thAy mé hinh FEM hiéu qua hon. Tuy nhién, khi tién hanh
kiém dinh cac khuyét tat trong mé hinh FEM, mé hinh méc khuyét tat phuong sai sai sb thay doi
va bi phu thudc chéo. Cudi cung, mo hinh Driscoll-Kraay dugc lya chon dé khac phuc céc khuyét
tat va dua ra mé hinh u6c luong phu hop; dong thoi do ludng duoc tic dong cua bién gia Type, 1a
phu hop hon FEM.

Tur két qua hoi quy, hé s6 xac dinh ciia mé hinh R? = 0.885, diéu nay c6 nghia moé hinh da
udc lugng dugc 88.5% sy thay ddi trong gia tri ctia bién phu thudc.

Thir nhat, két qua nghién ctru chi ra su phat trién cia CNTT-TT c6 tac dong cung chiéu dén
lugng phat thai CO2 & cac qudc gia tai mirc ¥ nghia 1%. CNTT-TT ting 1%, luong phat thai CO2
s& tang 0.326%. Két qua nay dung v6i ky vong va co thé duogc 1y giai boi: CNTT-TT ngdy cang
pho bién khién nhu cau st dung dién ngay cang ting, diéu nay dan dén viéc ddt thém nhién licu
hoéa thach, day von 12 mot trong nhirng nguén chinh tao ra CO2; bén canh d6, CNTT-TT phat trién
khién cho con nguoi c6 nhu ciu mua sam tryc tuyén ngay cang ting va hang hoa duoc van chuyén
dén nguoi tiéu ding bang xe tai hodc tau hoa, diéu nay dan dén viéc phat thai thém khi nha kinh.

Thir hai, két qua nghién ctru chi ra: ting truong kinh té (GDP), 36 mé thuong mai (Open), quy
mo dan sd (POP) c6 tac dong cung chiéu dén luong khi thai CO2 nhu ky vong va déu co ¥ nghia
thong ké & muc 1%. Cuy thé, khi ting truong kinh té thém 1% lam lugng phat thai CO2 ting thém
13 0.913%. Két qua hoi quy ciing pht hop v6i nhan dinh ctia Knight & Schor (2014), Holtz-Eakin
& Selden (1995), Asici (2013), Heidari va cong su (2015) ring ting trudng kinh té c6 tac dong tich
cuc t6i lugng phat thai CO2 tai cac qudc gia. Bién tiép theo, khi d6 mé thwong mai ting 1%, lugng
phat thai CO2 ting 0.221%, dong quan diém véi cac nha nghién ciru (Le & cong sy, 2016, Managi
& cong su, 2009, Bernard & cong su, 2016) vé viéc nén kinh té cang m¢ cua thi lugng phat thai
CO2 cang tang. Nén kinh t& mo thac day xuat khau va nhap khau gitra cac qudc gia lam ting san
xuat bang cach ting quy mo ciia cac nganh cong nghiép, ting nhu ciu tiéu dung ning luong va nhu
cAu van tai, tir d6 1am tang luong phat thai CO2 trong nude (Jun & cong su, 2020). Bién cubi cing,
quy mé dén s6 co tac dong tich cuc dén luong phat thai CO2, nhung tic dong nay khong qua manh
mé, quy md dan sd tang thém 1% lam ting luong phét thai CO2 trung binh thém 0.041%. Khi quy
mo dén s ting, nhu cau sir dung nang luong ciing sé& tang dan dén lugng CO2 thai ra méi truong
ciing ting 1én (Dong & cong su, 2018). Bén canh do, sy gia ting dan sb co thé din dén sy phat
trién caa cac khu vuc do thi méi, thuong c6 mat do dan s6 cao va nhu ciu vé nang lugng, giao
thong, dién va nudc cao hon cac khu vyc noéng thon. Vi vdy, quy mo déan sé ting ciing 1a mot
nguyén nhan khién cho luong phat thai CO2 binh quan dau nguoi ting 1én.
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Ngodi ra, tai mirc y nghia 1%, luong phat thai CO2 cia qudc gia c6 thu nhap thip nho hon
1.42 1an lugng phat thai tai qudc gia ¢6 thu nhap cao diéu nay co6 thé dugc giai thich boi tai cac
qudc gia kém phat trién, viéc 4p dung CNTT-TT chuwa nhidu va dang & mirc méi trudng co thé tu
didu hoa duoc. Luong phat thai tai hai nhém qudc gia: qubc gia c6 thu nhap trung binh thip va
quéc gia c6 thu nhép trung binh cao 1an luot 16n hon lwong phat thai CO2 tai quéc gia ¢6 thu nhap
cao 1a 1.23 va 1.31 1an. Tur két qua phan tich c6 thé thiy, thu nhap binh quan dau nguoi c6 tac dong
cung chiéu véi lugng phat thai CO2 cho dén khi dat ngudng va sau d6 luong phat thai CO2 dan
duoc kiém soat va giam xudng khi nén kinh t& dat mtrc thu nhap cao nhit dinh. Diéu nay ching t6
t6n tai mdi quan hé duong cong Kuznets giita thu nhap binh quan dau ngudi va lugng phat thai
CO2 nhu Stern & cdng su (1996), Schmalensee & cong su (1998), Grossman & Krueger (1995)
d3 khang dinh tai nhimg nghién ctru trude day.

Tuy nhién, két qua udc luong cho thay tac dong ctua FDI dén luong phat thai CO2 13 khong
dang ké. Diéu nay trai véi ky vong ma nghién ctru da dit ra trude do.

6. Mot s6 khuyén nghi

Tir két qua nghién ctru, c6 thé khang dinh ring mic di CNTT-TT déng vai trd quan trong, 14
mot trong nhitng dong luc thuc day ting truong kinh té; tuy nhién sy phat trién cia CNTT-TT lai
lam ting luong phat thai CO2 dong nghia véi viéc dem lai anh huong x4u toi chat lugng méi
truong. Vi vdy, qua bai nghién ctru nay, nhom tac gia dé xuit mot sb chinh sach gitp céc to chic
chinh phi1 va nha hoach dinh chinh sach c6 thé phat trién CNTT-TT, dong thoi giam thiéu luong
phat thai CO2 ra mdi truong.

Thir nhat, dé giam luong khi thai CO2 cac qubc gia c6 thé ap dung thué cacbon. Pay 14 loai
thué méi truong danh vao lugng cacbon cia nhién liéu duoc sir dung trong san xuat, do cac nguyén
ttr cacbon khi d6t chay tao ra khi CO2. Thué cacbon c6 muc dich dinh gia phat thai, ngan chan cac
hoat dong khai thac, sir dung, tiéu dung nang lugng qua muc bang cach han ché va giam thiéu kha
nang sinh 10i ctia cac hoat dong d6. Chinh phu cac nude c6 thé str dung ngudn thu tir thué cacbon
dé hd tro, khuyén khich cac doanh nghiép sir dung nang lugng sach, hoac thuc hién cac bién phap
thich nghi véi bién doi khi hau.

Thit hai, dé han ché lugng khi cacbon thai ra méi truong, cac qudc gia can tich cyc tham gia
va phat trién thi truong cacbon. Theo co ché ndy, nha nude xac 1ap tong han ngach phat thai cacbon
rdi phan bd han ngach cho cic doanh nghiép co phat thai; sau d6 thiét 1ap thi truong cacbon va cho
phép cac doanh nghiép duoc phép mua ban, chuyén nhuong han ngach phat thai. Doanh nghiép
can tuan tha ding theo han ngach phat thai, néu khong s€ bi xtr phat. Thi truong cacbon 1a su két
hop gitra nha nudc va thi truong trong quan ly phat thai. Nha nudc quan 1y han ngach phat thai,
trong khi thi truong tu diéu tiét gia chuyén nhuong han ngach phat thai. Thong qua ap dung thi
truong cacbon, cic doanh nghiép s& han ché lugng phat thai CO2 trong qua trinh kinh doanh, san
xuat.
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Thir ba, khuyén khich phét trién CNTT-TT chat lwong cao, vugt qua diém chuyén doi theo 1y
thuyét duong cong Kuznets dé giam luong phat thai CO2, dam bao chét luong méi trudng. Bén
canh nhimng cong cu kinh té, cic qudc gia nén trién khai mo hinh cong nghé thong tin xanh (Green
ICT) dé han ché phat thai khi CO2. Nhing yéu t6 co ban cia CNTT xanh bao gdm: cac san phdm
CNTT va quy trinh san xudt CNTT véi d6 6 nhiém thép, tiéu thu it ning luong va tmg dung CNTT
nham tiét kiém nang luong, gidm thiéu 6 nhiém trong cac hoat dong kinh té, xa hoi. CNTT xanh
c6 thé t6i da hoa sir dung hiéu qua ning luong va tai nguyén, thuc ddy chuyén sang xa hoi cacbon
thap.

Két luin

Nghién ctru vé tic dong cia CNTT-TT dén luong phat thai CO2 trong giai doan 2000 - 2020,
cho thdy rang CNTT-TT c6 anh hudng dang ké dén su gia tang luong phat thai CO2. Pong quan
diém va&i Appiah-Otoo & cong su (2022), Majeed (2018), nghién ctru ciing chi ra rang viéc ap dung
CNTT-TT anh hudng tiéu cuc dén moi trudng nghiém trong hon & cac qudc gia c6 thu nhap trung
binh. Tuy nhién, dbi véi cac quéc gia kém phat trién, c6 thu nhap thép, CNTT-TT lam tang lugng
khi thai CO2 it hon so véi cac qudc gia thu nhap cao. Bai nghién ctru 1a mot bang chimg vé chiéu
huéng tac dong cia CNTT-TT dén lugng phat thai CO2 tai cac nhom nudc phéan theo thu nhap ,
két qua nghién ctru pht hop véi Iy thuyét vé dudng cong Kuznets moi trudng.
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