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In this research project, | developed efficiency analysis models considering
global supply chain structure by combining multi-regional input-output analysis model and data
envelopment analysis. The research was published as a single-author paper in the peer-reviewed
journal Heliyon in February 2024. The research found that technology-intensive industries (e.g.,
electronic equipment manufacturing) in particular tend to have lower environmental productivity of
upstream suppliers than labor- and capital-intensive industries, suggesting that production
activities that consider not only the production stage but also the supplier stage are important for
decarbonizing the entire supply chain.



B X C—19,. F—19—1., Z—19 ({358)

1. ARSI DT &

UT4E, COy 72 & DIREN T A APEHERIINC X 0 [RELERIEIREAE L T\ 5, [EEEx
FNX—BEIZ L D &, 2018 FEDO R EIRD CO BEHEITHI 335 @ R THY, TDoH 5
A3% MR RIFEEIMICHEE LT D, IPCC 5 5 Rakliss E ik, BhERICH T 223k -
AFEVEDOSEL D CO HIMNEETH D LN TEY, %< O N RIIE(DERET
B OB - APEVRII 21T - CT& 72, L LARS, 2 b OBEIENIZE I3 A PETREhIC B
Ao 7E - @R « =x ¥ — - ffiif7e EOFAT — % & AHIMIEZESS CO, PEH&
REDFERT — 2SI ThY | EEESO LREECTHOWOREEA - EHT —#
HHEE L TR oTe, MOAPERENIEM R 70— VBT I A4 F = — 2D RITHY 3L
STEY, Y7 T4 F = — U BARDOAFEEB O RN - APEMEZ 0T+ 2 2 &3, afEr7e
CO, HEHHNEGR Z i 2 E CHERGEME RV EDL, R TIX, V7 T74F = — 21K
DAEFETETh A RGBS (M O A EITE)) & HEBRE (MBI 5 LIRS COARE
IEE) ICXBIL T, ¥ 7 T4 F = — BB M E 5T 2E T VT & EEar 2179,

2. RO HB

AEFED BIE, OFERICMHET LT T4 F = — 2 2BEB LIDRENHTTT L%
L, OQHREEOMEEDMCB T DHEINBOR -7 I F=—r XV A hEHELTZ
BB CO HNRBUR AT 2 2 & ThH D, [H - FEE L L ORIEEPEO = 1 LF —4)
A PENE 2 3T L C & T2 BEENTSE &l T ARFZRIRIE - PEEICATRET % BiRPEZ TO
AEPETEEN S AR B & L TRV THIET 2 mUSHTHME A Ff > T\ D, £, Y754
F = — VN OFEE T VTR ETHY | BT VERF - FiEoT AR L CH T T4 T
= — U RERTOURE CO, HIIEBR Z#im L L 9 &3 5 AUCARFEREITECR I ER - Al
EEEFF - TV 5,

3. D I5iE

BJ 1 2R S 45 BLEEe - (GBSO A - FEHT —Z ZHERHT 27201, AL T
MRIO Model %, BAT =% & LT, BAEHRM (K1), ERX by 78 (FL),
TRAX—HEERE (Va—), FRMEAE (V) 2, LELWERT—% & LT
fifEga (F) &2, LELIRVWERT—2 & LT CoHHE (Fr) 22,

ARFGEDZN MM TlE, 7 —F al#& 53Tk (Data Envelopment Analysis: DEA) % H 72,
DEA (% Charnes et al. (1978)IZ & > TRHFE S 4L7- O BB E LR (Decision Making Units:
DMUS)DAHXT I 22 h = M 2 N - 2RO T — 2 2 W CTIET 5 FETH Y , AL —
Ta X U —F R RE, BRESEHLRE WAWSETHOICHNGN TS, K
WFEClL, Fire et al. (2001)iZ L > TH%E & 4172 Directional Distance Function (DDF) D I\ f#—
EE'TNENOWTHRIEEOY 7T A F = — 2 ORLE - G EME DR R 21T 5. &
WIETIE, BEEFEOT — 2 B D 3FRNT —Z G TG D 53 23S OBRIE2To
FEOT—8 %7 — )V U CTHFEEFMEIT O,

F 72, AW TIE, World Input-Output Database (WIOD)) 57 — & & AT L CoMT &2 17
9, WIOD [Z(E, 2000 4725 2014 40 43 /p[E & T OOk (Rest of the World) D7 —
APARINTWD, Flo, R TIL, 4 SOTA (57, ERX, =xL¥—, H



M) &2 >ofEH (e, COHE&E) # W5, AW TIL, 57 - &4 - i
W AIMEEIC BT 57 — 2 T8N — A, =X LF— - COHEHEICHT 27— 213
BR—ZATHY, GEER—ADT —HIZOWVWTIEWIOD TAREINTWAT 7L —F—%
AWTEELEZITo72 5 2 THMTICHV,

\ J\ J
Y Y
e EfE SOEERBE

B 15347 7 v DO EAPE I E
Ml - BTG E 2 (2023) TCO, B DR H & HICRGl) 5 2 % 7 fi

4. TFFERLE

B4 2 1%, 2000 725 2014 4E0 43 D[E O HAIFEFK T RLESE 5 50 o0 Sl Be i o FERh %
2 a7 DFELPEDHER 2R LT D, K205 BUEEFEIZ OV TR TORMMIZIHB UV TER
BN UEBEAICH H 2 L AR S, 2000 4E> 5 2014 O FEATEN R RLESE 5 HMICo
WL, AEFEHIR OSSR E IS L 0 AEEE OIENEENMIE Sh->obh b 2 LR
R ST, FRICH BN RAERLESEIZ UV TR, 2000 4R D 2014 AEITNT T 22%DIERN =R ME
DN ENT-Z EWRENT, — T, 3 b a— 2SS CIIRESRIEITRESNT
WD HDD, 2000 05 2014 T TORFEAWIL 6% E /NS N2 EavRrENTE,

AVE1—2FREE ERHREER Z O EE R

)
(<)}
)
a
)
(o))

o
v}

o
w

EHEMERIT (B)
o o
= v

EMRMER DT (B)
2

FEHEMERTT (B
o o
& v

mmmmmmmmm

ooooooooooooooo
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

EEEEHNEE ZOfthEaE IR EE R
0.6 0.6
30'5 SOAS
N P~
n n
X 0.4 X 0.4
ul ful
R 03 ® 03
L L
™ ™
0.2 0.2
R o o o o o g o . R o o ol
8298388533302 8289838853324
OO0 0O 000000000 oOoOoO === OO0 0 o000 o0 o0 o0 o o o o o

X 2. BUE BB O BRI HIE O TIEOHER
e BRI E (2023) TCO HEHEBED S & M) 552 % 7 i



B4 3 1%, 2000 2725 2014 4E0 43 D [E O HIFEKTRLEZE 5 50 O HlAs B O FERh M
A a7 OWVEEOHRB Z R L Tnd, K305, 22 B a—Z EREEEEM LSO 4T OHE
FHZ B W TR BB O BRIE D BN SEE I H D Z AR ENT, v B a— 2 5EllE
EMMEERS 4 BIZONWTE, Y794 F 2= R VAV MR ERY T I F=—
TOEFERMESPERMEEIC LY . BBV 7 T4 F = — 2 OAFETEE O IR MDY
éhoozﬁé:}:ﬁi%ﬂﬁéhm L L7222 6 BEGBERE DI R DMIHEE ST,

BeMEDMEHE AW E BT D /NS WD ERFERDDIREN TN D

HEAE BERE D IR LM D FEHEE A WV N RSB P OMIH BB & H LT/ S W BRI, it
Fe B DB RO U HFD LT & LEBRES R ZWET DA T 4 703, BLUEE
MEICHBITDEEND L L TNSWNWZ ETHhHDH EBLLND, HEE CEENNDLE
ARESEE N SN A REAMIE, FEFORERE Ty br— L LT | FERICHERE
72 A Yy hablebd, BHE T, KVEWIEENGMZEA LY | L0 20
WMZALTZY 352 L%, FEF ORGSR\ RICEEICERT 2, BEm T, Lv=x
IV X —INIRO E\OER A OEASCHLRF AN OB L L CREAN KT 5 2 &1L R
AIREMESEVVR & 72 D, — 5 T A O RO Lk - Bif OBAN Bt 77 A F

— U RERTRAETIREAMICED L D REEEL 52X 50O W TIERENEREL S L
VHFEFORRPETCa L br— A TE Lo b/NE W, BT I7 A4 F = — 0 TRAET
HEREEAMOEIRIZONWTIE, FEFICESTAY v FEAHIELSL0VORBURTH S,

DX IRBURICH LT, FEHICEIDTATIA LT EARX L R Scope 1, 2,3 HEH
BEOREIL, FEEDGEME CORKAMOERLTIEL, 774 F = — 2 TOHHHI
AT Z LICHEBRL TV D, F72, BRIGES (EU) 128\ TiE, 2023 45 5 HICREEEE
FEEA TN = XL H AR T HHRADFIT L, 2O X5 RHEAOE AT FHEE N LIREETO
MR AHI T 248 T4 72 LV RELTHZLICEMT A2 THA D,

AVEL—SFHERE ERMARER Z Dt SLE R

o
o
)
(o))
o
a

I
wn

I
S

EHERMERDT (B)
o
FEHEMERIT (B)
b
EHERMER T (B)
o o

w S

o
N
)
N
o
N

mmmmmmmmm

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

BEEFEE Z DithEmE R RER

o
)}
o
)

o
[0

EMRMER DT (B)
o I e
w =

EHFEERDT (B)
<} o
w IS

o
[N
o
[N]

ooooooooooooooo
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

X 3. St BB O BRELZhHIE O P IIE O HERS
e SRS (2023) TCO PEHEOR H & HIlTEF] ) 5 2 5 7 &



Takayabu Hirotaka 10

Measuring performance of supply chains based on data envelopment analysis and multi-regional 2024
input-output analysis: An application to 18 manufacturing sectors in 43 countries

Heliyon 25881 25881

DOl
10.1016/j .heliyon.2024.e25881

17 LCA

2022

Measuring performance of supply chains based on network Data Envelopment Analysis and multi-regional input-output analysis
in manufacturing sectors

International Conference on Data Envelopment Analysis

2023

Takayabu Hirotaka

Environmental Productivity of Power Generation Industry: Supply Chain Performance Measurement Based on Data Envelopment
Analysis and Multi-Regional Input-Output Analysis

ICES 2024: 8th International Conference on Economic Structures

2024




2023

568

co2

2

7




