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AWFFE T, AR 37 4 [E 17 3FE 1,024 110, OIREZN T A A (GHG) D BR A8 E [ (Shadow price).
@GHG HEH! % §: 7 7= 12 20 2R (Inefficiency score) 33 &L OV FEME (Productivity), & L T@{RZEM GHG
eI % 88 A h SR 72 B 24T - T2 BRI HIIR AT RE & 72 5 GHG HEH & & N ATRE 72258 L &
NG ANy VAEFERMEAEFWET L., ¥ L~ULD GHG Zxt4: & L 7= Shadow price X°
HEPEVEFRRE 2 . Z NSRRI U7 gRIE, RPNt R ThH D L ERE L IFHALTWY
D

AFEO FTIE, BAZ L TR ORBELEBIECR BRERE R OERICB T 5 1ERRH 5,
) — U ERCEHR T RE R IR FE SO R C D a v T MR A NTERL b FR
B RET 57D GHG JEH OB EIRHNCERI T 2ESCEERA VA= FLT L HEL L, 1
R ORAEIE B 6 R OREFAAS R, PEHEEG I OB A7 & KUELENTAR Dk 2 72 iR E D ekt
D ENFHT TS, BARTHRICBW T, =Ta7 70 FROSRIRER Y, BESCHSNETE
BTG T2 R E L TV D BEEFUIFEIET 508, E BN TR HESL S TR S 9k
YERBRER & | RS 2A5 b RB, ~A T2 E > T D, FEMARERFCAERE
1T, IMZEDA A =T IR OTBECHEL OB 2179 2 b5 <, FELLTH, BALD
BN NG F IR\ CHSRE S D A — DS SIUTOVZRUVIRREIZHB W T, FEMAYIC GHG
HIE D 7= DITEE 21T 5 2 ERREERBICH D,

AMFFERERIL, TN O REEBEOR, BRERE - BEOMEICHT Y Va—var ke 25
L EHDITIEZTND, FE - FEE - KD Shadow price = L C GHG FEH 2 8 4 7= e
RPN o722 & L0 HEH &S HIE OFSE A, #8355 - BRE~ORE, REFIFITIC
B D EFF IO BAROIIENATEE & oo 70, RS EOREEBECRIC & 0 | RFEHKTIC
B HEECEOEBES . £ U CHRMERSIHI R, EEN - —HEO—FEXE2 X —F > K
LD THLHERICHELZD Z LN, EEMICHOLNICR -T2 EOERITREV, BEE
BEOBLAND L, TN OHHESCIEE 2 REMMEFEOOESE LTHNWD Z Licky, BEH
WrASHEBR & OFlZFA L 1< TDHZEBAEEL D, FT-EHEICE - TH, BAEOIREIEIEIZ
AN S AL AR A 21X, GHG 2 A 7o # MM HEET H LN TELDTH D,

AIRTENL, e BNy 7 7T 0 REFFOMEEN G IT5Z Ll v AR SN, BRTS
BRANWE T —FRLFEEFENBICT D Z & EFINROTFEEERTTE DM DS ITD 720,
Z U CBREERFE OB OMFIeRE B, BARTIBICBIT 5 Y —/n & L THBEET 2T, bo L7
W, Al ARBFGRIC BRI TIT - 72 BFZeiE A JE i, BREE - AR BTG 2 0 BRI E R
e T VT EToTE 2 A, EFIZZ OEEENGHLEED D Z ENRHFRT, FEHOIL,
ARFFERE RN HERITIEIA < AV S, IREHIK & BREERE D Push & Pull SFHEL R 2 & - THL
HEDLEY  BARZ L THRICE T R TR INRBH S OBRICHESTDHZ L 2> TF
20N, FOTORRITEBNTIL, FHEMEREZ TR T O L, ET VI L THEE
LML Z i, 1B VWEO ANX BRSNS L 28Tz,

BB, ARAFGEIL. BREEE 2Rk 23 4EFEPEH B S|l 4% 0 R 32 K B ONEI BS54 /) ~ D J 488
AR D ARSI E ) (IR 2011 4F 8 H—2012 4E 3 H )D& & 215 TEM S iz, BRE OSEE
I, 22 OEER LIV, £ L TAREZ R EN D ERICIE, Bix 2BlA0 5 GHG OHE
HEERICET BT 7 a vk e s THITIT®ZNTH S,
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BR " ERITHARDFLED

KUEEB O FBOFEMOT- O, BIIEMIAE T, WEZRT A (GHG)DHIRITIE &+ D MIZE
T HWEREAL TN D, B2 X, GHGORRIHIEE H(MAC)HIZES L, IPCC(SREZ SN B9 2 B
MR V) DHF 4 B el 53 (2007) TiX, AIMSPGRAPEZ: & 10 D D Top-down £ 5 /L D #E Gk
B8 L. 2030 £ 5 DOGHG-MACZ C021 > 3 7- 0 USD 2/tCO2eH> & 192/tC02eD L o ¥ TR
LTWA1h ', Kuik etal. (2009)iF, 26 DET/LH5HEE H &SN 72 62 DMACE A & [l Hr ik
L. 2025 FFRE O SR DOMACE €129, 2050 4FIf i Clx€225 EHERI L T\ 5, F£72, {EN & (2008)
SeAkimoto et al.(2010)1%. FflifE b (Bottom-up) &5 /L Z AV, MACKH] D GHGHEH BT AT E & 72
EZERHLTWS, ZbiFgtix, HEked - [F - Hus - Hili e £ 00rxg & L, KUEZEE) -
NH - BB R x RBLUS DRI R T ) IS X | fBROMACEHEE T2 LD TH
0. ZHUHHEFHECED b Ly RiE, REMIRE S D ZEEEXIROKRET HHRIC. Atz
B e LTERINTWD,

UL, ZHIUBIFERE R, kT U A0 HEASW RO E - #ER L~ TD MAC TH Y |
BAE-EED MACREEL LD MAC ZFHH L TWA b TldZevy, TD7=H, HifE GHG Dk
BHEINEALEZBAEO, HFESEE~DEBOESNEZRT Z LIZINETH D, DRIT, Zh
DIFFERE R DS, IRFBHIA TR D2 BRICIE, B EREDOEBEB S NEEENAE T 5D TR
W E W) BERCEOBEEZIL 2 TAHAZLITHLL . GHG DR ENIHEL LA S = LIz
BILCTiE, FESEEL LICREADBRORVIRICSH D, FDTOARMIEICB N TIL, BE-
WEDOEIEL LD MAC & GHG Z#i A 7= f8H Zh M fRIE 2 FH L. GHG DR B IR )
DB ANINTBED | K EEREA~OERE 5V R ORFHIF TR 28540 E BB/ %2 1 5
HD LT 5,

BIE- B EDOMACOHEE HIE L LT, RFEFABOFIEDV L >ThH D AEFERBKAENND Z &
MARETH D, ZAUZ, AERBOBEGRZICH L, A ERE OHERHE R 2> b Shadow price & i Hi
L. ERFERE AL EZER L TV DA, Shadow price’SMACEZE L 72D & 7T FIET
b5, HEFERE I\ 7-Shadow price DHEFHZ BT DIFZEITEZ < BE SN TR, T —X DI
LN LIS 5 72 Sox Nox?DShadow price DHEFHZ B L TiZ, 100 ABOFHSIBFEET S %, GHG
DShadow pricez HEFF L7t D & LTIE, KEEE I ¥ —%2 %% L L7=Rezek and Campbell
(2007)%°, FEEOEI® I ¥ —FZ x5 E Lizlee (2011), - EEHEL MG E Lo, BH - &
-(2008) DIFJEE 1 b 5, ABFEA KGR & L7247 Tld. Kumar and Managi (2011)73 1 > R O #iiE
A% A %142, BOD, COD. SSOShadow price DHEEF 51T > TWAMN 3, Btk 7 & —LIs o
TIZRWT, EBIA2E % 3B IZGHGHEH & D Shadow pricelZ 5 H L 7ZWFFRIZ RO B 720,

Z ORISR E IV 7= Shadow price DAFFEIE. 2000 4ELARRIERRIZ/ > TR Y . TOFRTHERZ
Directional Distance Function (DDF)D 3 EA TV D, AFTIEIZIE, KRELS ST T, XT ARV

B 1%, IPCC 4th Assessment Report (2007) Chapter 3 Table 3.13 “Global emission reductions from top-down models in 2030 by
sector for multi-gas scenarios” @ Carbon price in 2030 (2000 USS$/tCO,-eq) % 2D Z & | IPCC 4th Assessment Report Cli, AIM,
GRAPE, IMAGE, IPAC, MERGE, MESSGE-MACRO, MiniCAM, SGM, POLES, WIAGEM ® 10 DDET /LA FIH LT\ 5,
ARICTIX, GRAPE (T L D HERIRI R D US$S2 & MERGE D US$192 %, I/ IME LIk RfEE LTL P TRLTWD, Zh
52 ODOHFIX, F72 5 Stabilization target, EAMHERFIC L > THHINEHETHH 2 LITHE L THE 2,
SOx 131 A T EREM, NOx IXH o K kD Z &, BMEROFKRME TH 5,

® BOD & (. Biochemical Oxygen Demand DIETH Y | AEWMLFMMHIRED Z &, ZHUTKFTOEEY B IRAEY DE)
FWZ R o THMREND L ZITHESINDBFEORERD Z LT, WIIOFEHEZ R 2RO RBEOO LS THSH, COD
IZ. Chemical Oxygen Demand D& TH ¥ | (LEMBARERED Z L, KT OWEBRLEME 2T 27200 EET5H
e T, REMNLRKEDIREDOOE SH D, SS i Suspended Solids DIETdH V) | AKE DIEUE L 70 D FlEE R E 2 3R
T
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v 7 FIEEEM OB EZHET 5 RBICOWTIREZRIT D). /3T A MU v 7 FiERE
MO HDONT—UIDRHEZFH T 72WV)D, 2 0DOFERGD D, /XT A U v 7 AFERREN,

TEREZEDORHR L D Y T 2R LTOfm, DFE D 3 7 VNOEEMENEERT 5 DI
KL, ST A MY w7 AFERB TR, oo =— 7 HAREMA L, 2RO DBEN
ERERICRTZENAEETH D, £ 1D, GHG ORIHITEE H - Shadow price DHERFT 24T - 7256
IO FE LD, BEERRE LTZ GHG OBAHIEE FH « Shadow price DHEFHIIRER T

5 Z &, F7- Rezek and Campbell (2007) & Matsushita and Yamane (2011)% D 57> 6 |

[Elipu/AE:

D 8T AN w7 EFERR O HIEZEA LIZSA L 7 T A MY v 7 AFERBOBRET
1. Shadow price DHEFHEIZIEIZZENH D Z & B0 D,

TR

Shadow price

(E - 4F) HeRT ik (per ton-CO,)
Rezek and Campbell KIE K S FEERT INTARNY w7 Range
(2007) 1998 4 A PERAEKL (US$18.1-USS$20.62)
S - o7 qﬂﬁ%@ﬁ%tﬁ&M\ VA2V E B Y ;400 T
(20025 29 BT —& AR Range 1011 7t
2003 4 50 JC
MAC=US$100 D FE D
~ GHG HII8 T RE & % L
ALl & Eﬁ ; ﬁgb 22%2% ii’; ﬁﬁﬂ%#ﬁ&“ﬁj@i%\?/v 2.5-3.6GtCO,e
(2008) sezt AIM/CGE &7 )V (Annex | Countries),
6.4-7.7GtCO,e
(Non-Annex | Countries)
H Ax$476, EUS48-135,
HERBR 52 PE S H AT e e KES60, 1) Z$111,
PR RITE) 54 e s " Ehisas o2, =750,
(2009) FEES21, HIES0-3,
A2 RS0
3 2025 - T€129
Kuik et al. G;ﬁgﬁiﬁ#@iﬂa X A RS Range(69-241)
(2009) 62 2050 4 "C€225
Range(€128-369)
CCS 722 L€20.9
FT K CCS » Y €10.6

Loschel and Otto
(2009)

CO, intensive sector
1992 #2040 4

B R — i 1l
%5 )L (DGE)

Non-CO, intensive sector
CCS 72 L€17.1
CCS » Y €10.5

Park and Lim
(2009)

W E K T E AT
20 #t, 2001 4E-2004 4

NTZARNY w7
A PERE L

VEIE €14.04
Range (€8.51-€16.85)

ot B
(2010)

R 4K, 2020 4

o — ot 7 L
DNE21+E 5 /L

RS9 31 ($0- 500
/tCO2)D 6 H AHEH HITE
" HE R A A

(HANZ: MtCO2/Yr)

HA 474, K[E 4,170,
EU27 1 [H 2,234, h %
480, = DHPEREK 22, 5%
JI 435, =7 1,015
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SEJAE USS 14.63

Lee AR D AR =3 JURTGARNY v et
g . ARk ) US$10.8
(2011) 11 77 b, 2007 & AEPEBAEKL Fik 4 USS61.35
Matsushita and SN ETE S JURTANY vy Range (USS/ton-CO,)
Yamane (2011) 9 %k, 2000 4F-2009 4F A PE B (US$6.2-182.2)

# 1 MAC/shadow priceD {1 THIZEDE & o ¢

F 210, FEEDEPERIT 7 1 —F % - GHG HEH B2 Z & L 7= 3 0 A FEVE 34T D e T
WhRELDDH, BIDH(2006)ICL D, HADA—T—81 tha k5L Lo, #EH: 5(2010)i12 &
% OECD hN#¥d 23 MnEHAE x5 & Lo b PiiliE 3 7 ¥ —d53#87, F£7-. Pandey and Dong (2009)X°
Chaudhuri et al. (2010)IC X D H[E., A > REXGIZ Lo eimitse e L CHFET 5, Ll

B AFEMEICBE T 2 A28 L . Shadow price [AIAR, Hulsk b U < IEFEE 7 E Wt R RER TH
DD, ZHUTIE, T—HUUENKREEZ = L DM, FEEBMANSHEH S D GHG HEHED £ <
#ﬁﬁ%ﬁﬁﬁkm6MtF%ﬁ6wméthw1@i%@£w TRET DA T R
INEWZ EREERELTETOND, L UIRRBADSOMEZITIE, BAWVE A EEEICBT
% GHG OHEHHIAN M L 2 %, T L » THEAT 2L aBEe kL X —FIH 7 1 & 2%
F720 . GHG HEHEHIR OB Y M T34 TH Y . EMICK > TREL R LZEHAHRH

WERIRDZDTH D, TDOTDANZETIL, FEORRLEFEOMCED GHG HIHELZEZE LT-4

PEMEFS IO Shadow price X ED L S IZE(LT AN EHLNCTHZ LT 5,
ST RIS HEGH 715 i i
(I - )
JER At BN SR ANY yr ENREEIL TP O LA %
(2006) 81 1. 2001-2003 4 B PE B A, FRICHBIHEERIC
BWTHHE
Nakano and AA®E =t 10 41 S URT AR v TFP |38
Managi 1978-2003 4F A pE RS
(2007)
Pandey and H1[E 119,000 i3 NI AN w7 A RED LHED
Dong (2009) 4 > 120,000 T35}, A PERAEKL TFP 20E D 11% K& W
1998-2003 4F (FE 12%.. 1> F
0.5%LLT)
JER At OECD /N 23 [# JRZ A N w7 TFP I 2000 4E LA KRR |
(2010) b T2, A PERSEK H IRSLPERE OFE ~ 13 TFP
1998-2005 4E AT,
Chaudhuri et al. A v Nl NRFTARNY 7 TFP X B J7@ A pENEIX
(2010) 2002-2006 B PE BEEL TFP B Bk, —

TIbF, BRERREET
ITEAREFIEE D TFP ICA D
LR,

F2 EEMSHTOFATIRDOE L

* Kuik(2009)1%, i —fEEIME L THERE L 72 B TRFE
MAC OHERFEAT> TV D,
VIal—valrsETNIC
and Yamane (2011)/%, output {
FeLCTHEREIL TV D,

62 KD EFR 24 L C. regression 7 /L72 E &g L.

Loschel and otto(2009)1%, fHBEIDE 7 # —Tid/el ., 4T v X ORFIFEEAEE G E LT,
X U HEFF & 4T > T %, Rezek and Campbell(2007). Park and Lim (2009) |
CHEBRAEHLTND,

Lee(2011), Matsushita

Shadow price I, %%&ﬁé%%;%?@uf L. ZAUZE Il 2
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EX )

KUEEB O XBOERKO—B & LT, BUEHFAE T GHG ® MAC IZBHT 2L A TV %
M, FDLELITEREM x4 & LIzt kd MAC HEEHMETH 572, BIE. GHG OHEHIHIHI
BAINTBOFEBEEDOLE LN L= DIZHND Z LT SR, O DARMFETi, B
{E-18 75D MAC (Shadow price) % . AEFEREZ AWV MACEEL LV TEET D ET 5, BEF
DHAEFERR % A F\ 7= Shadow price SCAEFEME AT Tl 7 — % OUESRLE T /L O F Al HEMEIZ BRI
Do T=T-8 ., INFPHIZ B 5 B 4 LCHEEITBIT D EZE L ~ULTOD GHG O MAC OHEFHIITHIL T
Thhott, L, SBIKIKBHESOELZES, HEHERG ISR BB & OREEER 2 HE
T DRI, REHKIN L2 DT HEBOESVEZRIAVEE - BRICB 2B T LIEET D 2
ENFETH D, TOTDARMIETIL, WILVEEDORELNIENSR L TEH L E L,
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MRFEWE)

K7 v a Tk REFEOBMEZHIT 5, S8R E & D= FIEOHIICE L T
IZ. Appendix A&B # &M L CTIHE 721>,

AAFFETIE., AEREREE O T b PEEERS S (Distance Directional Funcion) & W 9 i b 7L = U R A
RO, ATy N CTHLIER - HE - ~T VT VEFHOLOE LSO, EOT DU KTy b T
brRbEmERKMEL, ADT U N7y N THOGHGHEH & A2 /IMET DR A v b &2, HHEE
BICEE LTS °, Flit R Th I EEY L T LON, itk Ll L, 27y FEA - 1) -
~T7TUTMEADT U M7y MEHGHEH &) & i/ IMb LoD, EEDT 7 M7y M hm) AR K
BLTWAIREHEA T a LT o T¥EL, 70T 4 TRENDPERTIHRKOT A v %2, 7
BT AT TA LS, T T 4 TAREORE DRI TIRE TH V) DRI LRV &
M SN D76, IERNRMEFEEE T dH B Inefficiency scorelI P L 72 %, o 7RI, Q7 &
VTATRELFEEDA Ty VEHNTH, FEOT U Ny NEEETERWY, QRI%EDT
U Ty NEAEETORICKNELT A4 0Ty RRZN QF%EDA 7y N TRISOEDT U
Ny FEAEELTHNTH, KVEZOADT Y Ry FEHRHLTLEIHE, 7r o7 4 74
HLHLUEBLSOLLITELHFLET D, M1 XY, 70 v T 4 THRENDRORREGR CEW
7 ERmWEED EFTnaolcxt L, ZL—TnA T4 hENiexT ) TIZh DI FeE
(Inefficiency score®D @\ MEZE) S, [Al CEOREERZH N TH, KWIE LR LMEBLTE TR
WZERBTEND, ZELTINOREOHNRMEIT, 7urT 47 T4 LORMEZHL Z &
T, % OfE % Inefficiency score& L TRT Z ENARETH 5,

Ty Frontierline
Frontiercompanies /

l \/ N T=AEL)

Inefficiency|score

Inefficientcompanies

K

) _ Y=Revenue
\ K =Capital
L= Labor
L
1 7w 47 FA 2 Linefficiency scoredD A A — X °
RBELOBRIZIE, FEFEOL~LDT7 Y N7y Moe k@ - GHGHEHN &) & 1 7y a2 AT 503

M. BRI REGEAE ML) E LTHBENA T2, Hlz bEEmnE L Tho7mE LTH, GHGHEH
BNRKRXSERLLA, st L LTTRAEINARW, 2F0107urT 47 %alb

ATy haef/MELDD, EOT 7 Ty hERKE, AOT U RNy Fe/MET B ELARETH D, HELT
DFXEIZET Shadow price #7185 L7256, MERREL R 2 /RN ER B -0 TH D,

GHG 2 W& T DITIZRD 4 RTTALDBME L 72 5720, ARICTIE GHG DI SN TR NI LICEE L THEE 2\,
PRI A U RIS E R UBEA 2 3A & U TRk LEET D 2 ST B A8, KA MRA Y A R F4I2 8D
TEOAL Ty ETU Ny FOERFE LS ZLLEBICIE, VAT bET TR Ty FOL-ULOUT LN
LDEELEFHOEE L CHRTIELH D,
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D, BHEAWEZRENRETLZ EIE, FlX, RCERCBL WL TH, HEJFE X
— = A AT AT =0, TNV EREOESSRE LGRS Z 8T, iE0T Y
7> M EEEGHGHEBE) e A 7y RO L~ULRIERICIE LWEAARRE, BNl H 2
LThHD

F AR TIE, Hx OREORMEE AT T2, 2T AN v 7 FEEWS | BHEEM DS
FIZBWT—UDOIREEHR T R WFEEZHWNTWS, KFEEZHWS Z 212k 0 | REEMOEM:
FHRET HIEEFZT AEHBEEORKE LY b R E L ToOMm 2 EBEERTH/37 X K
Uy 7 FiELHEB L, o 7V OEBIR R 2 A0 L, R OFRHE &2 S FICFR T 2 L 23 ARE
%5,

Mz T, AR TIE, wELOFHEOBEIZ, AIET oA hEW | FHliktg L e ¥Emic, 1
Yy NEeT U NSy NORIGBRERHILEREL . DODFOY oA MIERIZEDOMEEID
o TR oA FPRBRIND EVIRTELEIRL TWVD, DF YAETIE, GHG3 - E A3 -
F# 2 =T VTN 2DEETT oA REELNTHDDIZR L, BAETIE, GHGL - BEA 3 -

FE3~T VT N3DEETT oA FREELNTWEIEALHDLENIZLTHD, TR
E L. KA DInefficiency scorell 31T D GHGE HEA D EIE N B LN EETHIHLOTHY, =
DT =A FOREFELY, FEEOEMERKNRIMET S 2L E45°, TOH, ZOF
BB WCIHEREFF SN T-aEIT, BAR -5l - ~T U T /L - GHGY X T A Y FOETOESHE
TR KRB UEEICTE LIS EELTH,. 700 T 4 TREOGRMEIIZI TR VWENS Z & &
720 FHlAEE S WEZEICKH LT, FHMiOKE A, ETVORESRMFICERT SO TIEAR
WEBIAT A Z N AfEE 0D, ZOREICEY, BIIE, BA - - ~T VT LD~ 1P A
VRMIBWA, GHGY %V A v MIHEWEE T, Inefficiency score MK < 23R & 2 S 54
EHHTL %, THHAZEITE L CiE, REBLCKR R O HEH B 1S [ 5 0 5 E A 33
o, Feriho, b LKIIREIZ VY y FEFEAT DN, BALTHRE T2 L0 205K
MDD THD, EVFEEZNL, ZTORTEEZERINTHZ LICEY., Hx OEFEICEILHTEE R
FROTINN RFBI LYy FOBADA T 3 25272 L ThD, Inefficiency scorex 4 A 1%

BHLTWASEWS ZEThHD, BFIEICBWTS, WA oA FE2HWASZ LRI TH
Do

FIZ, AWFFETIiL. Inefficiency score?Z 17 T72 < Shadow price DB H £, 1T 9 728 . GHGHEH F I %t
L. Weak disposability D i iE Z BTN % ) Weak disposability & 1%, GHGHEH IZHHI ST
D, T 2L a X MR EL S, 2EVFEEEEZED S TICGHGEHEH EZHINT 5 Z L 1Tk
RNEWVWIRETHY . ZOREEE Z &2 X Y Shadow priced F H 23 @ YT AL D,

GHG HEHHE A —HATHIB L 72BR D, Inefficiency score DEIZ 2t 2. Fe LEOBAIREEZR LI-E
73 Shadow price & 72 %, Shadow price IX, &R « 57l - ~7 U 7V ORRMEZEA~S>DOL . GHG
D~F Y AL MENIZE S ZH T, GHG HEHE %2 —BALHN U 7ZBIC L 7 b5t e £T
B TH D7D, Inefficiency score PR TH(E R TH->Th), GHG ¥R T A h DR )N
T, Shadow price IZE < 725, 728, A Shadow price 1%, BA - 55 - ~7 U 7/ « GHG %
Z & L7 Inefficiency score DENX 2L X HTH L7280, B2 5D GHG HITE H Tl3Ze < | %D
BRIl - =TV TN E Vo T RERME A AT T GHG BB AEA L 8D,

Inefficiency score DR ZHE 2 T2 BAEN . AL DA FEVE(Productivity) TH 5, -2 F ¥ Yrl 1T
L. Yr2 IT/87 3 —=~ > A DA _E(Inefficiency score DA DAL F) M358 L2 ER. Productivityl [

SEEEOWESTR TR 52V, MEBENABERET. Mt7arT 47 LIChBRIBOLND,

GHG Z XD EIEMAR DA Ty b T Y NPy OBV EBEETHZ L LAETH D, EL, BESNEZY oA
MW EE, REOEFMPERIENSNL TRV EDERNH T 2R S 5,

%Shadow price (T, GHG1 b U Hlifid 7=V ICHElE L 72 55 LT D = LICHEE &M\, Weak disposability TiE7za < |
Strong disposability DR E % VD Z & HARFEE T2 WA, GHG OHEHN AR TH D & OIREE HV D Z & C, Shadow
price DHEFFOBRIZ, FHHERATRE & 72 2 EHTN NS 5 AlREMEN B 5,

6 MEEA HIKIRITHIEHTZTHES (IGES)



b U7 LRl S AL, #1Z, Inefficiency score?d B4 L72BRIZ1. ProductivityidJBi L7z & 3l S U
H5DTHD, MA T, ZDProductivityld, Efficiency change & Technological change® 2 DIZ431F T
SR D Z EMAEETH D, Efficiency change & 1d, FENRBEN T LT 4T 74 TR LF
Yo FT v LI L~V ERTIETHY | Technological change kX, 7 e T 4774 D7
FaRITMETHDH, 70T 4 TRERONREN LS - 72855, Technological changelZ1EDfE
LD, FRo8GE, ADELeD, 7u T 4 7 EEDInefficiency scorelZ B up7-, 7
By T4 TRENR T T A TRETHVFHITHRY . 7u T 4 7 aEDEfficiency changelX
EA=R R T

Technological
Change

Outputs

CN

ﬁ'otal Factor Productivity

‘) 1
o
Efficiency Change
2 5
2~
Period 1
e Period 2
Inputs

2 Total Factor Productivity, Efficiency change. Technological change ™1 X — X

DX ITAEEFIECBONTE, T ADO/RT A —F —(REHE)Re. GDP 2 AN OMEREDK
IR 2B NRET D H D TIER W= BREHOERWEFBA R R 2 I 2 &N AhE
Th D,

BEBIC, AFRICBW T, BEENE LTGHG HEHEDOAZEZAE LTV DN, Ik, EEY

ROKFEHER EDOT — XN AFHERZEE, ZNOEEZEAE LIEIREAERT 5 2 LITETH D,
7272 LiIBINMERZR Y ANHBRZIE, Y PNV TR M E L 70 b, BRICK L TH v
Font+oTranwe, 7urT 4 TORRICEELS X =756, REOMIEL LTS 2 &n

WL 720 2 TOREN T LT 4 T LTSN AREERH D7D TH 5,

WIZ, BIREIZOW TR EINZ D,

LHZIEY TR LT 4 TRELTMHISN TS, Y2170y 7 4 TR¥ETELS 72572414 . Efficiency change 2815
DL ENAHRETH D,
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IEFE (- D NT DRSH

A7 v a T RTFIEBENCB O CERREIEZ Y L7 GHG PR R 2 A 12 3E 8 #: ik
(Inefficiency score)- /EPEVE(Productivity) &  GHG HEHIBIN 1 | > db 72 0 |4k & 72 5% I 8 (Shadow
price)lZB L. EITMRIROBLAD DRFFHEZIT D0

Inefficiency Score &(&?

Inefficiency score & 1%, HENR, EAR 55 - ~T VTV E VS TEREEF(A > 7 > M), i
WHhER<SHEHL, ZERBOEOT D N7y MEAEL, O GHGHFHEE DT 7 M7y M%E
MHELTCWDEINERTIETH Y, BEOHERFIEZNLEETH D, ZFFiko@EY, 7a 7
A T T —7 LEREZEDSL BALE OB Z R I TH Y | Fe bRRE RO BWRZED Inefficiency
score (T B TH Y | BENIHEDNRTHIILH DFE Inefficiency score DEIFRE K 25729, fHIT
IRWNIFAS IV, Inefficiency score AT DERIZIX, 782 EH 72V GHG HEH B (GHG/Revenue), 7E L&

7= ) &R (Capital/Revenue). 72 L& 72 1 5l (COGS/Revenue)ZE DE G, Z DfEDY GHG « EA

Jif#) T VT NEVSflx DBERIZED LI ICEASN TV LI EERT L2 ENTE D,

Inefficiency score X, GHG HEH « EA « 55 - ~7 U 7L ZRAMICAIEECTH D | BREE - 4
DHETHEEOBRICHWD Z ERHE S, X3 1%, (b A —H—%K4ED ROA & Inefficiency score
W LT F 7 ThD1, 2O X5 IeMiEIX, ROA 721F T72 < EV/EBITDA multiple 72 &', o>
EZERHAMFREE & Hfe U Ch RARIC A S v, AFeRIE, BEFOERHMIEHE & 1 X R R DT o+
— VU AERTZENARETH D,

0.3 1.2
——ROA(LHS)  — Inefficiency score (RHS)
0.0 0.0
(23 o = = w > w o= — = o o = — w oo = = w
8EZZ33333303E2285E3830832220E50255358325288258854%3
Z£§290=Q5555508580528285° 3225083 I5Sz8s35 £53852%~
Fz23a2ssx2x2 Q=~FX ZSwgE=¢x xS 253 SCWouzges
SAMPLE
e [~ Es = |5F v o < = = = X = e < i
= a QL2 E = < = = = T
£ g SB353s E T & &7z s =z 2
=3 § = w =4 &

3 Inefficiency score & BETFA 3RS O Lhifs:
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Productivity & [&?

Productivity(ZEEEME) & 1%, BIIRDIE Y | Inefficiency score DEA{LZ 7R L72fETd 5, Productivity
2V, TEVEEMESCEARAEFEN e Eiix D0, AENTEEDOA Ty Ve T U Ny N EEFE
A2 85 7+ 7= Total Factor Productivity(2 B R AEFEN:) LT D AEMEZ B LTz,

Shadow Price &1&?

Shadow price & 1%, W¥ENGHGE 1 M HIET 2BICEK T2 EETHY . BRFAHEME L
HIBED, BBAHNEHOKRSMHE CTH S, KEGETHHEHBEIZ, RAHIEE H 2 Shadow price
(GHG1 b HI T B AICEE L 7 B 7E B) 2B 2 286, FEOME CldZe < EFERBL OHE/ N
AT DTN, BRFEHEEEN G TH D, RENMRF A 2B A2 T, REITR-> THLHEM
\ZGHGHI D 7= 0% Y F A ke 5 L 13E 212 < <, £TBURF D IRFAEOM T A Z kI
THoZEbREETH D, BE, HAREO—EEFFTHE(Q0.3 JIKMNZBIT 2AD D B, BT
PITND O 5 E55(42.3 kM, 5 BIEABUIAOEIAIZ 2E)TH Y, £V OF 5 Bl kA
ROAME 2 HIESNESIITEE L TWD 2 LTHAROAMERS 1T 667 K TH Y |
—RE BN OK) 16 IS T 5 B, REEEITEARL L FERITR S NARWTD, R
TENMEZ T, BOPTLEZFZOBI SIS, 20K 5 2HkD TEBE LIZMEBERRIL O d, [EZHR
CEORFMTAE ., BERR<ATY 2 L1 THREETH 5720, MACIZEEM EIRNFET S
EWVVIRIRICBWTHERF 2179 Z ST 4N H 5, Zhid, sERET o A E = IR L
R 72 ERROFRE &R T, HFoE#S L O ErTRetE 0 A EIR L, BENFRTICH D )
BEMESC, BN KR IZ X 0 [EFME2MGE 3 2 Al ettt 7e 13 B EE 9 IcHE S hvi-MACE K& <
BB RA L Fenz Lo,

HZ, Shadow price Tid, Z 3V FE THiffHE B MAC-Curve BIZITH N D Z LITE o7, 2
RN B HNT - JEHR 2 7 N OFRIUE (X dih) L OV 5126k D (Y fil) &2 85 4. MAC D73 &
ITHOZENFRETH D, BEF, MAOHIN - #HE /v U ERALTEY, FRICRToND K
IR T REN ) AN R TED0ED, TORIZE L TEORBEAY — 2D 5
NDDENE, BEEICRRD, Bl X4 0FEF T, AtLE B3, 10 4A1XF U X
D IRET - EE ) U ER LTV, 104FER, AfLIEBAREEER L, L0 2 Ol - E
) T ND Z B L7 (MAC-Curve DT Y 7 MRS 5 72), T D72 GHG OFHEH BB OB A #Hi,
T VU7 ogr & ouv HEA - BE ) UNTERRTHIENTELH—F, BAHEL, =V 7T ops &
otw 75 LANERZRV, ZDEN, B¥EMO MACDEEZAE L SELDTHDH, Attix, 2 < (F
WIZEIT DD)GHG ZHIT 5 = & b, &%AIEE < & BRI HAN 2 VW ER T2 2 &
HHEETH D523, BALIZIZZE OBINGBHA D70, & LT AL, AD MACFIZEIZ 7 2 HIEkTH
RAT v a NELAATWDHIZD, R ERZBRE - FH L. 23>2% < GHG OHEH % HITK
L7z LThH, BALL Y bHIBERAZZSMADZENTELAREELRD D,

Shadow price (X, GHG HEH & #RE 2R &2 GAFEMICEEAT-ETH D720, FALOEMHY N E S
% MAC X° GHG-intensity(52 & 72 ¥ GHGHEH & GHGHEH &R 1 F o H7- b D58 L@ & 1T 8RR 5,
FER ) UATIE, NEORE IR EINDI LDV 7 METORMR b EEN, 2
NoDOZ L, BANZIZELNLT, MACDEITA L 2D (DEVFIRICRD)EEZEX DD T
W, FHMTOAIEE Lo HRE LR MAC K0 HEANMEL e b " [iEMERH D, 7277 L, AF%E
IZBWTHEH LTV 5 Shadow price 1%, GHG1 b U HIE T HBRIZEEE L 7258 EETH Y EAT
W22 B R BT MAC X0 b HERHEIEE < 72 B ATREME 1T E O,

Pergd THAROMBEIREE » Liiid, H24 EEEPEICEIT B m AN,
B TEE RS O RE
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Price (Year10) Price (YearO)

!

Technology (d)

Technology (c)

az p o u

e erariessrserasnmrnennrnnnnnat Technology & Operational know-how
Technology (b) MAC Curve @ Year O
s Operational knpw-how (b) (Company A&B)

MAC Curve @ Year 10
(Company B)

Technology (a)

Operational know-how (a) MAC Curve @ Year 10
v % (Company A)

4 TR - Bl - Y 7 METOR IS Z#E A 72 MAC -Curve A A — P[]

Shadow price |ZMEITAVTIRVVEE, GHG Z#Z<HITE 5 Z L 2R3 5, 7270 LKW B IZIX
OBRER T DT ORROGE (A h )k, QBREABRN Ltffi‘%(ﬂ’ﬁ' > hAYD 2
FEI DD EEZLND(X 5 B, ZD7=® Shadow price D3 HT OBRIZIL., Y ED
Inefficiency score D, £7= GHG « BA « 57 - ~T U 7L % %ﬂ%ﬂﬁﬂﬁiliﬁ%E <FIHL
TWHNEEZBE L2 U by, F725H B GHG HEHED %\ 23D Shadow price D
BiE, hEWREIV L, BKSHAFREERH D720, ZHICHEERXMLETHD, Zhid, #
FEOREWEEIE CPHBEARERREERNZ WD TH Y . B ORI F5EFEE. Shadow
price S3HT DESITIE, 72 EHE « GHG HEHH L~V O LWEZEMICI W THIR T2 Z L FE L
W EEERT D,

A REZE~D
Shadow B

Price 1B - REAFRL AL D RIMEDRIMRRZEER.
SERNE LA OTDIRE

B IRIEEE~D
BHE: F-BLAIL
Learning by doing DIk BE

A REREAD
BHE:

& - REAFRL AN
C RERE~ODENE LA
RLREDEORIVKE

S EHeE-MERBCETIER
5  Shadow price DFRRED{1:J7

Shadow price (%, REHII T TOMREOHEF %K DHEE. £ - HeHEES I E Ol R OBS,
@V)’Cigiﬁiﬂﬁ& 7%, Shadow price I%, ML SN D GHG HIBE & T HbEDZ & T,
IRFHIF) FIZB T D EEOBFMYEHEEE T 5 2 LRk ERIEE~DOMBEA 7 &
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No, £, MERIEIROHEHERGHIE DY EDERDON U F~—2 & U THEE LISt
FIFIE R HA SNBSS, 80 F - BOFITRY 5 2403 - ¥R FERVGIESNDREI LY
Y FORY 2—=LZRRTHIENTETLDOTH D,

7235, Shadow price 70 HE X SN A HUEIX, BIFEORE - EBEXBLTWDHD, 145 ©
BEOAMEE RTHOTHY | EFICHXA LY N TARAF T vay NURIEES 2D, —H.
Inefficiency score D Z=1%, EEDOHFEIINCHO T HRELZNITER L, Z OZEPE I 5 DI,
BN - RO Ll ERME L R VIR N D, O END, 2L 2 DOFEEIE, IR
e =—XZ X VMRAEMEMICRA SN S Z &N EZEFTER L OESRSIEZOB A BT E L
Wz b,
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Data

AHFZE Tld, BEE Trucosttt DGHGT — & & 3FERI5E L M. K [EFactsettt DB T — & & -,
FRTEOREOICH D X ) I AHFEICBNTUIT = OEIZL V=T VORENRRKE AR
SIND, EOHAENL, BIRERIZBWTREDE EEEZR>TVDHEEXLLND Fil 0T
— 2 fEH LT,

FEETrucosttE DGHG T — # 1&, BARENREE - MBS HE HELZ B UAR L TV HGHGHEH &EIT,
EIFEAIE ORKFEE EEZMZ/ER L2 D TH Y . BETRDOK 4,000 t:% 38— LT3,
[AFLIET — Z BEEOFE, S EEDO = RV X—HEN GE SN 9 HGHGHEH EDFHHE S, [H
HEMMALOGHGHEH B/ KO & DI AT H 2 LIC L 0 AR RF 22EZ HE LTy
EIYDBFELTWA, T LTEZORE, AW EbhA2¥EE2ER LZHEE, SMSice TV v
THEITW, MEEEZNZ7 ETTF—2_X—2EE LTS, [ERNEZENRT 2 U —IZ/AB
L7k BiEET — & OEASIRTIZ 2V =%, Carbon Disclosure Project 8 N E R L T\ D F —4#
Ty FEITMEEBL TS LW RSBV THRA TR LEH TE LT —Z -2 LW
ZHThHAH ",

F 7= Trucostth:1%. Disclosure only & @Estimate® 2 FEFED T —Z A L T\ 5, DIk, 2l
FOABRESNTZEELEOCERE TV 72 L VINE LZBIE, % L CRIZOFEOHEH & & FD4F
DEZAFNF—HFHEENOFHR CE 725l = L ThENSIUE L2 BICHFE L5l
Thb, ZLTOIE, ODOF —FIZHSE | TrucostE AN EFF 2 BUfS L T\ D BRI ER L %
HICHFH LT —2Tho, OlZix. O0KELEEND,

Ozt L, @7 —# Tid, BREEEFHROABNPEAL TWHARWEHEDOGHGEEH &R E%Z
‘/BoNDd, TOH, ARFFRICBNTHON—TEZ HRERB LT —# a2 BicEmnsgs z
EMTE, FEFANRMNELRT L RE LI AT v bbb d Y, — 5T, BREEEEERICHB
TRESINTZNRTA—H—DFRELZ T 5720, AREEOREENHICL <, @ EE - Hil
EEEOBMER, HEROFELZZT, EELD HESEHINTLEI EWVWIT AT v B3 H
5o, Zhdidk EE - FEEICB O TE, REEEZEMEROERNPEA T RN, EEEO G
DOEFAEEL 20O THY , BREICBWTIER LRV S, # 2 TR T, OLO®
DT OF—F ¥y MTEBWT, AFEM & Shadow priceZ B L, EF/LOIHKE S W2 MRS
HZLl Lz, QDT —HFEMEATHZEIZEY, TETMIZBOWTHEFH SO EN, K& <K
BN $5HE0W) 2 ETE N, THIETQDOT —F NERICB T 5 EHHBETHY  ShloTT
MZBWTERLEETHL 70T 4T H—7 (EOLIFROBRWEENMED HiF 5 hfR) O
FRAZ S FE NN T 5,

MBET— 2B L TL, St bFEORFERICHIVRE L TBY | o5 BEEIISFHER
ZE TN D 7o O ERM S FIRE R B O BT 57 — # BHEIIE S ICBGT 5 Z LN TE 5,
AlENE, HRERBOEEMET — 22t TH Y | R DK 66,000 14 7 73— % K[EHFactset
OEMEZE ATz, 2B, S HEMEIAER 25 7-®, Factset standard (FactsetfLiZ 11 5 7w — R

" Trucost #EDHEFERIFE FiiE, 464 TRy SN TS, FEMZARRK 1L, Appendix Z BB Z &,

¥ Trucost #1: & Carbon Disclosure Project 1%, ITAEHERIEH) S— R — v FEaFFERE LTI D2 & Th D,

' BAKIZIIT D Case reference number |3 PN758150JP, Publication number /& 456751, Filing date | 29 Nov 2001,

Y Optimization model Zffi ]l L TW 572, H o FAEBDRNE | BT IABRE LA2VMEEIZH 5,

® HITE Trucost #hid, KEOREIEEEERZEA L THY | REEEHBARZER L TOTWAEEETH-Th,
VL HEOEOBREEEEERICKILL T DD TRV SICHEELTHE 2, ZoMICELTH, 414
Trucost flZIET — X EfFD LV —EBOREZHFHF LI EZATH D,
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SRR —HEYE)NC 0 R S B & N, EERIIUSDA R L, BAESEHER R Yo Ak L
— F &V L7145, 2000 4B ICT 7 L— k LT,

AT B THIFERT 5 & 9 2 WL, Trucost £LD 7 — & 7338 X 7172 2002 420> 5 EUT D 2009
FEOIFERMAEIARLT D, LvL 2002 067 — X OBIRZED TWOEERITIIRY 35 5
71&5 LA R T X 5 2007-2009 0 3FEM B AFEMICRAZITO 2 & & Lo, RFHEER

(B L TIE. 12 HERMODOEENSE o772, 12 A &S J: LAk e W AME#RLZ L EL
72o DOF VARV TIL, 2008 4F & EH SN TV DA, 12 A Kk O D2 Tr 2008 4 1
F-2008 4F 12 A, 3 AKKFDH DI TIL 2008 4F 4 H—2009 43 A, 9 Ao DEZHETIX, 2007
10 H-2008 4 9 H D 1 FEOEFNRHANLNTWVWE EWNWH Z & TH D,

ARIGHT RIS L 35 ¥MIT, BB E - B B)H 5 (Automobile & Parts), fkfﬂ'@%‘fﬁ%ﬁ Eh it
%34 (Basic Resources), {L2%(Chemicals). Fiiil + % A (Oil & Gas), & /1233 (Utilities)®®, T3]
fin + B — B A (Industrial Goods & Services), 7% « HE¥ & b1 (Construction & Materials), 7 « F L
H i (Personal & Household Goods), i#{E (Telecommunications), 72 / & ’— (Technology). ~/V
A /-7 (Healthcare), fi{T(Travel & Leisure), /7% (Retail), £ fh(Food & Beverage), <ffi(Financial),
A HEPE(Real Estate), AT « 7 (Media)® 17 (fTh 5, EOFEROBICE L TIX, 4RBEHE A
VT I AEEDREE AT > TUNAHFTSERE 2 DICB-Super Sector A B L=, F7-FF /LRun®
BRI, K EROT — 2 5% —ELLEIZT 5728, /NiE(Retail), 4l (Financial), ~E) 7 (Real Estate)
e LT, AR TG L T5REHIILLTOMEY ,

2002D 2002E 2007D 2007E

1 Automobiles & Parts 10 28 27 70

2 Basic Resources 12 68 65 174

3 Chemicals 18 50 49 116

4 Construction & Materials 4 52 42 124

5 Food & Beverage 5 52 39 128

6 Healthcare 12 56 49 152

7 Industrial Goods & Services 18 218 130 499

8 Media 2 39 13 101

9 Oil & Gas 13 65 75 206

10 Personal & Household Goods 11 69 51 144
11 Retail + Financial Services + Insurance + Real Estate 3 86 28 243
12 Technology 6 91 57 222
13 Telecommunications 7 34 29 96
14 Travel & Leisure 5 43 24 106
15 Utilities 43 73 103 148
Number of companies: 169 1,024 781 2,529

#3 KT —FTy MBI L EMIEER

() 2002D & 1. 2002-2009 4D 8 4E[E M Disclosure only, 2002E & XA H#iE D Estimate % & %
72358 0F —% ¥ - ,2007D IZ 2007-2009 4E 0 3 4[] O Disclosure only. [F4£IZ 2007E 1% Estimate
bEOT =Xy N ThHDH, T XL LTI 1,024 10D 84FE5y DT — ¥ % J1 73— % 2002E
DI HREV,

e ﬂﬁ¢1ﬁﬁf&<ﬁﬁ*ﬁ£@%§\/~]\’i’ﬁﬁb‘t 1%, Trucost A & > &' — K| ?Huiéf:&)’f“%éo

2 IZH AEBE NP DO =R X =2 L T A eELEEND, 0l &Gas EFUTIIFITAEFEE - fifle X 25
#|7LE> MR L. Utilities IIZ= R X =212 0 & L=AEMED @V pE S '?D‘H'HEX?:?Eﬁtﬁ‘é wHREEND,
POFTSEIEE T 4 F b - Z A AR E vy RUGERBG IR LRSS AW L RETHY, A T v 7 AD
WL FN D OEELITH, BEMR 77 VEOBEEIC Y —E A ZHEE LTV 5,
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2002D 2002E 2007D 2007E 2002D 2002E 2007D 2007E

UNITED STATES 42 377 197 749 GREECE 1 5 4 11
UNITED KINGDOM 27 163 92 258 PORTUGAL 1 5 6 7
JAPAN 27 101 88 158 IRELAND 0 5 1 7
FRANCE 12 49 39 71 MEXICO 0 4 4 17
GERMANY 9 38 32 68 SINGAPORE 0 3 1 21
SWEDEN 7 23 22 38 INDONESIA 0 3 2 20
SWITZERLAND 7 23 21 36 ISRAEL 0 2 0 18
SPAIN 5 22 19 32 LUXEMBOURG 0 2 1 6
ITALY 6 21 16 34 SOUTH AFRICA 0 1 7 19
CHINA 3 20 6 101 POLAND 0 1 1 19
CANADA 2 17 33 78 RUSSIA 0 1 1 16
NETHERLANDS 3 16 16 33 PHILIPPINES 0 1 0 15
FINLAND 6 16 11 27 BERMUDA 0 1 1 2
TAIWAN 0 15 13 127 PAKISTAN 0 1 0 1
SOUTH KOREA 1 12 26 160 TURKEY 0 0 2 22
HONG KONG 3 10 10 50 CHILE 0 0 4 20
NORWAY 1 10 9 19 EGYPT 0 0 0 10
INDIA 0 9 24 59 PERU 0 0 2 8
AUSTRALIA 3 8 18 33 MOROCCO 0 0 0 5
MALAYSIA 0 8 5 29 HUNGARY 0 0 2 3
DENMARK 1 8 9 17 CZECH REPUBLIC 0 0 1 2
BELGIUM 1 7 7 11 ARGENTINA 0 0 0 2
BRAZIL 1 6 19 51 PANAMA 0 0 1 1
THAILAND 0 6 4 24 CAYMAN ISLANDS 0 0 0 1
AUSTRIA 0 4 4 12 SRI LANKA 0 0 0 1

169 1,024 781 2,529
Fa KT—HEy MBI HEBIEK

fER L7727 — 2%, 72 EE. BRI (EBIT: Earnings before Interests and Taxes), 72 [ JEATi(COGS:
Cost of Goods Sold), ZEFERITE i, #%{ii+% & £ H (Capex: Capital Expenditure), #JF%5A %% (R&D:
Research & Development), 1&ZE{HifE (EV: Enterprise Value), #3&PE (Total Asset), JiEh& i (Current
Asset), GHGHEH! B (RUHTHEE EICB W THIEXI S & SR TW5 6 HA)TH D », GHGHEH &I
LTI, Scope 1(BELEEFEIZI 1T D HEH), 2(EXEM 72 LI X 28EH). 3(Z DO fthi@E) RS 7
TAT 2= DLOHH)DOETEEDDHZ LI Lz, Mx THARMEICE L T, S8R
WMEEICHE L W AEEREEAICOVWT S, MEICINE LFEH L,

Scopel-2-3 2 TCOHFTEHANDL Z LI LIZEHEIE, O&TE2EH5HZ LT, L0 EEEDOGHGHE
HEORKGZITET L2 2 ENAEL b 2 b &, OARFIETIE, BEE L Vo T ES N3
RTEFRL, TRAT 4T ~IVATT | iR 7 ERIANEREZ XSG L 35728, Scoper
RELT-GE, EREOFERENM LW —ANEL b0 THD, LA LScope3 DV
TAF 2= DT —HiT, FERCBWTCAZ U A= FRER SN TWAERTTHY BRI
BN TREBEE S AT RE AT TIE A2 LT L7272 TR THESC 8B ORI FH o B IcHE i S hviz
GHGO L AT A= L & L1 2, F/-Trucostthid, KHNKEI/ LYy FE LTHAL-GHG

2 GWAOME L CHETEEEGREE-RENEE) L, e ~T U T LOERREGFHEERITME LT, 7 BEME vz,
72 LT & 3, BEROY — B R BRI D DK RGO Z L Th D, INEEDFE . SN D OB O AT % |
A =T —O8E, EARMNICEIE T A o TONEFONEE 72 & & NG L7 8UGE U 4 E T 5, AMEZICIE, R
XL E LR T Ay NOAEITE EN,

2 Scope 1-2-3 (2B 5 Trucost #ED XA IFIZLL F O Y (Trucost #HEEAEEEL L 0 $8E) , Scope 1 (tonne) All GHG emissions
from sources that are owned or controlled by the company. Scope 2 (tonne) CO2e emissions from consumption of purchased
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FMEZ, RENPLZELSIK ZEIEFLTWRWnWED, —EEEOMENIREZ LY v FOEAIZ
KO LTND ENDH 2 &y,

KRBT, T— &iﬁbfﬁ%ﬁ%®f%étw T =TT —OFREFIITMLOEEE
Hotz, L, =7 —%%RIHRTE TWARIEIRVD T, ZZICED X I RGEIcET
—MWNEC T HEMEN & D ). it%ﬂET EMEICRI L. ED LD ITHHL L 7=z o0 ::c:
T2, =7 —1F. OERT — ¥ DEFER - T2IGE B TiEE2 KIBICE 2725
@Trucost #2387 — &®§%u+%’fuho7ﬁ/ﬁm\ (OFactset tL3 7 — % OEFH RS 1255 @Zlﬁlﬂ:h
YHERENT — X OEFHERSTZGEIL, BZ o772 m R’ H 5,

OOIZBI LTk, {2 - TrucostfhiZ / U NI BHEEE XL TV 22y o 72 2002-2004 25721 (2,
AN KEEIZHER L TV D 7 — AR & T, Trucostjfi%@ BRI 0¥ 2 %R %
BRI L T 0D, w2 /XU — - J AT IRITFEL TV ed o 72 2002-2003 4 DN
BHNZB T, BRAE - BIEN 5 TRy RN E TEX R, 20745 EIXFEEDT
—Z & o7 FY 2RI, AREAHBETAET —ZERIEL. T2 DELEEITo7
FIREEORE R, 7 — & OFEEE X 2005-2006 FFEED S FREEAITHTWND &) Z B LT,
ZAVIEE B ZE, TrucostfhLIZIRET —Z DINEICBIT S /) uuRERBEIN-Z L, £72
Trucostft:NIZ VT, 7 — & DCross-checki BE (HT4FFE xf bt C 25% LA _EEAE I TeBE DS & - T2 55
FAEOBEMEREIT O )N, ZOENGEAINTZZIERERELTEZLND,

F D GHG JEHET — X 1B LTIk, ¥ENEF R - TiEE2 KIBICEFE LB Ll

— XY DO EERNAEL S, LT, ZHUHIMEERARERES L Z UV, jJDK“CTrucostﬁ

D7 EHBIRERIZEB W T, BEDFTFE ORE %2 GHG JEHHEEZFICB W TEEMZ A8 L
TWThH, TNHET—H v ML TV au, _h ZOoOWTRHEICRIWE DB E 25,
FftDT =2 OFT- DAL Th 2 MERIT, BRAICBWTHAEEOR T LNATE LT,
Hf@ﬁf&@%&@&%#éﬁ@ﬁ%f%ét&>H£®7 2 DEEICB W TiE~ T —
ZENTWARNEDZ L Tholz, LN L UL A BEDDARENEN 5, Z T4 B2

RO 2T HEIIE, L TIBEDO LU RERLZNLTH Y, 5% GHG PEH & B 7= s -

BENEIEIZ72 5 H T, Trucost £Li ;Lj&@éﬁ%ﬂ)ﬂkit%ﬁkﬁﬁ“éﬁﬁ'@ii Z A A[REME DS B
HbThb, ZHIZEHLTIISH ML ED TW T, F— 2B DR EOHR % JAF D 72
WeZAThB,

@FactsetttDF — X 1T L T, 1BIEWEEEZ I AA—LTEBY ., £72%< ORFLaEEICE
WTHEHSN TV D LD THES LD, T—F AN I AR, P—_—x T =P L )R- -5l
NE T a— RENDEERHDHZ EICHEENRLETH D, ZOOAENT., BEER 25%
L EFelfEZE LTS 5iSC, EV/EBTIDA multipleZ K4 4 72 Ratio /4T & % C Bw & b 7= $ufil
&R, FactsetfLICEME O MR A KHE LHEGR - B IEO Y a R 2T — ¥ 2 Lz, L»
L 60 TiEWT—ZRA LV MIBWTE T —% RO 2 DIFIEFICRE -, £ TOZT—R
PEBRTE TV D LITBR B2y, B ZFactsettt MBS T — 2 1B L Tk, R¥EMEEEZ AR
L7ZBRICiX, BIERNMTOIND Z 2o TnD, WIZBELTIE, Yoo vk a—~vr =T —
DAREMETH D, ZHUTEI LTI, Trucostfl, FactsetfED MG DT F U &2~ 5 & BRELRLVEY
ik, FEMREITO) ZLICLY, =T —DaREE 2R RKRBICH ST L 2% hE Lz,

electricity, heat or steam by the company. Scope 3 (tonne) Other indirect emissions, such as the extraction and production of
purchased materials and fuels, transport-related activities in vehicles not owned or controlled by the reporting entity, electricity
related activities (e.g. T&D losses) not covered in Scope 2, outsourced activities, waste disposal, etc.

* Scope 1-2-3 IZBI3 5 Trucost tEDX A IFIZLL T DIE Y (Trucost HHRALEEL X 0 $5FE) , Scope 1 (tonne) All GHG emissions
from sources that are owned or controlled by the company. Scope 2 (tonne) CO2e emissions from consumption of purchased
electricity, heat or steam by the company. Scope 3 (tonne) Other indirect emissions, such as the extraction and production of
purchased materials and fuels, transport-related activities in vehicles not owned or controlled by the reporting entity, electricity
related activities (e.g. T&D losses) not covered in Scope 2, outsourced activities, waste disposal, etc.

P OHBEEOBICIE, AV OTFAT—H ZFEER L, BTSN @EHN RO 1ZBICIE, Trucost (DT — & ~N—2 k
DEEEEE N DIEEEITo T,
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Inefficiency Score by Country
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6 [EHlInefficiency Score”’

% 2002DE,2007DE ® 4 SDF—H ¥ v b AVREEITo72L 25, TRL Ly REARL TV, K EC
BT, T VOGRS B2y 72 2002E(2002 4£7> 5 2009 40 8 4D T — Z IZHS RO A E TR T 5,

7ORENZIE, 1,028 #0 8ESOREREFNTWND, Tur T4 TR, L a—), TarT 4 TR TIERD, Fh
X, 2002 27 e T 4 TARELEFINTYH, 2003 FI7 3 —< 2 AN HIUR, FEZEZ, 2003 FicBW\WT7m
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X 6%, 5 37 U[E 1,024 £ 2002 F->5 2009 D 8 M D, GHG HEMH % 8 A 7= £ 5 2h
(Inefficiency score) %, [ERNI/ R LI D TH D, K REINIZEZY > T VEOLCKE, 5
E, AR, 77 A, FE(FEREEL)E FM Y06 HETHY, By aEZOKEX, [FE
2B D 71 T ¢ 7 F(Inefficiency score 3 11 TH U IR E 21T o T D LFHMETE 54
ROFE)TH D,

6 M5, BREZROEWEZE (Inefficiency score DRV VEZE) & V{2 (Inefficiency score D &\
NI, FEICTFET D ER™DnD, KEREOY L TANREZNT=D, KEOBENKE L
FIZPTN TN RCKEIC T 0 T 4 T HA—T %W T 5 L5 BERAENET LTS
DI TRV LR, 7ar T A TRNLHND %, ERCEIHAKEICEEL, e
LT, BEAENTOIET > ARENEITIH 228, TEEEHERBELNCH, HEE L FREEOF
AT70rT 4 TRERIFELTEY GHREREAS a— LR REEL VI AL A—=DITH L &
S ENBERETHDHEBMIHED P, 2L CoDT0rT 4 TR L EDREEDONBIT, itk
ER¥A a— L ERAeE, FHESEA 3 — L IIENRMETITR L EREEIIZEIIAE
LTEY., TNHIREEDE EIF AT 52 L 220, HROGHGHEH HIT & Bk
ThdZ Eard s, HRANGHGHEH EDOMHIZ X 25 72 HI12iE, FrE O ECHIRK /21T Tl <,
BENZBWTEEDOGHGHE N Z# A - A HEET 2BUR DM E L SN TWHDOTH D,

# 512, LD 8 43 @ Inefficiency score D FREJfE, HfE, B L OMREEE ERICET,

Average Median Average Median
Inefficiency Inefficiency Number of Inefficiency Inefficiency Number of
Score Score Companies Score Score Companies

UNITED STATES 0.28 0.22 377 BRAZIL 0.39 0.39 6
UNITED KINGDOM 0.36 0.32 163 THAILAND 0.18 0.05 6
JAPAN 0.22 0.17 101 GREECE 0.20 0.20 5
FRANCE 0.20 0.11 49 IRELAND 0.34 0.29 5
CHINA+HK+TAIWAN 0.48 0.49 45 PORTUGAL 0.46 0.44 5
GERMANY 0.22 0.11 38 AUSTRIA 0.20 0.17 4
SWEDEN 0.24 0.17 23 MEXICO 0.18 0.11 4
SWITZERLAND 0.19 0.03 23 INDONESIA 0.12 0.00 3
SPAIN 0.23 0.21 22 SINGAPORE 0.40 0.31 3
ITALY 0.23 0.16 21 ISRAEL 0.23 0.11 2
CANADA 0.36 0.32 17 LUXEMBOURG 0.15 0.04 2
FINLAND 0.23 0.21 16 BERMUDA 0.39 0.37 1
NETHERLANDS 0.30 0.21 16 PAKISTAN 0.35 0.14 1
SOUTH KOREA 0.42 0.50 12 PHILIPPINES 0.06 0.04 1
NORWAY 0.39 0.25 10 POLAND 0.08 0.07 1
INDIA 0.42 0.42 9 RUSSIA 0.04 0.02 1
AUSTRALIA 0.20 0.16 8 SOUTH AFRICA 0.47 0.47 1
DENMARK 0.37 0.26 8

MALAYSIA 0.28 0.22 8

BELGIUM 0.18 0.13 7

# 5 [EH Inefficiency Score “F¥IfE, HREE X OB

KE5MWDH, 7T A KA Y AL ZFEDOKINAEF L OVH A D Inefficiency score 23K < | FefE
REOENEWZ E NS5, E7- Inefficiency score DM & thdufii & k45 & 1IFTET
DEEB7 B EY 33 DENIZEBWNT, FEELIPRIEL EES>TWD Z R85, Ziud, F

2 LRI ER IR S PEEMICIT o TV D, FOTEOARKICEBWTCKEO I — T WA F > T LThH, =
FUTHICH > PAER L Do T2120, HERHEREZ R TARICBO THICE > TWAREIT Tho T, 70V T4 T H—T
DIEIRMBEFITE I > TV D DI TIEZR W,

P R LERSEETLE LY IANEE S, FEICELVEZD I L TH D, EETOTEITAR,
Eo7warT 4 THRE, 15% ThH-o72,
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EA—EERICLVSIE ETFoRTND 2 L, £ LT, FEICBW THDRREE 217> TV D
BENPEERZ EDDER IV RN L EERT D,

WFEENREN2ESG H L5720, K712, ERfEReHERICE LD D, BARRS 7 U7,
HE - FH - BB, ®E, AR, YR A =T AV RRYT, 74U E
o8 AE, FEEERLS BRIMNZIZ, RAY, 7TV AL AL A AT 2—FT v AL A X
T 74TV R INT 2= Tov— SAF— FTUH XV RV T
ANTY R, A=A NIT, V7B TATD 16 BWE, TOMIZIF, A=A T VT, TTY
b, Axva, A AT, al T, R—=TLU R, NRNFRAZ NRIa—F EHT 7V D9
HEEET,

Inefficiency Score by Region
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7 Hu A Inefficiency score®

ZOFERD G HIH Inefficiency score X, T YT (HARRL ), EE, KE - AT H, T O,

MM (BEERR L), £ LT HADIEIZIRNZ L2343 03%, Inefficiency score 2MEWE WD Z L%, &
KB - =T VT GHG ¥ RV AL hOETOBEND, EmWRESREZER L TND L
WHZETHD, INETH, BABEORERIFOE S, £ET A B 58 =X OREIL

HRINCEEHE I ND L ZATHo72M, AFFEICBWTIE, 2FE¥41E U T, HAREEHED GHG
HEHH 2 8 - B Zh RN EREICH X TEWVWLDTHLZ ERALNE -7, ZHITHAR
E O EREFHS D OE S 2R3 T HOTH Y | REFIFIDRE SN, R Chieb AN
HIVIKHEIZH D Z L BB TH LD TH D,

Inefficiency score D 7T REDOHEINT O D EBENITERN L, ZOENMRHE SN D DX

BN R om Bl ERNIE L 72 5720 BRI D, Ko THAREME OB G T DFED,

BRIRTRE I D EI13EB 2T, Lo LETEEREORIECTIRICBIT 258 oMb, £
EW$%®%¢%K%otHﬁﬁ%®ﬁ%ﬁ®ﬁﬁ%ﬁ?iwiﬂéi9 272> TALL  E -
HESMEZEDFERAY 72 M&A T B2 P LWEESITFICRB T 2 HEZ B L, SR 12 Em O T
LZOLHEETHAHH, T, BARBEOHRIENIEE A% bR SE 5720121, BALSE
D GHG BT & RRFE ORI HIRENROLBEZ MG SIE D EDOTE D L9 RBURSCEIR
AP A AROERREENEDL ZENHFETHDL EEZ OGNS, BACEOEIICE D5
BRSENNHROND L) RBEEO B RIICES I v P AV MO, BT LWEE - B4 4
HHTTZDITIIAA KRR R T U Z =2 DiFo&E ) LEEREFEFMEDOH AHEIR OB ARSI L
EHTWBEDOTHA D,

0y aRNBFIE, RHBEERTH D,
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BEFETIT, £ 6 (ZERIEERMNOMEFER D D,

Automobiles Basic Chemicals Construction Financial Food & Healthcare Industrial Media
& Parts Resources & Materials  Services Beverage Goods &
Services

UNITED STATES 5 14 16 10 2 19 27 79 10
UNITED KINGDOM 8 48 10
JAPAN 10
FRANCE 4
CHINA

HONG KONG

TAIWAN

GERMANY 5
SWITZERLAND 3
SWEDEN 4

SPAIN 1

ITALY 2

CANADA 9

FINLAND 1 4 1
NETHERLANDS 2 4
SOUTH KOREA
NORWAY
INDIA
AUSTRALIA
MALAYSIA 1 2 1
DENMARK 1 1 4 1
BELGIUM 2 1 1 1
THAILAND 1 2

BRAZIL 1 1 1
GREECE
IRELAND
PORTUGAL
MEXICO
AUSTRIA
INDONESIA 1 2

SINGAPORE 1 1
LUXEMBOURG 1

ISRAEL 1

RUSSIA 1

PHILIPPINES

POLAND 1

PAKISTAN 1

BERMUDA 1

SOUTH AFRICA 1

Total 28 68 50 52 6 52 56 218 39
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Oil & Gas  Personal & Real Retail Technology Telecommu Travel &  Utilities Total
Household Estate nications Leisure
Goods
UNITED STATES 26 27 1 45 46 6 12 32 377
UNITED KINGDOM 13 11 12 13 4 12 4 163
JAPAN 2 10 3 2 4 5 101
FRANCE 3 5 3 3 1 2 1 49
CHINA 2 1 1 2 3 20
HONG KONG 3 10
TAIWAN 1 5 2 15
GERMANY 4 2 3 1 2 2 38
SWITZERLAND 1 1 1 1 23
SWEDEN 3 1 1 1 2 1 23
SPAIN 2 1 1 1 2 6 22
ITALY 2 3 1 1 1 3 21
CANADA 1 1 1 3 17
FINLAND 1 1 2 1 16
NETHERLANDS 3 1 3 1 16
SOUTH KOREA 1 1 1 1 12
NORWAY 4 1 10
INDIA 3 3 1 9
AUSTRALIA 3 1 8
MALAYSIA 1 1 2 8
DENMARK 1 8
BELGIUM 1 1 7
THAILAND 1 2 6
BRAZIL 3 6
GREECE 1 1 1 5
IRELAND 5
PORTUGAL 1 1 1 5
MEXICO 1 4
AUSTRIA 1 1 1 1 4
INDONESIA 3
SINGAPORE 1 3
LUXEMBOURG 1 2
ISRAEL 1 2
RUSSIA 1
PHILIPPINES 1 1
POLAND 1
PAKISTAN 1
BERMUDA 1
SOUTH AFRICA 1
Total 65 69 4 76 91 34 43 73 1,024
#*6-2 [ERIEENSREFEL
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812, HEAR 37 HIE 1,024 tLd, 2002 £/~ 2009 4= 8 4] Shadow price % [ERIIZ/RT,

(UsD) Shadow Price by Country
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8 [EHIShadow Price’"

8 X V. Inefficiency score D#EE[FHEE. Shadow price D EWEZE SRV ZEIIHKEICHFEL T
B AEIZBWTLEZED Shadow price Z Il T 2BURDBME L SN TWDZ RN nbd, £
Shadow price @ #HFRIZR & < HiA > TE Y | FEIZI VT Shadow price D EWEENFET H—
F. HEREYZAMIZ GHG DBPEH ZHIR TX A REL L FET H I EXMEZ D,

#F 712, EFC 8 #43™ Shadow price D F-HJfE, H9-fE. Shadow price 73 100 K/, 1,000 F/L,
10,000 R/VLLT DARZENREZ 5 5E|6 . 3 J U sShadow price DBAIE A [E RN R T,

OKEIZIE, 1,024 £HD 8 AESOFE R A VTS,
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Average Median Shadow Price Shadow Price Shadow Price Shadow Price

Shadow Price  Shadow Price <20 <100 <1,000 <10,000 f# obs
1 UNITED STATES 9,809 3,340 5% 10% 28% 74% 2,321
2 UNITED KINGDOM 13,544 7,335 2% 6% 19% 60% 1,119
3 JAPAN 6,626 2,332 3% 8% 35% 83% 689
4 FRANCE 16,686 8,697 3% 7% 15% 52% 319
5 CHINA+HK+TAIWAN 8,453 4,316 8% 14% 36% 74% 277
6 GERMANY 15,433 9,423 1% 6% 17% 54% 223
7 SWITZERLAND 11,003 5,579 4% 10% 18% 65% 155
8 SWEDEN 14,074 7,086 2% 8% 22% 56% 152
9 ITALY 11,406 5,780 5% 15% 2% 65% 137
10 SPAIN 12,482 3,146 9% 22% 40% 70% 133
11 CANADA 2,120 469 3% 11% 70% 94% 118
12 NETHERLANDS 9,917 3,536 0% 3% 14% 63% 109
13 FINLAND 13,088 1,986 12% 18% 37% 66% 98
14 NORWAY 2,955 612 1% 12% 57% 90% 67
15 SOUTH KOREA 5,739 3,216 1% 3% 39% 82% 67
16 DENMARK 7,03 5,640 7% 12% 20% 71% 58
17 INDIA 19,279 18,259 2% 13% 29% 44% 45
18 BRAZIL 13,707 10,107 0% 5% 20% 49% 41
19 MALAYSIA 4,253 582 35% 38% 55% 80% 40
20 IRELAND 11,596 8,704 5% 16% 24% 53% 38
21 AUSTRALIA 2,080 878 19% 30% 54% 95% 37
22 BELGIUM 6,904 2,817 0% 5% 27% 73% 37
23 PORTUGAL 9,417 7,830 29% 29% 34% 60% 35
24 GREECE 5,743 5,103 11% 11% 15% 85% 27
25 SINGAPORE 6,610 4,115 0% 0% 13% 79% 24
26 AUSTRIA 2,815 685 23% 41% 50% 95% 2
27 THAILAND 69 18 52% 86% 100% 100% 21
28 MEXICO 5,830 5,349 12% 24% 29% 82% 17
29 INDONESIA ) 9 63% 75% 100% 100% 8
30 LUXEMBOURG 5,660 3,189 0% 25% 38% 75% 8
31 PHILIPPINES 1,265 1,100 0% 0% 25% 100% 8
32 POLAND 519 570 0% 25% 75% 100% 8
33 SOUTH AFRICA 113 98 25% 50% 100% 100% 8
34 BERMUDA 319 240 17% 17% 100% 100% 6
35 ISRAEL 3,496 3,201 0% 0% 50% 100% 6
36 RUSSIA 2 25 25% 100% 100% 100% 4
37 PAKISTAN 73 102 33% 33% 100% 100% 3

Average 10,414 4,189 5% 10% 28% 70%

# 7 [EBIshadow price Ml Hf, Shadow priceflif&BlIEIA . BRIk *

5 37 B [E D F¥ D Shadow price 13 10,414 F/L HRfE 1L 4,189 KL CTH Y . H AR Shadow
price DXEHIfEIE 6,626 R/, Fofiiid 2,332 Kk, #HREHE K& FRIAER L o7, £
7= Shadow price DI & HHAEA i3 H &, 26 2 DOFEICIIREREZRH Y | FEOD
Shadow price D -MEN, —HEEICL > THE EFoNTWDHZ Enmgnsd, 2L T, RO
1 E|D4Z1T 100 K/VLLTF O Shadow price(GHG FEHHEIE 1 b & 7= v (it & 4 558 L&) T,
935123 1,000 R/VLLFC, 75123 10,000 RAVLLFCHRR CE 5 Z ERNHBA L7z, HARDOEA,
100 R/VELR TR 11,1000 R/VEL T T 3 %15 43,10000 R/LCTH) 8 BIDRZEMNHIIHINK D 72
it & e L, k=2 A b T GHG ZHII T & % mIHEME2 8 5, Shadow price 1%, FRSHIEE H O
BRETHDLI-D, EERICHEHEIRICKLE L 228X, Zha FRDEBZ2 b5, X8IZ,
EFERERAZHIENICE DD, Ml X, 6 LREIEETH B,

2 BRTOFIET, RTOEMEEZHNTOFHTHY)  RPTHEATE 2HELITRRL 2 LICHER L THEE U,
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Shadow Price by Region
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VX — DRI e E A EE O DR R A EREN AR T 5 2 LT LV IRk 72 GHG HEHHI
AR SNDAREME A RIBE L TR, 7 U — VA= XA(CIean Development Mechanism:
COM)%& | & b [E - HriE & e 2 58 SHEA O LB - EEMEASRER I N AR VW X 9,
Fo, AEOT VT OV IR T S, TEEEE /%.z.atfm%@il 1359 50%., HEEEZED
HEITN 1% THY . ZHBELIZBITL7v T4 7RIT, £hth 16%2: 15%ThH o, ZD

B8y aNETE, BIETH D,

23 MEEA HIKIRITHIEHTZTHES (IGES)



FERIZ, TOTICBWTCIEEED Ny 7720 25 X5 RBERBENFET 55— T, 3D
RIGNEEDRIESLSGFET D EMIRTE 5, TD72H, BHARD Shadow price DL T U7 &L
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FHE BN R OITRIZEE X D,

&Iz, ERIO GHG HEH % #% 7% 7= Total Factor Productivity(& B A FEME) O E 245, X 10
(2, 2002 4E72 5 2009 FFIZB T 5. KED GHG HEtH & 82 7= TFP O E O RFHE %2 R,

Productivity Change by Country
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LCWiuE, AFEHIm EL2VWoThd, ZOEIL, BEOTESA v RicBIF 2 HEIX
iﬁ@@@@%%ok%%fmﬁmkﬁﬁfgéoﬁl TBWTIE, AWFE @ﬂ%%ﬁf%é
2002 FEH 5 2009 EDRINC . DRI AFERE ~DIEMRA 72 S TIRE M ThN - 2 L2, Z DR
LLTEZONS, RBEICEBNT, FESCA » ROBEAZ by 71, HHRFELHO 1.5 20 KX
<ﬁzéa#ﬁ<_%MLtmfﬁéﬁiﬁmW@m4MiE%m IXAEFENZ SGE S A

REMEN & B 03, FrilE o R IR 2Bt 15 % B i U72is O bl Be 72 8 AR AL pENE
®ﬁTK%5¢é:kﬁ\%ﬁﬁ%?%%ﬁéhfnémwmajmmoitﬁ%m\éEﬁ
R NTHRR E LR, EEHHICBOD T LWEFICILINTHWIREETHY
HEME A R RO ST ST o T BRI BB 2T W RIS E AR R by 7 O Z T > T D Z &I
HIEEKRTHEEZOBND, UL, Pandey et al. (2009)°Chaudhuri et al.(2010) 5 28, H[E « A >
FoflEEom/ MeEs2ERENTS 2SR E LRI W CUHESENEORFREL &
BATAEFEMZT FE TS EELZ RH L0 B R Th 5, HTELE CTAFEREDHO
PHERTELDIE, 7VT7 TRIHEE LA * HEATET IOV TH L, AADAEERDOREIT
017 &, HHOHFTEH hy 77 7 22HV ., KED 0.1, HE[ED 0.04, 77 AD 0.08, KA
? 0.09 % EAYD . HAREOHMBOBMINRINDLER Lo 7,

FEH

FEZh= A - Shadow price DEWEFEL, KEICFEL TH V., RO GHG HEH I % X % 7=

2iE, BHEICBWTEHEED GHG HEH 2B AT-RE 2 HET AIMNERH D, LI beE
DRI E D DEE RN T2, ﬂ%?Fxﬁﬁm%@%@(%ﬂ’]ﬁﬁ WX TBORZ T 5 Z L1
F 0. EESKRODEMEOHRARIE LIFIEREEZ X OND,

H A3 D Shadow price 131K <. GHG Z#EAT-MREZNIRIIHARADO hy T LLizhH v BA -
T ~T UT I GHG ¥ X VAL FOETOBEND, MORESRELER L TCWD, £
GHGHEH 2 A T AEPEME DR ERICBEA L TH  HARBEIFIHRADO hy 77 T RCHDH T &b,
R IRBHIFI Y SN2 O. B ARBEOHSHEMIEIZES W EWR D, 7272 LBIE H AN
ENENPN TV DBFEREITE L < . 5% b HARBEOHHBEMEN RTINS X 5 RBERDE
ANIVETHD EEZEZ DILD, FT2Z OfRERIT, WHKEZEIPSHEAZBIZIB W T, FEORSH
WEHPR—ED LU 5 X 912 GHG HITHEN R E S NT-H%4E . Shadow price 23 FHRF AR
l/ YEAKREOHNEEZS, ME & b LIRS F A TR Z R L TR Y, IRAEIEE H o —E1tk
CMEICEREBW I Em A HARENER T2 DG SERBEL TN D,

Z L TANIETIR, PEEBEBET) R ET U7 OFBENTIL, B ZROEWE RAEENF
£ 52— T, BUEO TEOERIFEEEDOM O 2 LR o 1ol R TiEe < IR EEH LS
AET D ATREMED VR S L7z, ZOFERIL. COM HORSHAZEB U, 77 OIFNFEMEFEICH
KO3P4 M - SEAM R ST, O GHG PEHOIIHNC I 5 LEMETE 5,

I, HEEREITB T D RERKIOZBZONTELET D,

3 hES— R » 4EFTE(2006 £-2010 £4F) Tld, =R AX—HABROSGEL A L LA pER KO &2 BUF 3
FREE LTI CEBY ., ERARMEENMTONTE T, BAR My 7 OfflX, KR CTHOW BN 7 & BiZE
"Hani,

AV RRITET 4 D EACE L TR, SRR S LT &Y ARBIRER R -0, AITB Y B S 1R
L7,
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BRER

ARt v 3 Tk, Adjusted inefficiency score, Shadow price, Productivity D HERHE S & pEZERIIZ
i L, BHEEITBIT DIRFHIOEBIZOWNWTELET 5, F oG R A G A S & LIl

IHTEAT DM, FEATHIIE & D AT 5, 1112, 15 2FE 1,024 £, 2002 £ 5 2009 D
8 fEff] @ Adjusted inefficiency score %, FEZRIIZ/RT, Adjusted inefficiency score & &, iR D
Inefficiency score %, Trucost f1:1C & 5 464 #FE7¢ Emb R 2 HWOFAE L, #2380 A 2 b
RE GHGHEHEDZWER L | AT 4 TRONVAT T 12 EOHPHED D IRNERM DT 4 —
VUREWBTEL LI LIZIEETH D,

Adjusted Inefficiency Score by Industry
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HY ., FEBEEERFEIIBNTUL, BREROEWT v T 4 7 4%(Adjusted inefficiency score
ﬂtm@m%ﬁ%ﬁpbfw&w ERRZITHD,

3% 812, _EFC 8 #43 D Adjusted inefficiency score D -YME, HIE, 7 v 27 ¢ 7 FH(Inefficiency
Score 75>“!Z o DEIE), EFERE. EENCED D,

Number of

Average Median % of Frontier Companies
Automobiles & Parts 0.033 0.000 58% 28
Chemicals 0.051 0.000 67% 50
Construction & Materials 0.022 0.000 80% 52
Food & Beverage 0.026 0.000 73% 52
Oil & Gas 0.116 0.000 57% 65
Travel & Leisure 0.110 0.000 60% 43
Utilities 0.064 0.000 67% 73
Retail, Financial, Real Estate 0.107 0.003 49% 86
Basic Resources 0.139 0.033 45% 68
Industrial Goods & Services 0.283 0.260 8% 218
Healthcare 0.284 0.268 4% 56
Media 0.323 0.300 4% 39
Personal & Household Goods 0.332 0.305 8% 69
Telecommunications 0.357 0.320 0% 34
Technology 0.467 0.483 7% 91

Average 0.204 0.147 34%

# 8 FEIWIAdjusted Inefficiency Score D SEH i, HFoflE, 7r T 4 7R

DR AP T- B2, Adjusted inefficiency score D EHIfETT 0.204, T RAEIE 0.147 L7572, F
7o, SEHE & RRfE A g5 L. [EB O Inefficiency score D ELlg & [FARIT ., SEHIE DN TP Rl &
FRIZFERE - TEY, —HOIEEEOENEEICIY FHEIHL EFohTtns 2 b
WoyInd, £lo, ZORFEEL D BEYE - 55, (b7, X - R EM RS O LEFH D Adjusted
inefficiency score I3 < | GHG PEH A AT ENRITH N &, £-. ZhbEROT7r T
+4 7 #(Adjusted inefficiency score 23 ¥ 1 DE|ENIEWNZ EBX N D, —HF T, 77/ av—, @
B, AT 47, ~VARTTERBREOY—ERAZEITEBIT D GHG HEH & 8 A 72 882 203 K Vi
MIZHY, 7T 4 TREBOT LN EWN I FERITR ST,

INFE THAROBREITEIZE W TIX, GHG BEHHEDZ WG A iz, GHG HEH ER EH S
ABRHIEE 72 BB AL, GHG OFEH B L MENZE D TE 7z, L LA EIORRIT, 2%
&z X, HIEATREZ: GHG HEH ROkt Fid b7 < & b, %~EXF¥’£VT%\wG%
HIMEI OO DERZEAT REZ LA2RBRLTWD, FEREREOBAILIX, ZhETE
A2 MR & WV o Te = RV X — BB RPEEN TN O HEEDORFOA A — /#%\ﬁkﬁgi
ZRLNCHOE SN TE2E 50V RH L, ZOBEMTRESNDILEND D, GHG HEH &N
2V, A 3=/, GHG I ZEEAT-RENENE N EITNZ RO TH D,

B 12 (2, 15 3FE 1,024 0>, 2002 4EH> 5 2009 4E D 8 4E[H] D Shadow price & FEERNT R,

38 RRTOFHMEIL, 2 TOEMEHNTOVETHY , BEPFCHATE 2HE L1385 Z L. £z Adjusted
inefficiency score %, 7¢ EHETHRNFAEL I N TV D53, & 9 T Inefficiency score & thlg L, FFEDERICIB VT,
A2 a7 [ECHEIRAERmAH 2 Z EITERE L THEE 2V, B - fREMCRMERICZBONT, Florvar 7y 7%
BEODIE, ZNHERICEODRNEENLLITFEL, Thon 7 T4 7 LN EBEI N,
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Shadow Price by Sector
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12 PE¥%IShadow price™

12 X V. Shadow price } Adjusted inefficiency score[@lfk., ERMNTBWTHERNIZEB N TE,
RERENDDLZ D15, ZORRIZT, BAROREITE, FRZHEH &I IHIE DOEF - EA
WL, MO TEERBEREZFOTHA ), TIUTZ OREEN, JEHERGIHIE(F THFFICA
— 272 arFR)OBAEZEEICYHR— T 55005 TH5 *, PeHERGIHEIL. GHG
BEHEICRE (X v v NERE L. T OHEHBNTORGI 258925 Z 1L 0 FZ#MEDH 5 GHG
BB EIEITA IR T 2RIEThH D, BRDHGHGH I 2 2 &2 AT 5402 - RN, Whio=
— XA, HEHMEZ RS9 5 Z &1L 0 BHOD W HEHER O BGE 2= 3R S 4,
el E L THIROIEHOBEZED 5 Z N TE 2D TH D, AHFFETIL, ERNIZ R
#>7", Shadow pricelZII R E BN H 5 Z & 437> 7=, Shadow pricelZZZNHDH D THDH NG,
HEH BB A3 A X 41, Shadow price D B W IRV ENPEHMEEL ML — 95 Z & 23,
HAEZ L CTHADOGHGOREHIEZZRICHED D202, RFEEGHENTHDLES2 LD, £ L
TREXEMZ L TEENIZBWN TS, ER{EZEDShadow priceS K& S H2pH L) Z &id, HEH
B ENERE T TRSERNCBWTHRNILI D EWVWI Z E2ERT D Y, oE 08k
HERSIHIEIXZ ENO—EEX2 7 —4Fy MILEbD ThHo THHERIHEEEL S 20 ThH D,

¥ OKENTIE, 1,024 #D 8 4y DFER A AVVT WD, /NG » &fil - RENPE(Retail, Financial, Real Estate) 3 /¢ Adjusted
inefficiency score 237272 H /e I —7 &R LTV A DIZKE L, Shadow price O #if7% USD20000 /it CHaLEEZ ¥ | —if
WEVMEZ RETWA0IE, &t - REEEROEEDT- O TH D,

O F—rrar HFREF, PRI L > TS T D HETH 5, s OV TR, BREEE TENPEHEERSH
FlzonwT] R, EERE THRHEBGIHIE LR 54— v a v FROKE] 238BoZ L,

O EBOMERE X — Y & LTBEHEIRGIHIEE & LT, EU %X, Sectoral crediting mechanism (227 % —Rl|27 13y
NMRIEE) OE\AZFL TV,
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IMZ T, RRFEFERTIZ, SNETEEL VL TLER SN o7, %S - FERO R
% Shadow price Z B 5720235 2 LI X 0 MEBIHITR O HEH EES [ HEE S A Sz BE. BIR
BINZFED F-BHOWFERbEE 2L THAxORENAHTL L R2BEHAOREZ S 729D
DEFHFEINTH I ENTE T, K115, Shadow price i, 77 /v o—, FE - FEMM.
AT 47, BEERAFICBOTEWERENGFET L0, TR VX—ZHERPEELFEIND.,
BN BEIREM . AT AERI B TUIMRNEERZ N2 LR35, ZhTSED &
T OREZEITFEE O R FZHIFI(GHG YEH BN E) TR S5 7=2BEIZiX. Shadow price DEWT 7 /&
U—¥ERER, REIZ VY FOBEWF LAY | Shadow price DIRWVEIAILFEREN, B0 T
ERBHENHZETHD, BURLE, GHG HEHED R 2 2 TOERIZF U L~ O E B3
BAIND ETEZEZIC WD, EBIC, 77 /) n VP —ERNRJBEFHGOTE-Z2HWFILRD &
ITABTE T & WS [RIER D 4T & FEZER D GHG HEHHHITE 2N & 2> & 72 - 72 BRIZ 52 L . Shadow
price DEKIZE D, KNORFIZ LYy ho5e) F - BEWFEZ L CRERZEX T Z & dn
BETH D, AR, BEMDEAINTEBOSECEOAHELHET S22 L HAETH D,

# 912, FC 8 443 ™ Shadow price D F-JfE, H UL, Shadow price 7% 100 K/L, 1,000 R/l
10,000 R/VEA T ORENEKE D 5E|E . I L O Shadow price DB % PEZERNZ R T,

Average Median Shadow Shadow Shadow #obs
Shadow Shadow Price Price Price
Price Price <100 <1,000 <10,000
Utilities 245 46 60% 92% 100% 308
Construction & Materials 2,315 65 52% 65% 96% 311
Basic Resources 456 184 37% 90% 100% 434
Oil & Gas 1,673 582 13% 65% 96% 375
Chemicals 2,020 766 10% 59% 96% 254
Food & Beverage 4,457 3,269 3% 15% 95% 328
Automobiles & Parts 6,969 3,491 3% 25% 84% 146
Travel & Leisure 4,060 4,200 5% 25% 97% 289
Industrial Goods & Services 11,478 4,811 2% 20% 65% 1,614
Retail, Financial, Real Estate 9,620 5,602 0% 7% 72% 547
Personal & Household Goods 16,819 8,718 0% 4% 54% 434
Telecommunications 14,235 11,044 0% 5% 44% 208
Healthcare 13,666 11,605 1% 3% 45% 387
Media 20,341 17,833 1% 1% 25% 285
Technology 29,399 22,092 0% 3% 32% 565
Average 10,414 4,189 10% 28% 70%

#9 PEERIShadow price FHIfE, FHfE, Shadow pricefMit&BIHEI A, LM% *

#9 LV, 15 EFEDFED Shadow price IE 10,414 F/L, FhfilL 4,189 R TH Y, HAD 1

FOEZEIT 100 FAVLLUF T, 3%128 1,000 R/VELF T, 7 HI2% 10,000 F/VLLF T, GHG HEHi(1ton
CO2e) B TE 52 L35, 7= Shadow price DE-HIE & Rl 2t 42 &, 1FITET
DHEFIZEBNT, ThH 2 OOEIZITIRE2EZNH Y | £ 3RO Shadow price DFELIED, —
HOMEIZL->THl&E EFLNTWAS Z E04y0n5D, Shadow price 1%, B/, BIRFEM ., &
HOEREMEREICBO TR ERELS FHEH>TEY ., ZNHEROK 4 EILLEDOMEZED, 100
RVLLR T, At A, b2, BMERICBOTHFEHUL EOEFEN 1,000 RVLLT THIE T
H—Ji, T I aTv— AT 4 T ERLD Shadow price IEE < . 1,000 RKVLLTF Tl nn 3
L2HIEC & 72V, Z D Shadow price D434, RBHRIDE A SN T-BERDO B FEE~ DB DR
RERTHLOTHD, DFE N REMICFEED GHG OREHFINEAN S, Kb EBEL2%1T)

2 BERTOFHET, RTOEMEEZHNTOFEHTHY)  RPTHETE 2HELITRRL 2 LICHER L THEE U,
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LT VDL, Shadow price DEIV, T 7 /P —CAT 4 TERTH D I b EN DR ODIE,
Shadow price DIEWESALRLERFZMERTHLLVWI Z L TH D,

13 {Z, Shadow price & Shadow price ® Standard Deviation({Z#{f75) &, FEXBIIZIRT,

Shadow Price vs. St.Dev. Shadow Price

30,000
I Median Shadow Price

== St.Dev. Shadow Price

13 Shadow price & Shadow Price @ Standard Deviation(Z ¥E{f 7£) O Lb i

R L 1L, 7 — 2 OFEHEICHT 202X BG4 RTETH D, 216, 77 /ay
— 72 & Shadow price DEWVVEZEIT E, EERZEDME L E W &R0 5, Shadow price DEZE D
HORETIUR, EEFEZOME D E L RDDIXSARTH L0, BEREDEIL, 77 /a8 u—=x
FE - FEAMS, ETERM - P 2ESIIBVTRIZE . 2HUT, ZhbERIBWT
Shadow price 28 EF-< 2> b — /L SR TWRWAIEEME Z27RIB LTV 5,

ZLTZORERIT, TNOERITBITDGHGY RV A v MIXT ALK S & & BhEfHT 6
Do ARWFFETIE, ®HE o7 BARME 101 £HI2OWV T, 2002 4705 2009 40 8 [ D ERHL#H
HEOFITRIE L OBRESFORERMEZ R, £ 2 CRIESFHHEROUE - A% (—KF)H
Ik FEABRE LI Ic e T Y v P 5 ToTn b 2 A, —IHRGtE B0/, AT 4 TAEND, H
WL L BRORBESHOEEECHEAHBRIC OV TERMET 2 F0C. 2L L AEENREL
BN E W o T B RAEEE 2 LTz, MEDNCERBE R FHCE L Cid, B RIS W TR R
RENZNDOLHEFETHS 9, RIEECEBRE, RNEPEEL CMERD b v A e Y0, A
WCAX U H—FROH Y FaEze LE L TWDHERE L b, EENRSHDIZ< WG, LT
FERABEBP DL RNNE E WS TZBE T, it L TWARWEZEICE L TE, R Y GHG R Y
AV MIHETIEBRPMENESZABETHA D,

Mz T, BEIEEOLZIRLEN X PREHEAICEDZEHEOKREE, ZNHEMTIB VT GHG
VR UA Y MCETAERMENER S L TEXLND, ZRHERDOE GHG PEHIEILE )
HETH LN, EXEE L 25D Shadow price Z Ll L 72354 . Shadow price 23 KIEEIZ 5

48 PEFRE. TZEHS - Y — ¥ A(Industrial Goods &Services)E BT 5,

“ flzIE, M XEBEIMBEEZITHN L TRY , BREREFIIREA A RT A R EFHER LB
HEOLDEHFL L CND, ZEHFTL, REATA T4 E2BBIZLooar by y b edkic, REpEERIC
Gt A OEH FIEEZRG LT 5, Fo8HE 3 AKRIT B EICBTARIERHTA N4 U EERLTEY,
B, KEREERR . RARHLZ X F s il L T s,
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Wiz, HIEEITI AV v RBVNSKBEDLIDOTHD, - T, TNOHRED GHG v R AV
bDA BT 4 T HEDDTEDITIL, RBEFIRZ BRI E A UESEHS % 5 % Shadow price
DOKEZITSITFBHZ L, HLL !i:ﬂ%ﬁ% EH: GHG DR EMHIZEANT L Z ENHREE
265D,

%ﬁmﬁw\:hi?ﬁﬁ@ﬁ%ﬁﬁﬁ%wfﬁ\&mwmimk%w@ﬁ¥%¢bmﬁ%%
Lo TE, LOLARIORERNS, BEEDAOEFICEIT D GHG v~ % ¥ A v MMIxtd 5B
Lo, Z L TCGHG ZlEATRENEMEITKRS, TN b= R VF—FEY 1 FOZERIATIZ GHG
P A T 2R ST D00, BBEBEOR LEETH 5 Z ERX 0o Tz, AR ERN
Fhfi L T AR EHTER OPEHERSIHIEIL. A4 7 4 250 3L X —FHEORELZHIET 5
CEEHMELTEY SRIOMEREICL > THLNE RO TEBR=— A2 E K L CWAHHEE
FTRHIEREFIENZ LD,

&Iz, Shadow price & GHG-Intensity(fk R )DERICOW T 5, X 14 12, Shadow price
& GHG-intensity(7¢ Lim & 72V GHG HEHIEB LU GHG i EH 7=V 7 L&) 2=,

Shadow Price vs. GHG-Intensity

80,000
I Median Shadow Price (LHS)

------ Average Revenue /GHG (LHS) - o0 3,000
\ Average Shadow Price (LHS) St °
\\ = = = Average GHG(tCO2e)/Revenue(USDmil) (RHS) o . o
\ L 2,000

usbD
’

r 1,000

| 14 Shadow price & GHG-Intensity (/x5 50 ) D LL %

X 14 LV, FEEEHTZY D GHG HEH B (GHG/Revenue) D W PEEIT & Shadow price (K<,
W EEmdHi= v O GHG Tiifl’jj%@{ﬁ%b \EEZEIT & Shadow price 1BV 2 E M35, Shadow price
X, GHGHIE 1 b H 7= icEH L 25 EETH LD, 5B EEH7= Y GHG EHED E W B
EIZE, 1 Y0 e b8 EEna i< e FEERHTZY O GHG HEHI & & i3
A OMBEREZA R 515, LA L Shadow price & GHG HEHEH -V e FLE A iR B &, 2D
ERICEMICH D08, ZOEMFLTECUEEL L0 TIEARL, £ GHGHIHNEH 2V 58 L&
(Revenue/GHG) ™ 575 Shadow price XV & T &t HmWLDTH B Z L1353 h 5, Shadow price &
GHG HEHHEH 7= 0 58 &I =N H D DIL. Shadow price 73 GHG 7211 T7Z2 < | Inefficiency score [l
B, BR-FH - ~T VT NLVOTR I Ay MEREMICEAT-HFTHY, R - 55 - ~7
TV OZHRAIFM T, GHG HEHIM o0 K 0 2 RAY 2 wTREME A L L T 27225 Tdh D, Shadow
price f =—/ GHG-Intensity TILZ72W\ D TH 5,
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WA, DRI E 24T > TWADREN, 7a 0T 4 TAREL R UEWERE DR E2 E/R LB
HITATRE 72 GHG PEH & & HIfF T & 2798 s EABEIC O W T 2, 1512, ZbRT &
¥ LOfE %, X 16 12 GHG HEH & & Inefficiency score %, FEZERINITIRT,

GHG Reduction & Revenue Increase Potentials

7,000,000 . : 4,000
mmmm GHG reduction potential (Industry Average) (LHS)

= Revenue increase potential (Industry Average) (RHS)

- 2,000

tCO2e

15 GHG BT - 72 b ER-RT o 2 v L pEEERIE ) E

GHG Emissions vs. Inefficiency Score
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16 GHG HEH & & Inefficiency Score FE 2RI E

15 @ GHG HIJik « 72 E EF- A7 > v v L OBUEIL, AR D Inefficiency score (2, &1 GHG HE
HEETR EEEZINENHITEDLELLOTHD, 7u T 4 TAFHED Inefficiency score [T 1
e, TarT 4 TREOHK - ERART vy vidBa iy Ta T 0 7 TRV IER
FRERT Vv WL, ZORENIEDETCENILH DI ERL 2D, ZIEL, ZOXRT Ty
OEIE, X7 L bR ERATRRARBIE CIE WD LICERE L THEE 2V, ZhUd, FEE
TEN T T 4 TRELFEEORIEZZERT H72OITIE, & HFEE DKM Z 20 F TEl -~
AVAV NEBEIERTNER RN ETH D,

16 725 . GHG HEH &73% < Shadow price DIEWVLE R D GHG HITEART v ¥ v LT R E < | iff
IZ GHG HEH &34 72 < Shadow price DE W —E ZAEEDRT 3 ¥ TN E WD L NG D,
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T2 LEBEEER Y. 5% b Inefficiency score DIRWEZIZE L Cik, EETH-TH,
ATV VMR, 77 /v v—pEZER BT, GHG HEH &I 22\ A Inefficiency score
@V B ERERT v VOERE W E W SRR o T,

Z OFERIE. GHG OHNED A% E 2 -6, BHALERZHEINC, GHG JEHEDZ W EHIC
EATIIZE DD, FES T ) — Ul R EMFEN TV A X ) 7, BREEA B L 72 e B ACE NG
HEPE(GDP) DI Z 1 - T [EBEHE /) Db &2 & 2 #UIL, Inefficiency score DEv, FERNFRA2 R E
EIToTCVWDHERDIE ETFE#XDZ ENEETHL 2 EERET 5, DF D Inefficiency score 1%
RS GHG HEH EDZWEERICEI L Tik, ERWNIZIHB W T, Inefficiency score DRI =V
B EXRIT, —F7 T, GHG HEH BT 720 2 Inefficiency score D WERICE L CTit. ¥R/
ERERNRETIBREITDET I EDNAENTHDLEEZLNDIDTH D,

EX )

PEERZ L CHEENICB N TYH, 30D GHG BRAHIEE H (Shadow price)iZ K& < #7725, i
W, PEHHERGIHE X ZERM T TRSERNICBWTH, FENO—EE(42 7 —47 v ML
LD THSTHLHEERIEIEL XA Z E2EHT 5, FEFZAZ - Shadow price DEWEZHEIT
BEFUTIEET D8, ERB TLHEE U72BS. GHG HEH A - #E s Ri%, HEE - #5450, 1k
FEORLERETEL, 77 /0 Y—, AT 4 TEREOY —E ZAFE TR\, Shadow price IZ, &
T3, BIREMEREO XN X —ZHEEAELI BN TRW—FT, 77 /a0y — AT 4
THERETIIE W ERHLNE o T=, 7272 L. GHG HIEART > v ¥ /Lid, 13V GHG HEH
BOREWIGEHEIZE | PRHBEOD RN — B ZXPEEICB W TN E W, 7275 L BEhHPESE e
EL BRENEPBD TEWWERICBE L ik, BEETH-TH, HIEAT > v v L OE IR ME
M D Z &Nl

ZOFEFIL. GHG OHEHHAN OMaxt E DR D= I1Z1X, BIERe L. GHG HEHED Z\VE
E i %I%fﬁt%—_‘rﬁgﬁ%/\z}oﬁé EWNRITH D0 EEERROEBE DB S R/ ) — Rk
AT HEDICIH. RNV T —ZHEH TR WERICHLRERTARERSH D Z L 2R LT
Wb, Rz GHGVZ/%/%_xﬂ“é&EJu@{EEém TN ERORENRHEDR S DFFIZ
bHEZEZONDTED, HAEHYEHERSIHED LS R f X —DFT v KA K- 2/%
0 — VR OERDFEERIIRNE S, FEEEICASEADBBRF INLIRE L0 D, Tz,
FHKEZEALE NS5 & BT, 2 5RO Shadow price & BREHEDELHED D Z &
L0, HEEITIAY y EIERTDHZEOAMRIKR EZEZ DD, MA T, BREREOBLA
ML, TRAF—LHBRFEE ( 2—/L, GHG JEH Z AR E RN EWEETIT AW
7o, TNHEXEZ GG DANTEH AR E I D LEMENGRD b,

RIZ, T 5 Inefficiency Score <° Shadow price 73, & D & 9 72 R3ERECARIC L D AH S D
DDMNIDNTEET S,
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10 |2, Inefficiency scoreds J ("Shadow price & . 3R, ISP, AFFERRAZE. RIEIRE DO
A&, BRSO EHED ) ORE R a b 5 *, Coefficient & 13 £ FRBAZ AN 1 Bz BH- L7
LA R AH T H Dinefficiency score & shadow price?s EN7ET (LT 2 0% £ L2 EfE T
» D, F7-. Standardized coefficient (Std. coefficient) & 1%, #¥an I ZE5 M ORI H % SE¥)E 0,
SyHER 1 ITHEYE(L U 7258 D Coefficient D 2 X CTH 5, Std. coefficientid, i BAZ £ D HAL
IIRAE L7222, Coefficient D &, K0 BBIIC OMERDOBELITH) Z LN ARETH D,
F D7, T Z TIEStd. coefficient & p-valuelZ FH L7=EBERE1T 9,

Inefficiency Score Shadow Price
Std. Std.
Coefficient Coefficient P-value Coefficient Coefficient P-value
Enterprise value -0.000 -0.211 0.000 -0 -0.025 0.072
EBIT/Enterprise value -0.269 -0.089 0.000 -3,338 -0.184 0.125
Capital expenditure/Enterprise value 0.298 0.070 0.000 -186 -0.001 0.960
R&D expenditure/Enterprise value -0.161 -0.036 0.008 1,120 0.004 0.783

# 10 Inefficiency score, Shadow price & . E3EHIBL, UNZEME, WFZERHTE. RMHHE DRIR *°

AROHrCiE, O IR (Enterprise value) DI KX Inefficiency score & Shadow price® 2 S Alic
HHETDEWIRERNE LN Y, DFVHBOREWEEITE, DEORVKREZITX, D
GHGD BT & (AT TR TE DLW Z & Th D, F-QUEMED RV, F-AF5E% %
FERRAOIZAT > TV B EOREZZRILE  (Inefficiency scorelHEWV) Z & . L LORMIRE
(Capital expenditure)i, {EFDZNFEME T 5 (Inefficiency scoreldm £ 2), Z OEHHKRE &
Inefficiency score & DBRIL, HFRAYICAH T, ZRMTRVIBRIFE M THONATND 2 & 2R
LTWbEEx b5,

W, BARB¥EDSZY o7& LT L, R ZR EOBERICIZ T, BHEAEa X ME
23, Inefficiency Score =2 Shadow price (ZE D X I ITHEL TWAEMNITHOWNWTEREIT I,

BREIfRES A b LT, RERMOFEAEOR 1L, #f], BhEE, ZEORE, J4 LgEORIE R
CIRLBEALRE R TR T, REANEDLBEESFHEAOO LS TH D, BEERET R
ME, BREEEBAEN DY | BERIT, REREIRICHRDDRN BRI E > TR SRE
RS RA~DOE SN ER T, £o, BHEIT. FCa X M THeE0BHOE MO, BREE
RELZHNLETL2bDEHET, £ L TRERIR & 1T, RERSSREED TRER, EEOFIFRIC
HER L7 L ZEnsild D3R AR T,

Z < ODEEN, TNOEEZBREREEICERESHE L TR LTS, £ 2 TARIFFEIZENT
I, %Gl Te o 7- HARMYE 101 #1000 2002 4EH 5 2009 4ED 8 ES DBREEHEELZ AF L, 2
IR SN TV ARERE I A M2 L7z, MESHOBANENERIT <, FREE LT

% [ENF T OBRIZIL, Adjusted inefficiency score Ti&72 < . Inefficiency score % V72, Z#UiX Adjusted inefficiency score
ZHERTT 5 DIZ, capital, R&D X° enterprise value Z i L T\ 5708, T OHEFHEZ HHLAZEE & LT, ¥ capital, R&D,
enterprise value ZFiHI A E & L CHEFH T 2 D1d, AW TIERW O TH S,

46 Regression BT DERIZIL, Trucostdd R L OERY I —& M, ESNFMEEZE L7z LT, Coefficient ZFHA L
TV 5%, Shadow price (2B L Clid. Shadow price #i7tDERIZ= T — & 72V Drop SAL7ZHAEMN L) > 7= 72 8 (Violation F&4E
K 20%), HEHICEBEREREDTGONRN T2 EEZ D,

47 Shadow price @ P-value(0.07)IZBI L CiL, 0.1 AR Tidd 573, 005 UL ETH L7, BUREIFESH b DO TH S &
Ezbhb,
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bITWRWED, BEANRESHTA RIA E2EDTWDLHEO0, BARRES HFIEICE L
Tix, ERIEEOEEICL DM N KEV, TOEH, ZOKTEHOEERMEET 5 Z L I3E
ST, L L, 2OX I ICEEORREICHTHEENESFHE L THRINTWD L Ol
ICIFELZRNWZ, SR OEEE AV, #1112, BURSHORRE2 8D 5,

Inefficiency Score Shadow Price
Std. Std.
Coefficient Coefficient P-value Coefficient Coefficient P-value
Ebit/ Enterprise value -0.809 -0.160 0.204 -23,040 -1.065 0.036
Capital expenditure / Enterprise value 0.949 0.186 0.257 -18,712 -0.081 0.191
R&D expenditure / Enterprise value -1.350 -0.274 0.284 -12,072 -0.055 0.463
BRI AT ANA TG/ Enterprise value 0.088 0.156 0.008 2,324 -0.096 0.185
R R 2T AN G RT) 2 %/ Enterprise value 0.005 0.026 0.641 751 0.096 0.173
KR E (A )/ Enterprise value -0.004 -0.010 0.834 -3,172 -0.183 0.001

# 11  Inefficiency score, Shadow price &, RFEBIEL, SN, WFEBHRE., RMEHE. RERS
B L ORF IR O BIR *

FFOAT LV L BRBERE o A N IEHE) I, Inefficiency score% & X8 & IZ L DB EIE.
shadow priceZ (IR &5 L W IOFEENE LN ¥, 2T, BEEAREIIEEEONEL Y
t . GHGHEH BTG = A b ORI - TV D AJREME 2RI 5, T LSO ERIZE L T
I, A ESEE - UL T, Zhid, AARBHEICRET HZ & T, 7N
Wi Ipolzl-hEEZOND,

FEH

B ORENEEIZE, 2hERMRREEIT A 72 GHG OHIE G IKAliA& TR T 2 Z & 23 FEE
TH D, ENGRMED & < WFFEBHZE 2 FMBAYIAT > TV D EEDOREZIRITEm L, L, &
& &R RITITADHBINED Z b AL, Z AU RIS IE R BRI E T it T\ 5 /]
REMEAZ RIEL TV D, £ L THARMEICEAL T, REREIIAEROKELY b, GHG i

I = 2 h OIRBUCER DS > TW D ATREMEDS B 5 Z L 3 B inE o Tz,

WA, ARAFFEIZ X 0 HH S 37z Shadow price & BETEAFTE OFER Dbl L, ARWFIERE ROBREE 1T

Do

18 Regression ST DBRICIX, FEHESX I —F AW, ERBEMAZBE LT LT, Coefficient #FH L T2,
19 BRELRAE T A (A FH A %E/Enterprise value O Inefficiency score & . #REZNF (A 7)/Enterprise value @ Shadow price
DIEESROZ &,
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BEFEFE & D M

AAFFETIE, MR 37 HE., 15 ZEFED Shadow price Z#FHH L7=, L2>L GHG ? Shadow price @
HEFF 24T o T2 EATHFEIE., BB NERZNRE LTEY ZoMOEREGRLE LIZbOIER
ONLRVWNERL1EBHR), T2 TEREZ va Tk, AMEICBWTE ENZENALERD
Shadow price DH#EFHAS F & BEFFIFIE OFE % bole U AWF RS ROMGE L 95, % 12 L X 1712,
ARG BN TR SN =B IAIZESR O Shadow price DHEFHE R 2 #ED 5,

Average Shadow Median Shadow Price  Shadow Price Shadow Price
Price Shadow Price <20 <100 <180 # Obs.
UNITED STATES 233 25 42% 61% 74% 122
SPAIN 355 115 24% 49% 68% 37
JAPAN 198 121 19% 47% 72% 32
ITALY 113 35 25% 75% 85% 20
UNITED KINGDOM 210 73 12% 59% 88% 17
HONG KONG 41 10 62% 92% 92% 13
CANADA 510 159 17% 33% 50% 12
MALAYSIA 27 9 75% 88% 100% 8
AUSTRIA 46 11 63% 88% 100% 8
PHILIPPINES 1,265 1,100 0% 0% 0% 8
FRANCE 98 118 29% 43% 86% 7
GERMANY 126 99 17% 50% 67% 6
FINLAND 33 27 50% 100% 100% 6
THAILAND 39 31 40% 100% 100% 5
PORTUGAL 59 10 75% 75% 75% 4
CHINA 14 14 100% 100% 100% 2
INDIA 27 27 0% 100% 100% 1
AVERAGE 245 46 35% 60% 75%
# 12 EHAIERITIT % Shadow priceffE g H »
Utility Companies - Shadow Price
@ US & Canada M Japan Europe X Asia(China, Hong Kong, India, Malaysia, Philippines, Thailand)
3,500
&
*
L 2
3 2
o . o uaﬂ“‘”"
80 100 120 140

Number of Observations

17 EBIALIERITI51F 5 Shadow Price sk Al bri >t

0 SR TOFBMEL, 2 TOREEZHNWTOTHTHY , FPTHETE M EITR25 2 LITEELTHE -0,
KW TRIG L o T- AARGET, FREH, BEEN, FEEN. HEH R, KRTAD 5 HTH 5,
ORRICIE, 8ESORERERNTN D,
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FEATAFSE TlX. Rezek and Campbell(2007) 723 K [E D K F1 38 &EFT 260 £ Shadow pricex /3T A K U
v 7 FEPERI%L A FIV T, Matsushita and Yamane (2011)78 H A0 & /1234 9 #f > Shadow price &
SR T A NY w7 AR A CEEBELTWS, 2 BAF5E ’io‘lz\’ﬂi\ gkEmETU NS
v NET LR L B EFPEEEE RO REERAME L, FUTENMME LT CCHEETT S
VW) FEEAWVTN D, EBIMIL. Rezek and Campbell (2007)73 1998 4, Matsushita and
Yamane (2011)7% 2000 4F-7) 5 2009 =T 0 | HEFHRERIL, KIE DK T35 T O Shadow pricel
1821 K/, HARDOBHEHOBE . 6-182 KL L 725 7-, Matsushita and YamanelZ, H kD&
J123tt 0 Shadow priceD 722 DOWT, HARBIREOBIRDKEE & Bipo> T D EE 2T T
%, LT, KB EROIHEETE T OShadow pricel T < . HAES - FAEE S Tl R
R AIR EAR LY BIRRFER=RNX—FRZBEEAREF A TH D Z L0 b GBI — AL
CO2 % HIJsid 2 B At & 72 58 ) B (Shadow price) X K& < e BMAICH 5 LR L T\ 5,

AMFZENT & 5 K E D E S xR DShadow priceD HRAEIL 25 R THY . HAIL 73 F/L(E
SRS ) TH Y . Z OWFERERIL. MREITHIEORELFE L DIt h D k%ié“(
HA9, ﬁﬁhk?k.Rezek and Campbell OFFFEIZ W CENAE UZBE & L Cidk, OARWFE
NI AN v 7 AR AW THSDIZK L, Rezek and CampbelliZ X7 X kU /793?‘:
Bzt JVEBEIS MR SV ANEY TV Oa=—7 SZHER LG R
ZHLTWB EWS Z L @Rezek and CampbellDFE RS, kIR EBHIZIESLNTZHDTHBHD
Wt Ly AR BV TR, KR EMTEIT TR, BT A EO I F—IHGam 3
LR R — RS P R R X —FESEE R L TVWD I E P O
Rezek and Campbell.73, FTHEEHE L 25 ERELHF L. ZHICEMIKEZF CCHEFT2 &0
I FEEHNTWDSDOIZX L, AWFZETCIE, BEER EGZT7 Y Ry FELTHIHL TS Z &
D, 3WRBFET NG,

Matsushita and Yamane (2011)k$ﬁ7u . RAC 2 RF AN w7 FEEZRW, £R—B¥%
RGLlzZ b, R13DPOLHHLEY | HEFHEROMEITE LV, 26T & SR 0
IR RN —E L= 2 L, Alﬁlﬁﬁ?ni:k“f%ﬁiéhkﬂﬁ%@@ Shadow price HEN D LW
T EERRET D,

Matsushita et al. Average Median
Shadow price  Shadow Price Shadow Price #Obs
Tokyo Electric Power 182 155 151 6
Kansai Electric Power 83 94 52 8
Chubu Electric Power 13 64 44 6

# 13 HADE 40 Shadow price LATHFSE & o brik *°

EX=X. )
BAEFINTIIT D IEATAFGE & ARAFFEIZ L D Shadow price DHEFFERILIF C/KMEICH D, Z DFER
1L, AR L DMEFREDOREROMENS L I 2R 5,

RIZ, PEHERID GHG Z AT EFEVEDRIZOWTERZ1T 9,

52 Matsushita and Yamane(2011)IZ L Y A= S TW A E etz dbimE. s, defe, #oR. PEs. B, hE.
JUNEHD 9HTH %,

53 ﬁxAﬁ(ﬁﬁ'ﬁx KB AY& - 8E1%, 121 KL Th b,

54 SEHETIHRLS, FREZAVAEBZ, K16 6 b L2l Y | FEEEIT Shadow price DHiisd TRV —EBE3E
OFERIZ K - I T HNLBEANCH DD TH D,

5 EHNE T X IR B REMREIT, FAERT RN —FHEDATH LN, 1, KFEESHERE T VD, &
ik, KFEEN FTSEFED ICB KT WT, AR ¥ —IEENDH T2 TH D,

* Matsushita et al.(2011)IZ £ 5 HADE S1&:4t 9 410> Shadow price 1%, AtifEidE 9.1, #k 216, JbkE6.2, HT 182.2,
i 12.6, BV 83.2, HE 11.2, M[E 15.6, JL 46.0 TH D, ARFAETIL, TNOLETOBEBIRIE I N—FT5Z LB H
Krphototo . BHRTIIARFRICE Y RHAETH -T2, 3$t@77l72uﬂitbfb\7o
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PEREE ST i

Kt v a Tk, BHRO Inefficiency score <° Shadow price Digam 2N %, FEED]D GHG % A
7= Productivity(ZEFEME) DR RE2 5045 Z LI L 0 | RIFFESGHIM TH D 2002-2009 4 D[]
DR D GHG ZERT- LRI HOWTEET S, [X 18 |2, Total Factor Productivity(4: 2535 4 FETE)
DR T EERITRT,

Productivity Change by Sector

. &
o
) \’z}‘o g‘.\\(g’ t)(:>0
< & S
& & S o Q
rbé‘ @’5& < S ¥ & &
‘BQ & @ & & ¥ Ny R &
A & N Q @ o I & =
NG N £ e © e A S

o o X & \ 2 < > 5 N < & &

S ¢ & S &2 Ny & < 2 < SRS @ .
PO N AR R A A - NN A
X S & & o 2 & N 2 «3 & & ;

R SRS R SR R I S R P C AP C DU SN

0.10

m2002-2003  W2003-2004 | m2004-2005 mW2005-2006  W2006-2007 | m 2007-2008 2008-2009
(0.02) (0.03) (0.00) (0.03) (0.02) (-0.01) (-0.01)

(0.10)

18 pEZERIProductivity Change®’

18 /75, GHG Z A=A PEMEIT, 2002 4E)26 2007 RIS/ 7T ATHY . RFEXEZE U T
BRSO L L7223, 2007 AELARE. 12 2008 4E702 5 2009 FEl2 T, 1ZIERTHOE® 7 & —
WBWTHLLIET LEZERAEZT NS, ZHTAEE, &/, BEE - A ERITBANT
PHETHY, 2007 FIZBRE LY T 7T 4 AMEZ L TCHEDO Y —~ v a v I OB EZIT
TeREREEZXOND, L UAEMNZ, FE - FEMLO, LT, RTT, /he, AT 0 7R
FIZBWTHIRTLTERY ., RGO EBIIRIAVERICEL LI EE 2 6N5, —FH TR
Wi, BhHA, milh A, BRBMEROAEENT EN -T2, ZHIUTETRME O EEIC XV 5E
EEBHL B0 THY, T LT, ZORFRMEOESEIZL Y., thEEOFEMEE N
A UNREENEAL LT, MPEEOEFEENFEIZH L FFonizbotBEx o5,

19 - 2012, RIS T 2 HiflT A k(Technological change) & %1228 (Efficiency change) D %
#9, Technological change &%, 7 u T 4 T h—T (7T 4 THRENEY BT 2 ilR) 0fh
MeaRITMTHY . Efficiency change & 13, Hx DEENRTa LT 4 T H—7IZR L., ENFET
Fr v FT v LTI ERTETHS, ZOMEIT, 77 ATHIE, BIFEE L gL, FED
REENLY 70 0T 4 TRECESONZZ L, AT ATHIUL, 7r 7 0 TREICKD
EEOITbONZI EEERT S,

57 RPEEORFLO NI SN TO D HEIL, BFE RO RPESE TOFHED Productivity Change DIETH 5,
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Technological Change by Sector
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19 PEZR Technological Change

Efficiency Change by Sector
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0.30

2002-2003  m2003-2004  m2004-2005  m2005-2006  m2006-2007  m2007-2008 2008-2009

(0.30)

20 JFEZEW Efficiency Change

19 75, Technological change % Productivity & [EI£RIZ, 2008 4E7>5 2009 FZ T T, BHA
s ¥ —%RE, FEETOEEIZRBW T, TR ERST22 L3375, Technological
change DIEN <A FT AR D EWH T bid, KEEIIBTDZ7n T 0 TEFEE DTN LG
SIND Ny TRE)DDFEEN TR T2V 2 ThD, DFEY 2008 405 2009 FAZHT T
I, 2L DEEIZBNT, —BOIEDRREEDNRT + =~ VAN T RO TIFHRL, by~
CELZEDERBIEONRT 3y —< VANKTF LIZZ L2 EWT 5,

% 20 LV . 2008 025 2009 R H T Efficiency change DfE L. BEIRFEM . (LFER LR LEITRBW
TTTATHY , B - EHEH . ﬂﬁjj’\ BEESE T, v/f%xfa‘bé ENGMD, DED,
BIRBMER L ETIE, 70T 4 TRELIFDNREEOENTE S Toc—FH, EHALERRE
TlE, ZWIRR T2 W) T ETh D, AW, BRI EEE DO, AEMEITERFEMER
BV THLEBEBNIALERICBONCHL ER L, LU, BIRFMERO 70T ¢ T REOH
BN T7 =< AXTNRY, 7T 4 TRELFDBEREOZETIMFE T —F T, BHAKE
RIZB W70 T A TREDNN T 53—~ AR ERNY Ta T TRELIFNBEELD
FEIXINMN - 7= Z & W3, Productivity, Technology. Efficiency change DIED#LAE HOEN L3105,
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IEWVFHEE 2T, BAAEERI BT, MK OEEE, —HoT7arT 0 74
%ﬂ Z L, BIEREMERCBON UL, BERASERTEZLEZLEW) ZEE2ERT 5,

&Iz, BIHRO Productivity DFESR L 0. o T NAEDLVKE, EHE, BARORE 2 HH Ui
T %,

Productivity Growth by Sector (US, UK, JAPAN)

UNITED STATES (377) UNITED KINGDOM (163) JAPAN (101) WORLD AVERAGE (1,024)
0.10
0.00
(0.10)
M Automobiles & Parts M BasicResources M Chemicals M Construction & Materials
M Financial Services M Food & Beverage M Healthcare M Industrial Goods & Services
Media W Oil & Gas M Personal & Household Goods Real Estate
Retail Technology Telecommunications Travel & Leisure
Utilities

K21 FEEWVEFEMEZL CKE. HE, HA)S

K21 L0, BREMET LA LERERE, BROEEERORERIIR L TTIATHY ., i
72 FERTOERICBWTHRAEY LD ENZ 08005, BAROAEMEIL, WRIEWEEIC
WCRE L TR Y | EEEOMOY ﬁ@@%é*l%\mﬁé®méw%l&wﬁb\Qﬁfﬁ
HZEWMARD, MAT, HAORFEEZ@E U COEEMEOREDYERIT, 0023 THY, R
D 0.013, K[E D 0.013, EED 0.007 LG L, JKEWH D THD Z LR INLHRER L
Sy

FEH

2008 AED 5 2009 AEIZ T, BAAIE, AT A E—HERERE RFETOEEIZBNT
iFfiﬁTLto_m \%ﬁﬁ%m%&%77§4AW%%bfu~vyyay&@%m%

ZUFTRERLEEZ DN D, 1272 LERNICBIT 2 RMEEIZ OV TTEL TH Y | BIREME
ﬁﬁkfi#ﬁﬂ%bt~ﬁ‘ [VAK/A:S %ﬁﬁkf&%ﬁﬁMLtoﬁ$®$Fﬁ (2B L. 2002
F D 2009 0 8 ], KE - JEEZE LT & iR L, IRIAWEZEICB W TEFRHICKRE LT
B, HARBEORRIIEETHDL EEZLND,

iz, EBIEEOFEF L LT, HBHEERICKT DREOEBRBEAIETHEEE1T .,

58 KELOH v THHEMEIL, FEICBTIEERTH D, EAKOEENEREMLEOIEIZ, 2002-2009 404 it
DOFHETH D,
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HBHER =

Aty va TR ERIEEOEF L L CHBHEZERLZIYD B, REHIK FICK TS HEEHE A
— =B DEREFF T HOWTERZEIT O, G ¥EIT. BARD k3 % A E)H (Toyota Motor),
A HEHF T2 (Honda Motor), H & H B H#(Nissan Motor), A & (Suzuki Motor), £+ B Bhikk
(Toyota Industry), K- > ® BMW, Daimler, Porsche, Volkswagen, 7 7 . A @ Peugeot & Renault,
A Z U T O Fiat, KED Ford & Harley-Davidson @ 14 #Tdh 5, [X 2212, HEHHE XA —H —5%4t
@ Inefficiency score % [EBIIZ~T,

Automobile Companies -Inefficiency Score

0.30
o ® EUROPE
§ B GERMANY
P4 JAPAN ¢
>
2 X UNITED STATES VS ¢ mE
@ L 2 ]
- L2 4
g . at
= 000000 ..Illlll.
*0 (Number of Observations)
0.00 “RHARHARRHARHRHRHRHRHRHRHRHBRH A AA A A A A A
0 5 10 15 20 25 30 35 40 45

22 HEhH A — % —14 tEDInefficiency Score[E Bl bz ©°

22 10, HADHBIE A — 57— DInefficiency scoreld, HERDEZEMALL F—DL~LZH D
Z L. Fm. £ < O EDInefficiency score T T IZIEVMETHRBR L TWD Z ERXS0n5, i
T, M10E22WT 252 L2k y, fpEEL L, BEEEROGHGZ A 7o 8= 2 3R
T < (Inefficiency scorelZfK < ), EARNICBIT AT LN L2 @VNMDZ ENTES &
7 1412, Inefficiency score3Er LFHlis =7 v T 4 To¥EE, FEMEITTT,

2002 2003 2004 2005 2006 2007 2008 2009
Peugeot (FRANCE) * * * * * * * -
Renault (FRANCE)
BMW (GERMANY) * *
Daimler (GERMANY) * * *
Porsche (GERMANY) * * * * * * * *
Volkswagen (GERMANY) * * *
Fiat (ITALY)
Honda Motor (JAPAN) * * * * * * * *
Nissan Motor (JAPAN) * * * *
Suzuki Motor (JAPAN) * * * * * *
Toyota Industries (JAPAN)
Toyota Motor (JAPAN) * * * * * * * *
Ford Motor (US) * * * * * * * *
Harley-Davidson (US) * * * * * * * *

#14 HABEA—H—14HOEYN 7o T 4 TRED—E S

5 SEIAMEFICHEHM L TS AT EERO/BRIL, B - BEIERL A = —OERON, BEIE A —I—|TFF
fELi=bDTHD, £ /L Run OFEIL, ICB-Super Sector O 7 = U 43 HZvVy, BEHHE « BEjHEL A —h — & —F51C
D TIT o7,

O KBUCIE, 8L OREREHNT NS,

81 KIZIUWNT, A Inefficiency score Z 7 LTV 5 D%, B ADEH B B#kHE(S 4E). R > @ Volkswagen(3

), A Z VT DFat(34)& 7 T AD Renault(2 ) TH 5, E-H B BN D Inefficiency score 23mWERHIL, 78 Ldb 7o
D GHG HEHE L8 EH T VITHE L T HERO/IT 4 —~ U AP LA TRW 2D TH 5,

62 T AKX Y ZAT DTV DHEFTA, Inefficiency score 3B 1 LRl SNT-FEETH D, AR TIHIL OHEITEA—%
—NTULT 4 TRELRSTVWEED, FREDEER T LT 4T T4 L EERTHEE LS L) ICEbh
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#13 L0, BEHEERO T T 4 T REZ, ARO NI X ERUHF 7T AD Peugeot,
KA > @ Porsche, K[E D Ford & Harley-Davidson & 437225, Nissan X, /NS W73 5 b ELh=R M
FHELTRBY, BETOT7aryT 4 THELITRORENoT, X 2312, Inefficiency score & {23
i - FEMEITRT,

Automobile Companies - Inefficiency score by Year

Peugeot (FRANCE)
Renault (FRANCE)
BMW (GERMANY)
Daimler (GERMANY)
Porsche (GERMANY)
Volkswagen (GERMANY)
Fiat (ITALY)
N - HondaMotor (JAPAN)
o Nissan Motor (JAPAN)
+ SuzukiMotor (JAPAN)
X B Toyotalndustries (JAPAN)
‘ [ ] + /,.\\_\X _______ >.< ______ ! ______ g Toyota Motor (JAPAN)
o ®--____ ./" . >'< Ford Motor (US)
0.00 b - o o o " o Harley-Davidson (US)
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 --e-- 14firm average

23 HEH A —H —14 #1D Inefficiency score {4 « £ L

0.30

|
+ @ X X > H ¢

| I =

Inefficiency Score

23705, BAROEH HBEREOMERE VKIS 523, Z OfEIX 2005 4E75> 5 2009 (20
THE/MEBNCH Y . FIEREL, 780 T A TREEONRT p—< U R« AZ U H— RIZIBUWMY
WTWD—J T, 77 2 ADRenault DI 2007 FELIRE ERMENICH Y, 7T 4 TRELD
FENPERT DM D Z & N5, 17 14 BEOFLEIL, 2002 £ 6 2004 4FF TR
e CHER L7-14. 2004 42D 2005 4E12H T Fiat, Peugeot. Volkswagen. H-H B Bkt & O fil
D _EFATAED B F U728, Z LI I, R ISRV ME(0.05 FREE)CRE £ TWD 2 E B0 5 &,
242, HENEL A — B —14 > Shadow price% . [EBIZRT,

Automobile Companies - Shadow Price

60,000

® EUROPE |

B GERMANY n

JAPAN ¢ [ ]
. n®
=) X UNITED STATES . |
%) [ |
3 *® n |
X [ |
X X g R
[ N |
* % AR ARB [ B ] ARN (Number of Observations)

0 5 10 15 20 25 30 35

24 HEhH A — % —14 tE D Shadow price[E 5| ik *

DhH LRV, ZOLXH 72 ikl RREBEITIEER L CORWARIRHC GG 21T > 72 A B HE L A — 5 —0
FRFEME, BBEA =D =Kt Lm<, 7rr T 0 TR¥E L IFNREEOSMITEE 2 KAECH D LEZ B
%o
63 AfEDOMED EH-OBEHEIX, Fiat & Peugeot DIGE ., EAR L 58 LF (D /YT X (Capital/Revenue DHENN) A3, Volkswagen
DA GHG &It RE D/ T o Z(GHG/Revenue DN, B H B BIfBE DG A, 2N HWHOEIZH D & D T LM,
T — X DIRFED Doy o T2,

*ORRITIE, 8D OREREANT NS,
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X 24 735 HAD HEH A — 7 —? Shadow price 1, TR & s LFERTAQITARWZ 3505,
HARENZIW T, 1990 FREZ LN OE T RE « My 7T 0 —H CRE B HTEEGH 7 &
DEAINT, ZO/REK, BEOZ RNV =2 m LICET2E# A ESEY, 23X —8E %
PcEbEa A MRz B ED 7 ot AkEN L, Shadow price 23MLE & HEEE LK< 12 B
NEAREMEN B 5, Z L CZIUIBEBHEERICB W T, 2 E THED b7- GHG BB, &
HIEEh B 8 - 7= ATREME B /RIB LT D, Z3Lid s L 20 S HIEEE 03 RE 2 1845 X 9 72l
W72 LTI TEIUEL, Shadow price X EN B FAEEM N EH WIS TH D, Ll BiES
WCBWTED L D 7 EFRITRZT LW, 2T, HARMZED Shadow price IZHEE TR 61
5, ZhUE, ERLHIEORAZRT O L LR TE S, DFE D EFfIEICLD, ER LT
DT AR F =R OUES GHG HEH EDOIIHIT— & L~UVZERR T E 728, ERIEE L~ LICE
WTI, BB NOESGNEa Ly ha— L TERDSEAREERSH L L NI 2L ThDH, BRI
Eazﬁ@@fﬁ BALTIE, ®<ETHEMNRBD TH Y BHE TIEARWTH, ERNITIBW TEM
RESIDFENH > T, REFHETITRV,

25 (2, Shadow price Z2¥51] « RN RT, K26, HARD k3 %D Shadow price 3
2,400-11,600 F/L. HPFEIL 5,60faa0-24,200 /L, R 1% 160-4,900 KL L PIZIREY . £
7=, >K[E Ford I USD 4,000 f2J& CTHERS L7=—FC. 4 ¥ U 7 @ Fiat (USD280-41,600), KA > D
BMW (USD 6,100-52,600) & . —#[{=2£ 0 Shadow price WNEmVMEA R LIZZ ENRTEN D,

Automobile Companies - Shadow price by Year

60,000 ¢ Peugeot (FRANCE)
M Renault (FRANCE)
A A BMW (GERMANY)
X Daimler (GERMANY)
. N A + * Porsche (GERMANY)
® ] ® Volkswagen (GERMANY)
3 [ + Fiat (ITALY)
=] % A
’ m = Honda Motor (JAPAN)
a Nissan Motor (JAPAN)
* ¢ SuzukiMotor (JAPAN)
N ;2 * % o M Toyota Industries (JAPAN)
[ | ; - % | ] % :’z: Toyota Motor (JAPAN)
oL & = L & [ Ford Motor (US)
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Harley-Davidson (US)

25 HEHE A — %5 —Shadow price D13 « 4E 5 15 HL R

F72X 25 LV, 3D Shadow prlce ITEEIZ L S TRELS BRDZENGND, T ORERIX
PEH BRI E S O P B OR SR Z 2 Hb 3 D BITIE, /£33 Shadow price O &V MR 2 ME
Eﬁfiﬁlu{ﬁi%ﬁé#xﬁ#%ﬁ%?t@ﬁ%ﬁfﬁ%?@'ﬂi& SBHEELTHIZENFELVEND
ZEERET S, MMA T, 2O Shadow price DO, ZivE THEFEIIK L TEER D
DFRBNLRBHIDE SN T, FRRFMAE I RINT IR o7z, HRIEZEICB
T GHGHEHZ LT Shadow price # 2> b — 354 T 4 T H_RUF<w—7 0N3RINLT
Y. Shadowprice 8, LF< ar ha— L ENTI ozl ZRET 5, £ DM
IZ. Shadow price D7 L BN R E VWESEEIZBWTCHHE TH 5,

Yk Z. Shadow price Difii % Inefficiency score & IL1T, EBIBZEMITHREET 5, T OHEED
Fx, 7 EHT- 0 GHG HEHE GHG/Revenue)JﬁDmL&)t WL T HER 38 - ~T U T L
(COGS/Revenue\ Capital/Revenue) &2 X ¥ FAA A3 Al 'C%ét&')\ F 1512, ZLHIEEEED
5o
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Inefficiency Shadow  GHG(tCO2)/  COGS/ Capital/ Revenue GHG Shadow

Score Price Rev(USDmil) Revenue Revenue Price (#obs)
Honda Motor 0.000 1,747 30 0.677 0.638 96,420 2,978,522 5
Ford Motor 0.000 5,329 45 0.741 0.770 159,375 7,190,845 2
Toyota Motor 0.000 6,654 34 0.781 0.806 205,600 6,926,935 5
Nissan Motor 0.016 6,997 32 0.737 0.563 87,556 2,751,392 3
Daimler 0.035 8,561 37 0.810 0.907 152,301 5,687,172 6
Volkswagen 0.082 16,384 38 0.832 0.870 122,869 4,821,793 6

# 15 KFHEH A — B —KHDInefficiency score, Shadow price }z (N4 FlFEHE ©

315 DFERZ I HIZ., Inefficiency score & Shadow price DFAEN EH WD, 58 E&H 7=V GHG
PR ESCE EH TV I BEE T 2ER 55 - ~7 UV T VERENHMICSH L Z LR 01D,
DFEV, GHG - BA - 7l - ~T U T L D~<= % A v IR BV EZE DInefficiency scoreds L O
Shadow pricel3 k<. W2, ZNOIENEITNIX, BECEIEZEL D EVWIZETHDH, =
OFERIEL, AEANVWTWS FEOEA Y —#@0) Th Y, RSN S LW L& RLT
WHEWZD P, K26id, ERFEEREDOA AV TH D,

Shadow
Price

Volkswagen (SP:16,384; GI:38)

N

Daimler (SP:8,561; GI:37)

A
Nissan (SP:6,997; Gl:32)

Toyota (SP:6,654; Gl:34)
Honda (SP:1,747¢ GI: 30)

Ford (SP:5,329; GI:45)

RERE HEREICEITLEN

26 EE)EPEYIZIS 1T D Shadow priceDHERE A A — [ ¥

AWFFEOFER N DIE, KFPHEBIHEA — D —6 ORI TIX, BARAOKRZ, ba ¥, HEORAH
82 F (Shadow price) 23 5 HAK < . RN 2 fEDfEIZEI W2 & 2353 7v > 7=, % L TShadow price &
GHG-intensityDfE2> 5. KE DFord?¥, Shadow price®U-shapen> H AU IALEIZTFE L TV 5 &
HERI SN D B, ZHICKE N RS E S BGE L, KESEICB W TEREE 2 B4 i o ¥
(28T D GHGHEHHI S E A TV 7R WRTREME 2 7RI T 5, IREH TIZI 1T 5 7 = 7 7 3E Rt
G TTOIIE, 2D X D IZU-shape BAMVNTZRHEA, FTIFEBICREDLIZENEETH
5 9o ZDIZDITIT OKENT S L HASPERIN & A% DO RFHIFKIDNHRE DN LOMER D DD TH D,

% FEKMEIE 2002-2009 4E O 8 4EFE DEKED FHETH W HBNCFH SN TW5 Z &, £7 Revenue, COGS, Capital
DAL, 2000 FAMHEICT 7 L— b SNTHAIETH D Z L IZHER L TIH & 72\, F 72 Nissan Motor (2 B L T, 2002, 2005,
2006, 2008 4F(Z33V T Shadow price 23Ul S 417223, 2006 FDEIIMOFEDMHEN BB L TR Y =7 — LHEflEn 57
O, R EHIE L7,

% 41912 Ford O Shadow price 23, 72 &b 7= W 0 GHG HEH B OE & Flle LKW Z & AT E NS A, Zhid Shadow price
@ Observation 723 2 LD 7pni=b EE 2 BN 5, F7-HPFED Shadow price N EV DL, 2006 £ DB FEEICS &9 B
TWAH=HTHD, 2006 4=-LLSLD Shadow price %, 5,000-8,500 DL > UIZdH 5,

X1, SP |% Shadow price %, Gl (X GHG-Intensity Z 459", Shadow price IZFREHIFKIVTRE HNI-E, LT L b ERS
LWV HDOTEHARNWI EICHER LTHEE 2, TIUIEENRE 23R TE L, Shadow price DIEIEE £ B 72\ 0>
HThHD,

% Ford #:0 Gl 1% 45 &, Volkswagen % & Hifli LT H SV DT L, Shadow price 13E< 22> Tk W | ikt e F Lo FiC
THENR B D Z ENFRO BN D, 7272 L Ford [ZB8 LTI, Shadow price DB 2 53 EBRHN TN D728, T OFEE,
Gl D L~ULZAHE L < 720> Shadow price DEIZ 72 o 72 A[REME DN 3 5,
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F-AEL, KOO T bFEO BRI A X, R Lo TWVDHIREE] 121X, Eoe3
HUMTLE SR, THUEH 21T, GHG-Intensity(G)72Y 20 12 % 23433 53, Shadow price’ 10,000
Bz 57 Y, Shadow price £ GID kL RIZHHZOHBN R LNV NETH D,

# 1512, RN GHG HEHH(GHG HE I HITE) % 8 R B 70 %= 24T - 72355512, HITEATHEZR GHG
PEH & & BN AT EE72 78 EmIC DWW TCRLHET 5, 2O RT ¥ v VORUEIL, FERNFRRRRE 21T
STWOHRENT BT 4 TREGRENREE) R LIESGE, A 07y MNER 5@ - ~T
TN EHRT Z 72K, GHG & ENEITHIETE 50, £ Ea EnZdsnsEsinsn
EERTHLOTHY . BIRO Inefficiency score (2, TNFNEAAELEED GHG EHER L URE LS
BT HEDEEETTH D, Inefficiency score 35 1 O Shadow price 23V B3I L, GHG HITEIR
TV NVDEBREL 8D, AENL, KFAHBHE A —7—6 fHH ., Volkswagen DART T v /L
23 GHG HiE « 72 B EH- & iz b k& <. FHIT Daimler & HENF SR o7, I X,
RUH, Ford D 34iE, 70T 4 TRETHY Inefficiency score N E 72720, RT v+ )b
DIELEBa LRo7, ZNHEIENRKEWVAIVNS VDL, BRODTINDEZATHAIMN, =
NoHEH < ETEEREE VO BEFNTEEZHANTEEINZETTH Y BRI ATRENE
PNEL BIERRERS LB L 725 2 S ITIEE L CIHE 720, IRIZ, GHG Z#E To AL FEME DHERE ) 5 |
HEIFERO#MEZZLET 5, K272, AEHE A —H —14 tHEOEEROHER 2R,

GHG Revenue GHG % to Revenue % GHG revenue

reduction increase Total to Total

potential potential
Volkswagen 510,362 10,831 11% 9% 4,821,793 122,869
Daimler 191,971 5,220 3% 3% 5,687,172 152,301
Nissan Motor 40,439 1,375 1% 2% 2,751,392 87,556
Ford Motor 0 0 0% 0% 7,190,845 159,375
Honda Motor 0 0 0% 0% 2,978,522 96,420
Toyota Motor 0 0 0% 0% 6,926,935 205,600

#£15 KFHBHEA — I —FALOH AT HE 72 GHGHEH B & HIN AT g7 58 g *

Automobile Companies - Productivity, Efficiency & Technological Changes

0.15

Productivity (TFP)
------ Efficiency Change

Technological Change

-0.05

2002 2003 2004 2005 2006 2007 2008 2009

27 EEE A — B —14 (LD EFEMEOHER (B EHE)

27 05, BHENEZERO GHG 2 A 7= AFEMEIL, 2004 H7>5 2005 H2HTF TR FREL
=00, FOWMABRITIE 2002 015 2007 EETERE LD NS5, 2k, BEHE

% 2002-2009 4EDFHHETH H 7120 AEMHICHD &, TNOHT (%Ede) 1TX 0 RERBT L7225, %to total DETIL,
R O] GHG BEH B TR 7 v v v OEIG %487, F72 Revenue T 2000 Ak IZT 7 L— h 3Tz 2002
—2009 FEDOHETH D Z LICHERE L TIHE 20,
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A —H —E4D GHG Z A T-RE NN EOT-DOEORRERL TWDHEE 2D, £123

ODEEOEE N, ZOEMEMNED EHIX, FEIT Technology change Dk, DFE Y 77 4

TREORENRO EFIZLVEIENTEZSDTHD 2 ENSND, 2007 FELLREIC, AFEMEN
KFLIEDIX, V=T a vy 71 WRERTIC L VE E@mBsEd§ 25— 7T, AERKOB
BROETIZLDEREENEOBCIZ L > THBEHER SR TEEENMET Loz MR T

X%, ZOHIR., Technological change X T o 72(7 0 T 4 THREDNRT 4 —< L AW TH -

72)—7 C. Efficiency change DHERLIZ K Z 2o Z{LIFBLRI SN o T, THUT, 7a T 40 74
(L EDNREELODFEMBENPRKRESELL TV RN EEEKRLTEY, V- T ay
7 DT, IR A DT, T RTOREITH L CTAENEOEE L 5 2 72 & HEH
TE 5%,

W2, KRFPEHE/EA—DT—6t(ha ¥, ¥, HEE, Daimler, Volkswagen, Ford)?DA4:pEM:2E
B2 DWW T 5, K282, Zih 6 foAFEME(bZ /RS, RKE V. 2002 475 2007
AT CTHEEEDOEIIR T 7 ATHY . ZOMBICEEERSH EL TS Z ER005, L
ML, EDEA IV TIEBEICEIVEELATHY, Z0Z b, HBEERT, FTEOKE SR
FREI L > TERBEROEEENEILT D ENI L0, M LWTTEHSFOH T, BEOR
EBENORERE UTAEERLELZBOLMAEEICH D Z L3Max b, Z OBRIXE 29 ©
Technological change (Z BT ICEKAILTH Y | Toyota Motor X° Ford D L 9727 v 7 ¢ T ARF¥ET
HoThH, HMAE LR L TCWD Z D bHEHITE 5,

Automobile Companies -Productivity Change

0.20

0.00 |

(0.20)
Honda Motor Co. Ltd. Ford Motor Co. Toyota Motor Corp. Daimler AG Nissan Motor Co. Ltd. Volkswagen AG (Pfd
Non-Vig)

WM2002-2003 W2003-2004 mW2004-2005 MW2005-2006 MW2006-2007 MW2007-2008 2008-2009

28 KRFHIHE A — I —6 HOEFEEOHT

Automobile Companies -Technological Change

0.20

(0.20)
Honda Motor Co. Ltd. Ford Motor Co. Toyota Motor Corp. Daimler AG Nissan Motor Co. Ltd. Volkswagen AG (Pfd
Non-Vtg)

W2002-2003 W2003-2004 W2004-2005 MW2005-2006 MW2006-2007 MW2007-2008 2008-2009

29 KTF-HEH A —F —6 £1D Technological Change D H#ER
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EX )

H AR D B BHE A — % — D Shadow price [T S O EZFHEMA & g LIEWZ & F L THAD HEYE
A—=H—TIEhIZERIVHBHEERO 7O T 4 TRETOHLZERHLNERST2,H
A EFRICB T DAL < EFERIISORES DL > Tl ELTW5S, BAD B E)H
A—H—DEEBRA IO I X, A=REREOBAIZLY, 2RV X —ROLEIIKT LR
BB E ST ENERO—DTH D EHRISND, ZTOOBUORIL, 3O 725 ) % ik
NUEERS N Z2Em0 0N L9 bONREF LWEEZ NS, £/, Ford ZIZULHETD
KERFEITIT, AARPCEMNEZE L FEDORFHKIDEE N TE ST, GHG PEH & 8 A 7o e
MIRFE LTV WAREERS & 5728, KIENZ b0 JeEE RIS O GHG HIERE AT b b 2
EMN. BROHBNHE A — D —0AZEAEN L, F-HAHHFEERICBIT D GHG i 28R T- 7 =
TIREWEARTIIEETHIEEZ OIS, M T, FEEIZE > THRED Shadow price [T K&
< BB Z LR LN E o Tz, ZHuE, PR ERGIH EE O &R BN A #5155

TiE, WA BECII < EEFE LT EREELVW & %ﬁ%?”é LTI, oh
ifﬂ;% Wkt L CRARRI DS B/EI R RBHFITEEE O N T T RFBMBE HLHRIN T 22

ST LV BERNDHD LEZONDIZD BREDREMAKIIHAS NI SNDLERHD LB
2’5%60

WIZEREMZEFRIZHONTELRT D,
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S

Aty va T, ERIEEOEF & U TEIMZER A ID BIF | RFEHK T TORMA — I —%
FEOEBEBFINCONTERZEZITH, R FEIT, BARD IFE, B H A (Nippon Steel), /7
HUEH (Kobe Steel), #E[E 0> POSCO. &5 Tung Ho Steel, F#ED Shougang Concord, A > K Tata
Steel, /L7 & 77 D Arcelor Mittal, KA ® Salzgitter, A~XA D Acerinox, 7 4 7 K
@ Outokumpu, A7 =— > @ SSAB. K[E ® Allegheny Technologies. AK Steel. Nucor. United States
Steel D 16 £ TH 5, 30 (2, $A A — B —KA4LD Inefficiency score & EBIIZRT,

Steel Companies - Inefficiency Score

1.00
@ EUROPE X
o HJAPAN X .
S HONG KONG+TAIWAN+S.KOREA+INDIA - X
< X UNITED STATES m X *
9 m X X
S - | X X X V'S
& EEN X
5 mm R XX se®?
= - x X X .
| ] u X X X X r'S
X PP @ ¥ (Number of Observations)
0.00 r 0000000000000 ee®®”T 00000000
0 5 10 15 20 25 30 35 40

30 $k8H A — A —16 tInefficiency score® [E Bl b 7

30 X V. AARDEEN A — B —Dinefficiency scoreld. WFFFEIZEMM & I LE <. BARDOEEN
A—H—=OFEE, BT LHEWEIIWVZRVIRITH D Z R nD, ZORRIT, FZER
LT LTSV A RO A MNEY AROEKIH A — I —OWHR COSEREERED Y =T
IR FEIECH 0 F NS bR S S LW SIS R RV E W ORI E . R LT
WBHEWZ 5 P Nz T, HEYE R DInefficiency score & Hlgt U (X 21 /). SR 0l
EL ., BHEROGHGEEA - ENRIIMLT L EmL W Enond, £1612, 7urT
74 T¥EE, FEMIIERT,

2002 2003 2004 2005 2006 2007 2008 2

* * * *

o
o
©o

POSCO(SOUTH KOREA)
Salzgitter (GERMANY)
ArcelorMittal (LUXEMBOURG)

*
* *
*

Acerinox (SPAIN) * *
*
*
*

* * *

* * *

* %X X ¥
* X X ¥

* %X X ¥ ¥

Nucor (UNITED STATES)

Tata Steel (INDIA)

Nippon Steel (JAPAN)

United States Steel (UNITED STATES)

JFE Holdings (JAPAN) *
Outokumpu (FINLAND) *
AK Steel Holding (UNITED STATES) *
SSAB (SWEDEN) *

Allegheny Technologies (UNITED STATES)

Kobe Steel (JAPAN)

Shougang Concord International (HONG KONG)

Tung Ho Steel (TAIWAN)

#16 SREIA— D —16 LOERI T T 4 TRED—E

* %X % %

0 AEZF L LTV 5 ICB-Super-Sector DB 7 I U — /0 FIZI\W\N T, EIRFERF 3£ F (Basic Resources)IZiE, AR - 4 - 61 -
il e =N e TAI=T L T EOGEIRE - @RILES, SISt MAREENEEND, LALINRD
ETOREO N Z—FEIZT H I EILTE WD, RREZIIENZ okt g & L TRIR LT,

TORRICHE, 8 EADOREREINTN S,

7R R OBEICE L TIE, Thy FREET U R RSEi< AARDMEE L BB (HIMEH) 2B E L L,
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# 16 L v, #E® POSCO, /L7 & TV T D Arcelor Mittal, R @ Salzgitter H A3, $kHiZER
WCBITAT70 T 4 TRETHILZ ENGND, HAROEE A —H—Tlix, B ARG
2002-2004 £E (25T . JFE 73 2002-2003 4E\2 7 a2 T ¢ TR L FEX T8, FRLIRE. FEShRME
XEE -7,

# 17 1%, KRFEH A — B —6 #.0 Inefficiency score, Shadow price. 7% L7290 GHG HEH &, 78
EH7-0 I ELTHER - 578 - <7 U T /L (COGS/Revenue, Capital/Revenue)D &7 & DiED
Thd, AFLD, AARDESH A — 7 —D Inefficiency score DE &2, EICRFE TORIROK
EEELHTVICHBELETIER 55 - ~T U T AOENTER L TWD Z ERD0nD,
Capital/Revenue DED & 1%, FIE A LT SR WEERIN 2 TS a[RerE, R L~
TOFRMEE % 1T > CHREMEZ . £ LT COGS/Revenue D E ST, S8 00 5% O JFEM B O
MO NEE OB S ZRB T 5, BHAROEKMA — 5 —I1%, GHG HEHH HE TD RN E\ (Shadow
price X N5 EH 7Y GHG BEH EITRV)2Y, BRFE TOREMIN 20, B IRV & )
RiZ7eoTc, ZHIEEWHZEZUL, BFEEZR ESE5 2 ERTEIE, b LS IEH
FUTIRODERFEHIKIDA BN SN TZBRITIE, BT T 2 a2 RT,

Inefficiency Shadow GHG2(tCO2)/ COGS/ Capital/ Revenue GHG Shadow

Score Price Rev(USDmil) Revenue Revenue Price

(#obs)
US Steel 0.287 29 5,070 1.127 0.721 10,147 51,037,589 2
ArcelorMittal 0.010 67 4,777 0.930 0.920 35,146 144,664,376 3
POSCO 0.000 71 4,524 0.775 0.711 21,660 88,889,713 5
Nippon Steel 0.173 82 3,031 1.241 1.177 25,762 77,423,667 7
Kobe Steel 0.387 85 2,280 1.223 1.136 11,357 25,712,439 5
JFE Holdings 0.244 104 3,675 1.172 1.249 20,800 76,746,972 5

# 17 KT A —F —6 thDInefficiency score, Shadow price & TN Fl 1= 7

31 (2, 88l A — F1—16 £ Shadow price % | [ERNZRT, Z DX L0 BLEHZEF D Shadow price
X, BENEZER &b LIREEIICEMTH Y, F 72 HARMEZED Shadow price 23D TRV K HEIZ
BE-TWBI LR ND, KJTZ 72T USD2,000 LLEOEWEEEZEL TWAHDIE, 7
4 7 > K® Outokumpu(2007 4=, 2008 ), KA 7 @ Salzgitter(2004 4%, 2007 4+, 2008 ), A
~A D Aserinox(2009 4E). H15 0 Tung Ho Steel(2002 45, 2009 4E)TdH Y . LIS TR
USD2,000 LA F OFABEICIN E » 7=, 3212, [[A U R AR - FERITRT,

Steel Companies - Shadow Price

12,000
@ EUROPE ¢ ¢
HIAPAN ¢
HONG KONG+TAIWAN+S.KOREA+INDIA
X UNITED STATES
[=]
3 ¢ ¢

2 % X (Number of )

¢ ¢ .
0 B E i . X X X Observations)

0 5 10 15 20 25
31 k8 A — B —16 t1 Shadow price [EHI] L

7 FEEIE 2002-2009 4E O 8 AEF DEMED FHHE TH W ERNCHE SN TWH Z &, F7- Revenue DIEIE, A7 L
TR ORMETHDH Z LICEBE L THEE 2,
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B D@ Y . Outokumpu. Salzgitter. Tung Ho Steel DfENEWZ &, F LTINS 4 H4E2HR< 12
tL>Shadow price23 AR U/AKIEIZRE E > TWVWD Z &2, AR XY 43025, 7272 LTung Ho Steel
ICB LI MO/ & &3, Outokumpu’ 2B L CIXHIENAR DA, Shadow pricel %8
EHZTOBAREERSH D Z EICEENPLETH D, X 3312, inefficiency score D4 3B 4EHI D
PARITR AN

Steel Companies - Shadow Price by Year

12,000 # Kobe SteelLtd.(JAPAN)
™ M Nippon Steel Corp.(JAPAN)
A POSCO(SOUTHKOREA)
™ X Allegheny Technologies Inc.(UNITED STATES)
X Nucor Corp.(UNITED STATES)
® United States Steel Corp.(UNITED STATES)
+ JFEHoldings Inc.(JAPAN)
= Outokumpu Oyj(FINLAND)
- Acerinox S.A.(SPAIN)
@ SSAB AB(SWEDEN)
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(NIES)SC HUER BR 5% PE SE H AN JEREAE (RITE) D I X DREFAFZE & IX B2 SRR R Sz, 202
FLTEIT, ARBFFEA 2002-2009 4E & W D i ENSLHIEDORE L ~LD MAC 27~k LTV D DT
L. BEEHFZEIC BV CIREEsR T U AT IS W2 R D MAC & [H « Hifff L)L CT/RL TV 572
DEEZOLND, 5H%IL. T X OFERLKEEN EEZBIE L, GEFT Y A NS EEEEL, E
B OO EME T — Z 12 H-3 % Shadow price Z HEF T 2, WEFL L bz ER,
AAFFEIT L 0 B H S 37z Inefficiency score X° Shadow price 723, EREHEREL L CHHA IS &
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AEFER S & F\V /- Shadow price DHEET

Fe 1A BE A ES % (DDF: Directional Distance Function)% V7= B$5 FE H B4 O F B M D HEFH 7 4513
Boyd et al. (1997). Lee et al. (2002). Maradan et al. (2005)=° Fire et al. (2006)7¢ &2 & - THi % - %\E‘
BN TE 7z, LATIC, ARFETHW D BREERE MM O HER HiE 23 %,

ARG TIL, TERDAEFEVEGHTICH W2 J7{8), EARZR EORAZERZLLT, HGEEAM) &7 L,
i EF‘E@&OD‘:’E’E LWEEH(AT., HsEHENCIN 2 T, BB EOEE LRV EEH
(AR, BREZRE V) &2 W T2 AR BEIE DM E O FEA A3 FTRE T & % Directional Distance Function (DDF)
M L. R AT O, TSR AM x. TG EHM y, REEFEHM b 2 W TAFE R #E
BPXNERD X HICEHT D,

P(x) = {(y, b) | x can produce (y, b)} (1)
HEPEAREEAPX)NICIEET B v 7O IENFEMD(X, v, b gx, gy, gb)id. Vo 7L 5K

WEFERFER L TV DI L FABECERSND 70T 4 774 v & OB E . FEAD Y
NU(g., 8, 8) VD Z LICk > T, KDL IITEET 5.

D(x,y, bl g, 8,,85) =Sup {B | (y+Bg,, b —Bgy) €P(x—Bg,)} (2)

FELO X ST Dy, bl g, 8, 8) & EFKT DT LT, RB)BELT D,
(yl b)EP(X) if and Only if D(X: Y, bl 8x» gy ’ gb) g 0 (3)
WIZ, SEEBF T COMGENY y Offifg % p>0, BREEHIM b Ofifs% q<0 & Lz &, &
TNV OBREE LM b & O REHEEE R(X, p, q)&%< o XX AMTH D, R p, q)ld p
L qDBEBTHY | EEMRBESOPRITIIMEED p & g2k LT lpy+gb) AT DL D%

(y*,b*) eP(X) DFLAEDOEDIFAET Do €5 T, Rix, p, QUIRD LD IZRT Z ENHIKD, 22T
D(x, v, bl g, gy, 8)IFT Q) THE X LN D AEFEHRIETH Y . LUFRIS(EDOT2 % D( - )& £,

R(x, p, a) = Max(y*, b*) {py* + qb* | (y*, b*) €P(x)} (4)
ZoLx, KEB)DOEURMEN S B R(X, p, q)l
R(x, p, q) = Max(y*, b*) {py* + gb* | D( *+ ) =0} (5)

CTAZLENARETH D, Z 2 THRENIEE D(y,b) eP(X)ZDWTHALT 5D DT, 222 (y*,b*) =
(y+D( * )g,, b—D( * )go) ZAAT %,

R(x, p, q)=Max, » [p{y+D( * )g,}+a{b—D( * )gs}| D( + )Z0]
Z [p{y+D( * )g,;+aq{b—D( * )g} | D( * )=20]
= {py+qb +(pg,—qg,)xD( * ) | D( * )Z0} (6)
H(6) &Y

T HRY B (G, Oy, G)lE. AT HENCE U TS 2 ERTRETH Y . VD HIR7 b OMAEHhEIC L
S CIHDRMIIZET 208, DR EFTM SN BEORTITITHEL 5 2720,
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0=D( * )={R(x, p, q) — (py + gb)} / (pg, — q9s) (7)

F72 R, p, )it p & qgDBEETHDZ LD, EED(y,b)ePIZ OV TIROREWT-T &L 5 72
it p & g BHEIET S,

D( * ) =Ming, q [{R(x, p, q) = (py + gb)} / (pgy, — qgs)] (8)

N(B) DML Zb &y TENEIRT T 5 &H(9). (1003565,

DO __ -9 g 9)
b pg,-qg,
dO__-P g (10)
oy pg, —qg,

K(O)VDEVNIERETFEH I b 2 1 BT L2 & S ICIERRME D( - )R ENTE T EFTE50E R L
Tk, RKAO)DOLTIIHEEEM v 2 1 BAIESS Lz & X1, FERDRM D( - )28 E 72 HlE
TEBL0ERLTNS, X(9) & X(10) &L » KA1 KT B,

g _aD()/ab

p aD()/dy »

T > TERELAE M Offitg g (3, HHEHMOMEE p Z W THR(12)D LS IZRTZENTETH
60

_D()/ab
oD()/ oy 2

T, AREICHWETSGERM AT — 2 ThHLH5E1E p=1 & LTEHHETDH I L AEET
0%, REPEHMOME q 13, EETERPEERBZN/NSE L 2 L CREEHM 2 1 B{LH]
WL 725 ais, W3 o i M O 2 S LT,

Lee et al. (2002) TI1E. R(12)TH S5 Shadow price I[ZIZBEZEDIERNRIEDFE VAR I N T

BLF. BEHTRANEERTHY, Ra)cskprmzEsy L O zrrs - oLy
Shadow price D FFHHE A A BAFE L7,

_ DO/ o,
aD()/3y o, 13)
T ZCL (v, b¥)IRHMRT R DO AEFE ARSI R A FHHT D L X IB R THRTHY, 7

e o . _
o5 47 A4 & Directional Vector DS TH D, I HiT V& O ITFHEIREREZRLTEY,

ThZh{(14)THRABND,
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1 5 1
O,=——— Oy=7———
1— D()& 1- D(-)&
b*, y* (14)

ARHT TIX R 7R B A PEFERN M DA ER] TIX VG Y E % — HALHIIK T 5 72 9O\ AR PERIAR & #i5 /]
LRS- 2 O IZ 72 2 EAE L KA EER O IR =M% Shadow price |Z XS5 T
HEEHWDZ L L, & (13)%2 T Shadow price DHEEF 24T - 7=,

Shadow Price & [RFHIFZE

WIZ, BRETEHM OMiAE g &RAHEHORBRRICOWTEIES S, i, EETERPRE
PEHI ORI 2 AT 21213, ()EERBEOMN S| (2) BN TORHEY #7220 2 SO F
Bl Z LBRWETH D, T I CEERRPMER AL ZELT D I2IE, BBGHE/ NI 9w
R, I D $ A 21T > T2 B OBMEH LD bRE WG ARETRITHITEIL ) A2 5
M2 EEZ D, KN TIE, BRIOMEZETORIER Y AT T — 2 2155 2 LidHikens-o
fleh, TARTOAEELMRL, REEHM OMKE o & F%EOEMNE 2 HIIR D A
D EE L, RAHIFE =9 & L7,

AEBBOHI T EERARE

EPEME LT, MAELEHDORIZE > TEZONAHEMETHY | MA—HAL Y7 OFEHEDHE
ZAUTAEEMEITIN E L Tl E NS, EEMEICOWTIL., FERAY - OAERETERIN
D BAEPEESC, BABAY - OAPERTERINDEAREFENE, S HITITTRTORATE
EPEH B ORI L - TER I 5 & F A PENE (Total Factor Productivity: TFP)2 N 5, &EFRA
PEME & X, FEEHOHEMNTBCEARR EORABEROHEIMTHATER20WE 2K L TEY
— %I THfER) 2R THIEE L OREFZSH 2P0 TV S,

ASHAWSN TS TFP 5HIITAIL, Solow(1957) & Farrell(1957)D& X i NFEAR L /o> Tnb,
ATy m—5k7E L LT~ a2 TP ORHAIGIEE LT, $%BE\X T a7 « 7 IERMEn 5
EELTHSILIE S D TH D, 7u T 0 TIHZRME LT, &b IR EERIC Lo TS
N7y 74T7 740 BRI HLICLD, KV TNVOIEREZFMT 2 FIETH D,
COFEEACDECIE, 7ur T AT IA VERETHALERDY | TOREFIECITa TS
7T AR T o An FRIBA AR GDRT A M) v 7 i TS BIEREEEIGH L/
VoNT A NY w7 BN KA TEICES D, AL Aigner and Chu (1968) 5 12 & » THESRM)
71 T 4 T 43N (Stehastic Frontier Analysis: SFA) & LT #%41% Charnes et al. (1978) 512 L - T
B B AR 43 HT 1% (Data Envelopment Analysis: DEA) & L CRE L=, £ L CIN B oMEEZ W4
PEVESIHT OMFFEIE, 1990 AU AV BUEITHIIN L TV 5,

ZNETER 2 DOFEIC K o THEEMESHTICE T 2803802 < R SN2 REDR T A
PEH &7 & OREEIG YL E O HITER 0 ML A2 BRI AEFEMEIC S S 72T & A 81772
b TZheholz, TOEHRDOUE DL LT SFA X° DEA TiE, BREIGYEWE % H T2 3BT
A BERANCHE L oo e WO @A D 572, L L ZORMBICK LT, Chung et al. (1997)i%
DEA OE X Hz=IGH L., BREFEREH &% AW 546 TH 2SR50 23 7T RE 72 45 i BRBE RS 24
(Directional Distance Function: DDF) & U 9 FEAM 72 H2M8 L 72, Tyteca(1996)<° Olsthoorn et al.
(2001)i%, BREZVG Y% B8 U I AR BEVERTAME HiE D bblk 2 20 L 7= /G5 & L C. B EHmEEZ v
7o) o RT ANy 7RI T EEEID TV D, B RTENEZ W CORE SR, sk
HERH Y, & HIZhEMERE OO FIEIZ T A FFOZ EENEB & LTET N5, £
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DIHOAMIE TS, CO2 BEHEZZE LT AESFMIZIT 5 729012, /73T A MU » 7 72 DDF
FEEHAWCCEHEZIT -T2,
B DR IE

DDF O FiEZ WA Z & T, AR L7723 (2)IZ. Charnesetal. (1997)IZ L > T& D L H IcER L &
N5, ZZTIEKkEFEHOY T ICHONTOHAEREZTRT,

ENEDIESR
Max. B, (= Dk(Xk’yk7bk|gx’gy’gb) (15)
il # =
N
qu,i i 2 Yok T9,B« (16)
Zbrl i br,k_gbﬂk (17)
> Xpik Xy, 0,y (18)
i=1
S <1 (19)
420 (i=12...k...N) (20)

Xpi 1L PxN DTG HEAM T — 2175 X D p AT i FIFEEHOEFZETH Y | y,; 13 QxN OifisGEHM 7 —

ZATHIY D qiT i FIEBH DEFETH D, £72 b, 1L RN OEREEFE M T — #2175 B O r 1T i 5% H

DEHTH D, FHRIR(16). (17). (WB)DELDIZ 7o T 4TI 2FLTEY ., NITEDR,

FUTABRERT LT a T 0 THR EORE -BRICRET /87 A—4Th b, il (16).
(17). (A8)VALIXFHixf G L 72 DT — %y FEHOTWD, (19, KV T BEOEEN

I #3575 (Decrease return to Scale) TITHNLTWND ETHIRETH D, BITIERNRMEAZE L p=0 1T

RIS DY TIVRHETH D Z L BT S,

A EEME D HER (Luenberger Productivity Indicator)

DDF Doy #Tis B % i TR EFR A M (Total Factor Productivity: TFP)DHERS 2 5HE 3 5 Tk L LT
Chambers et al.(1998)IZ & > TH B L T X 7= Luenberger productivity indicator Z K|35, TFP L LA
TOFEXNCTER S, AEEMEZLDZER % H 2 (b (Technical Change:TECHCH) & 2h3: 25k,
(Efficiency Change: EFFCH)IC 4345 Z L N A[RETH D,

TFR*! = TECHCHL! + EFFCHL™ 21)
TECHCHt! = { 1 (x v by) + Dt+1(xt+1'yt+1: bt+1)} (22)
t
-D* (e, v be) — PE (Xe+15 Ver bes1)
EFFCH{™ = D'(xe, Y6, b) — D™ (Xew1, Yerr bear) (23)

CZTTFP OFAARN 1 AN TITY, X1 TlIMtEC iR E M y 2. B EREEE I b
LD tHEL I EO HIRAEE L. 4 ODOAEFEFIR A, B, C, K DMEFEAITV., A, B, C23%)
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R LTI ENTWDETr—ATHDbD, ZOHE, 7074774 1% A, B, CIZEVIERS
N, KIZ7ar s 479428452 LT, AFEHFRDRIEORINAIREL 2 5,

LR, KICESEZYTTFP OMBHAZITY, M0 &8 PIE. KMBMIELEZ BT L om
TAT TA L EDRREBRT D, K(22). (23)F D D'(Xeypb )l ZE 1 DR | KO, | D EHEfET &
V. ZOHEBENRRKEIVIEE KIZFERIREFMEND, F72. D xyub)l T tH1EO T LT 4T
TA T HAEOERELZME L2 SEOIHENRIETHY, K1 FORT|KOwm| TH D, I T,

AR L72 TECHCH %# X 1 HOFLEE MW TERT &, TECHCH= (|KOui1l| + |KuiPu1|l — KO —
[KeeaPe])/2 = (10Ou1] + |PPua|)/2 E720 0 K & Ken BB LT 7 0T 4 7 7 b ORI
L7205, EFFCH XX 1 D |KOy| — |KeyiPur | TH S5, EFFCH > 0 THNIE, T FE THIET
HOTERETERN T T 4T ITANZHEDNTWNWAZEERELTEY(F Yy v T 7T v 7)), R
PEOSEEEWRT D, WIZEFFCH<0 DL X XAEETRE 7u T 4 7 74 COHBENYER LT
WHZLERLTEBY, RENENA L TWDZ EE2EWRT S, £7-, TECHCH>0 72 H1E, 71
VT AT TA DK VR TTE~Y 7 F LTEY ., TECHCH < 0 DA ITIER R T~
TRLTWAHZEAEFELT WD, TFPIL TECHCH & EFFCH ODFITH Y, 75477 b a%
B LT L A BT 5,

1 Luenberger Productivity Indicator M &%

AAFFETIE Luenberger(1992). Chambers et al.(1998) & D HFFE & 5 B IR RN HTIT X Ii T 5 720
ﬁﬁN7FW%@QQ@M#Q%M&Ebfﬁﬁ%ﬁ5O:@%Q\kﬁﬁﬁﬁ/7w_owf
OFEKIFLU T D,

H i B4
Max. B, (24)
il =
qu. >(1+5,)Yq G =revenue (25)
Z Xk <X, p = cogs, capital (26)
i=1
i b4 =@-pB)b,,  r=CO2 emissions (27)
i=1
>4 <1 (28)

N
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A >0 (=12, k- N) (29)

FROETFTNATEHIHMMHS RO TR T a T 4 T T4 % LT iR AM 2+ 2 &
7o ENTZTHGENM AN U, BREE M 2 IR 5 02 JE LTl 0 | TR 2 EIS
IXB THEIND, B>0 ThiuX, Pl ROEIEIITHEINFTRE 72 i KM & B AT EE 72 BR B2
FEMUNFIET 2720, IEFE LRI D, D AEEIEDFEEDORMEZ{L%E Luenberger
productivity indicator |2 X > CTEtHR 92 = & T, AFEMEEILBHEEARETH D |
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Data Envelopment Analysis [Z & 5
SNEMEF@EICDOULT

11 SRR & 13

A& R4y 112 (Data Envelopment Analysis, DEA)IE 1978 4EIZT ¥ U A K52 Charnes #i% &
Cooper 2% 512 K - THEE S V- ABRTEY 72 2h =51 795 T D, DEA O HFEFHIZREES T
TR EOEFEMDITRO, B EORENE, FRSPBUT &\ o To AL OFIER O D FMEFEARIC
HHAWAZENRAEETH V. FIEFITIE, RO ITMT RE MG RENRE 2 5D,
HRBL 70 O3B Tl RE 2 AW IR S Th 5 03 ¥ESCEFE 2 £ OMMRHL 21T
IHERF T, M REZHND Z EIFH LW, o T MBREEMIZ IZFE % R EE 2 - Hik
MMMELL 725, DEAIZZ OFXIREIZESNTEZ BN TS, —RANCHSREZ WD & &
W, BAEETEROLREZ AW CEHMEIT 5, DEA Tik, HEE OB AM THEEOME M &2 45 L T
HERIZH LT LDDRVEATEY REREHEZEKRL TWDIEKREZ IV M EEZX D,

1-2. WRREZBRWE=$RME

THRMIT —HRICA Y T2 0 OFEHBEPERFE)IC L > THIRESND, ZO&RMEOBE BT R
REE LM, AR —HA Y720 OEHENRRKE TIEREWIEE, b L ITENE - BAY
720 OBANED DR T IV NZEEEEITEWEEZ LN TS, LT, #FlEEE HVCRiH
T2, WE, 6 DOEFRH Y, WHEEEEEMHIMIMEZENEK 11 DL DT> TW 5,

F11 1EHIBADT—X

LG4 A B C D E F
TE¥EEK 3 4 4 6
A %E 7 2.5 1 9 1 2
5 A 2.33 0.63 0.25 1.50 0.14 1.00

S EFENEIT I — NS 0 O I EREE R L TR Y. BIERT A R LEVEE &5 T
Do WEH/LNDT — X BAIMIEEE & 7852 Lo ie WIGA ISR, A FERhSRMEI T T B A FEME I
LoTHWENS, ZoFRERD L, WER A DR LR TH Y JEFT D 23 b IR 72
BLERTTE &0 T EN D, X 11 I AN ERE, BRI E R L 572 T T TH
%o ZORDE R G FRRASOEMOMEE LB AEFEEZR L T D, BERT A ZE5EHD
BEENRBREL, TRTOREFIZIZOERO FCH D, = 2T, BEFT A %208 5 B (K
HBEENREVERZ 70T 4 T IA LV EERT D, 2070 T 4T 74 EDHKIZX
S THENER O RME RO D Z N RD, 7a T 4 7 I NIRRTy —~ L A%
FoTWALEFRZ@S, X1 kv, BEFT A IZERMZREETTTH 508, o> kil
T A IZHRD L IENRIN IR EFERIT > TN D, 22T, 2R BIER A O%hRMEZ 1 &L HLHE
ET 2701z, IR ELEFTONRMEZIKRD L D IZERT D,

FERN R 72 BGE T O S5 8 A FENE

BRI 72 BT O RN A =
F SR 72 BT 0 B A P T

T5 &, FREHTOMMBMEITR 12D L5125,
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F 12 1EH1BADORRNE

HIYERT4, A B C D E F
I8 AR PE 2.33 0.63 0.25 1.50 0.14 1.00
E 1.00 0.27 0.11 0.64 0.06 0.43

# 12 XV RMEN mOIEIZ ASD>F>B>C>E & 72 0 BUEAT € <0 E IR W IR BLERT A O 10%F2
FEDORNERTRIEZAT > TND LW D T &N 5, IRICFERN R &G T 2 2 ZRANZ T D 72 D Dk
ERE, ST FEHICE > TEZD, M1 1 ITEEEFTONRT 3y —< 0 A% 77 7L LT2H D
ThHY, HXITHBEEEEZRL WD, WEFF2 70T 47 74V EIIBHISEL DD
FELE LT HEELEEZRB LT 0T AT 74 VICBASELEVWIHIERHDH (K 1-1 D F
Z PLICRBENSE 5 H51E), Ziud, HEEREEAER)ZHET 5 2 & TR AR D HIETH
B = AIMIEREZ T Z L IC ks THUER F2 7T 4 774 v BIcB#EisE 5 2 &
LAFETH D (X 1-1 1D F % PLICEE) S5 H1E), 25 DI (E HER) 28 sE 5
LI Ko TR ENE FTETH S, TOMICHRUEFT FE2 70T 4 7 74 VBB SE D
FiET#Sy PIP2 O THIIE, EOMICBEI L TH BV, FENERRIERT F OEECE
BINCT D720 DWERII T T 4 T 7, VEREL TWAREERT A DO/R7 3 —~ 0 A KAF
LTW5b, ZOHEORIER A O X957, FEROBRFEERNOSZRIN TV L FHEKITSZR
EE LTS,

10 TAVTFAT S
D
9 L J
8 L
H7
morr
A
fi 6 |
&g |
£8 P1
4 7 I
3 1 B
s | Pl §F *
E
1r ’c 2
0 | |
0 1 2 3 4 5 6 7 8
FEE

1-1 1A LEHOBES

1-3.2 EH 2 ADFIE

WIZ2BA2QENOBAEYEZD, HITED 6 DOBEFFOFT —ZITERA Ny 7 L EERY
Mz 7=b0ONRFE 13 ThHD,

#£13 2HFAN2EHEOGE

s T4 A B C D E F
TEFE 3 4 4 6 7 2
BARA N v 6 6 5 7 4 4
AN A %E 7 2.5 1 9 1 2
A pE 30 20 20 60 15 40
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ANAMAE /5518 2.3 0.6 0.3 1.5 0.1 1.0

(A | EARA K v o 1.2 0.4 0.2 1.3 0.3 0.5
EpERE [ T 10.0 5.0 5.0 10.0 2.1 20.0
KRR | BRA Ny 5.0 3.3 4.0 8.6 3.8 10.0

REARAMAE/ 55 B X 55 88— N 2 72 0 OFPIMIEEE C, M/ EARITEARA Ry 7 —HL Y4720
DAIIMIESE, A pE R/ I I E — A4 720 OAFER CAER/EARITEARA b v 7 —HAY
2O DEEETHD, ZOHE, IREE EO LI ITHHETIERWEA I 0?2 ZOHA1E,
FED 1N 1BRAOLED X ) Ml b BRECTCOMBIZITE 225, LmL, #AE
H & WD R R EE TR 2 3l 5 729012, 2N B ZRALFENT — & %2 2N AR
A RABRIREHICH A LT D Z LIk > CRIHERREE 72 D, HEOBAELT — X IZBL T
VA RENTTNASZ &L - TRIBRRE A, IEERREN Z5HE T 5, KA ~D
A FEV, T, BEHM~DO T =4 M2 U, TET, (ITHRAM, ridEHMOLZERS, 20
2 FEH 2 A DL A IR O X O BRI A IR EN 2 EFRT D,

(AREIRARA =V < HEEBE 4V, xBARA b 7
(ABEORPE = Uy X IR + U % ZEPE B

IR, E¥(BROU =4 N2V BRA My 7 DT A FEV,, (IMEEOY =4 F% U,
EFEEOT = A Fa U, TERT, Z028EH 2 BADEAEDOHEREITRD X 5 IZERED,

[EARRORATER U, < AR + u, < R
BRI v, x (EEEI + v x EAA | v 7

PR R =

ZIZTCHBL o T D00, EHT A FU, Up EEAT = A PV, V ZEDLHITL TR

OLENENI ZETHD, DEA T, 2D T oA MISAEETHRICE > TEPENT LA ET =
A FEHANWTWD, ZOET A NI LTEEY A FEWIEAFTOHFENRD D, HE
VA MIEEEERIT EIEETZ T, FEBICL STV oA NERETDH V=4 N THD,
COEEY = A MIRMEFFE AT TR 2 O EBEA L ool L THDHEEZD
D, MBI TEEY = A FZHEMISEY a2 FOTHROED | R EIRS TR &
TRD D L9 RGAEITIE, I EPE RN &3l S v, B D —ERr DB T APE
FERIZA N D L L TOFNEZ T hdaze 0, EEITE LD W 72 A PE BRI R T2 %D
BRyzar 74 T EEEL LIERHMEITHA D) b D, DEAIZINDLEZSEZT, RO L HIZH
BoxA MNEPRET D,

L AT =A b, EHY =4 MIFHEIROEE BRI 2> THL L0 ET 5,

2. AT = A b, EHY = A MIFHIHR THLEETERICL > T, KOHFHELRD LI
WEST D, DEV, HOEELE K OZRMEEZFHET 5 L X2, EAEEERKIZE > THEFET
LHEA/NESNWT oA bt FELTIHAICKEWY =4 b2 THRW, 2L, £
DY =A MIMOEETFERDILBEREN 1 2BIRNE I ITHET DMLEND D, £ O L THRA
BN LAAEPE ZFH R L. DR R B APE TR K OB A2 70 L2 T UT 722 5720,

ZDY = A FOWREFIET IR LM SN ZAEFERITA IR BBEDNNE DI =4
M ARGE LTI BB & AR L AAEEH O LR RENMOEE TR LD SN E WS Z
LD T, MFEES L2320, 20U =A FOWREHIEZ L - T, FHliD L FEEZ > T
Do
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1-4. DEA % V724347

BEOEETERDOWTHRREZ O THREZHIEL T, 4 n HOEETERIH L L
T D, MRIZROTWHEELHRE K FHOEELRE T, o, AME x, EHMZ Yy T
KT, kFEAOEEFRDONRMEZ KD L FHAXO—RBITKRDO L S IcRSNnD,

WYy FU Yy e+ UR YR,
lel,k +V2X2’k +...+V, Xl,k

HIOBE%  MAX. 6,

Uy, ; +uy,; +...+u

il

Ve _
RIRI <1 (j=12,....n)
ViXgj HVoXy o F VX

Vi, Vy,...,V, 20, U, U,,...,us 20
XiX(I xn)DOEANT —#, yiZ(Rxn)DFEH T — %
VIZRAY = A NulIEHY = A FE2E£T

ZOFERXTIE, R X o TIRARRIFRZE /AR A DY 1 LLFICHIBRShTWnWb, £
ECkFEHOAEETERDOUBRE B ZHRKILTHEICT A FERDTND, T, 20D
AR CTREDURREIT 1 DENLUT ER Db EWEEERREOM TSRO EETFRD
ERREZE|D Z L2 Lo TEIEREZ RO TWIZDOR, Z OS5 HEHERIE TR R E O R RE
Z1ER57-0, BAEFROLEBRREZDEG D ENRMELE /2T 2 LN TE D, FRMIIRNER
MRAEEERLLIT 1 2 L0, KVIEDRIZARNITRDIEE 105 01250 TV, 205
BEHHREIIR O X ) ICHIEEERE~E BT 5 Z ENARETH 5,

HABIE Max. 6, =uy;, +U,Y,, +...+Ug¥p,
il VX, +Vo X oV X =1
UYy +UpYo  +oooFUpYr SVIXg ) + VX +. a4V X
Vi, V,,...,Vg 20, u,,u,,...,u, =0

OOy HGHEIRE & AR FHRIRE A FME TH 5 Z & 1 Charnes.(1978)12 & - CREBH & T 5,
ORI FHEI R RE O P IFIIR D L S 12FE T 5,

(Y (Y

HEOREE.  Min. g,

in,jﬂ’j Sﬂkxi,k (| =1,2 ..... |)
j=1

=l
YA 2V (r=12..,R)

1
4;20 (i=12,...,n)

A IR KEFEERNERT D270 T4 T 74 v EOSEE —BHICRET /87 A—H
Thd, ZUHHBIEFERE & FOXTEO B I I EBIC L > T—H L, TNEThD
H B O Fd it 1355 L < 72 5 (Max. 6, = Min. i),

1-5. 2 A2 EEHDT — % & VW 7= 68

EERIZEIFED 2 A 2 FEHOT —H %, DEA ZHWVWTCEHE L CH L, Z 2Tk, A£EFETKR B
WZOWTDOMEEEZRD D, 77— X B ERIEICY TUXD DL ELUTO X H 1725,
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HE9BI% Max. 04 =2.5u, +20u,
4v +6v, =1
7u, +30u, <3v_ +6v, (A
il 2.5u\:, +20upp < 4vLL +6\/KK ((B))
U, +20u, <4v, +5v, (C)
9u, +60u, <6v, +7v, (D)
u, +15u, <7v, +4v, (E)
2u, +40u, <2v, +4v, (F)
u,,up 20, v,v, 20

Z ORIEEHEIRTE O 1T v, = 0.13157,v, =0.078947,u, =0.078947,u, = 0.0105263 & 72 ¥ £ jE T+
& B ORNFIEIT 0, =0.407895 £ 78D, T OMEIFT N TOEEERDOLRERENR 1 ZHARNT =
A FOMBEDLEOHR T, AFEFK B OERENRRE RHMAGDOETHR L L 2O
%‘(“&)éo

PAZBOS RIS & > THEPEL(R B ORI ZFHRT D, 2 B 2 FEM T — & & BRI Y Ti
DD ELUTOL D RFRRIT2 D, FEED D RCHTEA~DOXER T4 R THIT 2,

AR Min. S,
3, +44; +4A. + 64, + Tz + 24 <4,
64, +645 +54. + 7 Ay +4A;. +44: <64,
TAN+2505 + A +94, + A + 2. 225
304, + 2045 + 204, + 604, +154, +404. > 20
Anr A A Ap g, Ag 20

il

T TAMBHRER ALL227=2A4F2RLTWVDL, Z0ORSEOMREIT
A, =0.0947, A, =0.1632, 1. =0.1842, A, Ac, he,=0,p, =0.407895 TH 5, ZH 5 DALk
DT EEZRLTND,

0.407895x BOF A > 0.0947 x AD# A +0.1632 x DDA +0.1842 x FD# A
BOJEM <0.0947 x ADPE +0.1632 x DO PEHY + 0.1842 x FDPEH]

oA, BERT B IZELERT AL DL F 2R UMM 7 0 T ¢ TAEE RIS L o TR
EFHlENTWD, B, ZOAEAAEERITELEFT B L0 bERM AL S AE LR
O, WA A RLERT B O 40.7895%LL FIZHIJ T 5 Z EMA[RETE N ThH D, £12 2 OFEHEIF.
TUGEAT B MIIMIEE & AEFEEZ DT 2 L 2 FBELEEARA by 7 ZHUIRO 40.7895% F T
HIKARE CTH D Z L E /R LTS, —HFTERINTWAHRLERT A, D, F X ED X 9 2281
AEPETRNS THIFRIREFET D Z &R, 16> T, Zh b ORLERTIZh R & G4
HZ MRS, DFE V| DEA TORHER LW FHIITIER LRI TH 5 L ITFHE kRN & %
BLTWA, 7arT 4794003, 7 a7 o THEEEROES L A5 2 ERHEk5,

1-6. EHENB L LEET IV

FIZEOFRETIT EHZRED STICENTZTRAZRES T Z LR E W) REZHWT,
BUEFTOMFRMEZRE L, Lo L, ZIREOHEITITRAZ L E FIC ENZT EH 21T
TEMARENE W) RETHEHIT 2 Z L3tk 2, 2O RERIIRIF EORAZHL L LK
EEETHI LIS TRDDZLEBARETH D,
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w=M/B. n=1/p LB < & LRDOICHRIEITRD L 5 it HAA~E LB TE 5,

HABE Max g,
3w, +4o, +4o. + 60, + 1o, + 20 <4
HIH 6w, +6w; +5w. +Tw, +4o. +4o. <6
T, +25w, +@. +9@, + @ + 20, 2.5,
30w, +20@, + 20w + 60w, +15@, + 40w, > 20n,

@y Oy, O, 0,0, @ 20

CORER LY PEHAERSRLE LT VOERHEME S BAERRE LT VO i RN % L <
DRSNS, TOET I TORERRIT

o, =0.2323, w, =0.4000, . =0.4516,w,, ®.,®:,=0,ng =2.45163 <Th-o7-,
INHOMIIR DO EELTND

2.45163x BOPEH < 0.2323x AD PE [ + 0.4000 x DO JE H + 0.4516 x FOD PE H
BOFA >0.2323x ADFEA +0.4000x DDA +0.4616 x FO A

ZOE ., BIERT B IZHERT A, D, FEZBT A LICL o T, FBERLEELRA Ny 7 &
Gz el TIMIEE & AEREAZBUIRD 245.163% % THSLTZ ERARETHLZ L ERLT
l/\ZDo

1-7. Directional Distance Function (DDF)

ZHVETHM L7 DEA Ti, E MM E-CR A PE R 2 EOPEIAE E LW (BT, i
GPEHM ZHWTE Tz, LovL, EPEEBOEHMICITBEKRSIET A IR E L\ > T pE
Hﬁﬁtﬁi LW b AERES D (LT, BREGEHIM b THT), Z OBRETPEH M A pEM: 2 51 AT 9
DI2DIIE, 7arT 4T T A A LTRD & OISR 2 il 2 K ENR B L BN D,

1. AN EBREEPEHM 22 b ST, TEEHM 2 ER 20T E 20,

2. A EHGERM 2 Z b ST, REENYZ ENZTHIRTE 572,

3. WG ENIY L BREEEHM 2 2L ST, AWM EZ ENZITHIRTE 52,

4. WHEHM 22 L ST, RAM EHiGELMZ ENZTHIBTE 57

5. RAMZ LS EFIT, ENETHiGEHM 2 NS, REDEHM 2B TE 5
6. REIEHM 2 Z b s EI2, EnRZTHiGELM z NS, RAMZED TS 5
7. ENIET TG ERM 2 NS, A L BREIEHIM 2 TE D,

BAID 4 SOHETHNITZNE TO DEA THATTE 2723, 5, 6, 7 & H OFHMALE TIL DEA
Z AW CEHMIT 2 O3 Ly, Bl & LT, #R A TIX B BIEIC R Kb L <13dMb
D EL LD RIERZYRT T2 D O % H S 2T UL D22V BB BERE I 2 x5 &
T % EH/MEDOMBIT/2 ﬁ%?ﬁﬁﬁ%ﬁ%&ﬁ“é & KA DA T O REfRE & 7p o T Li 75,
Z O b 2 RIRFZAT 5 Z 1Tk T, SRR EZAET T 20 ENH 5, FrlT, B
THEHHGERMEZHESCT Z L IIREBELEOBHETH Y BREENMAZBO T Z 2132 hnb @ﬁffﬁ:ﬁ
%@%@%%Wfékbﬁﬁxﬁkﬁﬁﬁfﬁéo%OT\:ﬂ%%ﬁﬁﬂﬂﬁ?é%@ﬁi%
ThoEEXD, ZNETORITHIZETIE, 5% H ORI ENEZ DEA THW D 72012, BREEREH
MF— 2 W THOCTERPEE LW E LTI FiEREEZREL TV D, L75>L zno
DETMAZIZMENZ S EHPEITEVER, 2o ORMBEZ R L7 DA Chung et al. (1997)
12 & > TEZEEI N7 directional distance function (DDF) Td %, Z ¢ DDF IZEFERIREEAS P 2 W
T, OEIHITEREIND,
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HIBE%  Max. B, (=D(xy,blg,.9,.9,))

Yxiid <X B0, (i=12...1)
=
=
D Viidi 2 Yo+ B9, (r=12,..R)

j=1
> b4 <by = B9 (1=12,...,L)
j=1

2,20 (j=12,...,n)
XITEAM, yiZiiGE M, bIXBREERE R, g, iXinput directional vector
g,lXdesirable output directional vector,g,iXundesirable output directional vector

PIFIER RN 2 F T,

LIF. 20X 9 atfsTRke b2 IR0 iE% D(x, y,b| g,, 9,,0,) £ & ZDET IV
LTS ENM EBRBEEHMICHWAE XY MO EEEXDH Z L2 K-> T mGERT ORI
R EBRIEE M OR/IMEIEZ RRFICEHE T2 2 N AGE L 725, F 7=, directional vector
(9,.9,.9,) EEESEDH T EICE ST, AT T A EELRINT A2 ENAETH D,
>F Y directional vector DR E LM IEHEDIRTE & 72 5 IRICHIE L XF A2 H W e 5335,
DDF # VT, JBIEEDFR 13 D 2 A 2 FEHT — X IZBREEHM & U CHRIEMT — ¥ ZiBINL
7232 1-4 OF — X TEREAEMEOFEZ1T 9,

F1-4 22BN 2HEER 1 REEHOT — ¥

s T4 A B C D E F
(=] 3 4 4 6 7 2
BARA N 6 6 5 7 4 4
OB %E 7 2.5 1 9 1 2
e 30 20 20 60 15 40
FEFEN) 5 8 13 20 6 4
M / BEZEY) 1.40 0.31 0.08 0.45 0.17 0.5
ERER | BEEY 6 3 2 3 3 10

L EFEE R ORI AEIC 1L 5 25 H O RHEZ T directional vector % (g, g,,9,)=(0y,b) & BXTE
T 5 & kEHOEEEROIDRETROATHETE D,
HAEYBEE  D(x,y,b|0,y,b) = Max.5,

iij,j < Xy

O E v
Z}\'jyrj > 1+ B)Yu
S, <A,
A20

| I3BEETNMOLRTIZELTWS, 20O DDF OMEZ L FIZFRT, 2 2 T3S B O E7- 1T
HETW D, BERT BICHOW T OFER R
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A, =0.4138, %, =0.4483 A5, he, Ao, he,=0, B=05172 Ch D, ZhbDMRITKRDZ L uF
LTV,

BO# AR >0.4138 x AD P AR +0.4483x FO P& AR
(1+0.5172) x BO His5pE I < 0.4138 x AD i pE H S + 0.4483 x FOO i3 E H
(1-0.5172) x BOBRETpE H IF > 0.4138 x ADBRHEPE H I + 0.4483 x FOBR B pE H

Zo%a, WERT BITRERT A L FESRT LI LICE - T, TBERLEARR vy 7 D%
EALSEPFIT, REEHM THLBEEYORZIVRD 51.72%HITHE L7225, [RIRFZ A0
fif & EPERZIURD 51.72%°F Z ENARETH H Z L 2R LTV D,

1-8. DDF % RV = BEER 5434

INETEHHEETOT = 2 HOTONEMED ST 21T o T E 7203 REICTIEE AN & T E
M OEEBEDT — 2 % TR RN GHT %247 5, DDF TIERFRIIOT —Z %45 Z L2k > T,
FAECRH A SN S | HTESREZHE T 5 Z LN AiECTH 5, FERFISHT 21T 9 I2dH
7o T, tEEDAEPERREES P & 41 FEOEEFREES P 2 VT, R & 5 ICHREERE S & &
#35, X' XTEZNENUE, HLEORAMEFT, LT, /00 directional vector M3t
AL TND,

d" (X, y,)=sup((B: (x, —Bg,. Y, +Bg,)eP")
A" (X1 Yeer) = SUP((B 2 (Xeia —BYys Yoo +BY,) € P)
d™ (%, y,) =sup((B: (x, —Bg,, Yy, +Bg,) € P™)
d" (Xea1s Yea) = SUP(B : (X = BY s Yo +BY,) € PY)

d'(x,y) IFtEOT R T 4T T4 L THRAEFEFERD t ETOEEFBZFML TCND L%
KLTEY, d"(x,y)IFHLEOT T 4T T A THAEELERD t 4T OERETRE) 2 3
LTV ZLEERLTVD,

LR, RIEZHWTHAT S, K123 tEE 41 FETO 1A LFEHOEEICHOWVTHIVWE G
DTHD, ZOEI2IFZ PR tEDOTO LT 4T IA L, PR HIEOTO T AT I3 0 %
RLTBY, EETERADETOEEN AKX Y), 1L ETOEEN AN Yy Y Thos L%
RLTWD, Flo, AN yHICFA LAY & P EDORRE R EBE, P LD ME R
LB R, AT D YIS T A L#s L PP e OREAR, EBE, P DR S & RY
&FB<. & BIZ Directional vector & (g,,g,) = (x,0) £&XE L T, BARIEDOAIIER LIS EIC
£ 4 SOBEERIEORD HEFRROMEHNTRO LS IZRSND, [aR[IEA Al e 4

Rtt ~OHEEA R, d'(x,y,) = ‘AtRf‘ A" (X Vi) =

At+1Rt+1

t+1

» Ay =[ AR d (e Yi) = AR
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En’i’u Yy pt+1

pt
RU Rt/
yt+1 t+1 t+1 O,.ﬁ.\AHl(XHl’ yt+1)
Rt+1 t
yt t Rt O,F‘.\At (Xt,yt)
| | ?AY X
B &0 X' xT BA

[X] 1-2 DDF % FW 7= B R 4454 D X

Chambers(1998)iX DDF D& F A5 Luenberger productivity indicator Z iV 5 Z L2k - T, 71
VT AT VT N EREE U EESIEE(TFP)E T a T 4 77 MMERE(TECHCH), ¥ v F T v
ZHERE(EFFCH)D 3 D OIEIEDHERT S AIRETH D EIRE L TV D, TECHCH i3 7ar T 4754
UMEND tH 1l EIIHT TENEE Y 7 N LENEETHRIETH D, ENT T AR T T
U4 T TA NI NHERE L T DL HHA~Y 7 FLTEY ER~A F AR BIEERAHZIEL TW
DHHE~YTZ FLTWBDZ L &R T, EFFCH &%, FERNRREFETIRD t 005 t+1 FFITMT T
EEE TR T 4T ITANCES ZENTEEDERTHRIECH L, EN T T A7 5203
NRIREFETRIZTZ 0 T 4T 74 EDSNWTEBY R~ FARLIET7ar T4 774
MHEE N> TS Z L ZsRd, TFP 1L TFP = TECHCH+EFFCH ThH- 2 b b, TN FNOFEEITR
TERINTWD,

1. .
TRP = 20" 00,0 =0 (s Vo) + 0 (0 Y0 =0 O, Vo))

1,0 +
TECHCH ZE{dl T Y) = d (%G YD) A (X Vi) —d (X yt+1)}
EFFCH =d"'(x,¥,) = d" (X1, Vo)

INGOEEAX 1-2 DR EANTET LoD LT,

|

_‘AtﬂRl

TFP=E{NRFI
2

_‘AHlRHl + ‘A‘R:‘ _‘AHIRI

t+1 t+1

t+1 t+1

|

TECHCH::%{NRﬁl

_‘Al Rtt‘ 4 ‘AtﬂRHl

EFFCH =|A'R!|-|A™R{}

t+1

INHOEMNDL, BHEEARD L HICRD Z ERHK D, TECHCH IZ A DSl 7 T ¢
TLT7 RDESE Ao a T 4T YT NOESOENTELATHY . EFFCH I A" & t 4R
DI T 4T T DEEENS A E 1 ED T T 4T T4 L ORHEE SN2 D TH 5,
— AN, NS OFREOAE TIRBROTE 2 L D Z LT, Z DOk o Btk
L LTWD,
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1-9. TFP DEEFE

TFP (TR D 4 SO BRI TR SNIERRIEZ RN TH T2 Z LIk o TRD L Z L

k5,

d'(x,Y,) =Max.p
Z/ljxji <% - f9,
j
2 A5 2 Ye + By,
J
A>0
dt(xt+1’yt+1) = MaX-B
t t+1
Z;\‘jxji <X -Pg,
j
25 =yt +Bg,
j

A20

dt+1(x1+1vyt+1) = Max
DXt < x™ —pg,
i
ZKJYE:I >y, +Bg,
] A>0
d (Xtv yt) = Max}
>t o,
i
ZMY&? 2y, +Bg,
j

A=0

COEITE, AIEEH L7 2 EEH 2 RADT = 2 tEL L, RO L DI FDOT —F ZBE
3%, Directional vector % (g, g,)=(x0) ELTHEETITO,

#F 15 tFEO2EA2EHOT—X

s pT 4 A B C D E F

3=l 3 4 4 6 7 2

BARA N 6 6 5 7 4 4
OB %E 7 2.5 1 9 1 2

HEpE R 30 20 20 60 15 40
FHMIAE /5718 2.3 0.6 0.3 1.5 0.1 1.0
FHOMIfE /| EARA Ny 1.2 0.4 0.2 1.3 0.3 0.5
EPER ) 10.0 5.0 5.0 10.0 2.1 20.0
HERE | BRA Ny 5.0 3.3 4.0 8.6 3.8 10.0

# 16 1O 2HA2EHDOT —X

&4 A B C D E F
WEE 2.5 3 4 6 8 2.4

BARA N7 5 4 5 7 4.5 4.7
AN A %E 6.5 2 1 9 2 4

A pE 28 19 20 60 17 50
HONfmAE / 5718 2.6 0.7 0.3 1.5 0.3 1.7
FOMifE /| BARA Ny 7 1.3 0.5 0.2 1.3 0.4 0.9
AEPER [ 71 11.2 6.3 5.0 10.0 2.1 20.8
R | BARAA My 5.6 4.8 4.0 8.6 3.8 10.6

BEAT A, BIXU R M TR BT LB EABEZHNIBIC L - T, BAREEESCHBAELEZHD L)
LLTWB, —Ji, & E. FITHBAEOIERIC K » TEAREESECHEEREEZED L O L LT
W5, F7-, BEFTC, DIZtFEL i1 FETESLKRIUAEZ LTS E L, 8T D 1T t 4
C I ETRNZEELTWLHET D, ZDOLE, TFPIIKRD 4 SOFEREMEL Z LItk -
TRDDHZENHKD, T2 TIHRERT AIZOWTOHAEXRO A EFENT 5,
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dl(X['yt) = Maxﬁ
D 34, + 44y + 44 + 645 +TAg + 24, <3x(1- )
i

D 64, + 625 +54c +TAp + 42 + 42 <6x(1- )
i

D TAp 4250 + A+ + A + 22, 27
i

D304, + 204, + 204 + 604, +154, +404, >30
i

120

d lJrl(xul' yl+1) = Maxﬂ

D 254, +345 +4 +62;, +82c +2.42, <25x(1- )
i
D54, +42y +54c + 1Ay + 454, +4.74 <5x(1- )
i
16.54, + 245 + Ac +94p + 24 +44, 265
i
D284, +194, + 204, +604, +174 +504, > 28
i

120

dHl(Xt ) yt) = Max.ﬂ

> 2,50, + 32, + 44 + 62, +82; + 242, <3x(1-f)
i

> 52, + 42y +52c + T2y + 454 +4.70,; <6x(1-f)
i

> 6.5, + 22 + Ac + 92 + 22 +42; 27
i

282, +192, + 204, + 604, +17; +502; >30
i

120

d' (XH-].’ yt+1) = Max.ﬂ

34, + 44y + 42 + 64, + T A + 24 <25x(1- )
i
D 64, +64g +54c + 1Ay + 42 + 42, <3x(1-f)
i
D TAp+2545 +Ac +9p + Ag +21; 265
j
D304, +204, + 204, +604, +154, +404, >28
j

A20

INHOFHEROMBIZIRD LS ThDH, T2 TlE., TRTORYEFTIZOWTHEETW5,

ZOREREEERT D,
7 1-6  DDF % V7= BRI 55T D B 5
A B C D F
d'(x,, ve) 0.000 0.592 0.600 0.000 0.615 0.000
d"(Xes1, Yeer) -0.116 0.481 0.600 0.000 0.580 -0.226
d"(x,, v1) 0.102 0.627 0.624 0.000 0.647 0.040
A" (Xes1, Veer) 0.000 0.515 0.624 0.000 0.599 0.000
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TFP 0.109 0.112 0.000 0.000 0.042 0.133
TECHCH 0.109 0.034 0.024 0.000 0.026 0.133
EFFCH 0.000 0.077 -0.024 0.000 0.016 0.000

BUERT AL DL FIEd' (X, Y,) =d"™ (X, Vi) =0 £ 0t 11BN T, b ORGERT O
EPEIRITH D LB SN TH Y £ OMORIEFTIIHNRTH 2 LAl TV D, £,
BUERT AL F T (X, Y,,) DADEEZ L5 TS, Ziud, BEFT AL FO 4+l £ TOEFER)

RIFLEO TR LT AT IA VP B BATWD LR LTOWAEDTB LT 4T T2 D
SMANZALE LTV D), DFE V| t+1 FTORIERT A, F OFEANIE t FOEFEFM OIRR A4 % T
W5 L EEWT D, RIC TFP, TECHCH. EFFCH DfEIZHOW AT %, Hi&EFAT A, B, E. F 2
TECHCH DENIETH A DI LT, BEFT €, DI 0 DfER & > TWb, ZHik, BiEIE t 4
5 t+l AEICT TEIRBEA TR Y | BEITAEERINICEN N2 L 2R L TWA, KIT
TECHCH OfEIZ DWW TR 5%, TECHCH [IFHEM O -l corva 74 774Dy 7
FEFELTWS, BERT D DAMIIEEDEA & > TWAD T, BYERT D SO RLERT D /7= 7
0T 4T TA ATEMNESE L TS G~ 7 FLTWD EFHi ST\ 5, — 5 TRIERT
DML REZTZa T 4T V7 MI0LERoTWDA, ZIUTRLERT D 28 t D t+1 FIT)T T
HPEIZEAEDR <, L bt F& 4l FOMGTOFETHEM EFMEINTNEL D TH S, IIT
EFFCH DfEIZ DWW TR S, t & t+1 F DM T OFE TR & FM I WA RUERT A, D, F
IX EFFCH OfEIZ 0 TH D, EFFCH L tFE & 41 FIINTTOTa T 4T 74 b OREfED 7=
ZRLTWAHAMN, BYERT A, D, FIZMEL HIZT70 T 4T 94 v R LTWATD, R
Mz o L7222, 16T, BEFT AL D, F D EFFCH=d ' (X,,Y,) — 4" (Xy, ¥i,1) =0—0 = 0 & 725,

HERT B, EMNIEDEEZ &> TWVWAHDIZKR LT, BEAT CITADHEE L > TWD, Tt FE»
Dl T TG B, E TR n T4 7 94 v & DN E - TR . 8&ERT ¢ TIX
ENTEIN > TWNAHZ EER LTS, BERT C 12DV Ci%, TECHCH & EFFCH 23R SN C TFP
N0 E7RoTVEN, Ziud H&ERFT C b RZ7u 74794007 M & Tarsr
ST TA b R-RERT ¢ OMXEREIE] OFIN 0 THHILEZRLTWD, ZhBHDS
Br7iE2 T, EFEME DR & HAESR ORI FRE & 72 5.
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A T47 £ EHRORETE(EEFTEORRFHCRE)

A PEME DARE BREHH O E

- 75
e IR Strong disposability

UL FERRIR, R Weak disposability

haE O FHE T &

T4 TNVRIEET IV HTT 4 TNREET IV
Data Envelopment Analysis(DEAE T /L) nkET v 7 vBILET IV
Directional Distance Function(DDFE 7 /L) FIEET L Free disposal hall

HEEZ AT ESER

DEAE T /L DDFE 7 /v
Malmaquist ¥5 %% Luenberger 5%k
Luenberger 5% Malmquist- Luenbergerfg 4

Hicks-Moorsteen fi5 44 Hicks-Moorsteen 5 %X
Luenberger Hicks-Moorsteen &5 %% Luenberger Hicks-Moorsteen 5 %%

% 1—7 DEA SHTIEOHLN
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Appendix C:HEfTELEETILED
LLERICE T HFE R

KE 7 g TlE, RIFFEIC XY B S 23072 Shadow price & B[ (2008) 72 T AT S 5 Hiffifa
FRETF LD MAC I DB OFE R 2, AR w7~ #EHIER EOBENG

5
Evidence-based MAC (Shadow price) o itrig _EARI-MAC
EN I NIES 7£ i (2008)
1. AR Gﬁ@%m%%me 1 BAZHIRT  GHG O E A B INRIC 1 BATHIPR 3
a7k DD E R EETHY, B DO HERRREM O E A
(IR S H s WO AT MAC, BRFAERMEZ 4,
#H) $ 2 7- 5% . Shadow price=MAC O fx KA,
TR ORI 1TEN T 5 72 KRBT, 82 O 2 E AT 5B
W, HEIFE AR H e PO GHG B0 7- (S R I E B L OWREHE H<0E
HOMKERN, T LEEB2-HE, WML EOEEREH OEFHE,
7 bE A & T A (EELRNNT D) RBEMICE L, @80 EIRERER
Z & EER, Uy,
2. FAR INRREPDREELFRR LD ST OXIRE, gk, M
a7 BNERVE(GHG « BA - B - ~T U T T HEMOW K (S = TR L)
(GHG HIJEA DO~ A2 MEZER LK, B EEOBEANRNEFRKE L& L
TUVRIL) L 78D GHG HITEAE, e U, 7o 2 SR O K D HI
B,
GHG HII AR T > v v MiE, HIRET GHG HIIEAR T o v vid. BifESI
T Y7 MNEE O RERRORT ﬁﬁbt&ﬁ XvorgHsn, v
EENCBIT DHIERT v v LB NES, R ESNOHEMILE E7en,
R
3. REHE  BEbT AT U XAERV, Kimo &m%ﬁ%ﬁkﬁé&i?@-%ﬁﬁ
WL EOT7 D Ny Mo k@ EAET D MolGEiE, SHEINOEAER -
(IR S 1 3k \CE oA Ty NER - Fl - ~ %%%EON~X?4w%ﬁ$KkH
#H) TUTMEADT 7 7 MGHG HE  HHAMTE AR &)OfE & ik L, BN

HE) OG22 R H, € OFE 15, GHG
HEHEZ 1 BAZHITE 2 7 (2Rt &
%5 bE AR,

TU Ny NI EEmTIEARL A&
PERE « ATIMEESE T b AR AT RE,

HHE T 2 A LT B0 B & bz L
GHG HEH B & 1 B2 572V Hljsd 2 BR
DHIEE 2 FH5H
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4. M RIRE
L~

13

7T v hReE - il D Shadow price %
BT 5 Z &b RE(E TR Ty
Brig), BB L T, Bl o#
il - 58k - GHGHEHH ER Y DT — 4 %
AFT 5z enTEh, RETRE S,

iy

etz [F - HUIBNCRE 2 B, [ - Ho
S D EAFEN « HER AR D B &
92 2 LidmraE, mE LD
(T, AT,

5. HFfE

2002 42009 4E DT — & & v, A1
Mz 331 2 A 5D Shadow price %
Hio

M - GHG T — X 1%, EREEIND
DT, BET v 7T — FATEE,

2000 % FLUELE L L 2020 4 & STt
GELT D,

7L

TRk ) AER OB, AD@EhEE, #&
FRERERE, FToARES - 5l
BOBENEN - FEEIEL - B iH &
e EERIE,

7. HERHFIE
(2R 2 R

kP2 ERE LT L TiEzwn
720, FFRFPHNITETH 2L LT
b, 2-34EFREICEE D,

BT — 213, EREETHIITHER
FEEHEZHARET LI ENATETH
575, GHG HEH T —# 1%, & LE%Z
DIZEETTHY . HREHEPHEL
2%, (FERINCT — & 3 %bili S vi
(ESIPSE S 11 ks I o RN B s =

ARSI 23 E T DS IS 72N
U Ao IR, B, =xov
XAl O @M%z . JFUNO & & 77
L. &f—cEn s 2 LI TH
LN, HHoZ X —ax NERIC
5 =X —EHOEIE) - Sl
— bk« IR NIRRT, FEREICE
SHORWHERHE AR & 5 aTRerE:
NH D,

FARMFRE)E T ARk - R - A B
BRI EFT NV EOFMET, BRFRICE
VTR B

kT U A R ORHRRIFRE T, HE
FERERITRIBICZAET D

FHRIE ST DEEFOEM A x5 &
ENTEY ., FROFEFHIEAILEE
ENTWARY, £7T7—ZDOHIFIC &
D EZEBINTOWRWEEFEDOFEHRT S
HbH, LoT, SHRBEICEIT HHI
AT v v v SE N R S fu. st
R —ZADOPEHENFREICAEL D
DHEEEMENRH B,

(1E£)2050 FE D E# 2 T4 D BRITIE,
CCS Z R 5 C & 2 B Hffr & &
B L TWaa, 1E(2008) Tl 2020 4
& BT AR R T db o 12 72 O BEAFH AT
DHFERGLE LTS,

i@ g r — A2 L LTnb 7z
O, ONTRIBAEICILUE L 72 D HEHESC
Z OIAEZXFT DU T > v v
W RICEHE STV B ATREMED 8 5

LSV DIHT 2T 5

b
HEo

Z &I

& 1 AWFSE L JEN(2008) & D A= F

BRI LT 05 oIS A 1R LTV BRI & B X DR A T T v b LeUL TORE AR LT
WHREHEFFELTND EBZbNDT2H, HIRT T 2 MMED Shadow price ZFLHI T2 Z & DO FEBLATREMEIE A,
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Appendix E  Trucost 464 &

LoNOUAWNRE

W W WWWNNNNNNNNNNRRRRRRERRPRRE
POUNPOOONOTRONPEOORNONAWNEO

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

Oilseed farming

Grain farming

Vegetable and melon farming

Fruit farming

Tree nut farming

Greenhouse, nursery, and floriculture production
Tobacco farming

Cotton farming

Sugarcane and sugar beet farming

All other crop farming

Cattle ranching and farming

Dairy cattle and milk production

Animal production, except cattle and poultry and eggs
Poultry and egg production

Forest nurseries, forest products, and timber tracts
Logging

Fishing

Hunting and trapping

Support activities for agriculture and forestry
Crude Petroleum and Natural Gas Extraction

Tar Sands Extraction

Natural Gas Liquid Extraction

Bituminous Coal and Lignite Surface Mining
Bituminous Coal Underground Mining

Iron ore mining

Bauxite Mining

Gold Ore Mining

Other Metal Ore Mining

Copper Mining

Nickel Mining

Lead Ore and Zinc Ore Mining
Uranium-Radium-Vanadium Ore Mining

Stone mining and quarrying

Sand, gravel, clay, and ceramic and refractory minerals
mining and quarrying

Other nonmetallic mineral mining and quarrying
Drilling oil and gas wells

Support activities for oil and gas operations
Support activities for other mining

Hydroelectric Power Generation

Coal Power Generation

Natural Gas Power Generation

Petroleum Power Generation

Nuclear Electric Power Generation

Solar Power Generation

Wind Power Generation

Geothermal Power Generation

Wave & Tidal Power Generation

Biomass Power Generation

Landfill Gas Power Generation

Other Electric Power Generation

Electric Power Distribution

Electric Bulk Power Transmission and Control
Natural gas distribution

Water, sewage and other systems
Nonresidential commercial and health care structures
Nonresidential manufacturing structures

Other nonresidential structures

Residential permanent site single- and multi-family
structures

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

72.

73.
74.
75.
76.
77.
78.

79.
80.

81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.

Other residential structures

Nonresidential maintenance and repair
Residential maintenance and repair

Dog and cat food manufacturing

Other animal food manufacturing

Flour milling and malt manufacturing

Wet corn milling

Soybean and other oilseed processing

Fats and oils refining and blending

Breakfast cereal manufacturing

Sugar cane mills and refining

Beet sugar manufacturing

Chocolate and confectionery manufacturing from
cacao beans

Confectionery manufacturing from purchased
chocolate

Nonchocolate confectionery manufacturing
Frozen food manufacturing

Fruit and vegetable canning, pickling, and drying
Fluid milk and butter manufacturing

Cheese manufacturing

Dry, condensed, and evaporated dairy product
manufacturing

Ice cream and frozen dessert manufacturing
Animal (except poultry) slaughtering, rendering, and
processing

Poultry processing

Seafood product preparation and packaging
Bread and bakery product manufacturing
Cookie, cracker, and pasta manufacturing
Tortilla manufacturing

Snack food manufacturing

Coffee and tea manufacturing

Flavoring syrup and concentrate manufacturing
Seasoning and dressing manufacturing

All other food manufacturing

Soft drink and ice manufacturing

Breweries

Wineries

Distilleries

Tobacco product manufacturing

Fiber, yarn, and thread mills

Broadwoven fabric mills

Narrow fabric mills and schiffli machine embroidery
Nonwoven fabric mills

Knit fabric mills

Textile and fabric finishing mills

Fabric coating mills

Carpet and rug mills

Curtain and linen mills

Textile bag and canvas mills

All other textile product mills

Apparel knitting mills

Cut and sew apparel contractors

Men's and boys' cut and sew apparel manufacturing
Women's and girls' cut and sew apparel manufacturing
Other cut and sew apparel manufacturing
Apparel accessories and other apparel manufacturing
Leather and hide tanning and finishing

Footwear manufacturing
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115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.

130.

131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.

151.
152.

153.
154.
155.
156.
157.
158.
159.
160.
161.
162.

163.

164.
165.
166.

167.
168.

169.
170.
171.
172.
173.

Other leather and allied product manufacturing
Sawmills and wood preservation

Veneer and plywood manufacturing

Engineered wood member and truss manufacturing
Reconstituted wood product manufacturing

Wood windows and doors and millwork

Wood container and pallet manufacturing
Manufactured home (mobile home) manufacturing
Prefabricated wood building manufacturing

All other miscellaneous wood product manufacturing
Pulp mills

Paper mills

Paperboard Mills

Paperboard container manufacturing

Coated and laminated paper, packaging paper and
plastics film manufacturing

All other paper bag and coated and treated paper
manufacturing

Stationery product manufacturing

Sanitary paper product manufacturing

All other converted paper product manufacturing
Printing

Support activities for printing

Petroleum refineries

Asphalt paving mixture and block manufacturing
Asphalt shingle and coating materials manufacturing
Petroleum lubricating oil and grease manufacturing
All other petroleum and coal products manufacturing
Petrochemical manufacturing

Industrial gas manufacturing

Synthetic dye and pigment manufacturing

Alkalies and chlorine manufacturing

Carbon black manufacturing

All other basic inorganic chemical manufacturing
Other basic organic chemical manufacturing

Plastics material and resin manufacturing

Synthetic rubber manufacturing

Artificial and synthetic fibers and filaments
manufacturing

Fertilizer manufacturing

Pesticide and other agricultural chemical
manufacturing

Medicinal and botanical manufacturing
Pharmaceutical preparation manufacturing

In-vitro diagnostic substance manufacturing
Biological product (except diagnostic) manufacturing
Paint and coating manufacturing

Adhesive manufacturing

Soap and cleaning compound manufacturing

Toilet preparation manufacturing

Printing ink manufacturing

All other chemical product and preparation
manufacturing

Plastics packaging materials and unlaminated film and
sheet manufacturing

Unlaminated plastics profile shape manufacturing
Plastics pipe and pipe fitting manufacturing
Laminated plastics plate, sheet (except packaging), and
shape manufacturing

Polystyrene foam product manufacturing

Urethane and other foam product (except polystyrene)
manufacturing

Plastics bottle manufacturing

Other plastics product manufacturing

Tire manufacturing

Rubber and plastics hoses and belting manufacturing
Other rubber product manufacturing

174.
175.

176.
177.
178.

179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.

196.
197.

198.
199.

200.
201.
202.
203.
204.
205.
206.
207.

208.

209.
210.
211.

212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.

Pottery, ceramics, and plumbing fixture manufacturing
Brick, tile, and other structural clay product
manufacturing

Clay and nonclay refractory manufacturing

Flat glass manufacturing

Other pressed and blown glass and glassware
manufacturing

Glass container manufacturing

Glass product manufacturing made of purchased glass
Cement manufacturing

Ready-mix concrete manufacturing

Concrete pipe, brick, and block manufacturing

Other concrete product manufacturing

Lime and gypsum product manufacturing

Abrasive product manufacturing

Cut stone and stone product manufacturing

Ground or treated mineral and earth manufacturing
Mineral wool manufacturing

Miscellaneous nonmetallic mineral products

Iron and steel mills and ferroalloy manufacturing
Steel product manufacturing from purchased steel
Alumina refining and primary aluminum production
Secondary smelting and alloying of aluminum
Aluminum product manufacturing from purchased
aluminum

Primary smelting and refining of copper

Primary smelting and refining of nonferrous metal
(except copper and aluminum)

Copper rolling, drawing, extruding and alloying
Nonferrous metal (except copper and aluminum)
rolling, drawing, extruding and alloying

Ferrous metal foundries

Nonferrous metal foundries

All other forging, stamping, and sintering

Custom roll forming

Crown and closure manufacturing and metal stamping
Cutlery, utensil, pot, and pan manufacturing
Handtool manufacturing

Plate work and fabricated structural product
manufacturing

Ornamental and architectural metal products
manufacturing

Power boiler and heat exchanger manufacturing
Metal tank (heavy gauge) manufacturing

Metal can, box, and other metal container (light gauge)
manufacturing

Ammunition manufacturing

Arms, ordnance, and accessories manufacturing
Hardware manufacturing

Spring and wire product manufacturing

Machine shops

Turned product and screw, nut, and bolt manufacturing
Coating, engraving, heat treating and allied activities
Valve and fittings other than plumbing

Plumbing fixture fitting and trim manufacturing

Ball and roller bearing manufacturing

Fabricated pipe and pipe fitting manufacturing

Other fabricated metal manufacturing

Farm machinery and equipment manufacturing

Lawn and garden equipment manufacturing
Construction machinery manufacturing

Mining and oil and gas field machinery manufacturing
Other industrial machinery manufacturing

Plastics and rubber industry machinery manufacturing
Semiconductor machinery manufacturing

Vending, commercial, industrial, and office machinery
manufacturing
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232.
233.

234.

235.

236.

237.

238.
239.
240.
241.
242.

243.
244,

245.

246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.

258.
259.
260.
261.
262.
263.
264.
265.

266.
267.

268.
2609.

270.

271.
272.
273.

274.

275.
276.
277.

278.
279.
280.
281.
282.

Optical instrument and lens manufacturing
Photographic and photocopying equipment
manufacturing

Other commercial and service industry machinery
manufacturing

Air purification and ventilation equipment
manufacturing

Heating equipment (except warm air furnaces)
manufacturing

Air conditioning, refrigeration, and warm air heating
equipment manufacturing

Industrial mold manufacturing

Metal cutting and forming machine tool manufacturing
Special tool, die, jig, and fixture manufacturing
Cutting tool and machine tool accessory manufacturing
Rolling mill and other metalworking machinery
manufacturing

Turbine and turbine generator set units manufacturing
Speed changer, industrial high-speed drive, and gear
manufacturing

Mechanical power transmission equipment
manufacturing

Other engine equipment manufacturing

Pump and pumping equipment manufacturing

Air and gas compressor manufacturing

Material handling equipment manufacturing
Power-driven handtool manufacturing

Other general purpose machinery manufacturing
Packaging machinery manufacturing

Industrial process furnace and oven manufacturing
Fluid power process machinery

Electronic computer manufacturing

Computer storage device manufacturing

Computer terminals and other computer peripheral
equipment manufacturing

Telephone apparatus manufacturing

Broadcast and wireless communications equipment
Other communications equipment manufacturing
Audio and video equipment manufacturing

Electron tube manufacturing

Bare printed circuit board manufacturing
Semiconductor and related device manufacturing
Electronic capacitor, resistor, coil, transformer, and
other inductor manufacturing

Electronic connector manufacturing

Printed circuit assembly (electronic assembly)
manufacturing

Other electronic component manufacturing
Electromedical and electrotherapeutic apparatus
manufacturing

Search, detection, and navigation instruments
manufacturing

Automatic environmental control manufacturing
Industrial process variable instruments manufacturing
Totalizing fluid meters and counting devices
manufacturing

Electricity and signal testing instruments
manufacturing

Analytical laboratory instrument manufacturing
Irradiation apparatus manufacturing

Watch, clock, and other measuring and controlling
device manufacturing

Software, audio, and video media reproducing
Magnetic and optical recording media manufacturing
Electric lamp bulb and part manufacturing

Lighting fixture manufacturing

Small electrical appliance manufacturing

283.
284.

285.
286.
287.

288.
289.
290.
291.
292.
293.

294.
295.
296.

297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.

308.
309.

310.
311.
312.
313.
314.

315.
316.
317.
318.

319.
320.
321.
322.

323.

324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.

Household cooking appliance manufacturing
Household refrigerator and home freezer
manufacturing

Household laundry equipment manufacturing
Other major household appliance manufacturing
Power, distribution, and specialty transformer
manufacturing

Motor and generator manufacturing

Switchgear and switchboard apparatus manufacturing
Relay and industrial control manufacturing
Storage battery manufacturing

Primary battery manufacturing

Communication and energy wire and cable
manufacturing

Wiring device manufacturing

Carbon and graphite product manufacturing

All other miscellaneous electrical equipment and
component manufacturing

Automobile manufacturing

Light truck and utility vehicle manufacturing
Heavy duty truck manufacturing

Motor vehicle body manufacturing

Truck trailer manufacturing

Motor home manufacturing

Travel trailer and camper manufacturing

Motor vehicle parts manufacturing

Aircraft manufacturing

Aircraft engine and engine parts manufacturing
Other aircraft parts and auxiliary equipment
manufacturing

Guided missile and space vehicle manufacturing
Propulsion units and parts for space vehicles and
guided missiles

Railroad rolling stock manufacturing

Ship building and repairing

Boat building

Motorcycle, bicycle, and parts manufacturing
Military armored vehicle, tank, and tank component
manufacturing

All other transportation equipment manufacturing
Wood kitchen cabinet and countertop manufacturing
Upholstered household furniture manufacturing
Nonupholstered wood household furniture
manufacturing

Metal and other household furniture manufacturing
Institutional furniture manufacturing

Office furniture manufacturing

Custom architectural woodwork and millwork
manufacturing

Showcase, partition, shelving, and locker
manufacturing

Mattress manufacturing

Blind and shade manufacturing

Laboratory apparatus and furniture manufacturing
Surgical and medical instrument manufacturing
Surgical appliance and supplies manufacturing
Dental equipment and supplies manufacturing
Ophthalmic goods manufacturing

Dental laboratories

Jewelry and silverware manufacturing

Sporting and athletic goods manufacturing

Doll, toy, and game manufacturing

Office supplies (except paper) manufacturing

Sign manufacturing

Gasket, packing, and sealing device manufacturing
Musical instrument manufacturing

All other miscellaneous manufacturing
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340.
341.
342.
343,
344,
345.
346.

347.
348.
349.
350.
351.
352.

353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.

384.

385.

386.
387.
388.
389.
390.
391.
392.

393.
394.

395.
396.
397.

398.

Broom, brush, and mop manufacturing

Grocery and Related Product Wholesalers

Electrical and Electronic Goods Wholesalers

Apparel, Piece Goods, and Notions Wholesalers
Lumber and Other Construction Materials Wholesalers
Petroleum, Chemical, and Allied Products Wholesalers
Motor Vehicle and Machinery, Equipment, and
Supplies Wholesalers

Miscellaneous Durable Goods Wholesalers
Miscellaneous Nondurable Goods Wholesalers
Motor Vehicle and Parts Dealers

Furniture and Home Furnishings Stores

Electronics and Appliance Stores

Building Material and Garden Equipment and Supplies
Dealers

Food, Beverage, Health, and Personal Care Stores
Gasoline Stations

Clothing and Clothing Accessories Stores

General Merchandise Stores

Miscellaneous Store Retailers

Nonstore Retailers

Air transportation

Rail transportation (Electric)

Rail transportation (Diesel)

Water transportation

Truck transportation

Transit and ground passenger transportation

Pipeline transportation

Support activities for transportation

Couriers and messengers

Warehousing and storage

Newspaper publishers

Periodical publishers

Book publishers

Directory, mailing list, and other publishers

Software publishers

Motion picture and video industries

Sound recording industries

Radio and television broadcasting

Cable and other subscription programming

Internet publishing and broadcasting
Telecommunications

Internet service providers and web search portals
Data processing, hosting, and related services

Other information services

Monetary authorities and depository credit
intermediation

Nondepository credit intermediation and related
activities

Securities, commodity contracts, investments, and
related activities

Insurance carriers

Insurance agencies, brokerages, and related activities
Funds, trusts, and other financial vehicles

Real estate

Owner-occupied dwellings

Automotive equipment rental and leasing

General and consumer goods rental except video tapes
and discs

Video tape and disc rental

Commercial and industrial machinery and equipment
rental and leasing

Lessors of nonfinancial intangible assets

Legal services

Accounting, tax preparation, bookkeeping, and payroll
services

Architectural, engineering, and related services

399.
400.
401.
402.

403.

404.
405.
406.
407.

408.
409.
410.
411.
412.
413.
414.
415.
416.
417.
418.
419.
420.
421.

422.
423.

424,

425.
426.
427.
428.
429.

430.
431.
432.
433.

434,
435.
436.
437.
438.
439.
440.
441.
442.
443.

444,
445,

446.

447.
448.
449.
450.
451.
452.
453.
454,

Specialized design services

Custom computer programming services

Computer systems design services

Other computer related services, including facilities
management

Management, scientific, and technical consulting
services

Environmental and other technical consulting services
Scientific research and development services
Advertising and related services

All other miscellaneous professional, scientific, and
technical services

Photographic services

Veterinary services

Management of companies and enterprises

Office administrative services

Facilities support services

Business support services

Investigation and security services

Services to buildings and dwellings

Other support services

Employment services

Travel arrangement and reservation services

Waste management and remediation services
Elementary and secondary schools

Junior colleges, colleges, universities, and professional
schools

Other educational services

Offices of physicians, dentists, and other health
practitioners

Medical and diagnostic labs and outpatient and other
ambulatory care services

Home health care services

Hospitals

Nursing and residential care facilities

Individual and family services

Community food, housing, and other relief services,
including rehabilitation services

Child day care services

Performing arts companies

Spectator sports

Promoters of performing arts and sports and agents for
public figures

Independent artists, writers, and performers
Museumes, historical sites, zoos, and parks
Amusement parks, arcades, and gambling industries
Other amusement and recreation industries

Fitness and recreational sports centers

Bowling centers

Hotels and motels, including casino hotels

Other accommodations

Food services and drinking places

Automotive repair and maintenance, except car
washes

Car washes

Electronic and precision equipment repair and
maintenance

Commercial and industrial machinery and equipment
repair and maintenance

Personal and household goods repair and maintenance
Personal care services

Death care services

Dry-cleaning and laundry services

Other personal services

Religious organizations

Grantmaking, giving, and social advocacy organizations
Civic, social, professional, and similar organizations
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455.
456.
457.
458.
459.
460.
461.
462.
463.
464.

Private households

Postal service

Federal electric utilities

Other Federal Government enterprises

State and local government passenger transit
State and local government electric utilities
Other state and local government enterprises
General Federal defense government services
General Federal nondefense government services
General state and local government services
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