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F foft, B H GAS » & fr HMFA 0/ % it fi o HMFA 0= &5 840 £ 7 4L 5

o
—
3

J AT EI e ad Tal U F EFAARRIIEFTRAT
o ML TR AEFTHEAA P FEiE S GAS K cHMFA pRd + @ T3 2 &
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Abstract

This study develops a hybrid material flow analysis (HMFA) method to evaluate the

gross additions to stock (GAS) at both micro- and macro-level through analyzing the fixed

capital formation and total supply in input-output tables. HMFA turns GAS from a

balance indicator in the top-down approach to an indicator with meaningful value in terms

of urban ore evaluation. To verify the validity of HMFA, this study compares the

developed HMFA with a top-down approach and a bottom-up approach through assessing

the GAS of Taiwan and Germany. The quantity of GAS estimated by HMFA is considered

as a more conservative upper bound than that by the top-down approach, while

underestimation often occurs with a bottom-up approach. HMFA has been proven as an

efficient and rational evaluation method which overcomes a key limitation in assessing

micro-level GAS by a top-down approach, and solves the data demanding problem of the

bottom-up approach for quantifying material stock. HMFA is used to estimate the building

GAS in Taiwan from the macro to individual levels in the year 2001, 2004, 2006, and

2011. The average amount of GAS in the above years was 87 Mton, with concrete

accounting for 91%. Taoyuan has the highest average amount of GAS among other

counties, reaching 13 Mton, and accounting for 15%. Northern Taiwan with abundant

material stock could form a building material circle and be centralized in Tasoyuan. On

the other hand, to evaluate the existence of old building clusters at site-level. material
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doi:10.6342/NTU202003134



stock in Taipei City between 1965 and 2014 is assessed through statistics and
geographical information systems. Hot spot analysis is introduced to assess the location
of resources. The results indicate 183 Mton of construction materials were accumulated
in Taipei till 2014. The regions with massive potentail urban ore are Da’an (Zone I) and
Zhongshan (Zone II) Districts. Zone I (0.1 km?) stored 180 kton of materials; while Zone
IT (0.6 km?) stored 119 kton of materials. The extraction efficiency of Zone I was found
to be higher than that for Zone II owing to the higher material stock density of Zone I. As
the composition of the materials are different in Zone I and Zone II, the desired types of
resources should also be considered in the evaluation. HMFA provides quantitative data
on urban ore with high spatial resolution for enhancing material recycling planning and
management, such as material supply and demand analysis, material recycling path
planning, and site selection. In the coming future, HMFA and survival curve of objects
can be used in building a dynamic material supply and demand model in multilevel, and
assessing the feasibility of exploitation with market value in the future to support urban

mining planning.

Keywords: hybrid material flow analysis, multilevel, hot spot analysis, urban ore,

circular economy

viii

doi:10.6342/NTU202003134



S A s S i

F N 1] 1 2 Tt SO RSP vii
B ettt ettt b et et e bttt e e st e bt e et eae ix
BB] B At oottt ettt et et b b et et et e et e estesa et ebeeaeebeeteeseeseeneas Xi
Bt B B ettt h ettt ettt e beebeeaeeneeneens Xiii
A ?‘{ﬁ D ettt ee————a—e—u———————————————ua—au———————_——nan_nnnnnnnnnnnnnnn_nnnnnnnn———————————————————nnn———_ Xiv
ST - - TSP SRUSRRPRUPIPPR 1
N )’%‘?ﬂ)é’pf ................................................................................................................. 11
2.1 ﬁ’rs—rv T EREA S L EL RFfe P TR LM G 11
22 PEFFEFTR P EEFEE U, 14
23 AEMEATHREY I ATZ F E 22
R i SOOI 25
3.1 i & A4 Fin A 7 (hybrid material analysis)..........coceveeeneeecereeeneienenenene. 27
3.2 d @ T 2 E (top-down approach) .......ceceeceeeienieeiesieeee st 31
33 d T @ b 2 (bottom-up approach).......cceeceeeeiieeiieniieeieeeece e 32
34 FHFE IR D2 33
3 B B T BT ettt ettt eaeeaeas 34
3.6 FEF F BB FBOEI oo 35

SR AE R E P T BB R oo 38

41 A ETCRZERE B FH B oo 38

42 R EA P ’Fﬁ‘}fﬁ B FT TR 8 et e e e e e 42

43 R E£AF %ﬁ"}ﬁ B T A e e 44
X

doi:10.6342/NTU202003134



i %/?L‘kﬁ-&i‘a}ﬁ’?& F‘}F‘W ................................................................................ 45

50 AR AREAL G R BB s 45
52 REA~d A Ted TAFFFIEATFELS T EM AT LR L 46
AN AR AR T TR E EI3E e 48
6.1 AT FEIZ R e 48

62 AT ERARFI T T E e, 50

63 EMAFEATFF T HEFIABE o 54
6.4 A H EHFD FHE T oo 55
65 FMFAFEAFTFE I AT U, 57
SN B TR BT IE TR ettt 59
N B R R 62

1] BB PN B s 74
12 R RN BHEEE e 77

doi:10.6342/NTU202003134



W e &

B) 1oL 37 B3 5 B eeeesssssssss s s 3

IR e U Y 8
B -4 77 7 ZE R s 9
Bl 2-12 7% 1970 # 3 2017 & FREFR T oo 12
B 2-2 55 & BB LA F IR DR e 13
B 2-3 d + @ T 3 2 (top-down approach) (a)EW-MFA #§ it 5573 % kL5 (b):g i
7 T NAS 5 (Q)EW-MFA S35 SR H coverrrnerrsneenssnennsssesnsssesnssnenes 15
Bl 2-4 B 2 3D-GIS ZZ Hh oot 17
Bl 25 2 PHREZ P A BDERA DB TR oo 18
B 2-6 85 Ji 4 75 A 3577 R Bl oo 19

B 2-7 e f@awmicst2h (DAL 5 ©F Rt £ 13+ F 5 (d)° L

T I BT oo 20
Bl 2-8 & E BT 2 7T R BBttt e 23
BB 31 B T BB e 26
Bl 3-2R &A% Hin a7 (HMFA) 7T LB > & BE R L B, 29
B335 B2 B I H B osssssessseeeseeeeessessessessssssssss s 34

Bl 4-1 £ 887 wle p &R TEEHFE TN (a)EFH GAS ; (b)ZE# GAS -

L a3 GAS ‘fr’@f T GAS BB 0 s 40
@42%‘”‘“1”‘3(5\?3‘ £ I?Fi‘gﬁ& ..................................................................... 41

B 4-3 & A% 2001 & ~ 2004 & ~ 2006 & 4= 2011 & fs* TD » HMFA 4v BU 3% 72
iE "H‘ 15‘- ‘L Bt ﬁi ................................................................................................ 42

Bl 4-4 4 #4od 43 2001 & ~ 2004 & ~ 2006 & v 2011 & i * HMFA 4r BU 3%

%=+ GAS#"’?W‘%%E#’?,&&J%'&L“ﬁQ .............................................. 43
X1

doi:10.6342/NTU202003134



Bl 4-54€ 2010 # &* TD >~ HMFA fr BUREH 5 £ % 5 V¥ fiien, 44

Blo-1 447 8% B4~ Bk icfrd b2 M () 2o 5 (bR E
BAr B 5 (OB Bfr & #5L8 H 50

BlO2 &4 7 Z AP T B AT e 51

Bl 6-3 4443 2 47 g5 B A F (a) 1965-2014 1 (b) 1975 4 1 (c) 1985 & : (d)

1995 & 3 (€) 2005 & 5 (£) 2014 & weooooooooeeeeeeoeeeeeeeeeeeeeeeeeeeeeeee e 53
Bl 6-4 £ 443 Z AT R DABE 54
B 6-5% 43 ZAFD BFHSE (@) * %% Zonel; (b) * L% Zonell..oorneneee, 56

SR -D R A S (2) 2 AL BT RE S () ERAL

R R T A (0) 2 RATE RS 5 () SRR

T T 76
B 12 E A2 BRAD R AT S 3B G AR E T AR TN e, 78

IR e e 79
R 14 £ B G AT R AT G AT A s 87

Xii

doi:10.6342/NTU202003134



+
T~

s

S

508

2-1 2 AR A T F A S EIER
2P FFEFR D EFEE U
3-1 B2 AP B T B1(), h) i,
325 FZALFRAEMI)

SRR TOE R RF DI (c7.X) Y

6-1 %_T;L‘fi "FK‘F& ;7%%%?‘,?*;%

xiii

............................................ 13

doi:10.6342/NTU202003134



BU

EWS

FCF

GAS

HMFA

IE

10Ts

MFA

MI

MS

NAS

RC

SEM

SR

SRC

SS

TD

TS

Bottom-up approach

End-of-life waste from stocks

Fixed capital formation

Gross additions to stocks

Hybrid material flow analysis

Industrial ecology

Input-output tables

Material flow analysis

Material intensity

Material stock

Net additions to stock

Reinforced concrete

Socioeconomic metabolism

Stock ratio

Steel reinforced concrete

Steel structure

Top-down approach

Total supply

X1v

doi:10.6342/NTU202003134



-

-%g

FG ullj\’;\ﬁgf‘l"'fr‘m'ﬂ LER A ETF AR RBBEARBRHL A

%7 ] (anthroposphere) & _f & #873 ) & 487 Fh(urban ore) » 387 FH™ ¥ 5 1 K 24 f
& (industrial ecology, IE)4+ € 57 i 3#f(socioeconomic metabolism, SEM) ¢ it B i3
¥ (material stock, MS) ° :!Z»-’K‘ri RF LT FEEY LAPERE R k2L 75 %p—’fi‘ﬁ
$* 7 (urban mining) (Jacobs 1961; Kennedy et al. 2007; Halada et al. 2009; Graedel 2011;
Johansson et al. 2013; Cossu and Williams 2015; Lederer et al. 2016) ”K‘ri FHT LT
RRA FRE & LF A E A Vo A S E & K vg 2 — (Brunner 2007;
Pauliuk et al. 2012; Cossu 2013; Cossu and Williams 2015; Simoni et al. 2015; UNEP
2019)e 3 sk p AR FREDFL R EFREEAHN(FH— A — AR 28y
AFAGAF 0 LA S RREAE AT R 4 % B (Frosch and Gallopoulos
1989) - (AB S AMEL 2 — 3k ¥ D135 (cradle to cradle) » 71 %24 L § 5 ez =
B Ik % ti(closed-loop system)! > 7 2 &| 2 &(by-product)er P 48 e (Graedel et
al. 1995) o T ER L3 X3 BAF > B RAEAE AN Y LT BRI P
(McDonough and Braungart 2010; Korhonen et al. 2018; UNEP 2019) - 383 # A2/
ol S FHALR 4B 010 @ 3 45 Fh(prospecting) ~ 47 #+ (exploration) ~ B 4z (development)
4 B #x (exploitation) (Hartman and Mutmansky 2002) - # » 35 7% & %%‘ YA P
FH 7 P8 HeE I AL A FH R ;;gci A FHehE ez Bt LR S
£ M RN Bl 0 M T TRER LT B R TR 3 4
¥ 24 A &7 8] 7T R (anthropogenic resources) B 4 - i@ 4+ B £ A7 SEM fa 3k 0 1R
CRAFTRES A BTG RIS TR EOND G P ET LB ERT H R

Li:ﬁz{;&# PEERPTFE P FRIEAMBE(EHFEEH) 7 ZRA
2 A~ g 4B~ A Ef {r4R ¥ 4+ 7 (Hashimoto et al. 2007; Tanikawa and Hashimoto 2009;
1
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Hashimoto et al. 2009; Huang et al. 2013; Wang et al. 2016; Tanikawa et al. 2015;
Kleemann et al. 2017a) » 22 A 5 % B A #g 2 A7 £8 5 &> R A D AR5l 5
I ‘?w{*?:'g ¥RF ey 4542 & (Pauliuk and Miiller 2014; Tanikawa et al. 2015) = ?X
Ao AEE R ok BT P M AE AT RO folk B 5 44 o
(Kennedyetal.2007) c 2 H a6 L[ LG R~ 24 » T2 H A2 A ERY T
C»LSRECFAE AL CBH - FH FHTERERTR ERIARFA
BRENFE TEIFIRANIE o RAL S BRAMNRELRERE K
FbBigiEY §ZE X ERALE %A E CONOx SO foks %54 4 > 7)
PR E A RIS w AR PIRB 4 &% 8 (Khasreen et al. 2009;
Zabalza Bribian et al. 2011; Wang et al. 2016; Heeren 2017) - £ L &3¢ = = {5 » TR
g * ¢ gz £ (in-use stocks)A) 3¢ F A "Ffi‘r’i 3% %@ (Kapur and Graedel 2006;
van Beers and Graedel 2007; Pauliuk and Miiller 2014) - sp# >tz 3% 1 R E > 2 H
®HEAEY L ERS ARG FPARREEFTT 2ok s TfoR R § (Zabalza
Bribian et al. 2011; Ibn-Mohammed et al. 2013; Heeren 2017) = % 2= # @ * ¥ # 2 § &

FEARTFAPFAGEN R BRI ARDYEERFE S L F Ok
¥ p J7(Tanikawa et al. 2014; Miatto et al. 2017; Garcia-Torres et al. 2017) - d pt ¥ &
PR EATRfrREG ¢ 7 A2 F UL L kR E s ¢ b i

I

£

EE ML TRERREAT P AFROPEICARERFDED o

PEFE AP EON (B 1-1)¢ 55 b M 4 £ (net additions to stock, NAS) %
# R Aoy % o § FIR 4 $7(material flow analysis, MFA) 2 1 ¥ 24 fL 5 ¢ 4 ¢ 573
R 2 2 F o MFA G AN TR ETE > kR i B Fad e pi
fez & qfﬂ Bl e feiit £ (Baccini and Brunner 1991; Brunner and Rechberger 2016) -
B % MFA ZALF 3 kB3 B epd ¥ i (final sink) 12 "8 M3k f J7 ° 3T # MFA
b kA4t A B R AR TR Bt o FEF A BRGNS
(Pauliuk et al. 2012; Bocken et al. 2017; Schiller et al. 2017; Stephan and Athanassiadis
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2018; Werner et al. 2018) © MFA $13¢ 4 5o}k & in a8 3 M odiec 4 B4 %
o rEbdk L 08 B £ 3% % (Tanikawa and Hashimoto 2009; Tanikawa et
al. 2015; Kleemann et al. 2017a) « ¥ B ## thde 77 i £ 1 ¥ © 54 91 MFA énp ¥ o8

?L NAS L_*’”?/H N ?ﬁ;ﬁfﬁﬁ&l;‘#ﬁ%i"}&jr‘] I\F[%F'&#F%]F\(L# e -!I)m »

Biwin MR L EE R AT Gren ko LS A AL PG AR PR RE S

Sty F 2 2 F Y &8 M(Kleemann et al. 2017b; Wiedenhofer et al. 2019) -
F NAS J& 5 £ 75 b # 4r £ (gross additions to stocks, GAS){r# % 5 | A& 3 £ (end-of-
life waste from stocks, EWS)z £ & (%] 1-2) - GAS % #73{ 1 73 £ (stocks)2 # H & -

TE R AR ER R 0 AR Y # % g5 £ (in-used stocks) o & R ff D

in-used stocks T L 4 3 & c EWS A5 Ak SpFR R P oo S E R in-used
stocks ® zﬁtﬁ%ﬂf i > TRV BERD EREFT O FTL cEWS 7 ;gsl 47
#2 F A GAS 73 7E S (survivalrate) 1 3o fR @ B e MFA % &2 E & % & GAS

f= EWS (Wiedenhofer et al. 2019) -

BEfE
EIRNET i
SN
& =1
LD #%Eﬁ% ﬁ D /)
_— @ =
\\_\—/_,_/ PR —
N A= 1otk =l
FiFRIE/IIE

\J

\
H
—\I.
I
i
=
i

-

3

=

Bl Py B e A B RS RER

EARE

TR kR - Matthews et al. (2000); Fishman et al. (2014)
?] 1-1 «5’ }Frmjﬁ ,fi s
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Other socio-economic systems

Domestic environment
+ [ \___Socio-economic system > Ew‘
L L Oxidation & catabolism,_ 1
\ - |Emm use } L —
BES e DMC* *|Materials Processing waste |

processing Dissipative uses e
J Maisna Short.ived products

Secondary materials® 4
Primary stock-building materials

Secondary stock-building materials®

Manufacturing & construction wasle’l v Final
waste| Domestic
Stock-building ) Gross additions End-of life waste Waste management Processed
. = from stocksy OM

Recycling & down-cycling into secondary materials® Y

PERrE s FEfo ""‘J (material inputs, stocks and outputs, MISO-
model),; “fuﬁﬁ ¢ I? E' » EW-MFA 2 dptk > % d 5 p 5 5 3H
iN E‘Jﬁa?l * 8 fi ok~ £ SR $ (input-driven) B2 (¢ 38 P )ehF L o Hh3e ’f’fi
2 38 P 5 kA I AT EW-MFA FHRE o 4~ %% €2 A+ (primary
stock-building materials) = *F £ -3y ~ otz HLL AN 2 R o

7 kR - Wiedenhofer et al. (2019)

Bl 1-2 fatgde fim o sez g p a4 £

‘F‘?’r" BFHRL TR AHTFT A 35 GAS (hE ~ e s~ 7 B o # #(Chen and
Graedel 2015; Tanikawa et al. 2015; Koutamanis et al. 2018) » p = W% /& % * d + &
T 3 ;% (top-down approach, TD)zt d = @ + = ;% (bottom-up approach, BU):* % % &
R RArd B 5 T3 R o B & WIS R 4] ¥ (The United Nations Environment
Programme, UNEP) ~ 573 & 1F T4 £ ' 5 (Organization for Economice Cooperation
and Development, OECD) ~ % B fr P & 3 F"Z e S o @ 7K & * TD BLR| 2 7k 2
B RS Bend Tin o & 35 NAS» 11 ie 5 FRAH Kot 5 2 E & & P (Wiedenhofer et
al. 2019) - Fishman et al. (2014):& * TD {r4= 5 & & #% 5 & % (lifespan probability
distribution)7®fz p A~ fr% ® 1930 £ 1 2005 & A ff 4 S+ F 3 E > A HPFFTHE
% %) 5 375 ton/cap fv 310 ton/cap ° Tanikawa and Hashimoto (2009):& * BU & it
2004 & Salford Quays £ fr@c L ¢ w 3 BEMAc T By Tt Rffend T g o

A ¥af B s £ 4 5] 5 111 ton/cap f- 247 ton/cap o Lederer et al. (2016) = Kleemann
4
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et al. (20172)i& * BU £ i M+ 5 2013 & epe 48 4 % (subway network)friz i £ 30
RAF T FE > AP F 3845 5 7.4 ton/cap f- 210 tonfcap © ™M + F 7 %
2% BU R fice Bir % #4:0% # 4 7% £ - Nguyen et al. (2018)& * BU £
P A% e g BL 2003 £ 3 2012 & A D4 AT 0 A BFFFE S 29 ton/eap ©
Schiller et al. (2017)f p¥i& * TD v BU 4 % £ i* 4¢ ® 2010 & X7 fe R #F 122 &
PEFE ABENHES T FE S 10ton/cap> * 324 7 3 £ & 347 ton/cap - Nguyen
et al. (2018)F= Schiller et al. (2017)5 > #H#-BU * &+ 2 Rawm 3 - s L itF7 §

7o TD % 3 3% 6 + % A& (macro-level) ¥ & & 7 NAS » 178/ § £ 5&* TD &

™

R T AR S E R S R R NAS o BU B 5 5 #* 203 % & (micro-level) 5 & & 7%

TD 5 ik §553 & Sud F i € 3+ (economy-wide material flow accounts, EW-MFA)
2 %4> 4 b @ T (top-down) A TS AME R 2 in e frin B 0 ¢ R F 5B R Foo

EW-MFA 5 535 8800k oo 8 022 = 41 3 0B (R R RLFR 4 172 v 150

EW-MFA #,}, LAY ﬁ;?l S B ﬂ,’é?l A feT fre % 0 NAS Zfﬁtﬁiﬁ L g '}ﬁﬂ’fﬂ > NAS ¥
I ke A ERTH P TG E 0 B A NASP EARERAARLS 2 £ 0 B2
#EGASHrEWS 2 Buld &2 By F 32 Fe-R% /&5 $%4 # 7 (Hashimoto

et al. 2009; Schoer et al. 2013; Chen and Graedel 2015; Schiller et al. 2017; Yokoi et al.
2018) % ¥ #-2 ¥ B 7 4 (input-output tables, IOTs) ¢ § % /i (financial flow).% & 2 &
Bl @B LA SR T An FEASKELET 22 AR K1 £ RY
FHAS > PN g PN N R AR R LG AR LR

Foar g H Ao AT R A s o

BU " # T @R ic® B ) 2 % & 5(end of life, EOL) (¥ 5 4 & {keho d Ta +
(bottom-up)#-% ¥ p #75 & ¥ (object)3k 1 4~ F 5 & (material intensity, MI) » ¥ &
GRBOF T EE BUMAR LT Nl ROMSFER > PREF FZRETR D

%4 B ¢ £ 7 3 (Tanikawa et al. 2015; Kleemann et al. 2017a) « 3 I # 1234 i i ®
5
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B MS B & 3]+ & R MS (Schiller et al. 2017; Nguyen et al. 2018) - 7 i BU
SERG R GEFC AL D A b BREG A A8 L FEA L
%?ﬁ%é¢%?@@ﬂ° PR AEAEY A BT S A B h k@S
PEHAR S LFEA k0 L RE R MS MR AL REER BT AR
e R LRG> LR BRI RGN 4% - & R (primary data) (Chen and
Graedel 2015; Kleemann et al. 2017a; Schiller et al. 2017; Gontia et al. 2018) - & MS %
d-EROAFEMFTHABZEBUSEG > FlEZ2FE &R a9 GAS » &2 #rx

% EWS- Gontiaetal.(2018)i& 3% % 22 = £ #{od~ 75 & FALE 11 24 BU B #dp
i% ¥f (data demanding)ehF* 35 o SR @ FALEZE B LB T R A 0 ¥ L &2 R
RF RBERGAER PR Ko FPL F 8- BESTRE ] B2 3 2 Em

GAS &% 3 % o

AEF2ZPiED - BEERE REEr I IR RAREASF T L
17 (hybrid material flow analysis, HMFA)= ;2 (B] 1-4) - ##7 7 j¥_top-down 7% & &
A BREHE L2 2001 0 2004 5 2006 - 2011 & I0Ts & B A AT o 5d 58
ZH R~ £k B b(stock ratio)3t B (R R aEH 3 E o £ 1995 ¢ bottom-up 7

I & F AR g Ff (total gross floor area, TGFA)fr % b A SR ES ) R

N

Aped L H - FHEIM ROER FET AT B HMFA 26 > 4 %

ER e AP L2 AN T E o FRPEAME e FRAL A G A
fods o ¥ ¢F 5 2% HMFA ¢} »cft > 287 3 4 % * TD ~ HMFA fr BU := & £ #
PARBES R R oS IS R I % 518 TD {r BU hi % 1 4p
S 7# £ - > ;% (Yang and Kohler 2008) - Schiller et al.(2017) 7% J& #* p+ = ;= » #TD

B RARG PU REARPF T3 ELS 1T RE -

Y- 25 0 S8 H/IH B (site-level) 53R s Fh# % (B ) 287 g B £
i f A {ode 12 8 3k bi(geographical information systems, GIS) F AL > 2™

RS0 R R AT AR S TR e AR
6
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PP~ SH - 2~ RHE R R AR TR R R AT
a2 A R o E S TR AT o

L_Ef“ﬁ'”*'s_f‘ BmAAFT N AT HLE- HEF TP LMBRET R R
FRAA o FOF Foe PR FH e LA T A AL F 3R (Brunner 20115 Lederer et al.
2016) > °7 HERHRABHEFFTE TP FEA LR LBRES F - T
MEFEZARESE S TRLATHLE G RE OB FHEFS o Lederer et al. (2016)7
WUk AREREMS R AR AT BT g iRy A AT IR
#.% 4 17 (hot spot analysis, HSA)z Getis-Ord’s Gi'(d)L3* = ;% (Getis and Ord

1992wy ki? 235 60) X2 AREH -

HSA - Bz p M A2 B P E imPBEEF LR EER LT §
BT EERSRG > 2 T ¥ B F TR R 42 A (Odland 1988) 0 @ &

R S L ST T T RS SRR e

)

Kt o Getis-Ord’s Gi'(d) €_— 4 % # * 3 % & ¥ (local clustering test) - T
THEEZFZRERL TP RIDNEZFREOTS e R > 2 W Y
HE R G AR S PEFE L PR RN B EAERA T

B R FHFEAES > 7% T e % £ % (crime hotspots)  Getis-Ord’ s Gi*(d) " %F F 3 ;8 # R
REIF R HFETREPDFESFIATE] ZRRELFRYE TEREFRSE
1 EpcH L g 2 e 4 FiR(Ecketal. 2005) o @B 4 s 2 F T E B Ry F
At RS B RERARS o BT Getis-Ord s G T AT H 2 2F
it B R R TR A e F R T iR (Ahmad etal. 2015; Kao et al. 2017)
AT REERERFE T L G FRARS > 516 Getis-Ord sGi*(d)t £ 2 F 5 &

FEERAREH T EAHLLAE -
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MR BN

|

Ai— WEHR i
O ORmEM & i - AEMmE f#*T)

| N
H EHRE NAS
v |

% o | Micro-level %
oo .y
CBREM — & Macro-level l

| Fpe

«— Jtk—

C mABAE M
[ w#RE
%31 e

|
b
l * TD : & i F ik
i BU : 7 @k 43k
- i) BU — > GAS HMEA @ 540 3 a4

MS: i EAFE

NAS @ F-f §Hhv &
CAS : LG m g
Macro-level A R B
Micro-level : 44 REE

S —

wn

Bl 1-3 3 114
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0B o H

Vo |

C@ERTF | dkRE HF@mE 2 5 207 %' I
¥k | BERE F ik -_— V%E&ﬁ'
mREA | | .
TEx [ mA _- -- / #5715
| ﬁﬂ%% ' |_, . L HFREH o EmaN L3 PR
Lo/ | | _ _ | , —
C aman S AL B TS H D
AREEMRE Hybrid material flow analysis |
C mmek
KR ! ! l )
’ ﬁ‘—%#‘aﬁlﬁ‘ GASE8 ’cAsgrawﬁ‘ ’ B ‘
oo 4 7
EWS
 ERER- | pr—— |
: B I v 7 Em
B > A5 aR 1 AR Mok AR A
_ ; g GAS © £47 B i &
R M | AR

Bl 1-4 7 5 % B
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:~éﬁ?ﬁ
2130 T~ BREA I EL S TS LM G

P G A A R E L PR oS A S s B R R FE
PR BB A R FRE A Y o RBEREE T RL E  (International
Resource Panel, IRP)3F & 45 ) 0 2017 # 2> 3§ — & B 4% #-4T 900 fefcnds 3] £ 47 B
(Bl 2-1)c @ & kI 2050 & 3k o [F B4R R 7 40 #4406 1,800 I(IRP 2017) o
L BIIER 2T CABE(R 2-1)0 T 2018 £ R 55%:n4 ¢ A G AT o X
33 B+ g AT B NE A48 (megacities) > & & F A T 7% 3 2050 £ 2
B#-€ 3 68%:ht v ki 3% (United Nations 2019) 4= i * ch & pn > & 5%
AT PALEF Rt o d IRP e SRRk L fah > 22 RIS RAFT -
Lt AR KB AT A RNLEF R EY R R AALE - E P

Bt dRB ¢ A LIRS Gho m WL SEM ¢ b R o

S BT p g3 RGP RET LRPFER IR FL 0 TR
AL Y (reshaping) & P TR S - MIEGHL X 0 FY(F 2-2)F BHRK
(reduce by design) ~ 3£ ¥ (refuse) ~ i £ P § (reduce) ~ £ 2 * (reuse) ~ i 4R (repair) ~
& 12 (refurbish) ~ £ @ i& (remanufacture)~ £ #74] * (repurpose)fe ¥ Jc £ 1 * (recycle)e
(UNEP2019) « 47 33 B0 B¢ & 1 Bt 4417 fow jed 117 B 4 i
BOE L FRE L o D RFBAAE S ZHEF FP B o 3 (Hartman and
Mutmansky 2002) o 45 F fedf # % 5 #5d T E Lo R FMT ¢ ¥ A &(end of life,

EOL)I—‘J MTVTARRE o TR R Y A B Fr ~ PR bk e g l% T

U &% A S(endof life) ™ § ik GAE L2 5 @ * ¥ 1k & F(endofuse) > 4o 2-2 - Tl & T3R5
KIRREREE  FHFF LR BEE RSP BEEXZ A S e 1% >R R
ERBY o T RRIPRE R G AEMKLE S NG R B AT L BB AR R R
i * %k & Z(UNEP2019) -

11

doi:10.6342/NTU202003134



IF2 T oRBEMAL g ¢ a2 dop A2 E RSP IRk (Graedel et
al. 1995; McDonough and Braungart 2010; Korhonen et al. 2018; UNEP 2019) - %]t 1
F2RF 022V % 3 R 5% 3 (Frosch and Gallopoulos 1989; Bocken et
al.2017) o F Fin AT 2 T ¥ 2 B Y A E SRR HOP e 3 2 > T U kA
ECRFIEF oz B Fp i e foii € c MFA & & % 303 g F s e 10 0%
IR K P MR E ARG E o AT e A 7 (7 5 200
HiEl 2 EE R SAH - FAHFT N HE GASHE ~ m s Z R Bl
#(Chen and Graedel 2015; Tanikawa et al. 2015; Koutamanis et al. 2018) o i# sv4= B /i
AT R R G T fRAE R e 2 Bl O LB R AT R e R

BIAT N o T E R ARG T R g U

100000 150
8
BODOE o = o v B B N i s e ad B B B G A e b R “a Yy
=
g | 5
80000 4 — — i = e e e e e e 1301 g
% Material -
3 Productivity [’_'
= =
= =
= [&]
o 40000 120 2
= ]
i
2 T
=
lu;] <
20 000 110 E
g

BIOMASS FOSSILFUELS METALS NON-METALLIC
MINERALS

7R kR 1 UNEP (2020)
Bl 2-1 2 % 1970 # 3 2017 # FRBE & E

12
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% 2-1 }_‘Iﬂi'}‘,”?’r‘i ATH N L ‘_‘,‘VA’:)—‘::‘_L,_;;?;E;E,J

1950 1970 1990 2018 2030 2050
= 296 36.6 430 553 604 684

BEBRFERE 548 0668 724 787 814 86.6
MERBRFRE 17.7 253 349 506 56.7 65.6
¥ i+ 1% F# kA : United Nations (2019)

production

UNEP
circularity
approach

UN®

environment
programme

extraction

90
ﬂ ‘ea“ge A 605‘

QJUFPDSE

)

end of use
Circular economy processes

@ENTITT® Guiding principle

ST Business to business
S TTTTER User to business
User to user

Linear economy model United Mations Enviranment Programme (2019), UNEP circularity platform. www.unenvironment.org/circularity

TR kR - UNEP (2019)
B 2-2 7% & BT A1 T TR A
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22 % s B3R ik e )

PR IR foRES TR Y J{IRB G S ) 5 B2 Baccini & Brunner
3t 1991 £ 3% 21 4 on A 17 (material flow analysis, MFA) » 38 * F & = 2 €& > f& i
SR e F R e foin B DR B o BB FTR A 477 1B f# ~ & (substance) ~ 47 FT
(material) ~ st /% (energy) f= Ik £ (cash) /it # 1§ j& (Kennedy et al. 2007; Fischer-
Kowalski et al. 2011; Lederer et al. 2014) o % 3 4r MFA % % 5 # & {ois R 77 v 4
(comparability) » & 7 &4 3 #7(World Resources Institute, WRI)i& . 573 i suie 7
i & (economy-wide material flow accounts, EW-MFA) » 2 2 #c 38 $ i 45 #
(Matthews et al. 2000) = ¢* EW-MFA Z i [Findg > ¥ & e | & W{rR
FAFFTREILDER TRy BHH T $HIRB oA R B (Wiedenhofer
etal. 2019) - G4 % 12 78 8 & F-K 3 & p {£%(Economic and Council 2017) » OECD

4 = & (green growth)fr#t = TR 2 A 4 (material productivity)(OECD 2015, 2019)

-

UNEP - IRP # & >3k F iR i * 3= 3¢ 24 (IRP et al. 2011; UNEP et al. 2016) » 2 %
% B (European Commission 2018)fr p 4 (Ministry of the Environment Japan 2020) %

R W N R

1E2BEEFEE PRS2 EW-MFA # B % 5 % ¢ Rl pI > 2 0 EW-
MFA ¢ * 2_ 43 4 (raw data) % p 0 )RR (4 ki3t # 4 (Matthews et al.
2000) e EW-MFA #-:g 3| &A@ iy 8 5 - B2 3 > TR LE £ RO
» £ (material inputs)feiit 2 £ (material inputs) (B] 2-3a) o % 7 b 3 *v £ (net additions
to stocks, NAS) 7 & %usg 4T ffFenid % (B] 2-3 B b) > ' 7 3¥ % 7 Fx T+ (Fischer-
Kowalski et al. 2011; Wiedenhofer etal. 2019) o § " + /it » £ B2 £ - B s 5 it

* i B RPN IBRE DF R R SEN ?‘r 7 & (material stock) % % <

2% 12589 & WA 3 E P {%(Sustainable development goal 12, SDG 12) : § F éif § fr2 &
(responsible consumption and production)

14
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% b 4 v # (gross additions to stocks, GAS) (%] 2-3c)

;ﬁ 13
BREEI RS D A G AT

@
\F“km

BE R H S
= (end-of-life from stocks, EWS) < GAS = EWS = ‘}'i‘ 1
& EW-MFA 1 7 i & /% 3%
4 Z GAS {r EWS #

AR E £ BT 5L NAS o &k

I ‘_a‘?%%r’}#-; fﬂ..:‘—:.‘-‘;t’

N\~

EWS(Moriguchi and Hashimoto 2016; Wiedenhofer et al. 2019) -

1 1& < ge
,\#j’;i Kr\l°

A P R AT T R A

(a)
Use

Material inputs ,

Material outputs ;

Material

stocks
= INAS NAS: FEFEIENE
(net additions to stocks)

(b)

Material
In-use stocks

Material outputst
inputs ;

Material
stocks .1

stocks |

(© Use

Material outputs ;

Material inputs ,

TEWS

______ EWS: BT EBEEE
(end-of-life from stocks)

GAS,

GAS: EFSRME
(gross additions to stocks)

stocks ;

= INAS .,

(top-down approach) (a)EW-MFA f§ it 5573 % 5o 5 (b)ig

B 2-3 d
#7175 NAS ; (c)EW-MFA 57 5 saf g

15
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Tanikawa and Hashimoto (2009)f= X v Jﬂ" (Lederer et al. 2016; Kleemann et al.
2017b; Nguyen et al. 2018) 5 f% ",% EW-MFA d } @ 7 (top-down)3® iz 7" » &
d T @ 1 (bottom-up)4* B i3 £ 3% > & cBottom-up * i# Z N F TR t{rz BN D
8% A& f(end-of-life, BOL) ¥ & 4 & #-chro # % S fo b 954 £ WINV, (% £ M3
REHEC > w2 ARFFOHF L frBRE RS mE) 2EMARIENP TR
sEmende B 5g B My, ; (mass/unit > 4oiE 8 5% 2 0 5% & mass/m® {od s 7 5
A mass/m) ¥ ¥| 4 F 3 £ MS (mass) » 43¢ 1 #775 (Tanikawa and Hashimoto 2009) -
R e Mo F ks > @* bottom-up » 2t B85V AL EHFTFE(RF

GAS)» & A H T HE -

MSp e = INVie X Ml ¢ (1)

Bottom-up = ;# 2 £ R FH KR 5 5 Fofpst E 4R & %8 GIS 4 45 < GIS &
W5 E AR bR R 2 A B TR 548 GIS 2
* 4D-GIS £ ¥ B & >+ & 2= 3 %8 ## (Tanikawa, 2009; Tanikawa, 2015)° ¢ £ * GIS

A Fr A e & Ard ik 2 3D 2 4 Bl i B F 4 (open data)(Taguchi et al. 2012) > & #

[}

BELE A AR T oW 24 oM 250 b PR G e A A
el HUET R WH AL S BT T R LD 2L F £ ol §

WRERSTIEATHNTHEERE
Bottom-up > 2 2 $ Fag R FHRPEFAREMT AL - FFRAEF (e

ORI RS %Npéfrvf%wéﬁ’ﬁﬂ% BAA R A A o & FRA R R
ﬁm%ﬁﬁﬁ—&?ﬂ,@ﬁﬁﬁ%?ﬁ%ﬁ{é%?@iﬁﬁﬁﬂ°%?ﬁ&?

=\
\_.

A L Hdp s T REMTAZL > 5 bottom-up = & 3 FE T

SR LA
i & % i (Kleemann etal. 2017b; Wiedenhofer etal. 2019)» i3 § 5 ¥ 3% #- bottom-

A

up = i % &2 A F 3 B3] (building information modeling, BIM) f2 -4 B 5 & F 4 B

16
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4o f® 48 (Honic et al. 2019; Gupta et al. 2020; Santos et al. 2020) - X @ & 3~ 7 BIM

2

BAEF RS M A RT 2LE U B R TR A5 R 4 LR R

B> gy k4 R B 'L > bottom-up = JE § R R R R BFEE o SR

7R F A i bottom-up <2 3T B SILCETIVE NI R T
FEFER TR R sk KRR TR R S50 B R 82 R - Top-

down * ;% {r bottom-up * ;2 % M W EH - R RO FrEAPTEE 0 £F 2

B A BRI T bottom-up > 23 F i » RAein h R T S E

l“‘b

fe s F]t @2 fe top-down 23 B 2 Gk~ B rin

B8
't
(g
i
W

3D Buildings shape
(with structure type)

o

Basement and

BuildinglFoundation Sewer
Piles network

Roadway

(with structure type)
Sewer /
network

Man-hole

F L kR : Tanikawa and Hashimoto (2009)
B 2-4 p & 3D-GIS £ &
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q Centerpointis the highest.
;4 "Record this value asithe building height ofi |
first de5|gnated point.

East pomt is the highest.
Go back to Step 2,

North point is the highest.
Go back to Step 2.

North‘pointiisthe highest.
Go back to Step2.

F 4L % & © Taguchi et al. (2012)
B25 7k E2p A3DEAEFTH

“ 2 -

w it top-down = bottom-up = j= ¥ 3t

"i‘»\*
3%

S22 > Milller (2006) 1035 4 5

% (Pauliuk et al. 2012; Huang et al. 2013)4% 21 $> f& 4= 7 4 17 (dynamic material flow
analysis, DMFA) » f#/& EW-MFA ‘&3 & o) 425 2 P 1R 48 - DMFA 2. 323 A &
FERAMAEAR LAY T E Y BRI R d A e LTS 5
# o DMFA #£ * x ti# 4 & (systemdynamic, SD)™ j2 » 22 = d A v frf a2 R E A4k

¢ ST BRb A B fads BT B 2-6 1T c EFASE REL R B
# 52 4 2 (lifetime distribution) 7 i3 jn 41 5 3k SLeh A

P
ERFF R o M dg 2 2R P FER R L BoRE TS o M2 BBk

ARV BEFES TR B R P T RS R

s 47 vk eh > Takahashi et al. »t 2009 & 4% i * &) G

r*

%

[r=

-

!

ks

"?

B “‘”3

CE(MAESRC ) T A A ERERIBR A OY T
B oo U 22 MR A AHE O R (F] 2-) A v e RE R B R AR
PHEHEE A v feg@iE® 3 A 4p M (Hattori et al. 2014) 357> d B R

18
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% % F’ i(nighttime light images)frd> {3 B2 2 @ fFhl st - 2 5 J T REP
it s Adwend s £ 016 i R e 2 p a(Taguchi et al. 2012; Liang et

al. 2014; Yuetal. 2018) o g % ik 2 32 B % BAER B A frd ¢ T AR TR 21

f347 & B B I%‘FK‘F& Ko ¥k ﬂgﬁ?fg"ffﬁﬁ%*feﬁ%?ﬁcg R ik gi}gg?

B LB R R RN A HP TR A LARTS B R TR L

Population

!
i dk®
-
!

()

- x

Service Units

I

I

I

i

I

: i
; dK® i
: C
K E K(s) - '
! !
i ; :
‘ i _~Material Intensi :
b/ v
i ; :': i |
i

'
i

i

Materials in Use
dKk ™

K(m)

i

TR %R+ Miller (2006)
Bl 2-6 # i 4~ Fin A 47 or £ B
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10°0'0"W 0°0'0" 10°0'0"E 110°0'0"E 120°0'0"E 130°0'0"E 140°0'0"E

40°0'0"N

40°0'0"N
40°0'0"N
40°0'0"N

30°0'0'N
30°0'0°N

30°0'0"N
30°0'0"N

10°0'0"E 20°0'0"E 30°0'0"E 40°0'0"E 120°0'0"E 130°0'0"E 140°0'0"E

80°0'0"W 70°0'0"W 30°0'0"E 40°0'0"E 50°0'0"E

40°0'0"N
40°0'0"N

30°0'0"N
30°0'0"N

40°0'0"N

2 AN \ g o o
90°0'0 80°0'0"W 40°0'0"E 50°0'0"E 60°0'0"E

F# & R ¢ Yuetal. (2018)
Bl 2-7 AL Ei(a)s Bics 255 A& 5 (OF Rfcte £ 2 JMAE F 5 (d)° &

P

# fi top-down {r bottom-up e F i3 £ FH A HE S 2 O BRI L 2w

=
ki
m’?
”'“'3
s;
P
n
[\)
-
—
O
B
=
(€]
(oW
a
=]
=
o
o
o]
(@]
-
o
—
ps
Py
It

FUgh S 2 r vk 4 Bl
i fods & i MFA & 5 7~ £ (inflow-driven) & #: fv 15 £ (stock-driven) 5% o & = j*
Rr 2 hd BB T FELEEN A EEI YL 5 S 2 (inflow-

drivenapproach) e 3 > ;£ @ * 2 *t 4 i FE 2 E 5 BEN A EEFRPE

F & S%# > 2 (stock-driven approach) °

TDBU4rHMFA = &= 2 chAh 55 5 % p 5 A28 N7 b o TD 5 d B3] GH

»

AP T~ R R s B fein MR T R 2)E 5 B 4 £(NAS) - BU G
PR RGP T3 E e FIERF I FBDAHFSI T FEMS)S L 7

b i 4 2 (GAS)-HMFA 5 e pFd s2infr2 813 > 83 5 2 F 2 R 9 GAS-TD~
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RE L F FHRERS 2 AT 02 HMFA {1428 BU 5 #ich

L TD &4 3% GAS ¢hR 38 > ¥ 7 356 TD 1 %kt & B GAS

F(B 1-4) e A 5B FiEp > HMFA % 25 F5% B 7

£ P AR FAHRE @ HMFA di

V=
t GAS - & 58 4% pF > HMFA 3
R Bchp iR R BU o BT A EME A TR 5 F LA P R RST

2228 R TR )

TD BU HMFA DMFA
TS NAS MS & GAS GAS GAS
%Rt R saacR | famch |, 514 R
= 5 34 s Yy ae R 2
EETEHME & G v w
RS | P RE-FF X! X! P
& S ABA PR E 5 % 5 PR
P B e A #2HE A s kxS
I—m:_l—»l
TR Py Py *};ﬁ“ pog
e
BN L A e A% L
¥ L i P-%zk | ige
& 6FH 72 R e R e A
el ¢ r cEN B L A
j:i *,i om ;—’1: P in B (71 (=1 -J- “‘“/31{\7\' -
P g * #qe10Ts | 6 ERAT
AR iR % ¢ R
Fip Az o £ winfrg 88 AP o i)
£ SR/ [P LB e B ore PINERA o ¥
R e R + B R R % £ b
Hashimoto et al. Tamkayva and Chen and
(2009); Fischer- Hashimoto Graedel
. (2009); (2012); Pauliuk
. Kowalsk} ctal. Tanikawa et al. . et al. (2012);
AP REFT Y (2011); Fishman ] Y ’
tal. (2014); (2015); Lederer Krausmann et
etal. 2014); 17 1" 2016); al. (2017);
Schiller et al. Kl tal Wiedenhofer et
2017) eemann et al. iedenhofer e
( (2017a) al. (2019)
TD:d Fa*3;2;BU:d Ta 22 HMFA (= & A4 7 i~ 47 ; DMFA :

B EFAAT I MS G E
A ¥

IOTs -

; NAS -

21

A PHE CGAS: £ F AR
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23AEMEL TR NPT FE

MFA % E ;> 2 ¥4 Baccini £ Brunner »* 1991 £:&8 % }» Bronds it A SRR B
(metabolism of anthroposphere) » B kx4~ B /i % & = 72 22 #0732 /& f# (Baccini and
Brunner 1991)-2_ {4 gt B 33 £ % B EW-MFA 4R B 35073 & sude %‘r%] » ff'%] )
"R A7 B E O E 20 % 1 (Matthews et al. 2000; Fischer-Kowalski et al. 2011; Fishman

etal. 2015)» 7 2k Sup IRAE A 2 M A4 P > @ EW-MFA 2414 18 §u5 % 32

|
=S

iv 4 % *Y(Tanikawa et al. 2015; Wiedenhofer et al. 2019) o & ¥ ‘GAs3- T4 4 4%

1513

fon

HOMFA B A ¥ M APl A E § REF Find o e 10
IOTs & AALE* I 4 Findd 4 #3] o 2 3| Stahmer, Kuhn and Braun (1996, 1997,
1998)#% 1§ #8445 » A 11 $-7] (physical input-output table, PIOTs) > 4~#-10Ts 3 #% f&
* 3t MFA ¥ (Ayres and Ayres 2002) - 62 MFA #7 % % F@p 3w i g M &%
(Tanikawa et al. 2015; Wiedenhofer et al. 2019) » IOTs ¥ * **#f 24 MFA ¥ ﬁﬁj A ﬂ,’la?l
M rfediv 2 RETE 0 T AP NTENAS AT FE o bldckgd £9¢ B2
PERESEASYRER LS FTE > 3 MFA % PN 'fr% 2% £ 3% i (Hashimoto
et al. 2009; Schoer et al. 2013; Chen and Graedel 2015; Schiller et al. 2017; Yokoi et al.

2018)

A FME 4 K O~ & 4 & (input-output tables, I0Ts)» d % K 5735 R Wassily
Leontief ** 1936 # 5 3% e % 1T - Wt THF PG F 5 - #)GAREH D
B S o dof] 2-8 AT 0 iR (S B & B2 o~ B RGN g R M (Executive Yuan
2015) - IOTs ;= A# 3 b 2 3 AEF F H B~ 2 AF B RITNAS L3 oo ph
PARRIME S AAFAFEROP S L RTEL LY N2 RS2
R 2ZAFHRTLAEFFERAGLF ST LIEFP TR - F R LR E
AEFFRIZG R MASR LD 2 F FRAHL > My B{rBA &0 5k
(Executive Yuan 2015) - 2 2 ¥ 2 3 A e 8T L A B2 FH LI Rk 7 FF

BA RIS A 5 FRIA Ll R GRS 1177 Jﬁ" i#¢ * (Executive Yuan 2015)e
22
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AE ML P BILF ») =+ (fixed capital formation, FCF) & 45 & A #(7 Fef30
FO)2 $t FaefRar2 A fIB 2 A MR & p 2 A2 LA A PA(E & 't
by el ;}r“f— £ 02 gdp 52 4 & 4 (Executive Yuan 2015) o 1935 B & S50 ¢
2+ (System of National Accounts, SNA)* & @t A P4 & :};1 mrd B - &L Z2odmt A
B o mMAMBETE S e G2 E AT ERoR S ~REF)H B
FELAUERE I L ER1E) 2 H AP R 2 SR RE EHL 5
WERE - BHFZERJFZNL UEFEHUACREFALFE - TR BFE

)PP A aqeire 2 AR AR (FHEF A7) 2 d2(Executive Yuan

2015) -
@
AEEEIINE 11D
1 j n |BIE B ®| 5L & T 8
%;";}‘%ﬁ"géﬂ'ﬁ%gu
2 HE HE LD -3 {é
1 Wy |Hy |Gy |Fy |Ty |Ey |Fy 1X, |1
: Xoo | X | X SR
I Xi1 Xl] Xin WilH; |G; | S; | T; | E; | Fi | X; | [;
: X . :
n Xn1 nj Xun W \H, | Gy | Sy | T | En | By | X | 1
EFEEA Yl"' ]G "'Yn w
E%EA 01 siee 0] oo On 0
BASE | X, | X | X, |x

Xipd iAFE > JAFDRG Y277 AFH]AFZHE B0

SETH AN A ROy 5 NP R N BRI X 5 Ay I8P

P A AR Xl,—,\1pf5F’“m§t‘:’§ug;‘ Xj % JIVM P B W

AP BEE S Hi S i L SE BRI G i

ab\% J;cf‘j—,ﬁ u\:SiplpfiF'”] FANGXEIE T Z IR R
ST El,w'% Al R 1 IlplffiF’“@‘?é&%ﬁ;Fip1FKF"‘#;J\L§’»
ﬁ%%ﬁ

‘g

B 2-8 2 XML T & B
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ZREMN O F R AT EBE G ALY at A pf o ¢ [OTs 53 5 4l A %
LieREE o T KBERL DA AN E i
B e i AP TR #AE L e T

2 h A MBS R AT A TR R b S

R A
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R S N

AEFLET AT ARG RS AR W ARSI R L AS G

R E A P F R TR H R e R MBI T 0

2P (R 3-D) - 2 BEMBET B LAY~ F EMWBHE Tt b

EZRA A LRV A o P FREfFEVHAARTEREN RSP TFE

BLEM2FHGE o b > EHMEL B o L %% HMFA

A\ﬁb’r’rj—-!/ld\gp r’;&_

3 E ey x> A A B top-down fr bottom-up = E % & | GAS £ 7
ZRoAT ¥ - P o S FEWIFH R TRFGH 0 AFF T 1 bottom-up ;T X b

FP R GE L RLBEANSE RN L X AREH -
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FE B R[S

& i Lk AU H At 8. LTk
g | FREREE | | - g | EEME  Bnfa
B m 2 g = ‘%, -g ool = ]%- ﬁﬁ’?‘l@"ﬁg ; Voo cy ‘é’
A B LS S \a’z:gttlm R - 4| st sgmse)  (GEid
!
‘ AR T T
R 5 e A2
w i : 51 F
‘ Roggx )% A4
ER A st E HMEHFEHMESE
R BRMERY WG RAMNE
K E 3 H \ HE
|, RHMAEE , AERHAGE
tE T BEEMEy
v ——
BE oAt Lo -

Bl 3-1 77 5 in 4218
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3.1 % & A4 Fin A 47 (hybrid material analysis)

AP EY HMFA Bt & £ 8id [jehd J i3 EMS; j(ton) £ HIF 5 2 >
DEIfE B ASEE K o 1995 bottom-up 4 B @ PR R T 0 T ILEMS,
347 3 ATk E - BARLS B MS, .o B - RIS 7 B - 0 - AR
H- @it d 8 H - SRR o b BIE TR P B kT o Gl

ERED A S SS( B HE) » SRC(H T 4 #8522 )fe ROk 850 522 ) o

HMFA &350 4 Brde = 4258 2-6 #77 o 7 A Foip st TR & 2 ¥ ugt
EFPELEE S PRFEFFIPN 2 ZWIP TP TR REMD,; j(ton) o #F #
MD; ;3% } t& B 4iss £ v bi(stockratio) SR;, > # 3| & Rtz B MRy T
B MS;j (ton) (34 2) o Bt #-MS;; k¥ ALjj, B0 H - BRIF Tjony Fud

MSi,j,k,l,t(ton) (34 4)° ALj,k,l,t >4 THWEFkDD P ?‘r b t"JPj,k’f‘”:{i e ’f?—Pk,l,t(m2

ppppp

i 3 2 FCF;((dollar){eTS; (dollar)» =] 5t 2 & % 42 3 £ E YT fpn
z_ B Z_F »7; = (fixed capital formation) (dollar)fr 38, ix ¥ (total supply) (dollar) = 3% 5
2 pig s BABIEAKY P RS T 614 2B HIEA Y G20t o bldosk BHE(SS)
Trdh ¥ 4y 35 R 5R3 SRO)K 4 Z £ 515 2010 Rlpsreerss » 2/3° Psteetsre » 1/3
Pepe st 85— ERIBELDE RN > bldod - B S A2 BWHF 5 f ()

BB P F E(cc) e

FRP TR Ty FREMD o 2 Fd 3 Jjend TR EMD; R
P FjIR P end B % & ¢ b (intermediate demand ratio, IDR; ;) > MD; ((ton) & t& = &
JERH o T A RS TR A A £ st & W T o IDR;; (dollar)zt  4r
6 S o e 4~ TR AR v B § R ID) (dollan)k 14 fjend

% & £3IDS; (dollar)ii £ 4 Fjak » Bl p & 4 end B3 B ID;; (dollar) © 4e
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",‘TTIDj,j,t;f;» d 3 g BIMEaml RRRE Y L kp - BASDE %(Myers et al.

2018)°§F*fft54 % B b oo e ’Ffrﬂv - g;{?ﬁ?g L3 LA rﬁ,alr'“f'} F. 8 iz o

13 & #2011 () H - SS(k)E A (D) s 4B () 75 £ MSj e » w3 HMFA
TP A I0Ts ol Bt S0P o F LB M4 2 § szt 47 (Shih
2016)5~18 2011 # 4 B F S 4 4() & * E(MD; ) #%FF +d 2011 # iﬁ}_'fﬁ
P PSP IR E ARG E BISR,) FI LS AMBLT
B(MSy )0 B 16 822 Adn a5 £ (MS; ;) %95 SS 22 R H()& 4 £ £ bl(o)x)
fe(P )y o FmA)s et & B2 A 482011 #8- 2R e
(MS;jpe) e B 32 20582 A5 6O HMFA 7 LW - #2775 W2 TG '

WA P A IH- 2RI A HUET LR AR LM LA

MS; i+ = MD;j; X SR;; (2)
SRie = 3)
MS; ke = MS;je X ALjy “4)
ALjkie = s P kit (5)

m
k=121=1PjkXPkLt

IDj¢

IDR; ;¢ = (IDSj¢—IDj )

-------------------------------------------------------- (6)
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MDi,j,t MSi,jt MSij kLt

All buildings

Object i
Construction sector

Taiwan

MSi,j,t = MDi,jt x SRi,t

MSixiykylrt = MSixiyt X ALj,k,l,t Other sectors

Construction waste

[
An object |
Each building

Y

Bl 3-28 & A4 FinA $7(HMFA) = LB > £ 82E R 5 6

1. %~ fie %]+ (allocation factor)

ALjje s A5 0 d 3 T Gl fr B BP0 Ak MS,

PEREEMARA R LA RSB TRES G EMS, A ek A5

X

KR R FEd pj D o bldrZ AR A G rA Y EXEAR
WP LR p AP TG R AP e ALy, s 3 4 B R Mot BB A
FDIeP T T EMS; e B RFGY Q)FEEA ko S EEARLS T 250 11 AT o
Ml & 4 F % B (ton/m®) > % 7 B =483 47 6 i TGFA, (m*) s F & B MS; e
(ton) = SS ~ SRC = RC 4 ®| % % 4 s Hf (steel structure) ~ 4% ¥ 44 52 2 58 4 (steel

reinforced concrete) {4k &5 2 58 2 (reinforced concrete) = f&87 b2 A B4 -

MS;jssit MSijsrsic MSijRcit
MI: cc: MI; ‘M5 = S e L e PRI N FR— 7
j,ss+ Mij spct Mljpe TGFAss - TGFAspe - TGFARc Pjss Pjsrct PjRc )
MSi,j,S'S,l,t + MSi,j,SRS,l,t + MSi,j,RC,l,t = MSi,j,t (8)

d 377 EN 900 10
PjSrRc MSijssit

MS; ; =——.—2 . TGFA 9
i,j,SRS,Lt piss  TGFAss SRC )
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__PjrRC MSijssit
MS; jrepe =~ . TGFAgc (10)
pjss TGFAgs

Bl et 10 R~ N8 F W SSZER 2L FF 3 E(MS; jss1e) * 4e3s 11 #77m o
EPAR I SPAER #2082 MSyj srercA7MS; jrere? 7 %457 17 SRC o RC 2
2P F R PR EE A FRTFF AL het 5 AT o 35 5 Znfemas B L ARk

i fcfrE - B IR o

PjssXTGFAss (11)
pj’SSXTGFASS+p]"5Rc><TGFA5R(;+p]"RCXTGFARC

MS; jssie = MS;je X
MELAFR TR )AL T EFXASAELE MNEKZRFEWHE
DR A L T S nehislice bldvd & B JRLEC) T 2 0 T g
BRP G R Ao EAY e EXRBREPERC] T ERBRHARS F e A

febr g o AL RY 2p (% 3-Did FFRAG32FEF -

31 R BRI T Bl(0)0)

ZHA R =3, i 48 4 4

RC 34% 19% 10% 3%

SRC 33% 37% - 3%

SS 12% 31% 7% 3%

i 9% 2% 50% 23%

A i - - 7% 70%
B 13% 1% 26% -

SS * 454 5 SRC : 4% ¥ 4 55584 5 RC: 4 85 R 5 2
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2. 33 £ +* &|(stock ration)

7 £ ¢ bi(stock ratio, SR) i iR & Rl F B R A 47 0k 4 S o B TD 2 HgFE &
B Ry ERT 50 o o~ £ (material inflow)# 52 F s B AT B
I0Ts B % F 27} % frif S TR ESR > B fag £ R4 500 bleng Fin» 248
FEFTHREECS 3 7)) BSREI P FAREFTT R E PRSP 285 T

o Hashimoto et al. (2007)~ J&* i 4p 2 R3- B H T 3 £ 0 L%~ 1 AREH &
I 5 48 ik (steady-state) > 3k TSR % 100% o SR % #.% IOTs #RF* &~ $g R 5> 5 B SR
FPUH| T BB 438 £ A5 T A UH R & o 958 335 E 2001, 2004, 2006 fr
2011 #2= 5 2. SR~ %] 5 85%, 86%, 84%fr 82% -

.

3.2 d @ T 3 & (top-down approach)

Top-down = = % i Ja£ F F kA" 3 #7(World Resources Institute, WRI)~ i
() 1-1)i% 5 F o4 B 238 2 425 0 4est 12 997 (Matthews etal. 2000) © i 5
f# 4 £ NAS (ton) 5 £ 44 7 » DMI(ton)j 2 B WAz &1 DPO(ton)fr it v
EXP(ton) - DMI4- HMFA = ;% 2. $-#cip e > 5 o J(Fj— AT TR E F N B

B8 - DPOL B H s 4 1§

L F A FORTR RN ALt o IMPR] T gL

Fraf st T A s i o B3P o Top-down 2 2 5 < ¢ RiFR g% 0 X

E-y

F AP RN R A ARERAFLE Y O Z AR S TR R S IR G

_—

HOHE-)> A 72 A GAS <> EWS > NAS ¥ ¢ 58 123+ 5 @5 » 77 ¢ GAS
2 EWS @5 o Fp hF7 7 Bk A NAS %% GAS » FH Y = i 1 i

_EL_;J‘__L—%(Z_A’\_,H_ J.% 7}-"3}.

NAS = DMI — DPO — EXP (12)
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3.3 d T @ 2 & (bottom-up approach)

At REH R T AT BRSNS F 2 RS AR 6 Fm)F

NE G FST 7 E(kgm?)FEH s E(kg) 0 B A2 40T #77 (Tanikawa

and Hashimoto 2009; Tanikawa et al. 2015; Kleemann et al. 2017a) - MS 5 = . 3~ BoF
B (k) s TGFAjp 3 2 A GHIY )t E QWY F & () 5 Ml ;5 22 A B4

@ H R G P Tmend o R (kghnd) < kL, 04 B m, i, t2

R P AMS (80 LB E GIS FRITTEINFEFOMS 2FLF

1

47’1;.?’;;{&_ le"ﬂ'}},%*—rfri-x‘l'o

MS = Sl UTGFAy ;¢ X Ml ;)

(13)
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REfEMS chz A FHMS BTG S D GISe AT B2
ATHLAFTHREfZAGEA T - 2RAGEAE AL T BT B2
MR TR N2 MS BE IS AG WA UBEMS ZEAF 0 2 HeH
33 99 o FAME AL WS B £ R BR o MS fr RS T
T LERE LB R ARRA TR BEEH > T E MS FRAF N

VAR T EnE e SR

BF- EY LR EENFT 2R 5 (TGOS & B M3 5 2 R A%
R n D B o B 55 EPSG:3825 (TWD9TMI21)E 64 R i * o o
Mo pedE? R Fo BB H e R 2 J AT g F RO He
B v SRR 2 AR E A H RS B A 2 4 H LA
Hed w1 BEAZEIER L PR A EFEFHBHIIH BRI ERR

K DT GIS SRR F - AR MS et TR S BRE - AP

w2 GIS #0H 5 ArcGIS 104 - 8 BEET % 4 - 2 A% e > @ 8 8ot 7 fis

Wiped R *FPABEG - L I PSR+ R TIRS - BE TIR*H

PoE T e o

Z iEH GIS i E B HRA N R BRI ARRE B

F
_

FTHSEI 0 BAEBETHE? XA MSZFr o ATy B2 0 WA TG E

—%ﬁ%éﬁ—ﬁ@&v&ﬁ%:%ﬁ’%ﬂéﬁﬁﬁf'¢ﬁﬁ” 7 BB o
Bro e @ * HPiT- 3358 BELRIH FI o BdclE F BBl AT H
TR RIK 59T B By € HEL - B R SR BBl o FIR R
Bethd o - ik A BRI A e B B L SwW L E Ry E o H e
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P2 RacEing - LR FRREBEMS S " afra @ 8) - H v niplk 2
OB ACRAS  E e e ey = R A e SRR RIZ 6 BIACT AL S
Bl - Wi 2 A S EAP TR ER L E A o I A ] B BRI ¥ Bl
Bl A& d4pis m FF 8o B BS %2 2808 - 2t 7 B BEART &7

FLL Bt 65 L4 RS RAS T £ 7 UL WIR e

T e > Attributes: construction material
EStatistical database stocks, address, structure, use,
Step 1 - - age, etc.

——

Latitude, Longitude

/Polygon features
with no attributes.

e z
Point features
Step 3 with attributes

" Polygon features with
attributes

F R

35 & T AT
AR MSEZRENRUES A FPREBPEIRFERES XL AT EH 257
% 31 * # % & +7 (hot spot analysis, HSA)z_ Getis-Ord’s Gi'(d)se3+# 2> i » 2 = 42

7440 #75% (Getis and Ord 1992) -

Z;l 1Wl](d)xj

Gi (d) =

(14)

] 1%j

Getis-Ord’s Gi'(d) 5 3%/ % B ¥ ~iz ¥kx, » teibdid 5 cnfp B - 2 B2
H Ajo $logaip MARE BERd AT R A A F BRI VG - BARLITE
A g BBERE o wi(d)R] 5 BEAE S dm)shie BIR o BEG B E AR e et o &
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KELY RME ALE B Rne WAk Bl S s & (years) o fEE K RS
BEA pfc RV IR N TN ARET 283 F F o & HSA 2 2
P g e R A e ¥ FlEEdEd deE 3K 5 8T (neighborhood) & . G/ (d)
BRIRAPBMIRPEAELPREIFEALFFIEH > # B PR : o
8 T (hot spots) « 3 G/ (d) MR & 4 y& AR3T T cFud L& $0 P Bg (0 B B A7 ) d [fl22
v BB REze 5 4 4 R(coldspots) o B AT EE RAPMMERELE S o

m ?%L"?v%\g‘é@%é%ffﬁ?&g‘%i v R %\-,E—’”ﬁ Fg F’Qﬁé%’; 2_H B o

2 p _%ﬁ‘]:fs‘ri BB CFLPDP fﬁ‘ﬁfi‘rﬁ F /7 (Brunner 2007) - *K? FBEIIR S w T

ARFTREIE I R A TRELE BHUIER - LRRITREL £ W
e o R REL A Bk S o) F g o 2011 £ A EMIA Y GENXRME

& 2% 97% (Executive Yuan 2015) - f= & GDP 5 485,653 F @ # =~ » >+ 23£ 199 B

G AME Y B 2% 27 Z(National Development Council 2017) o % & B G Af PN 303

q—/}:l

=

Fo RS R RGBT S G FEE b T b R

)

N0 R p\ﬂ’a'rs—ria%’fé.,ﬁzx;i;\?@rﬁt ZFROAVERSFTEC R
R b RS E 2 fod ! B FF0% 12 (Simoni etal. 2015) © F]pt o 8 FHE - §
B RTRELR G R T IMER A A AT B AR T BB
b 2016 # & 4 T i 2,695,704 4 0 2 G (¢ 7 L AeT R)E 271.8 km?

Av B 9918 4 /km?(Taipei City Government2017) o 22 H F %> » ¥ T ¥
APBEEF VR AT TERL AT LB R (individual-level) 8 7 %

B o

475 HMFA @ # 2 840 53 T8 & 35 2001, 2004, 2006 - 2011 & 3 & %

BB A(EY 2015 4R A AHfripE 2 AP a5 kpa

%4 F %3t # F(MOEA2011) - dhdh * >0 4 2 1 fzehie 4 & £ 5 % p 4 % 4% 45 (Shih
2016)- 1% § 53 FoAL ¢ 45 2001 & 3 2016 & £ 22 BRAD o A ¥ foirF R
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(MI2017) 4 PR3z A 2R 2ol B F o R ETP - A RAL AL B
BA R A S HeARR > A AT R M B T AL RS AT o Ao - A o A
top-down 2 DPO 5 % # A 3 # (TCG 2018)fc % 2 §148 2 7 = (MI2018) £ 3* « 6. &
HMFA % 4% * 2010 & IOTs (OECD2018): # ¥ 4+ i & {0 £ T4 5 %+ Schiller

etal. (2017) -

0 BHCRAZATEG A AN AP T GIS R TR ¥ 5 A
AT ERAFR IR TR KT 70,624 £ P s gEAR YR
R~ ZRACP Y AR AT RWEFOH F T HEAER T
WA fcfor n % o GIS B 5 £ 47 575 S H e Rk £ 74075 £ g BT

FLoo TP ATV EALT B - MS fr' Lzt Fﬂ:ﬂg R g}gxm@,‘ﬁ_?;}i o

FRERLZIEIFETI 204 E 50 FaEI E e Rl R RS
WABAET FAF T RTEZ R A RAS S TR B et i K
B YRR AR RAT L 0 g A RS RSO S 4 8RR 2 2F i3 (reinforced
concrete, RC)~ 4% ¥ 4% 55 /8 4% 4 (steel reinforced concrete, SRC) ~ 4% & Jf#(steel structure,
SS) ~ 7 .12 (brick) ~ 4r % 78 13 (reinforced brick) ~ % ¢ (masonry) ~ * ¢ (wood)fr# v
(others) e ZZ A ¥ FFFaE 5 2 ~F F > 1 X~ JURBM ~ 2 X R F (A 2 kel

>

T(LCE) » B A AP L RAP THAD B2 L AE TR YR RE B §

\uh::

ST B AR AR TR e b AR TR TRE B fod s TR X ek

~=h

£65 447 BHE AL R AT S5 -

RS F R 5 % Hsiao et al. (2002)f- Chang (2002)2.# 3 » = RC F 7 F
* g2 4 B3 & o Hsiao et al. (2002)fr Chang (2002)4 & % & % H =43 {5 6 ff 2
I %frfﬁif%(m3/m3)ﬁ\? H A mYm’) s AT ERE L EEE dod 3-2 %77 o SRC 2

P& 551% Chang (2002) > # @ H A4 hdeld = i (m¥mY)@ip b £ £ @ik ¥
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= » #& SRC A 44304 5 53K &2 Hsiao etal. (2002) 2 4% 55 4£.4P F > Chang (2002)#-2=

W H A T A AR TR

%324 1P AT 5 R (M)

L e M pim A e
ss wpgpepre 0 # T
(kg/m?)
iz 1,442 92 141 2 18  0.65
L1286 903 117 23 18 059 |
1994  RC Fye 1526 125 114 15 18 046 aoctal
, (2002)
g4 1,601 106 206 2 18  0.65
H v 1464 104 145 2 18  0.59
Chang
2002 SRC 1416195 - - 18 048 40
SS 506 165 117 23 18 048
A - - 90 2 120 - |
1994 4c 5 Fh i 768 21 800 2 192 stao et al.
) (2002)
* i - - 100 2 480 -
Ao 547 58 424 2 166 -
SS:4mg 4 SRC - 4w ¥ 4w 53R 2 S RC : 4w 5530 52 4
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CERCAEMFTEESS

A1EBI IR REAL B4R

AT st HMFA & 1 £33 W3t & 49 & 4 4o 10Ts TR 3= (MOEA

2011; Shih 2016; Executive Yuan 2015)2001 ~ 2004 ~ 2006 4= 2011 & % /% macro-level

N

% individual-level £ 5 § 3 4r & (GAS)o 4 #w B p &£ & T2 3 £ 5 87 Mton>
O OMS BE b s RS o f 91% . B 5 Ao 0 & § 6.6%Fc 2.4% -
HpZz Al i irser s § 1% ow #i2 4 GAS e £ 272 % > 2 2 L R 7
B 2% 4 B & 2 H GAS Filded 4-1 957 + 354 3512 1 GAS foit H GAS %

B # 4 b] 5 82 ton/cap fr 382 kton/km?

§ A FREE 24 GAS W E T B X (] 4-1a)> # F1T 354 5 61 Mton

9d LB GAS 70% 1873 HHALIF EFH GAS BEFTR > W F 4 & 435

W

\

GAS 4v GAS B & - & Ei# T 3224 GAS ﬁxrﬁ = F*F7 13 Mton > T 354 o
# GAS ﬁx%'fﬁ;% 2 B% 8.3 ton/cap » T 35 1 GAS ?ﬁ}iﬁxr‘é'ﬁ;éf W 92
ktowkm? (] 4-2b) + & #4708 blfod 4210w 8 blipis > 4B 0

5% -

AFpEY HMFA #24 GAS A et 4 #7 A iz feow & T304 5 £ 5
®F & M@ % 1,638 kton (] 4-3) - ERBRAI  mIemEHGFEAY ! 2 F

87% ~ 11%fr2% - f R &% b2 £ 6 ot n e frd B4piT -
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241 A BERS G5 [ H 4 £ (GAS)

2001 2004 2006 2011
Construction gross Aluminum 13,901 13,269 22,960 18,261
additions to stock (GAS) Brick 2,163,125 1,582,522 2,714,991 1,722,141
(ton) Concrete 71,234,791 84,302,757 82,515,614 77,778,962
Glass 133,473 45,884 97,530 8,839
Steel 5,146,849 6,316,416 5,889,869 5,616,536
Wood 39,678 35,664 33,738 8,501
Total 78,731,817 92,296,512 91,274,702 85,153,240
Per capita construction Aluminum 0.01 0.01 0.02 0.02
GAS (ton/cap) Brick 2.57 1.74 2.38 1.67
Concrete 69.83 84.80 69.31 72.54
Glass 0.14 0.05 0.08 0.01
Steel 5.01 6.11 4.86 5.05
Wood 0.04 0.04 0.03 0.01
Total 77.60 92.75 76.69 79.29
Construction GAS density Aluminum 0.6 0.6 1.0 0.8
(ton/km?) Brick 94.9 66.2 116.3 77.2
Concrete 3,128.6 3,631.8 3,574.5 3,585.7
Glass 5.8 2.0 4.1 0.4
Steel 222.5 271.2 246.6 235.6
Wood 1.6 1.4 1.4 0.4
Total 3,454.1 3,973.2 3,943.8 3,900.1
39
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)

u;i‘\

=21
o1 8lzlz|zlalzle|z|8le|E|2le|lz|ele|E]e]e]el
HEIREE N AN A AR AR A A A A A
14mM
E I12 Klls(!Q I|
ngM = 809K
% 10,860K
£ 1om
2
ESM oK 7,476K
3 |
S
EdM 340K
g 2,921K] zsssx
“ 5 1950;( 1.95 K 2.883K
"478'( 1]58K & 339K
M Aluminum M Brick I concrete W steel W wood
(b)
Municipalities Taipei City Avg. per capita
New Taipei City GAS (t/capita)
Taoyuan City | 1.825
Taichung City I 4.000
Kaohsiung City ] 6.000
Tainan City — 8.329
Other Keelung City
cities/counties Chiayi City — Avg. GAS (1)
Hsinchu City —— 17.712 13M
Hsinchu County | ’
Nantou County J—
Miaoli County J—
Yilan County =
Changhua County =
Penghu County P
Hualien County m
Yunlin County -
Pingtung County =
Taitung County r
Kinmen County '
Chiayi County o
Lienchiang County
0O 100 200 300 400 500 600 700 800 900

Avg. GAS density (100 t/km2)

Bld-1 4850 sl p R & T02 45 £ 530 0 ()2 H GAS © (b H GAS -

4 32i2 41 GAS fviE#f GAS % & ©
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/

Total sale

B 4-4 £

Gross additions to stock (GAS), Top-down approach (TD), Hybrid material flow analysis (HMFA), Bottom-up approach (BU)
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S00M concrete
Steel
400M M Vetals

Construction gross additions to stock
(GAS) (1)

B 4-54C® 2010 # & * TD - HMFA fr BU =& s £ & % L ik

4358 & A B Fin A 12

HMFA 5 ¢ )5 R p IOTs T4 & > F 48 ~ 2 1) 4~ 47 (input-output
analysis)=4p B *241 Ir #% 73 2(Chen and Graedel, 2015) - HMFA :if * e 538 8
T2 ViR 7 Rt LB {c IOTs 38 ~ 35 B > § I0Ts F0F & 4% im
P T UL A 58] 51 GAS 3R o blde o TOTs & 220 4 #-4 12 1 f2fei
RFRINE A BT UE R B B E® A 2 0 GAS o & 4 2 B eh [OTs i 500 1 2K
Pt o> pt JOTs F2E 1 A2 e i PRAZIVM 5 A B A3 o @ % £ 84 i w i 10Ts

P IRIEHFCE B8 § 230 1% Flut A4 R B0 RARIVP A B GER -

% 10Ts fr A F-5u3t A 457 — R#gE i * HMFA i 7325 o B)*° 10Ts i3t
£ R Jon A &8 > HMFA 2% A hE A o bl4rd 5 5% H10Ts & 1954 &
T H23 BICF o3 s BEEEFE AHIOTs TR T i § R EH G AT
WG FIEE - 2 BRER G F K 1 (OECD 2018; WIOD 2018)i% 1 & 5 e 3¢ fF = 2

ZE G ARAEL AR IOTs ¥ x4t o

44

doi:10.6342/NTU202003134



I AEREHFTEERS

50385 2@ REAL 5 I 24T

% & % 2 B (macro-level)in GAS A 77 1B [R5 B (/A cnsg i 485 o 4 8
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#F e GAS v GAS % & > e M A 35 GAS R & 32 el A B 5 o JAE# 2 1998 #
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FREE el T o P T RARRA T B AR T TR ARG 2L
HEent Fan e AR AR PF TR ERFT 23 PRSI
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