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Tém tat: Muc tiéu ciia nghién cibu nay la phdn tich va so sanh sw phdt trién cia cdc phirong
phdp do luong va cdc img dung ciia ndng sudt nhdn t6 tong hop xanh thong qua viéc mo réng
viéc wée heong ndng sudt nhdn to tong hop truyén thong véi cdc dau ra khéng mong muon.
Nghién cieu nay xem xét tién trinh phat trién ciia cdc phwong phép do luong tir Chi s6 Malmgquist
dén Malmquist-Luenberger, Chi s6 ndang sudt Malmquist-Luenberger toan cuc (GML) va cdc
mé hinh Malmquist-Luenberger toan cuc dira trén dé néi long (SBM). Két qud cho thay, khi cdc
Yéu té méi trwong dwoc diea vao phén tich, mirc ndng sudt ndng sudt nhan t6 tong hop xanh do
dwoc thuong thap hon so véi nang sudt nhan t6 tong hop truyén thong, phan dnh su danh déi
gitka tang trieong kinh té va chat lwong méi truong. Trén co sé do, nghién ciru ciing dé xudt mot
6 goi ¥ lwa chon phwong phdp wée lirong ndng sudt nhén té tong hop xanh phit hop véi muc

tiéu nghién cuu va dac diém cua bé dir lidu.
Tir khéa: Ning sudt nhén t6 tong hop xanh, Malmquist-Luenberger, Chi s6 nang sudt Malmquist-
Luenberger toan cuc, SBM-GML.

Methods and Applications of Measuring Green Total Factor Productivity Index

Abstract: The objective of this study is to synthesise and analyse the development of methods
for measuring Green Total Factor Productivity (GTFP) by extending traditional Total Factor
Productivity (TFP) estimation to include undesirable outputs. The study reviews the evolution of
measurement approaches from the Malmquist index to the Malmquist-Luenberger (ML), Global
Malmquist-Luenberger (GML), and more recent Slacks-based Measure Global Malmquist-
Luenberger (SBM-GML) models. The synthesis results indicate that when environmental
factors are incorporated into the analysis, the measured level of GTFP is generally lower than
traditional TFP, reflecting the trade-off between economic growth and environmental quality.
Accordingly, the study also offers several suggestions for choosing an appropriate GTFP
estimation method that fits the research objectives and the characteristics of the dataset.

Keywords: T Green total factor productivity; Malmquist-Luenberger, Global Malmquist-
Luenberger; SBM-GML.
1. Pit van dé

Trong qué trinh phat trién kinh té, nhiéu qubc gia di dat dugc toc do ting truong cao nhd mé rong
san xudt va gia tang st dung cac yéu t6 dau vao nhu vén, lao dong va nang luong. Tuy nhién, qué trinh
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nay thuong di kém véi cac tac dong tiéu cuc dén moi trudng, dic biét 1a gia ting phat thai khi nha kinh
va cac dang 6 nhidm khac. Khi cac chi phi méi truong khong duoc tinh dén trong danh gia hiéu qua san
xudt, mirc d6 hiéu qua ctia nén kinh té co thé bi danh gia cao hon thyc té (Chung et al., 1997; Fire et al.,
1994). Trong bdi canh d6, viéc do ludong ning suat nhan té tong hop (Total Factor Productivity - TFP)
theo hudng gin voi yéu té méi trudng ngay cang duoc quan tdm trong nghién ciru kinh té. Khai niém
nang sudt nhan t6 tong hop xanh (Green Total Factor Productivity - GTFP) duoc phét trién nham phan
anh dong thoi hiéu qua kinh € va higu qua modi trudng cta qua trinh san xuét (Chung et al., 1997). Chi
sd nay cho phép xem xét khong chi san lwong kinh t& ma con cac tac dong méi trudng phat sinh trong
qué trinh san xuét.

Cung voi su phét trién ctia khai niém GTEP, nhiéu phuong phap do luong khac nhau di duoc dé
xuat nham danh gia ning sut xanh. Cac phuwong phap phd bién bao gom Data Envelopment Analysis
(DEA) va cac chi sé ning suat nhu Malmquist, Malmquist-Luenberger (ML) va Global Malmquist-
Luenberger (GML) (Chung et al., 1997; Fare et al., 1994; Oh, 2010). Pac biét, Oh (2010) da dé xuét chi
s6 GML nham cai thién kha ning so sanh ning suét giita cic giai doan thong qua viéc sir dung tap cong
nghé chung cho toan bd thoi ky nghién ctru.

Bai viét nay trinh bay co s& Iy thuyét nén tang ciia GTFP, phan tich sy phat trién cua cac phuong
phap do luong va lam rd cac khoang trong nghién ciru hién nay, dé 1am tién dé cho cac nghién ctru thuc
nghiém mai chuyén sdu hon vé GTFP trén phuong dién toan cau, qudc gia, ving va nganh.

2. Tong quan nghién ctru va co sé Iy thuyét

2.1. Khdi niém néng sudt nhan té tong hop xanh

Ning sudt nhan té tong hop 1a mot chi sé quan trong trong kinh té hoc, duge sir dung dé danh gia
mirc d6 hiéu qua ciia qua trinh san xuat. Trong cach tiép can truyén théng, TFP phan anh phan ting
truong san lugng khong thé giai thich boi sy gia ting ciia cac yéu t ddu vao nhu von va lao dong (Fire
et al., 1994). Khi mot nén kinh té c6 thé tao ra nhiéu san luong hon véi cung mot luong dau vao, su gia
ting nay thuong duoc xem 1a két qua cua tién b cong nghé, cai thién quan Iy hodc d6i mai to chirc san
xudt (Fére et al., 1994).

Tuy nhién, cach do luong TFP thuong khong tinh dén cac tac dong mdi truong cua hoat dong san
xuat. Trong nhiéu truong hop, ting trudng kinh té dat dugc théng qua viée st dung nhiéu ning luong
hon hodc thong qua cic hoat dong gy 6 nhidm moéi truong. Khi cac yéu té nay khong dugc dua vao
phan tich, chi s6 TEP ¢6 thé phan anh chua day du hiéu qua thue su ctia qua trinh san xuat. Dé khic phuc
han ché nay, khai niém GTFP dugc phat trién nham két hop yéu t6 méi truong vao do luong nang suat
(Chung et al., 1997). Trong céch tiép can niy, qua trinh san xuat dugc xem xét thong qua moi quan hé
giita ba nhoém bién chinh: dau vao, diu ra mong mudn va dau ra khong mong mudn (Fire et al., 1994).
Pau vao thuong bao gom céc yéu td san xuat co ban nhu von, lao dong va ning luong. Pau ra mong
mubn 13 cac két qua kinh té tich cuc ctia qua trinh san xuét, chang han nhu gia tri gia tang hodc tong san
lwong. Bén canh do, qua trinh san xudt ciling tao ra cac dau ra khong mong mudn, bao gém cac dang 6
nhiém mdi trudng nhu phat thai CO2, SO, NH. hodc chat thai rin (Chung et al., 1997).

Viéc dua cac dau ra khong mong mudn vao mé hinh phan tich cho phép danh gia chinh xac hon hiéu
qua cua qua trinh san xuat. Khi cac yéu t6 6 nhiém duoc tinh dén, GTFP thudng thip hon so véi TEP
truyén théng, cho thiy mot phan ting truong kinh té trude day co thé dat duoc théng qua viée danh ddi
voi moi truong (C. Chen et al., 2018; Yu et al., 2022). Vi vay, GTFP ngay cang dugc sir dung rong rai
trong cac nghién ctru vé ting trudng bén ving.

E3 Tap chi KINH TE CHAU A - THAI BINH DUGNG s6 1(704) thang 4/2026




2.2. Sw phit trién cdc phwong phdp do lwong GTFP

Céc phuong phap do luong GTFP da phat trién qua nhiéu giai doan khac nhau nhdm khéc phuc
nhirng han ché cua cac mé hinh trude do.

Trong giai doan dau, nhidu nghién ctru sir dung phuong phap Data Envelopment Analysis (DEA)
dé danh gia hiéu qua san xuét va hiéu qua moi truong. DEA 1a mot phuong phap phi tham sé sir dung
1ap trinh tuyén tinh dé x4y dung duong bién hiéu qua tir dit liéu quan sat. Phuong phap nay c¢6 vu diém
1a khong can gia dinh dang ham san xuat va co thé xur 1y dong thoi nhiéu dau vao va dau ra (Charnes
et al., 1978). Trén nén tang d6, Caves et al. (1982) dit co s& cho chi sé Malmquist nhu mét cong cu do
luong thay doi ning suét theo thoi gian. Theo hudng tiép can nay, Woo et al. (2015) gan déy st dung
DEA két hop v6i chi s6 Malmquist dé danh gia hiéu qua méi truong ctia ning lugng tai tao tai cac quc
gia thudc OECD.

Tuy nhién, DEA truyén théng chi phan &anh hi¢u qua tai mdt thoi diém nhét dinh va chua thé hién
duoc sy thay doi nang suat theo thoi gian. Pé khac phuc han ché nay, chi s6 Malmquist dugc phat
trién nham do ludng sy thay d6i nang suit giira cac giai doan (Fire et al., 1994). Chi s nay cho phép
phan tach ting truéng nang suit thanh hai thanh phan chinh 1a thay d6i hiéu qua k¥ thuat va thay doi
cong nghé.

Mic du vay, chi s6 Malmquist truyén théng chua xir 1y truc tiép cac dau ra khong mong mudn.
Trong bdi canh nghién ciru méi truong, diéu nay co thé dan dén viéc danh gia cao ning suat clia cac
don vi san xuat di mirc phat thai van cao. Dé giai quyét van dé nay, chi sé Malmquist-Luenberger (ML)
duoc phat trién nham tich hop cac ddu ra khong mong mudn vao phan tich. Phuong phap nay dua trén
ham khoang cach dinh huéng, cho phép dong thoi ting dau ra mong mudn va giam dau ra khong mong
mudn (Chung et al., 1997). Phuong phap ML di duoc ap dung trong nhiéu nghién ctru thuc nghiém,
chang han nhu nghién ctru cia Shen, Boussemart, va Leleu (2017) trong phén tich ning suit xanh cta
cac qubc gia. Pay 1a bude chuyén quan trong tir do TFP truyén thong sang do GTFP.

Tuy nhién, viéc ap dung chi sé6 Malmquist & do GTFP van ton tai mot sé han ché khi phan tich
dir lidu theo chudi thoi gian. Cu thé, phuong phap nay xay dung duong bién cong nghé riéng cho ting
giai doan, do d6 co thé din dén hién twong thiéu tinh nhit quan khi so sanh ning sut giita cac nim
(Pastor & Lovell, 2005). Bén canh do, viéc uwdc lugng TFP bang chi sé6 Malmquist con ¢ thé gip van
dé vo nghiém va thiéu tinh tudn hoan khi so sanh lién thoi gian (Pastor & Lovell, 2005). Bé khic phuc
han ché nay, Pastor va Lovell (2005) da dé xuat chi sé Malmquist toan cyc (GM). Khac véi Malmquist
truyén thong, chi s6 GM sir dung mot tap cong nghé chung cho toan bo giai doan nghién ciru, nho d6 cai
thién kha ning so sanh ning suat giita cac thoi ky. Boi vi phuong phap ML ciing gip nhitng van dé nhu
v6 nghiém va thiéu tinh tuan hoan khi so sanh lién thoi gian, Oh (2010) d3 mé rdng tir nghién ctru cua
Pastor, Lovell (2005) phat trién nén Chi s6 ning suit Malmquist-Luenberger toan cuc.

Bén canh su phat trién cta cac chi s ning suét, cic md hinh DEA ciing duoc cai tién nhdm phan
anh chinh x4c hon dic diém ciia qua trinh san xuat. Mot trong nhiing cai tién quan trong 1 “Mo hinh néi
long” (Slack-Based Measure - SBM) (Tone, 2001). Khac voi cac mo hinh hudng tim yéu cau cac bién
diéu chinh theo cting mét ty 1, SBM cho phép xir 1y truc tiép phan du ctia timg bién dau vao va dau ra
(Tone, 2001). Hon nita khi két hop vé6i chi s6 GML, mé hinh SBM-GML cho phép do luong ning suit
xanh chi tiét hon, dic biét trong cac trudng hop ton tai sy du thira ddu vao hodc mirc phét thai khong
ddng déu (Park et al., 2024)
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Bang 1: Tong hop cdc nghién ciru vé phwrong phap do lwong GTFP

Nam Tac gia Phuong phap NGi dung / B6i canh Chi tiéu
dong goép chinh dirliéu do luéng
1982 | Cavesetal. Malmquist (M) Dat nén tang cho do Nghién cuau ly | TFP
lusng thay d6i nang thuyét
suat theo thai gian
1994 | Fareetal DEA-Malmquist Md& rong chi so Cac nuéc cong | TFP
Malmquist trong khung | nghiép hoa
DEA dé phan ra tang
truéng nang suat
1997 | Chung et al Malmquist-Luenberger | Lan dau dua dau ra Céng  nghiép | GTFP
(ML) khong mong muén vao | Hoa Ky
do luéng nang suat
thong qua ham khoang
cach dinh huéng
2001 | Tone M6 hinh négi long Dé xuat mé hinh phi Nghién cuu | Hiéu qua ky
(Slacks-based measure | huéng tam xd ly truc phuong phap | thuét
- SBM) tiép phan du(slacks)é | DEA
dau vaovadaura
2005 | Pastor & | Global Malmquist Buaracoéngnghé Cac nuéc chau | TFP
Lovell tham chiéu toan cuc, | Au
tang khd nang so sanh
lién thoi gian
2010 |0Oh Malmquist-Luenberger | Phucong phap GML v6i | 26 nu6c OECD | GTFP
toan cuc (Global tap cong nghé toan
Malmquist-Luenberger | cau, khac phuc t6t hon
-GML) van dé vo nghiém va
tinh tuan hoan ctia ML
2024 | Park et al. Chi s6 Malmquist- K&t hgp mo hinh Cac nusc OECD | GTFP

Luenberger toan cuc
dua trén dé néiléng
SBM-GML (Slacks-
based Measure Global
Malmaquist-Luenberger)

slacks-based measure
(SBM) véi chis6

Global Malmquist-
Luenberger (GML), xu
ly truc tiép phan du 6
dau vao, dau ramong
mudn va dau ra khéng
mong mudn, ddm bao
kha nang so sanh nang
suat nhat quan gida
cac qudc giavaqua
thoi gian.

Nguon: Tong hop cua cac tac gia
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3. Cac nghién ciru thwe nghiém ap dung cac phwong phap tinh niing suit cic nhén té tong
hop xanh

3.1. Xu hwéng iing dung ning suit cic nhan to tong hop xanh trong nghién ciru

Céc nghién ctru vé GTFP hién nay chii yéu sir dung dit liéu bang dai han & nhiéu cap do khong gian,
tir quoc gia, tinh, thanh phd dén nganh kinh té. O cép tinh, nhiéu nghién ctru tap trung vao 30-31 tinh
ctia Trung Qudc trong giai doan 2000-2020; & cap thanh phd hodc cum db thi, thoi gian quan sat thuong
khoang 10-15 nam; trong khi ¢ cap quéc té di c6 nghién ciru mé rong téi hang trim qudc gia hodc so
sanh gitra cac nhém nude 16n nhu BRICS va G7 (C. Chen et al., 2018; Y. Chen et al., 2021; C. Cheng
etal., 2022; Li & Chen, 2021). Nhin chung, xu hudéng kha rd 1a GTFP xanh thuong dugc do luong trén
dai tuong d6i dai, thuong tir 10 ndm trd 1én, nham bao dam kha ning phan anh bién dong dong hoc va
tang d6 on dinh cta chi s6 ning suét.

Vé pham vi 4p dung, GTFP xanh di mé rong tir ning lugng va cong nghiép sang nong nghiép, 1am
nghiép, logistics, thily san va bdi canh d6 thi, nhung bang chimg thuc nghiém van tap trung manh &
Trung Qudc va cac nén kinh té phat thai cao, cho thiy literature con mat can d6i vé khong gian nghién
cuu (Y. Chen et al., 2021; Wang & Long, 2024).

Quan trong 14 viéc tich hop cac dau ra khong mong mudn nhu CO2, SO2, NOx, chat thai ran va 6
nhiém nong nghiép vao khung do luong GTFP. Khi cic dau ra nay dugc tinh dén, ning suat xanh do
dugc thuong thap hon TFP truyén thdng, véi ham ¥ rang mot phan tang truong trude day dat duoc thong
qua sy danh ddi v6i moi truong (C. Chen et al., 2018; Y. Chen et al., 2021; Yu et al., 2022). Du vay, cach
Iya chon va do luong dau ra khong mong mudn giita cac nghién ctru van chua hoan toan théng nhat, nén
kha ning so sanh chéo gitra cac bdi canh van con 1a mot han ché nhat dinh.

3.2. Sw phit trién vé phwong phdp ludn trong do lwong ning sudt cdc nhén to tong hop xanh

Vé phuong dién do luong GTEP, sau khi ML dugc sir dung dé dua cac dau ra khong mong mudn
vao phan tich, GML ngay cang trd thanh Iya chon phd bién trong cac nghién ctru chudi thoi gian gan
day (C. Cheng et al., 2022; Ma et al., 2025; Wang & Long, 2024). Nguyén nhan 1a ML dya trén cong
nghé tham chiéu theo timg ky nén co6 thé gip van dé vo nghiém, thiéu tinh tuan hoan va doi khi tao ra
hién tuong thoai lui cong nghé mang tinh co hoc do su co vao ctia duong bién (Oh, 2010). Nguoc lai,
GML xay dung tap cong nghé toan cau cho toan bo giai doan, nhd d6 cai thién tinh nhit quan lién thoi
gian va do tin cay cua so sanh dong (Ma et al., 2025; Oh, 2010).

Song song voi d6 1a sy chuyén dich tir cic mo hinh huéng tim sang cac mé hinh phi huéng tam
nhu SBM, dic biét khi két hop véi GML. Cac nghién ciru cho thdy mé hinh hudng tdm c6 thé bo qua
phan du ¢ dau vao va dau ra, tir 46 d& danh gia qua cao hiéu qua moi truong va GTFP xanh, nhat 14 khi
cac don vi c6 mirc diéu chinh khong dong déu gitta dau vao, dau ra va phat thai (C. Chen et al., 2018;
S. Cheng et al., 2023). Vi vdy, cac cdu trac nhu SBM-GML ngay cang dugc img dung nhiéu hon do cho
phép xtr 1y truc tiép phan du, tich hop déu ra khong mong mudn va ting kha ning so sanh lién thoi gian
(Zhan et al., 2022). Tuy nhién, vi panel ngén hodc dit liéu han ché, ML hodc SBM-ML van c6 thé phu
hop néu nhan thire 13 cac danh doi di kém (C. Cheng et al., 2022; Li & Chen, 2021).

4. Cac tiéu chi dé lra chon phwong phap tinh ning suit cac nhan to tong hop xanh

Dua trén cac nghién ctru da tong hop, viéc la chon phuong phép tinh GTFP xanh can gan voi muc
tiéu nghién ctru va dac diém dir liéu, thay vi chi dya vao mutrc do phé bién cua mé hinh. Trong pham vi
cac phuong phap do ludng GTFP xanh, qua trinh Iya chon c¢6 thé duoc nhin nhan nhu mot chudi quyét
dinh c6 diéu kién lién quan dén thoi gian quan sat, cau triic cong nghé va dic diém phan du.

Trudce hét, néu nghién ctru tap trung vao do ludng GTFP xanh véi dit liéu bang theo chudi thoi gian,
can can nhic gitra chi s6 ML va cu trac GML. V&i cac bo dir liéu c6 thoi gian quan sat trong ddi ngan
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va muc tiéu phan tich khong qua nhan manh kha ning so sanh lién thoi gian trén mot bién san xuét toan
cuc, ML hodc céc bién thé nhu SBM-ML van duoc sir dung rong rai va van hanh 6n dinh (Y. Chen et
al., 2021; Li & Chen, 2021). Tuy nhién, v&i cac nghién ctru dung panel véi thoi gian dai (khoang 810
nam tr¢ 1€n), GML thuong 1a lya chon phu hop hon vi gidm rui ro vé nghi€ém, cai thién tinh tuan hoan
ctia chi s6 va tang do tin cdy cua so sanh dong trong dai han (Oh, 2010).

Mot budc quan trong nira 1 danh gia mirc d6 ton tai phan du (slacks) ¢ dau vao, dau ra mong mudn
va dau ra khong mong mudn. Khi cac don vi quan sat c6 du thira dau vao, thiéu hut ddu ra hodc muc phat
thai can cit giam khong ddng déu, cac mo hinh hudng tam thudng dan dén danh gia cao hon thuc té vé
hi€¢u qua xanh do budc moi bién diéu chinh theo cung mot ty 1¢ (Zhan et al., 2022). Trong bdi canh do,
cac md hinh phi huéng tim nhu SBM hoic EBM sé& phti hop hon vi cho phép xir 1y truc tiép timg phan
du va tich hop tét hon cac dau ra khong mong mudn (Ma et al., 2025).

Nhu vay, trong pham vi cic phuong phép tinh GTFP, Iya chon mé hinh nén dugc hiéu nhu mot quéa
trinh ra quyét dinh theo diéu kién, chtr khong phai tim kiém mot mo hinh tot nhat va duy nhat. Céc tiéu
chi chinh bao gém: (i) Thoi gian cta bo dit liéu (ngan hay dai); (ii) Mt d6 phirc tap cua ciu trac phat
thai va phan du; va (iii) Nhu cau so sanh dong chit ch& qua thoi gian (Li & Chen, 2021). Theo hudng
d6, SBM GML va céc bién thé gan giii c6 thé duoc xem 1a md hinh pht hop cho nhiéu nghién ctru GTEP
hién nay, dac bi¢t khi dir li¢u co6 thoi gian du dai va myc tiéu 1a do luong ting trudng xanh mdt cach
nghiém ngit (Ma et al., 2025). Tuy nhién, day khong phai 1a Iya chon duy nhat ding trong moi truong
hop; cac mo hinh nhur ML hodc SBM ML van hoan toan phul hop khi panel ngan, dit liéu don gian hon
va trong tim nghién ctru khong dit nang yéu cau vé bién cong nghé tong thé (Li & Chen, 2021).

5. Két ludn

Nghién ctru ndy cho thay cac phuong phap do ludng GTFP da phat trién theo huéng ngay cang tich
hop t6t hon cac dau ra khong mong mudn nhu phét thai va chat thai, tir chi s6 Malmquist truyén thong
dén ML, GML va céc bién thé phi huéng tim nhu SBM-GML. Tdng hop cac nghién ctru trude cho thiy
khi yéu té méi trudng duoc dua vao phan tich, mic GTFP do duogc thuong thip hon TEP truyén thong,
phan 4nh rd hon sy danh d6i gitra ting truong kinh té va chat lugng moi truong. Pong thoi, cac nghién
ctru gan day nghiéng vé GML va SBM-GML nho kha nang cai thién tinh so sanh lién thoi gian va xir Iy
phén du trong dir li¢u. Tuy nhién, khong c6 mot mo hinh tdi uu cho moi bdi canh; viée lya chon phuong
phap can gin voi muyc tidu nghién ciru, chiéu dai thoi gian cta dit liéu bang va muc do phirc tap ciia cac
dau ra khong mong mudn.
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