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[BOX] OECD IZHT 5B |RpELE
OECD o [#iERiEER{LES L BORICB T DRIROBH L8 L) XBITRSNIAHEEY
LEHROIT ) —IERDE ST >T WD,
A - @ (Health effects)
R, BiER. AdE, BETELVWA 4, ¥REE TLad-—RLl,
BIRERESED 70~90% & bE b, THhE TORETIE, BEHCTH
BhE P OBERLARE. BBRAR, GO, PM, NO2, S02 /2 XoR/d
k3, B, BRFOBLELLIIHWRZEATV S, ERILXCE
BT DV TERNR PN DD, EFE T WHO & #ER@ITAME R
4 £y DfE(Value of a Statistical Life) & L T DALYS(Disability-Adjusted
Life Years) % £ L T\ 5,
AREFRDOE(L (Ecosystems change)
WL R A AHIBOBERICBET 2EBR~DOREEBL LTIL. BEEWE
., oW E, NH, AREORALEYESH D, T, KIPioxtHah
BERZGUWEL, BRNEROEERNF TH S, KIRICHHH S5k
K, LEELOEB LR BERSFTH D, FlziE, BIZETh NOx
P OIEMIT. GHG BIMEZ > Z N TES L., HELBKOEBRR~D
RO AR Z PR VERT 5 &N TE S,
%% % #%h R (Economic effects)
<7 U T A—(Material Damage) ‘
NeHYV—DTHRAMIBITS. BEVORR L FEHOFMER
S CREINE, TRAAX—HBREHIM 0 77 L2k b, 802
BB 6%E T L, BEM~DREIERM 3000~3500 77 FiLig<
IRofe bt L,
HEet 7 Z—IiZBT AR (Seétoral Effects)
i, REHERZITO> LT, DB —Fid, HHHIR
DRANEAT S, REMIZIZ, OMBIBE LY | o
BICERT 2R LTREBIRRDILEBEV I LK, BEMIC
REORBRELTD, BRICL-TiE, KEHFNHDIZLICR
Do -
ity 72 % {k(Technological change)
BRMELREROBE, HRELIC L - TERTBENEL
THRSRANAL D, TOBSBRALY, BINHELICI BE
R EENIE, ERERESE LI EERITOND, AEEHE
BN OLBAETIEFRARA VA — R~ 2 HETHIEMITERIC
Wi, BEOBERAMESCEDREZRIALVI Z A
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ILTHRETH A, EEIIEHL . ERMIEZXDZLREE
Tz,
g (avoided costs)
REEHEREERE L L AEENOEHNTE IR D
ZEThHD, RMLEIE, TAY A TS02 PHERHICES TS
OO A M THDH, —EOREEEL BT OOFEMN
BEHDBRIC, HENHFERBASRD E, ORI 4L
L3,
T+ 28B (= FADHBET 228 ; negative ancillary benefits)
L TRAXRETIHELH D, BHBTCORRN AV
FRITTEHLRBHEH B HIM S & 5723, Nox i1m4 3, AH%
BiL, KEOEBREZEHE LY. KgT2HRICEATHBA
DBEZFIEEIT, BBEOREILN Y Y ohbTF 41—z
T5ZET. REHHBIZHB S 243, K0B34 2 #m
EEBNNRHD,
#HE2MPR (Social effects)
ERAO%E{r (Employment changes)
BETORABKORE L SEEPERICLAREBLOMTS
TEHBEETHD,
et L B4 (Safety and congestion)
RESBFTHRIND, Bt chs, BERSICLY,
HHEB oLV S MR HE, ZRERBELTH I LI VK
TR ERE S D 2 L CHRENMERSE LS, BEBERICL Y,
AEFRPHIBHSO VAT OB ERD L VITLENT
Wa,
AFE (Equity)
RN O R L WV I AL | O ATFHORERS 5,
FHRANDOER TIE, ThENOHSEs #—DES0ABER
DTVENEVIMETHS, £BIBMOLDOIR b (ZFN
F—B) A, BEEHRICH LGERBAR L o> Tz, #H~RH
OREETH, EMOEERERSY, BIMOREEE L SN
SHBETH D,
Higt : OECD(2002), ANCILLARY BENEFITS AND COSTS OF GHG MITIGATION:
POLICY CONCLUSIONS




[BOX]) IPCCIZ&+BBIREGFEL
IPCC @ Climate Change 2001 Tlt, T E CRXTHEIN TEXHBKRHER L LT
WD HOERTTND,

i'v‘:‘

fE HEAR LT F(Health—morbidity and mortality)

<7 Y 7 & A —V(materials damage)

WA ~DR B (vegetation damage)

Fbk - HEBOVS V— 3 VEEOEL .
(recreational value from lakes and forests)

13%i3 R (corrosion)

HROBE, i, FE~0RE

AR EE (Visibility)

7 F - LICBIREHER N FIR SR TV A,
R B A
&R~ E(Public Health Impacts)
T R X —FF%hE DA E(energy efficiency)
BWES (2 V—r - a— %)
4 FEHEO1A]_E(increased productivity)
BB IR OR4 extension of the life of coal reserves)
Fh e N ABEER
M - HABOEM(the rate of depletion of oil reserves will be slowed)
A - HAOLHE, B, HBICHED KK - K~OAFER
chal: e
B R X—EEOE £, A - A OEM
(sales income and employment growth)
B XX —FBEHER DEEY (construct the new generation facilities)
BAEE, FBREM GHERT 3RS LS D)
BERF~DT 7 2 DEB(positive impacts on farm economics)
RBOHOWEBIL L DRERF~DTF ADKE
(improvement of degraded lands positive impacts on farm economics)
{5 Hh 35 C D B i 2 D K(enhanced employment opportunities in
rural areas)
F [ 38 #& (rural development opportunities)
T3 A (prevention of erosion)
A4 A0 4 Bt (habitats for wildlife)
HUs A 2275 B 'E O Hll i (reduce emissions of local pollutants)
REL AR DO RER (potential for fuel diversity)
IR D L 5 AR BRI 3 R L HiHD B EESEM ALERE O HI M

(elimination of the need for costly disposal of waste materials)




J2 3 B
FREFRILEMVOC), NOx @& 5724 B &I
(reduce emissions of ozone precursors)
Hb gk oD K& 5 H2Bh Ik (mitigate local air pollution)
FHHPH oz RO
(development of new products and processes)
BTG & A B DB/ Fit(greater equity in wealth distribution)
1 [ 2358 B
IREHEBR RS D X DKREFREIM E b OHEHIC L A8 EOER
( reduced air emissions associated with less fuel use, and therefore
consequent reductions in the damages caused by these emissions)
22 i Ol ( reduced congestion )
ZZiE YA DM ( fewer traffic crashes )
E&2E O¥»(less noise )
E S E DM (less road damage)
FLWERBORBIC L 2RANK
{(sustainable development in creating new employment)
BRAEMM
MR DA K IHERER E(CO, NOx, SO2 %)
(reductions in the emissions of local air pollutants)
gz 357 B R E (health benefits in urban areas)
FALETREDOHHE(mproved indoor air quality)
EROEOM L
(higher quality of life(simplifying household chores, better hygiene
and easier cleaning))
IRENHBM T X 5B FRER, RO ER
(reduce fuel demand with economic and time-saving benefits)
RO RIRERDOHF 27+ ) F 1Mk |
(increased sustainability of local natural resources)
RAFZ AR F—7ERIC L 2RBRE~OEREBOIER
(reductions in the adverse effects of biomass use on human health)
Hi8t : IPCC(2001), Climate Change 2001
http//www.grida.no/climate/ipcc_tar/wg3/index.htm
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2 XEIRXMEEOVLENR
—BADEBBRHELBRAELR BREDRE -

2. 1 BFOBEBILHEORHHE
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THPDOPFRIILRES>TELT, ZOBERTHEROEFEIH R AET L0 TH ot

i, BAORMSBOBER. A4 (EBYEFA) —6% LW BT RVEE
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THELRERRBOALMTOIN, EREHERS I ARSSEEFICEAIND Z LIKIZEA
FHRELTW o, BLESR X —BIR CO, L £ TENTERT S
FEZRELZE THo72OT, ENFESEZRIE (V7)) PREAI=XLATHI &
VO T 1998 £ 6 B HERIRRR (LA HEEXHE (LLITE1KRAH) 2R/ELZBRICH D,

BADBBR{LXROFHE L TRV b T a0iE, BEERHE (o REicik-3<
by PTG —FRAARE) LEERE REHEOBETHHE) BPLTHELEVIATH
Do THIIMHITEU L ORI THLNTH D, EU TIZ 2005 F 1 AICAF— bk LNk
BERGIHE, EHIERAY, AFYRARETCORERLVBENFEERRELEEL D
T3 (PEHERSIIESEREH L BFEOFEDONAL T v FTHEHR, RKICZ 2 CHHEED
FHEELTEL) EHXEESAN L BEERELXPLOLTIRFERBERORLIZHo= b DL
LTHREMLBEADRLRITAN TV, Mo X b (BFESE) OE» LWV AITE/T
BB EITET DR,

b ) —oORKFME L THEHAIE®D 93% ' BN TERET L L LTV A ARET LN D,
IPCCBIKBEBLRLIETHRL, B, X EUCHTARORRHIKEASRLE T
EEEBEZDE, TNRAEETEARVAEROBEMTIA b2, ARICEIELTIHO

1 BHEOMELELRWEES (BAU) @ 2010 FOHERAMN+20%, L TEEITI—- 6%, - THIE
BiI26% 2 Chd, 2N LT I RKBTORTEA =X LAZHIENSEL AIEL0ES(18%) L 3.,
NGRS EED T%ICHizd, ARA I =X LAFRAREOE Y7 OBEMICEV 1L6%ICB U BRER, Th
HERNHREIEZEICEPE I LI b0THS, EL, BiFlch o TEMEO S £THEE B 280 Hic
Ef~—ATOCDM JI 7udzs Mot 37 V0 FRBOBEAMALTEY, J0A2E23LERN
HOBSHEBETFT TR LOLEHEEINS,
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f5etE (Supplementarity) ICfibh /B bLH D, HEEORRIE X, EEBTEE (6 %, 17
%) THEAD=ZXA (D5 HLEEHERS I RUCERZER) 1H< T TENTOHIBIZE LT
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2. 2 2RMEHEORNM

EREEF—EFTVAE, 2 A MERORIMEVWZ D, BEEIXAELERLTEN, £H %
bREBEBES LML 2002 X2 R MRBNREETho ., THREREZLTH A,
ERARBELAIDICEDOAR PRV EhE22{BRLEP2HDOTHD, TAVIE
BE~DITREBHO—DIIHELRIET LT AV B EHE VIR IHETH S,

A MEBROXMTEAO BEERHEIC LR TCHE, Fi1RkEREROEY Bl
REBEDOTLESLEZIC 6% OIS EREIN-EFBHIOTRLELEBRVWELTY,
D% 2002 F 3 AOFE 2RKM. 2006 £ 4 AORFBESHIEERE - 2ELEEOK
SMRH Y RN R ENNEEEBRIITOFEERL CLE- T,

UEZERSREFABA =X LOBEFRTHIH, BRNKEES X A ZER LB
v, ERREEVbE A FOSEICEDY 72< (regardless of cost) ERET 5 & O
B> T D, EEDEEMEFRSOHUKBRENEES~OHFELEL TENXNRRE
OFREZBEOHE VI L TELN, ZXHBEOMD 3R MBIz fThivieho Tz, Flaid
TFAAF—RIF COHIBE V7, REA =X LR ELOROKBRNZE TH D,

DENAFEOBBHFOFLTHE 2 ANF—RBE CO,HE (B=F28H—x  HHfTE
FE) LoV ThH, FRFhOMFEICLHHBEDE BEDHE) HATINILOD, £0
DA MIATRENRLRY (EWIEVTF—FRBELH>THETE W) RRTHZ, Zh
THRLRWHENSERT I LV IBO TEROLBEOEEN TR TH D,

CITHEDCHIEDL LIETRTEI ), 7TAV TR 11 ED L —H L KEEMFEIZL S
Executive Order 1229112k 9| 25 FLUELRINOCETBEESOEAICBLTRA - oW

2 EOEOT I o aRBETHREICETARFELOM DI o7,
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NEFESITON TR, KRLER EORBERICOVTHRBILHTSBEBESN TN DS,
AAOBEHRFICOVWTHLERELE Y ¥ 7 A (2001 F£ KR 2005 ), FE VA7)V
(2001 4F) (ZRI L SEEDFREEE I LA OWMNH B OB ITBBRHEICE TIHL
Do TV, ZOMAREIEY 44 7 AEIZ OV TIIREEIZL 5 2003 EOBOREFHE L H
53, THIIBEDRORICE YEVBRBERSITRTLOATH Y B4 588K
OV YA 7 LDREICET HBRME] 20034 1 8),

EUICDWTIR Y 5 M, E U Tl 1999 ELUR TS E S B HER O - O OEKRORR 248
T I TOBBOEE 200046 6 ACBEFHEOHRAMERD =D ECCP(European
Climate Change Programme) 2332 L7=8#&iz3 5., 200146 A2 ECCP »% 1 E#E
BARB NN, £ I TRIIAX -G, B, B8, RE. Y- (REEEICH
WY, B REHOEZ F—JLICHREHEE - 2 X M3 FIEEh, BERICEUDBE
ERICLEEIREL 336M t CO,e THADIZRL, CO,1 Frdioh 20 2—a ' FTTO
B (Z 2 BRADRMOHEIE LA THD) OFEEMEN 664-765M t COe H5 & LTWVD
(ZRLSMCHEHHEG A H B), 2V ERREZBRADEROVEA»ORUETICL, B
TANLERLL D EOBEBERBEICHTLAS, BEURT A YA ERRY, RBREEEE
ERAFS L L, AURESHELZHIT IR LEVEOBIR (RAZRIN) IHELTWY
LRICBER DD, _

I TCHEOHEKICES, EROEY BAORTBES BEUEMEHETIL. EEROHIR
RAHBEIIHBLODOTO 2R PRI HFRENTVWRY, ZThiXa X RV H102T
LEOREELERT D LI L ERICLAHETHS, L, BREEET S EEKT
BTCHD, EXDETHRL, BMTRFRFLZEBRKL TCETHEEIT > L3RV, F
£, BEECDEZEBCHFEEEAE TR, ThCESKHEOHESE VWL EE
EMNELTHERY ELLOL FEIR TS Y, EERERIHEREHRO TN L TH
STV LELLY, RELOHEREL ORMENRELL. HERELZR#ERISH
TER(ZDRIIDWTIEHE 21 238), Zhid=2 2 NEROBRO HARDORE TH 5, 2006
EOBREEEEERHE LR CEME - L HEBRMENH D,

3 RENLFFICOWTIE 86540 (REENE) SEEME 1999F 125 HLIT28H8

4 European Commission, “European Climate Change Programme, Report-June 2001"

5 BAMIRBIOLICR2THIS, COHBEBELYVAHERTWENDOT, YOBEECESESRSL
HEHEFENMITHATHS, Litvni, ExFL LTBRASRICE SR ED I SR TH D,
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£21 FIR B2RAESLIUVHATERERERHELRE

FOSBE | BI1OAR |B2RAA|B2RAR | BETER | MEFAR

BI(1997 )| 1998 £5F | FLAT (2001 | 2002 E£WE | mek B & E | SBReHE

B A TO F) R To §7(2004 ) | 2005 FEWE

2010 R 2010 FRiA B A T O

L L 2010 E5Hif

L

TR NAF—ERFHCO, BAU+20% +0.0% +7% *£0.0% +5.4% +0.6%
A% v NeOFET 2 -0.5% - 0.5% —0.8% -1.2%
X—ERCO:
BEFeyirR, 74 -2.0% - 2.0%% _—
TAFANOREL
fKFr7o H +2.0% +2.0% +1.4% +0.1%
B (FHS) - 3.7% -3.9% - 3.9%
HEA =X A -1.8% - 1.6% - 1.6%
& - 6.0% +7% - 6.0% +6.0% - 6.0%

B EHAENRAR—06%, FAT7AFAAOREL—10~1.5%, GERHE] TRoRZAX¥—2H CO2itKE
BAU & FORFAE COMBLAMIFH - oL RALZVIRSDLF U S

2. 3 XHREOER TOI—SEOEBIWICETTOE-H

IH LD L RET. LHLbEREDRAICES IR L ORBIINATED 2 A

FORBIEATRTH D, ERRSITERCICETIZ ) LERALOER LRI LD THD,
L LERBICRoTHDEFERLIEEE T, BHF— I OHMnREEEL 2D, &
DAXIZUOMLFHL W THD, 477 CRHEBRTFIEL ER L TV 5% Ecofys
(= Pl b PREOHEENEET HHTHE) TITERELOHIERERICOVWT=aR M &
ST Ri2H8 (ICARUS) #EHL T35, ¥/, BUFRBETHS NOVEM (=x ¥
—BR#5FF The Netherlands Agency for Energy and Environment) BEB|EEOT—F 2 K
HIZHE-> TIRE LTS, T, BR{LREHTICET 2R CHAR YA — D IIASA (E
B AT A HF%ET. International Institute for Applied Systems Analysis) Tid
1600 b DT RXAFXF—EWO A P RURERBOT —F #RA LT 55
ARIIZDECKREL ENE E-TWBEN, 2 LETTCEARESOERIT, BEROBERE
{EEROBRADROFBSFICET CORB—HERAHLALE ZH52H D, HiZ, O
REBLTEDEIBRT—IBTRLTVENLALNIRI DOHD, ERIZT ) LItE
HMEZPEBETETWWRPFRAETHY, ZOATHLESEOHRIEI[FEITOREDILOTH
Do

6  Andrii Gritsevkyi and Nebojsa Nakicenovic, “Modeling Undertainty of Induced Technical Change”,
Chapter 10 of Technological Change and the Environment, Edited by A. Grubler,N. Nakicenovic and W.
Nordhaus, Resources for the Future 2002
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BIZCRIERRF DEBORE S LBREHAPH I HIBROMETH D /UT OV TiZED
DES LRV, ERVIEARERVCHASESERTAIRERMILE 4 H D, ETIREIL
R LBEBEOENHF L VT, BETELRERR L ALY —L2REBETHS D,
HEDHABRBEDREN AL B L CRBMEIC A R FA»MY &, FErE
HEREMAGT 6N D L) Thhid, BYRRBLHR L TEFVE, TR X —REeREI
ODWTHLRRDZ EMEX D, Z) LEBEIIAT VAR HLL2TNER G2, 2F
V. BWAZELEIBMITE S LT o,

b9 14, 2000 FOEERSTCHRARECRY Mir~&HEL LT Millennium
Development Goals (MDG s) RE&B &N LiXBEEORAY THD, ZORFIITED S
HETHY, BREMERTOILO—D2THD (THRIZEE),

Eradicate extreme poverty & hunger, Achieve universal primary education,

Promote gender equality & empower women, Reduce child mortality, Improve

maternal health, Combat HIV/AIDS, malaria & other diseases, Ensure
environmental sustainability, Develop a global partnership for development

BRCREERR, ER0 TFHOREHEDOILO L DOBETH D, BBLEE LT
MDG s DR TED L D ICHRRBRELE S L TWL AREEbATV S,

HFLEL MDG s Tidden i, BEOCHITHEZ P LICHAORSHMELEEH L (R
L 20 bOUEDTHB) | RICHFRIZ 5008 FADEBENHEE H-b LD m
Pz MCETORBERAEROESNSREN LV I — s BRREMR R ENT, TORBE
oy an—FrearerFRELTHONTWAN, 22 CRIB e R OBEENEN A (B
EREO > 5 CE) BTRICRST bhkl L hs, BREMEOHMEL 6B ORI S
nTWvWa, M, BE O L SICRBARBBL TV THROLIICEL LW O &
EHMRELRCEEBLETCRLAZ iR 2RENRH S, BRLHELEAEROBR
NOEMUD I EOEBREIIELA AL >TRLLATHED, ZOIHBRSELEL>TH
BAOIFRAT—F L D%¥E Azar IZE B bDTH DY, Azar 3T OBA L LT, FEMBMEE (A
DEMRE) OHBIARTREE, TEGRLORAIEL AT IHE @EBROELICL S
ROk &) OFEE. BBIRIIS>VWTOREREHE, BEYE (RAERSITILERLIC
LORBELBILONLEEFLEL LO~DOERROME LRI LTV DA, ZTEEELE
FRATEE—HN FT » by 7 AOHEFREREE) O 48227 TW5, BAILINEH>T
W3, L2LERIZARTHY, MEREHM»OEBHMIIESIZEHILE->TW5, ZOMTHE
MR EZ T RER 62y, RAERS CEERMEZFT 22 LR LROBENPLRLT

7 Bjon Lomborf ed, “Global Crises, Global Soluttons”, Cambridge University Press, 2004
8 (. Azar, “Are Optimal CO2 Emissions Really Optimal?”, Environmental and Resource Economics, 11 (3-4),
301-315, 1998

20
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RICEADRSNTH D, BERIBMIEIFFSE LT, RICIBBE L3I MDG s D ~<=TD
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b,

IO LIEBE»L b RBEORBEANEL R O RADENIT Y ZEBEHICSBETH D,
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3 REHMBD by TS UF—ARREOFME

FETE, =3 ¥— REMBEICETENLRBEE THD . AR ¥ —HICES
SEBEBO Ly 77T —ARBRORRAERESITICL D EROBEHRHEZR2 5,
—fRIZ, MBHECHA R EOMBMBERICET S BEREM L i L T, SEERICET 3
BORSHE TIIBENR AL LT iR o 20 ot R BERSITOFRIIMA 5 2,
SR REBBONHEE LI T2 b—va vic k0, RHEFERTH - THERMBEKIE
BAETHI I LWERBH D IV,

3.1 HAIXNF—FE by TS50+ —HHXBBDERHN
311 EHIFLXF—REHEHR

TANF—ERADOEBLICET HBRBRUUATIET XY —)IL, 1974 0% L kKA ME
AL LT 1979 FEICHES NI E#RTH S,

AEIZBWTBRFEONR E T H5HEIX. 30X B o HIBMBRICHRIHE)
DIH,HE T8 FIUNEBEEFOHMOEREL LA NIFH ICE I HFERBCHET 5 &
ODHREBED >, =70, BRABERZYO—BRFECERINLIFBBBICETIE
WHEBTH D,

RZTHEE SN TV IBERBICIT, MCEBHE, OAKBBLRLOEXEAKBIREES
nNTHEY, EFEEBO—BIRIKRER OV~ RETELFERENRTHARR, 22T
M ER TR T — 7 DHFI» L, (RERBTHoTEETERAINLTWAH0) IR
E L7447 5.

3.1.2 ThyTS503—ARK) BBHERERH

B xN¥—th FOBBHREERFIL, XE{ DT TRAEIAEEINATETRY., ©
W51y 77 —HRRM L, 1998 FLARIC R EEHRAEFORBBEEBORIEZ
I CEREATOR RO/ EREBICET IRHEETLOTH S,

[ty 77 —AARH ORBIL, BRIZEEOE R X—BFOZER TEEICMZ
T, BICHBCHESRN TV ARL TRV F—BROBL TV AIEBOTIALX—HR LR
EZXET, BEEBOBEREEDROBREEZITILEWILDTHS,

1999 FEMN S 2002 FELEDOHMIc =7 a2y, BEROEBERESHWEN by X F—
FRYREIERERBITHEE SN, AHRKBRE2 S OFERBBHEEREPORRICH B,
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3.2 byTSor—AABBRIEAMOFEORK LMESR
3.21 HAXIXNX—-BEBKLLET HFFM

(o 77 —FR) OBARVHRERBOREICE W TIL, BFELEOESESTH
LHREBERT AN —RHELSE T RIN X - EERSAT OSBRI OUERE N EEBLNE
Bash., FERBOMREH. BREE, BFEDRREEBRML TV S,

YEZEREBEVHSEENZESICRB T, B0 BEDR L BRTOHTEE - HiFTHE
RS, FHAPEECEFINLERELEBEOE T FLE—RPHRE LR LT
L. BHEHEBOPHRIELTEMLTNDEZATHS,

BRI RITIHES 2R 3.1 57T,

£31 I730-BERHABEOBREECEISAIRNY—HRDBOXEICHTS
B D REE G

) ETRNF—BEPEIT7T—a0T 1 ar—HmBENEALEK (1998)
IFRLF—HRDBOUBIET IHK
1. 1997 BBEE I HH SN T IV T 1 ¥ 3 F—OERE» GRE L= R L ¥ —ERHR
HREHRA 296 HEHFH 2.80

2. BEEEICHMENAZT T arF 43— BERE»ORE Lo XX —HERESE

HBE#HA 482 HEEA 3.21

¥ OARRRM L LT, HEEMR UMM 1997 BEELFLE L,

L TRAF—HRDBORER

(D REFERE  (4.82-2.96)*100/2.96 = #J 63%

(]

(2 HEHH (3.21-2.80)*100/2.80 = # 14%

2) EIRNLX—BRERSV|RIBEHNNEENERSHEN (1998)
HRBHEROBBICATIEN
1. 1998 FEEC I SN AR ERAIREE O SR E, O TG R CHETH L TE L
165 OFEMEREHE
#1 638.5 kWh/iE
. BEEEQE EEICHFEND & RATR 3B EKARES O B RENEE D b HET
SETMEEHL CERLE 1 85 OEMEREAR
#) 444.5 kWh/4E
. HREHEOHESR
(638.5kWh/{E-444. 5k WhA4E)*100/638.5 kWh/4E = #9 30.4%

o

(]
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3.2.2 BKTOHMOEER

FRBARTOE R YRR PICBiT 3EE T, BOEHBOPRED T D4 %
i L TV 2ICBE T, BRFMOEZFNLREBE. UTOL ) ZBBEAMNEEL TY
Do

O BURKSEOEMEIZfE S TRAIVFEHmI T RN
EFERBLHFERBCHEE L THRALZEREB A - — R BB ST BRI,
=W COBRABEND EEZL TV EODRAL TRV,
O BEHEO PR OFEARNS L ATREERTENTH S
HREBBOBRGNE S THR OFMMCEWT, YOL5RFHMEBGAMEL L
DPREHBENTRY, T, B RIAX—LE > BEEIGOEMEL &0 ki)
ROPFHH I Ty,

TOXIRBEAR, BRA3FELOMECEE O TIREL . BANDREOFREL+
SICERLRVWEIHEBBIETET A LCBETIZ L LT, BEBCHHERSIH
B EOREFHEER L B L TRAMDROE LBV L RERFEYREBLT
WHTRERE L TR T 5bDTH Y, A RNF—EOBBSDRAB OHES &N, HEOH
V5L LTRANLREBEZAX TOLMEEL TRT I LD THD EEX LS,
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ZIT, Xi= (ICH—IC?%, FC'i—FC?%. Z) & LT, ei ¥ ERDHICHED LIRET B L,
EtERE TRFOEADITENL, Xi2RAEHK. Vi #BEEK LT ur y bEFALLER
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BOBEALREL, ERL L THEsHBELTLEREWERRIIET A EIIRoTEEILA
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# 6.1 |EA Photovoltaic Power Systems Programme SBMEOXENFERHMEAR M)

1992 1993 1994 1995 1996 1997 1998
A& 19 24.3 31.2 43 .4 59.6 91.3 133.4
KA 5.6 8.9 12.4 17.7 278 41.8 53.8
TAUA 43.5 50.3 57.8 66.8 76.5 88.2 100.1
F—=A+LFUT 7.3 8.9 10.7 12.7 15.7 18.7 22.5
*T X 1.3 1.6 2 2.4 33 4 6.5
[EA&E 110 136 164 199 245 314 396
1999 2000 2001 2002 2003 2004
B A 208.6 330.2 452.8 636.8 859.6 1132
KA 69.4 113.7 194.6 278 431 794
T A YA 117.3 138.8 167.8 2122 275.2 365.2
F—A+FUT 25.3 29.2 33.6 39.1 45.6 52.3
*T o H 9.2 12.8 20.5 26.3 45.9 49.1
IEAS Bt 520 729 989 1334 1829 2596

HFT : IEA (2005),”"TRENDS IN PHOTOVOLTAIC APPLICATIONS
- Survey report of selected IEA countries between 1992 and 2004"
¥ : IEA & EiX Photovoltaic Power Systems Programme ZME&H TH 3,

%62 HDIrBOEERXBAREEEOBAKL & M1 B

FEH it EH CO, ;

@ @ anm | 592 | "o pes

TKW GWh €M EH =M t-CO, |75 M/-COy
1994(FY) 0.2 2.1 40 23 17]  681.7 12.7
1995(FY) 0.4 4.2 68 39 29| 13634 10.7
1996(FY) 0.7 7.4 84 47 37| 2386.0 7.7
1997(FY) 2.0 21.0 208 178 30 6817.0 2.2
1998(FY) 2.4 25.2 245 168 77]  8180.5 4.7
1999(FY) 5.8 61.0 539 402 137] 19769.4 3.5
2000(FY) 7.4 77.8 622 414 208] 25223.1 4.1
2001(FY) 9.1 95.7 683 583 100] 31017.6 1.6
2002(FY) 14.1 148.2 1,001 856 145] 48060.2 1.5
2003(FY) 17.4 182.9 1,201 1,010 190] 59308.3 1.6
2004(FY) 20.0 210.2 1,340 1,245 95| 681704 0.7
e 79.5 835.7 6,030 4,964 1,066] 270977.5 2.0
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B9iC TR 12 EREEDHT AERERR] 20092 EA LY, (DROLOMOEREIL. [F
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6.2.2 ABARED kWh X7 Y 00, HFROMHD

KBAREORBREWh) Y7 COHIEEBIE, BFEOX—AT A4 VREORERLY
D CO P HBOFEEBHEBCOI b b KB EEEBORERY - Y COHHABCOIEE
LEBIK Z & THEHENB((DR), £OBE, AITE TR KBEBELEBORKHAY VD
CO: Bt BE(E) 2 HER Y 72 D (SCONERT ALERH LN, KB ARBEBOFHEER
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MREERE) TRT 5L TCHEHEEIRS,
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H: H3kW OXBAREEBEOFEHRBER (B8 : REZE=12%)
BCO; : BAEBHFEMNED LN TV HIRBHRN AL ROREE - #i45 - ARBEOERO /DO
EARILLDE, —WEKSFEFICLHZMIB CO HERIX, 391g -COkWh Th H(RR
BEFFOABMITEEN T2V,

6.2.3 FERAXBARBRECLS O,HIHER

#6313, LAEICKBIDIREAREEBOBAROHEBA TR LI LD THD, 1994 F5
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7Y, BECKBARBEESERLTWAIEREX S,
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2 EFORBE T, BAERL 20EL T2 L2550,
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£6.3 LIABROKBAEBLERAR (5 KW

. FEm | B=m
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@& | @8

1993(FY) 24

1994(FY) 30 0.2 0.2
1995(FY) 43 06| 0.4
1996(FY) 6.0 1.3 0.7
1997(FY) 9.1 33 2.0
1998(FY) 133 5.7 2.4
]999(FY) 209 11.5 5.8
2000(FY) 33.0 18.9 7.4
2001(FY) 452 28.0 9.1
2002(FY) 63.7 2.1 14.1
2003(FY) 86.0 59.5 17.4
2004FY) 1132 79.5 200
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Hall and Jorgenson (1967) OHFETRENa—F— R NOBEHIILITO LB Y Th
Do TV, t BT BITHREHME qit) U TORTHRINS,
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c(t) = q(r){r +& —%) (5)

. F)I (1984), HME (1989) Tik, qt) ADHEI ANE{T- TREMEBAT OISR
SEEEL, 1| HIEOME L BFENE LV VI &I —F—a X FR3EIRD LW
IBMEANRAZEINTVD, b, ZORENELEWE HE, BBV LRAXSE
CTRETHNEIEZNLTHD, e 2, 1 B OBRRR % qt) ATHALTLY

FATBICH L, hESERB LI BRLEE LE D, LUy ZARARp®) ¢ T2&, h
BB p() + (1= 8)g(t + H) TH Y . Dh o e TEHEH I+ r)g(0) RO T, Bt

BEHEICRVTIX

) +(1-8)q(t +h)=(1+r)q(r) (6)

MY, ZZT, h BEbDTEoICEITII—A2ELT

p(1) = q(r)(r + 6+ %] @

B, ERESTHHETCRaA—Y—aX MR IOREL T DHOT, GRXBHIND,
IOoa—¥—ax rOBRY KBARBERO —ACHEATS, £7. KBEXAEEEE

DR EMEE g iR L HIcERIND,

1 )
‘I:l_“"‘{‘(fl +/ '*'fs)} ®
+v
HERAPSTLLVWEESEDRERMEE (H3kW H7-D)
v HERR
i: i-order vector
¥, KBEXBREEBOKWh Hi- Oa—W—a 2 Mi, HBEERv L HH&C L 5@BIR
subizt o Tk krHrickREh B,
1 (1-sub, N1 +v Y., -1 -sub)l+v)g
- 1_ b 1 . d _ +1 +1 +1
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ro FHIHI5 | RARE : 0.01)
de : BERBMEHAZR (economic rate of replacement)
double declining method % i\ T de = 2/T,

6.25 RS54 RBLOMIBELBEREOME

R—RAFA EBEOZEHEMB ¢ ABXEBRBO—F—aX }C LOBEFIHEEL
ToT, KBAXREBEBOSYRRGFHREAR)y L OBRBXEZER THET 5,

y= f(%} (10)

B R"—R2Z7 A EREOTEGEEM (kWh H7290)
y  KBARBEBOHHEAER

EHRAZE y OF— 51k, K63 CRLEGEERARKBABEEBOHREAROT kW) E &
ALTW3, £/, SHAZEHEO Cit, FifioFETHH I KBXREEBEO 2 ——=2
A b%&, Bit TEDMC =L ¥— R FEHEHER] (2005)ICRE S TW 2 EITHEH OERE
F—FERNTWB,

BB L U TR 2BEEAELOASM, AETIIRD &5 e BRic gk L7,

Iny=a+blnx (,11)
6. 3 HEHER
6.3.1 ZEESBIZHITSCO,HHEDOTS

MR ESWTHH SN EEABAREL AT LOLEE - fiilli 72 £ XICBIT 5 CO:
PR EIY, SRERE VY o KB EROERAEERE LOMW OB4 T, 701.7t-COTAF
B0FE)THbD, T, A= F—04E - B2 EAICE1T5 COBEHELEE
hTna,

FEAXBARBL AT LADEE - RBAToEACBWTEYDL S M - ¥— v RIZEHE
T5 COMFHENTH B »RfFRESBINILVA, FZCREE - B ot 226
Bitd COHBOA LT, FETuERAE TV argonilg bk, BIUEY 2
—ED 3 DIZH3TT, ENEND COHEHEZR LTINS,

FX, KBEMOLEET 2 ERICEWTIHREOEFEODRNBH< A, FETIiX, £E
HIE 1I0MW OBE D CO HEHR % A8 TR 5 3kW OHEHHEICER T A8, COHEH R
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AR E HFRICERT S EEEL TV A,
ZOFRER, FEAKBARE L AT AWH JkW)DEE - HEICEIT S CO B &, it
FER 20 EOHE T 211kg-CO:. THEL 30 FDHFE T 140 kg-CO:2 L 12 > 72(K 6.4),

£64 GEAKBARBEE (LA KW OEE - RABIZHITH C0, Bt

E kg-CO,/3kW
ifid A FEE204F 211
ifi} F FE 2304 140

6.3.2 KEEAEFEED kih 7= Y C0, Al R OHE

AR CHA SN FEEARBAREERBOH N YUY CO RS, FHRER
3153.6kWh TERL7= b D25, £65 DM THdD, NEFEFOR—RTA A EED KkWh X4
720 O COBEHE(FR 6.5 D@NBELFIC Z & T RBHREED kWh %72 ) COHIBRGE
6.5 D(@)-b)BRRH BN D, KBEKXBEEDO KkWh U729 CO HIBEIL, MAEHK 20 FE0HE
T 324 g-CO:2, THAFE 30 FDHPE T 347¢gCO2THB,

£6.5 FERXBARED kWh H71-Y CO,HIEHR
(a)BCO, (b)SCO, (a)-(b)

g-CO,/kWh| g-CO,/kWh| g-CO,/kWh
i R FE £204F 391 67 324
it F S 304F 391 44 347

F6.6I1CE>TKEARED kWh %720 COBFHR L LD BREOHHEZ BT 5 &
FFAREBOM 2~IETHHDB, ALAREZBRL TIRBEHIXL A, EOEIMITLNT
EMEBENDY,

3 £ 6.6 OEEH CO8HRIL, TOHEIIAVWONIT—FBERBTAWET —F LERBRELD
SEREESLETHD,
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#6.6 EHEE 1khh L7-Y o C0, HiH & (g-C0,/kih)

: RERER B =118
SPS 0 20 20
SPS(U—5—1)—5—) 0 11 11
BRXA 1,222 3 1,225
AilAAh 844 2 846
INGA B 629 2 631
R¥H 19 3 22

HIET - TR FRESSERE] (2001)
6.3.3 FEBABARBEEICLS C0,HIHE

 REITTFINDIEEMABHARBREOEARL K 6.4 DXBARELERE D CO: HIME
Mo, INETIOREICEAZNTCEAEEARBAREEBIC LS CO IR+ #at+
LI ENTEDHEFRSET,

BALHO 1994 FERATIL, EEHABERELEBICL D COHREN 680 t-COAt
RE# 20 F)Th - T DR, 2004 FEFEIIT, FHUT 6.8 F t-CO(MFAES 20 4E)d CO8EH
EAHIE S, BREN—A TR 27.1 5 tCO(Mi AR 20 48) @ CO HEHBENHIB X h T
W5, MHAEER 30 FTEHE L2 B8, 1994 £ Tix CO AR EA 730 t-COz. 2004 4EFE
TIFHAN—AT 7.3 5 t-COz, BHE~S—RT29.0%5 t-CO: Th o7,

#6.7 EERKBEARBERICLS CO, 4R (t-C0)

i A EE #0206 T £33 04
CO, IR E|CO, RN B |CO,AIR B |CO, I &
(BT (Fr ) (R (Br#)
1994(FY) 681.7 681.7 728.5 728.5
1995(FY)|  2045.1 1363.4 2185.4 1457.0
1996(FY)|  4431.1 2386.0 4735.1 2549.7
197(FY)|  11248.1 6817.0 120200 7284.8
1998(FY)| 19428.6 8180.5{ 20761.7 8741.8
1999%FY)| 39198.0| 19769.4| 41887.7] 211260
2000(FY)| 64421.1 | 25223.1| 688416 26953.8
2001(FY)] 95438.6| 31017.6| 1019875 331459
2002(FY)| 143498.8| 48060.2| 1533455] 51358.0
2003(FY)| 202807.1| 59308.3| 2167235 63378.0
2004(FY)| 270977.5| 68170.4| 289571.8| 72848.2

6.3.4 KIBAREBREBADI—H—aZ DR

RESILEEARBARBEBEAD—F—aX FOERHERLT L, BRI, &
ERXGEARES AT Llitg & BEMEH L LT, 3kW OEEH KB AR BB EEEC
TOHBEXHRBEOHEEHPEL L TEAFRBE TV S,

ABHRBEBORBMIENELBMITEL LI, 2—F— T2 MLED LTERA,
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1998 FEERIZICHEBSHEDCERE b oo, 1999 FEIZ—BaHica—F—a X K
EFLTWS,

HBHEBIE S0 7z 1993 EETIIABARERBEIAD 2 —H¥—a 2 NI 2,800~
2,900 A CTH Y, R—RF A U RBREOZTBIHIE 24.9 HAkWh @ 100 fFLL L THHTZ, £h
A3, 10 B D 2003 FEITIL, R—R T A VYEBOZBHMESE 215 HAWhiodL, 2—VF
—2 A PR 21~ A LIFEAERUKEETERFEE TV D,

#68 KEBARBEBIAOL—YH—aRFER—XAF4(4 U RBOZEIRTEH

W AERR0E | A EECE| B REK] Wi [ EAHEM
F/kWh A/kWh]  ZHEKW A/kWh
1993(FY) 2,946.36 2,825.51 370 0.000 24.87
1994(FY) 363.52 327.59 200 0.450 24.76
1995(FY) 238.59 210.83 170 0.500 24.56
1996(FY) 75.45 52.58 120 0.417 24.16
1997(FY) 82.11 59.24 104 0327 24.44
1998(FY) 154.62 131.98 102 0333 23.33
1999(FY) 25.97 5.99 93 0355 23.07
2000(FY) 80.31 59.00 84 0.238 23.08
2001(FY) 89.20 68.22 75 0.160 22.78
2002(FY) 77.01 56.70 71 0.141 21.84
2003(FY) 40.95 20.98 69 0.130 21.51
2004(FY) 67 0.067

HET : AR, FEDMC = XA ¥—BELHER] 20052 XN TH DS RATHEAOHE
o REHEE ST, EERABERB AT AERTHD, £/, MBEBLE, KW OHEER
ABAREEREEHIINT SHBHEIRPADEESTH D,

6.3.5 R—R54 UREBELOMHBE LB REONM

# 6.3 CTANAEEARXBARELEBOFHEARLFHALEHK. AHCoHAlshic=
—P—a R pER-RTA CREOZBREROLEFHAT L T5EFE L QDA OREF
TiTolz, TORRN, XEIJITRINLTHE,

AR 20 4B, 30EVTROHE L., BHOMBRO/ AT A~ FO)BERICAETHEE
ENTW3, Zhid, KBARBREO—¥ —aX FOEIMEIET TR L. KBE3R
BEBOFHBEASEMTEIEE2ERLTWS, TOBRERX, BN 1%ETTH L.
S 20 EOBRE TIREBOFREAN 1.5%H X, WRAEHK 30 FFOHE T 0.9%8M
5,
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£69 ABRARBEERALL—F—aX DMK

| coefficient | t-value

i FSE 2205
a 3.077 3.875 |***
b -1.490 -2.916 |**
R 0515

ik €l
a 1.883 3.433 |**+*
b -0.890 -2.322 |+
R 0.403

&) s FEABI%THE. *»  HRKES%THE

6. 4 YEal—Y3v

6.4.1 XEXARBZE®D CO,ARICEATIHMEORAMNDR

EERAXBAREEEIAISTOHPEBRIZL - T, KBARBEBOYRIER,
FRREORED COHBOERIZEN SN E T 57-D10, WBIBRBEE 1% EFL
e, HDHVIE1%ET LRSI CO:HIBENRED L S ELTA2hENI I ab—
varEfTolc, MBROELIEERXBGAREREO—F—a A MNIEBLYEX, &
6.9 CHREINIBEREBL T, KBAREBEBOFREARST(LEIEZ, TRl i bz, #£
6.7 DEERXBAREEBEANICL D CO:HIBELET 3,

# 6.10, & 6.11 IWAEHED 20 EOFEIABOE(LS KB ERTBERIZ LS COH!
BMEICEXDHBER L, BHERF LA SEIBALETEEIRETABARBLER
2D COHIBEIZE X AR BIIHRNHTH D, iz, SFETHBEROELN CO: HIE
ICBEZDEBOREIBRRZ>TNS,

#6.11 I, 2008 FEEDRBRA—ATOXKBAREERBIZ L HEM COHIREDE
{LRiX, MHER 1% LR LEZBET21%. 1% ETLEZBEEST20%ThHd, SEOHHE
EENEN 1% LR IEE 2 L3, 1994~2003 E£E 0 10 EHRE TH 9.8 BHOMHBIED
WEPE%RTS, £, RAHFFTRELS COHIMEDES, 2D 2003 EFICBITAR
BEAR— R TOER COAEEDHE . 10 L Y COHIMERIICEITS 2003EED 1%
HMOE»CEBOMEZE LS4 4,200t-CO: Th B, Lizto T, KEBLREBEEIHEH
ENDETCOHBMBBENFL Z L 2EB LT, COMBMBEYT- ) DRHERAELEET
% & 9.8{EM +4,200t-CO: - 20([HAFEX)=1 52 TH/t-CO: Th D, ZOEEZLTERDH L.
CO:HIE =R FABENEHEND S LARWR, ZICHFEFROBAYSOICSLERR
WEHBIEERBLE IR TWAZ LITEESNEW,

HFREAR— R T, 1999 FEEICEIT S CO HIBBOE(LRN, FWBIEMN 1% LH LB
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BT 94%., 1%ET LEGET9.7% L HBEDRMIC L 2REBR K&V, Thid, Eicd
R HEOERIC L ARBLEZLND,

WEAEZ, FHOBRBAR, 22 vEERAXBARBEBO—F—aX M 1%E{LL
7HED COHIBMBIIH T HRBERL L, 2OERIT0.89% THY . ZHITRENEZ
HHELBOIBETHHTH D,

#6.10 #HBEOELIKBARBEREICLS COHBERICSZ SER
(Bify - t-C0,. WAFHN20FEDEE)

CO, MM & CO,HIE&
(R (F#)
HAE 1% 1% B 1% 1%,
1994(FY) 682 686 678 682 686 678

1995(FY)[ ™ 2,045] 2,087 2,004] 1363 1401 1,327
1996(FY)| 4431 4573 4292 238 2,487 2,288
1997CFY) | 11,248]  11.428] 11,072] 6817 6.854] 6,780
1998CFY)|  19,429] 19,645 19.215] 8,180  8.218] 8,143
1999(FY)| 39,198] 41,362] 37,159] 19,769] 21,716] 17,943
2000(FY) [ 64,4211 67,065] 61,908] 25223[ 25,703] 24,749
2001(FY)| 95,439 98,254] 92,754] 31,018 31,190 30,846
2002(FY) | 143,499] 146,510] 140,619 48,060] 48,255] 47,865
2003(FY) | 202,807] 207,009] 198,752] 59.308] " 60,499] 58,133
2004FY)| 270,977] - - 68,170] - -

) R BEESOBEH UERREEE). 1% #ilhRH 1% EH LIRS,
1% : #iBh RN 1%ET L-BE

x6.11 WREOEEAKBARBEREICSS CO,HBERIZEZ HES
(BEIZMT HELEE,. MAFEN 20 FDOESR)

COHIH & CO,HI M &
() FHA)
B 1% 1% i 1%18 1%%

1994(FY) - 0.60%| -0.60% - 0.60%| -0.60%
1995(FY) - 2.01%] -2.01% - 2.70%|  -2.73%
1996(FY) - 3.16%| -3.18% - 4.13%] -4.19%
1997(FY) - 1.58%| -1.58% - 0.55% -0.55%
1998(FY) - 1.11%] -1.10% - 0.46%| -0.46%
1999(FY) - 537%| -5.34% - 9.39%| -9.69%
2000(FY) - 4.02%| -3.98% - 1.88%| -1.90%
2001(FY) - 291%| -2.85% - 0.55%| -0.55%
2002(FY) - 2.08%| -2.03% - 0.41%| -0.41%
2003(FY) - 2.05%| -2.02% - 1.99%| -2.00%
2004(FY) - - - - - -

) R BRAE»OBEH USSR, 1% #BhER 1%LAL-BE,
1% : WEIER 1%ET L84
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6.4.2 BFO NEREELHFEEXE) OBREEML-BS

BUF O THERIERR (L3 FHEE ) (BT, 2010 EECH ALY — DR AIZL - T
LI910 F kKl DA NF—HBZAIE T L W) BERBITLATVWS, BE TSI, *
DOHNIRD 118 F Kl RKBHRBEOEAS L LTRRAENTEY, ZThiZRREL X T 4 482
T RW BCHET 5, £/, KBARBHRESF—L2—Jicthid, 482 5 kWD 5 5, 390
7 kW 100 TE)VREBOMNB THAEECHABAREEE. B0 BEEER (At B
) KBAREBEBTHD L LTNEY,

FWTHE LA RBARBERBORERY 0 COAIBALAVWT, LT~
EAREARBEEBEO AT HH ARG H kW=3kWx130 T E)MER SN -BATO
CO:HIEBEZ AT D &, MAEE 20 £EOFS TEM 132.9 5 t-CO.. THHELK 30 F0 5
B CEM 1421 T t-CO2 L 2o 77,

643 —FETHEIRTICKBARBEZELZREL-IBS

% 6.12 11, PAEO—FRTEERERLE LD TH 5, BEERCRERS FOEER
HPRRR G R EOMEREILL > T, FHOEATERH - TT-DISLBELRKBARERE
BOHARBIIURELT S, LrL, T CREE-RT—FRTES 1 #4572 0 ICRE
THKRBAREEBEOMNE 3kW, FORARN 12% THBLREL. —FRETEET
TIZ L7 E @ COHIME A FIT 5,

—FRTEED) bHLEOH KGR ELEBEFRET D L. TOHARIL,
3kWx24,245,400 5=#9 7,274 F kW & 72D, Z DL &, COHIERIL. THEH 20 £
B THEM 2479.2 7 t-CO:2, THAFEL 30 EDHE TER] 2649.4 F t-CO: TH 5,

i, REFEUTRTO—FETREECKBARBEBI»RB T 5L, TOMARIT,
3kWx26,491,200 &=#7 7,947 K kW & 220, CO HIBEIX, TAHEH 20 FOHE THERM
2708.9 7 t-CO2. THRFEX 30 F£DHE THEM 2894.8 5 t-CO: & 72 o71-,

B ZhOORRIE. BREEEBLUVABXARBBRSICL>»TREREZBR TH- T, BETIZAWL
TlicEEaEnEW,
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$£6.12 bHAEO—FRTEER(REDRS - RAREIN)

TR ew | osew -
* i ¢y B iy

1R (O 53) BE |2BOBR| Voo | REMR | w54%

el 26,491.200] 24,245 400] 2,086,700 63,500 o] 1890,400] 132,800
19 m ¥ " F 51,100 19,300 31,900 100]- 31,000 800
20  ~ 29nd 479500] 322300 157,100 4,100 149,000 4.000
30~ 39 1,361.800] _1,015100] 346,800 18,500 - 318,600 9,700
40~ 49 217715000 1799.700] 377700 12,200 0] 349,400 16.200
50  ~ 74 8852600 8093700] 758,800 22,800[- 680,700 55,400
5~ 99 6.376,600]  6114900] 261700 4,900(- 231,300 25,400
100~ 124 2,985,100 2908 500 75,600 800[- 67,300 7,700
125~ 148 1,958.000] 1,920,300 37,700 100[- 32,900 4,700
150 md gt F 2089.800] 2,050,600 39,300 100{- 30,100 9,000

[ af-yRxmil (m) 88 88 58 49 48 57 78]

HIPT . BEE TR 15 FEE - LHERREEERE)] (2005)
6. 5 BbYIC

EE T, 2—F—a 2 FOBRLYAVWT, EERABARBEBEAR L #BHSHFO
BERABAOC L, £z, KBXREBEBOEAIZLS COHREZHIL, vIaL—
alrEE L THBSEEK L CO: I EORFE LR,

DX RT77Tu—FhrbiBhEBRROBRAMBRLBATHETIERBIILDTTHY
ZHVERR b RIS A R BRI Y — AR R D L VWO BRTEETH S,

FRTHERFIMOL 20T, KENREERO CO:DBIBRT Ly LOHH BT T
W3, bREIIEBEEEIC L > TRKBAREEBOGRBRBNLEEDRTWAH, 3
ab—Ya VOERPOHETIE, WEXEKBAEEERBOBART Iy, ZhiCk
S>THELEND CO:DHIERT Yy LB EELL D,

BEHSHILLIZRBENORVERY HIEOHRLEREL TR\ Y, XETHIBRT
XpholcRbd b, Thbid, SHOBEE LIV,

(FMER. FHH

B35 Xk
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43 1: SRAES ) 2 KBREE 7 04 205D CO, FHER(10MW, IEA4ES 20 5, 4 ¥ =5 2 &)

(HfI : t-COg)

L8731 3 M 1 XA Pl 2 ZapR Mg 3 S Rl 4 KR
oA s 234,94 OEEAMRNA 53.46 HREG 23.00 GHRES 8.77 & 4.15
T N 49.80 HERU 30.56 GREART 10.34 HARRT B.25 AXRAT 3.89
TIEZTL (i) 1190 #0OfMoONRE - LHHS 14.00 HHED 18.56 HRMAA 7.63 SRARD 3.33
TR R 10.32  {imh{te AEes s sy 5.17  #&k 13.74 &% 483 HRESR 3.20
13125 8.84 WHFR -LEHFR 497 HAHMZ 3.85 GBS 1.84  Tinh¥i&: 0.86
Pid-3xgnl 1A T.06  FIRBS 452  RiigEd R 2.35 Ml 1.18 Wil 0.52
T OMO KL RN 5.05 H&EAE (REEYI) 4.22 Dbt Ea 2,33 Gk ARERS 111 BM{E AT 0.49
EOMWDH T AT 3.48 v LRES 3.56  HFAE (AL 193 | AR (REQSIH) 0.91 HFME (KK HB) 0.43
F b 5 HERE BN, 346  TAIZThL (ANE) 343 HFEME (RPEEN) 1.75  HFE&E (imadi) 0.83  ¥FKE- RIKE 0.36
T3 AF v 7 BN 342 &Kt (Mg 277 EOMORE  LAES 1.54 %4 - A 0.70 EHRER (FHamin) 0.30
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EFOMDARS 007 &AL 0.07 TFTAIZTA (BFE) 0.03 ZEEFH 0.01
AR RIS 0.07 ¥} - BN 0.07  WEEIEERE 0.03  EEELRR 0.01
NI 0.07 /7 0.07r AR 0.03 FHREITR 0.01
TatR B 0.06 H# N 0.06 SEAH 0.03 AR URLE (i) 0.01

OO RS 0.06 HETH 0.06 MAWLENE 0.03

At 0.06 ZOfDH 7 AR 0.05  HESELR 0.03

i34 0.06 X7 AW ARG 005 @i 0.03

FOMOREE T RS 0.05 FAEREEE - mIam 0.05 FRERRKR 0.02

B - WA - WA 0.05 A 0.04 HIH - WAR - WAE 0.02

# 0.05 FRrERER 0.04 FETWEN - MR 0.02

AW 0.03  HEGEX 0.04 REEF 0.02

SRl ELF R R SRR 0.03 iR 0.04 WMBFEEEH 0.02
£ DAkl 0.0  Fofuldt 0.65 ®oMir 1.0  £oDfdt 0.56 oM 0.34
THIT 7570 1var 66.01  &ar 5350 il 23.31  &ar 10.56
RN 7579 W 14270 %W 106.28 WM 210.60 WH 230.16

1) LfE 50 (2 HHITH 0.01t-CO; K EDORIZ VTR,
2) "oty kb Bl UL FORMEAHLALOTED, SHRAMIS L 2oEMHNRIIRE S,



¢4 (8) ePa—L7oea2dh 60D CO, BHER(ERBRT Y o v KBEM 10MW, AEH 20 5)
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(H#67 : t-CO5)
NiEE 5 S % 6 HAHH FIE 7 k2R s 8 xxhR TSI

EE"3 -0 1.09  $E 0.59 #% 0.32  ®#k 0.16 HEHFA-BEHNFA 55.44
RART 0.85 HERMT 0.49 ExARM 0.22 EBEXi1 0.10 HRART 42.88
1723 0.85 FRMRM 0.39 MRARA 0.18 HIRES 009 [Ima 20.87
RN 0.66 HRES 0323 HRES 017 WRERG 0.08 TREE 15.99
B 0.24 TMH& 0.10 EHES 0.04 GBS 0.02 MW HIERER 13.11
stttk 0.15 BBy 0.06  HRS#RRTY 0.0 BFRZE (KEEHH) 0.01 %% 10.20
Eet T Arditic] JEn) 0.14 EMbPALNER 0.06 BHHEGE (FKEHBH) 0.02 BRSNS 0.01 Hi{bitEER 7.67
CUEWGS (e E1Rhon) 0.11  HFEKE (KXARE) 0.05 ThMEAEBER 0.02 TR PEARY 6.08
I - IR 0.10 - A 0.05  EEE - FOIE _ 0.02 Pyt o 5.83
AReE (P Eith) 0.07 HERE (BYELI) 0.03 HEWE (KbHoghH) 0.01 ey 5.17
»na7 0.07 An7 0.03 ORfHeE 0.01 EME (FEOsH) 4.10
RS ETHRR 0.06 HEHEHGE 003 AT 0.01 T3 AFy U 3.61
M - POKITTRX 0.05 HM (&) 0.02 R (kHF) 0.01 EDMOME - LHRR 3.40
Ak .05 ¥ - PIKIEKER 0.02 ZofoRE- AP 0.01 BEFEE (RpElm 3.35
TGRS 7 D 005 TAvE 0.02  ¥y¥F - PKTIMGE 0.01 V=¥ TRER 3.30
Y — ¥ TREEL 0.05 FOMOEE - LENG 0.02 PR3 EENR 2.83
M (K5 0.04 V-¥YIRURB 0.02 R 2.41
FOMORAR - THEHS 0.04 EHWMELFRNHENG 0.02 K3 - AUKTTRRGE 2.26
B 0.03 PFINEHLE (A 0.01 A PRl 2.06
PEGESRIART (i) 0.03 i 0.01 T L (BTE) 1.79
ol 1] 0.03 FOMOFRELTRNES 1.72
[ 8P 0.02 FERE - R 1.33
RIS 0.02 BEMRDILEE (EERE) 1.13
PO ML B R 0.02 7 0.91
DML LIRS 0.01 ' S RATTRIAR 0.86
FOMORRELTRER 0.01 LR SN 0.80
RN 0.01 RREE Y 0.75
LA 0.01 £ OBOOENER 0.67
b faled - £33 0.01 | sl 30y 0.61
L Loliclatide gnt 3. B 0.01 FEAMER R 0.60
FOMEOEMLE TR 0.52

A7 0.46

Bt 0.42

AL R 0.41

ZAVYE 0.41

NAX— B = 0.35

Fakiidok 0.29

TEAH 0.28

ZOMON T A BE 0.28

H 0.26

£ DHOLPRENS 0.25

H T A - ARG 0.25

alan 0.24

ELEREIN - nTaa 0.23

Ay rREA 0.19

[ diat o 0.18

WMl (&475) 0.13

13- 1240 o 0.16

FEE S 0.16

FEhERITR 0.15

£ Offt 0.24 X DOfhft 0.18  Zoftudt 0.12 EOfH 0.11 Eofd 3.72
Trar 5.11  @ar 2.54 & 123 Gt 0.58  &ar 240,11

R 235.26 WH 237.80 ©M 230.03 RE . 23060 W 240.11




7 BEREREHKESZBETEEEICSTS CO,
HEHAIBOER &R

7. 1 FLCHIC

BETHHE TI—MRIC, HEOPRIIAE THEREVZE R, SROBAIL NS FhiE
MEVIZE RV, HEKRE(CBRO B EILEERDRAEOEHAB THE 06, I /hEn
BETLOREVHEHERA ERT 2088 BREL S 25, TREERT I, B
OXRIZOWT, HROZDOBRAD LV /NEWLONLIEIZEREAEZh, BADOKEVHE
BERASNRVE ST ARENRD S, 20X RREXZERT OO L 5 RHEF
ERRE L EWNI 2R, BREREFOERERT —~Thol,

BRIFB-CHELHERS| & W o HBORFEIX, 25 LEBROPILHTEZ D TH DA,
HEITIE, B/NEATOEEER LV D DREOR AU OBER BT, BEARE D OFIE
ERDBPRED LD LERoTVRY, LALARRE, BEEFEE LTRAREE LU
WO ERORNIC, BECELNTWARETIN HVEAR»DD ., P bV OHIFE
BEHT TR0, £2. SRLELHROYRE LI bVLTERIZENL bVWOER
DRV EINEVSEBREZBEBELTBI LI, AETH S I,

¥R, = RINX—EREFAOMEOELMABEST o TWD, BEREFHAEESSEL
F &) LHT2)0RESFTEHHEORBERTETFICOVT, ARORR L HEN
ENET CTHATOPFBELNMNITEIER, ZORROAMTHS, bobb, HEILHE
WOWEEPDITHD, BERLDROLERERLNIITAITHE> TRV, ZHiTHRE
BETH B,

7. 2 BEFBHEIAO0—7 v THEELEENSOHER

B EZ{TEREO 2005 EE 7 4 u—7 v TRABEERICEI L, 2004 FEICER SN-BRE
X ROMEREEEBEOEFIIFR 7.1 DX > THHIBEEFHEESS 2006, #1E-6
~7 H),
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71 2004 FEICEESN-BEEANROERRRBALDROEH

- BRE |dIxnE CO: HIF &
BERA) | (FRHABRHEK/yY) | (Ft- CO2)
BIERESR 169600 1400000 | -
103500 | - -
115100 | - -
AmER 7968 138000 | -
BAAAEE 2830 -
642 | 1142 A M 7.1
BALET NS 34000 315000 | -
BAHSHEER 43318 | 15319TJ -
TAVMMER 8500 100000 | -
BH-BF 4 B 33180 252000 | -
BEEBHEIER - 55000 | -
BAMERS 64 10 -
BXRAIRGE 1000 39000 | -
BXTLIES 1183 | 614 BHFHA -
BAHUEHAGES R 2362 | - 39
RIEFIHE 46 340 | -
BET7IZIZOLES 718 7800 | -
F—IEEHE 900 | - 0.7
630 | - 06
BAENEBAHIES 3250 | - 7
687 | - 1.1
BXILEHE 3|585M -
19 103 | -
EESCE IS 250 1771 | -
BFEXRHHEIES 2180 | - 0.4
BEATZYLT IS 384 | - 0.1
i 384 - 0.1
BEMESBRATES 71 480 0.5
42| 1444 F kWh |-
BXBRRHEIES 1273 4828 | -
143 | - 0.02
BEI#BRTIES 581 | 10525 F kWh 04

HET) BARFHEESS(2006) TREEH TTHHERBLXHE] 2005 EE7+—T v 7
AL AR (2004 FBEEGD - (EREMBD ) I 6-TH,
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LI EFAPRETTREMEHH & RA LT, 2004 0 FEMEAME 24741 F/KICE
SHHP0, FMOBAFELBARCRLTELD), TIAXHEHPVEBICEL., fhh. F5IR
3%, IMEMIAER 15 £ CTREELERACHRET S, £LT, REOFERAMNLETRIC
LAHEHHEREELIIVEb0% TFMBA) 75, KL, E=2PRB kWh TRENT
WAL OIZOWTHL, 2004 EOKAEAMRK 10.35 B(AEXR= XA X —EEWMERN HESW
2=y b 2006, 55 E)TCHIMEELEHL, E=FPEETI TRENTVEHLDITONT
IE, 2004 F=OFEHBAME 647.65 F/GI(ESMEH» R CHHOSELHA L., Fx=X
PBRIGRENTE ST, COHBEATEN THBEFIZ OV T, 0.068567t- CO/GI T
FMETRLX—REPREL, INOHHSELEH L, R, ExR X —PRNT
EhTWT, COAMBERBRENTHNRZWEFIZOWTIE, 2.619t v/KLIZX > T COz HI¥
BREBHLE, 25 LTCHELNAK COHIMEBTHRAZEH -7-b 0% [COHIME ) &3
B, TFORRETRLI-ONRRKRT2THD,

£7.2 2004 FEICRESh-RFEHEOHRRREEHROBHNS
FH U 7= CO, Bl Hif

BREAOE | AT SR CO2 CO:

% | {18 FliE EHAD HIR | BIFEHGS
BEMA) | (BFM) (Bt- CO2) | (M/t CO2)

BREXESS 14206.81 | 34638.1 | -20431.3| 366.7127 -5571
amEs 667.45| 3414.33 | -2746.87 36.1474 -7599
BEXAZA NS 53.78 1142 | -1088.22 7.1 -15327
BXRLPIENS 2848.06 | 7793.57 | -4945.51 82.5104 -5994
BFEMESS 36286 9921.37| -6292.77 | 105.0373 -5991
TAUMES 71202| 2474.15| -1762.13 26.1938 -6727
BR-EF4EK 2779.38 | 6234.86 | -3455.48 66.0083 -5235
BFRGERE 5.36 0.25 5.1 0.0026 195224
AARKiGE 83.77| 96492 | -881.15 10.2156 -8626
AXAMEMGES S 197.86] 1350.72 | ~1152.86 39 -29561
R FiEE 3.85 8.41 -456 0.0891 -5119
BERZIEZZD LGS 60.14 19298 | -132.84 2.0431 ~6502
LB A 7539 24244 -167.05 0.7 -23864
52.77 207.8| -155.03 0.6 -25838
BXREMERE{IRER 27224 | 242436 -2152.12 7 -30745
RIS 5755{ 38097 | -32342 1.1 -29402
1.59 2.55 -0.96 0.027 -3546
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BRROE | HT1 o~ CO: CO:
®£HE {f & R &%) Al R il 35 Hi (i

(B8R | (@AM (Bt-CO2) | (M/t CO2)
BARHHEHER 20.94 43.82 -22.88 0.4639 -4931
BAERAHIES 182.61 138.53 44,08 0.4 11019
BEAPYLITTHS 32.17 3463 -2.47 0.1 -2467
BRI 32.17 34.63 ~2.47 0.1 -2467
BAMERFEHRTIES 5.95 11.88 -5.93 0.5 -1186
3.52 2033 -16.81 0.0565 -29774
BERERHIES 106.63 119.45 -12.82 1.2646 -1014
11.98 6.93 5.05 0.02 25259
BRIERBIES 48.67 148.17 -99.5 0.4115 -24179

D A RPEH K CRER TV SHHATEHN SN IBRESETRTREMTHD & LT, 2004 FD
F AR 24741 3/ KI CIHAEHIHSEIRE L7, ATAPEMRTI TRERTWALOD
. ROoWTEE, A 647.65 [/GJ(2004 FE@AMR) TEHHOLEE HE, =X 2EN kWh
TRENTND HDITOVWTHL, BAMK 10.35 [H(2004 4) THHSEXBEH LI,
2) BEEIT. FI5IE 3%, HMTAEE 15 FCERMICARE,
IREDERANOCH=RICLAHHNSEEFELSW b0 THERMAT LT3,
DETXPRPTFENTEL Y, COHBBEMNTEN TV AEFIZSV T, 0.068567t-CO2/GJI
TREEZFALXF—BEFRL, ZhoSiNeFEZBH L, KIZ, ExRALX—HEINR
SINTHT, COHIEENTEN TN RWEFIZOWTIE, 2.619t- COZKL iZ &> T CO2 Bl
BRERM L7,

CORERTEIL, COHIBEBMD/NMINLONLARICIE~, RIFHIREL i, HIEE
el > T I 7 L0, MT71ThHhd, FEALOHEIL AOBATTDLR
TWBEIEBEMND, LOLENL, T CREFESRTORVWERISH D, BHFICHE-> T,
T RN F—DEHRUNDRADOELRLANGEROBERH Db Ly, EBASHE
REOHFRERREYBEL TR, TRo2ERTLE, BARV KOO ERTENLL
nagey,
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7.1 BEFTBEHEICH 5 2004 FEOXFEBH TO CO, HAIMELRA (£R5F)
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CO2H/| ) Hiff ([ /t-CO2)
§

-30000

-40000
CO2 R HtHI B k(5 t-CO2)

5T, TRALFX—EHHLUNOFIENRH D LR, ARFALF—DHORHHRR

BETRNF—UAOEREE BT Lview, ¥7c, BRIRRRZBHEOEH THo T,
FOBEHFOBETIRMOVEZLIONL LAY, ZOHAE, EORAIZHL-2LTHD
LBbha,

Fho2EE L -EORIBEME M =Dicid, @ERIOEROMER O KEFZRHNT S
VERDHD, HRBBOALTWVEIN, EIITE-2TAHAL I,

7. 3 SSAERICEHTSH CO, BEtH Ml E
1.3.1 BETHHEZ+0-7 v TRERRN BN IRE

CO HEHBEO KX WEFELREEOHIBEANEEZ R TAL 5., BETHIED 2005 FE7 +
B—7 v 7TRERZRIC LT, SHMETIT, 2004 F£EIZ, 27.2P DE=XRHRDOH D 135
BAOEEITON-(EEMEFHRS - BERR— XX —RES 2005 F5E B ETHHE
7#u—7 v 7ER/NERS 2006, 68 H), ©< RMb > T—MRRMBEHFHIND LEEL.
2004 EEO—AR R OB % 192.7 F/GJ T 27.2P *@HICET L. 524 @M L2 5, 135
EHOEREIZ, 15 FEMEH, B5LI%DOT Tix, 113EATHY, LEB-T, #MERAIIL,
-41.1{EATH S, 836 5 t-CO/PJ L+ 5L, COAIMIZ, 22T 5t L72d, X-oT. HIM
HifffiiZ-1810 A/t- CO: TH 5.

7=7L. 2004 EEICEREINT-HRIZCLDZE=X272PI D H 5, 17.5PJ i3 [#EHE)
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LB EBEENTWA(E), MBENE) IREREEEVLELLRNEEZD L, 136 {E
MOBBEDEL 1L, YD 9.7PJ DB AOHIFELN-FAEEXDH S, BRICEZ T,
135 (BEMTRTH ITPI DETZD-HTholzt T L, BiEHEI18TEABTHY, A
BRIT-TAEA L5, THICE-T81 HtD CO ZEIELI-ET5 L, BIBEMI, -913
M/t- CO i L /T35, BEWE) I HHBIZRENRRZ Y DBRARPP>THDTHS D
M, FOEMITLILLRV,

GO TEEHE) I IRERERLE) @EEEE 20052k >T5, ZOBFEDET
FEEIT, EEENEBRPES L, hOoBRNORBES T2V bOLEELILND,

2000 SEEEH D 2003 SEEEICERB I NHERICHOVTIHESAHRIILUTOEY TH D,
2000 4 H 2003 T, 93P DETXBROH ZBEANTOR(EXEEFES - R
SBFETANX—FES 2004 EEQ ETBHE 7 + 0 —7 v TRRNERSE 2006),
REFIT 926 B THHEEREERD - RERR=— F V¥ —FEES 2005 £ A E1THE
B 407 v 7&R/INERS 2006, 68 H),
oAb, ERAE 776 EA, FxrERE 1792 8M, Lo T, HEREIX-101.6 &M,
CO: BIRIL 777 5 t 72D T, HIEHMEIL-1308 F/t-CO2 ThH D,

2005 EFET A —7F o 7L, [SREOE=RE Ny O COHIELER 7308 D84S
LT AR,

#1713 BEROETRFH5D C02 HIE

i 1990~2000 | 1990~2001 | 1990~2002 | 1990~2003 | 1990~2004
CO: H ¥ fit
9356 1013 1188 1344 1422
(5 t-CO2)

ZIhb, 2001 EEDS 2004 FEO [HREAEOETAE N ORIBIL 487 A t- CO:2
2745, “had, 2000 FEN0 2003 FEORBL L UVHBEREICI-TERALLLEZD
DITFYED S, FOMOREOECFPRIZIEICE L LI, 93P TH D, ThE CO2
ICHRETSHE, TTTFH t COi2i2 B,

777 H t-CO2 & 487 F t- COz & DZEE, 1BEXE, VU VA 7S B, BN

SO FER I THATEXHEA S, HEE. 1990~2004 FELEIZHO>WT, £
DX RIT1T8PI EHMEENTEY, X 348PJ D¥H2 5H TV 5,
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FELEROBEREE) HITHR 74 0 L 5 REEAE LN 56 B &R 2005.JFE2005,
FER &R 2005, @R 2005),

R4 BRXIELROBFHEEH S OFH

2003 £E 2004 #£HE
i34 B wE® - dii
i A AR BIGH 74 7 84 8
JFE 94 138 90 144
FER&R 47.3 7.2 31.7 5.4
b= BN 19.2 6.4
E 190.1 160.1

AT FttoREBENI L,
*)5 5L, JFE OBREM 40%IC it 0RBEELMZ - L0,

“hit, SFELUNAOBEBELEATHS, 7=, JFE 0RBIIREOHMEHNB S A TW
b, FAHMOBEIZ., AR UNDOYHRLZFERRFOBBLEATEY ., B X HOBREIX
0 40%< HWIEE Eb TV A A AR 2005), JFE XA X ET0ORE TCHHIFE
2005),

HESBOEENG RS L, REHREE 5000 B A B ARLEE 2005)D 40% 2000 Mz
LT SEHRE, £ 0, 04%REOHBEN, xRV THLhMB L REFRIV,
2004 FEED 135 EAOHBEIC 04%DHERBRN 1D LThid. Fhid, £45400 FABE
Thd,

LAEOBRE I I iE, 2000 EE D5 2004 EEOSKMEICIST D CO PEHAIRHIL. &
OBEBAOT b -FEE L H DM, EEICIE., ChANIESE 225500, HBHW
E., FTOERICELZBAANSOHAIONTbAbR, FhEIOBEENLERELT
HED,

1.3.2 #EEE - CONEREHNSOHIR

2004 EEFEDOFEOAN, =R T 17.5P] ¥ [BEUE) LLAEENRTWDHILEZ ETR
oo FBVIX., BEFPBRIIN 69PI. ETE - ERtlbA 0.7PI, e RAX—EIRAH 1.0PJ,
BTTAF vy 7 HHFAR 1.2PJ ThHdH, LENL, S rA-¥—ERIE, ExRxAF—0%
S EREREEE EHTV, BERENTIE, X L¥—DERIZRLIRL Sh, FoM ¢
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DOHFELPEoTWARNEWD Z R, ZOFEBEICRATWEHO1S Lvizvy, COHIMZD
BAKE <, FEEIC bR BAERREB L oobh B0 LU, BIREMIE - hhbEDE
I A>TV b LRy, £2C, xR AX—EIPREORDRIL L WV o R EIRT
DRI EORHB+RHLBEOEALPRLENREDL BVDLDOTHo kP EBRML L
9o FDHIT, RAEHERCCDM OXHEELD 55, METOEHBZ >V THRESNE
BHNRBEIRD,

FD L HRFEEITINEDO OfRE L LTiThh, #5&08AKINATWS, £OF0r6, K
BAEED 2002 EE RN 2001 EERABEOEF 2 POICEY BT BREEODREZHBELTH

Teo TORREELDELONRRTSE THD, THETF7LLIELOBR 7.2 THD,

#1715 NEDO HEIREFHEXBFEBFAOCORALHR

2 e o coz HIEM | HIRBLE

(/y) {M/t-co2)
ARFXXSLFY—LBHLIIH | BIFTOH V- DRI GHA A TEEML 27414 -22689
FIT LTI REBRH BRIFR SO HREN #TRENR 40989 -11279
F3UI Cosigus RERR /AR —FoRE BREHEL 35183 -9073
R—3 P4 O3 7 BER TRT EIAER 52016 -8546
TSI Cosigua W FEmFERR A —FORE BRESEL 16629 -8115
24 881 44 \E VT B FEMPF~ORIEEIRIFORA | BRNEREL 44903 -7045
4K RINL #t Visak B4R PCl ReuE 245333 -6848
1 FERARHES 18R s —>—3RER #IREIR 64240 -5128
1P BN E D Bk cDQ #xIrEIR 259864 -4486
T EISCO 7 BERRT SERETRETR Bk 223189 =431
AP ERALHES I MER TRT HIRER 22237 ~3867
1FBRAAHE S/ BBR kS m SR TS BiREEL 48180 -3081
42F TISCO #t Jamshedpur B | CDQ # xREN 238275 ~2668
R—=3FEL 27 RBH IR A ABIR HIRER 68362 -2668
TILH YT Stomana BRAT M5 TR ma G EAdiE BRENEL 15945 -2280
FILHTF Stomana SR MiE LAMMFRERETS BNEHEL 5209 -2280
FILH)T Stomana KR EEIRMBFEROR—IL BWEHEL 5262 -2280
TILH)T Stomana MEEAH HETRMMFADE S —LBIE BEDEL 1859 -2222
FIAVYF Stomana Rk iR T IR mIE 2 & F e BEEHRL 12106 ~2173
TILHYT Stomana HEAM $48 T o P IE Mkl BREHEL 1088 ~2059
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CO2 HIEE | HIMHE
L 3 HE el |
(t/y) (M/t-C02)
F VAT Stomana B EkR FiR TR mEAE, S —F il BREHEL 9812 -2056
TJILH YT Stomana B &R BETRMMMERTREE BEEHEL 4016 -1895
FILHYF Stomana B RRIFEERR —F BREDEL 12409 -1772
FILHF Stomana BEERT REATIRmMMME, —F ik BieENEL 3681 -1629
AUFBIAAHE S WA I—HRIFRREEL AT L BEEHEL 45481 711
AP BARHE S BB BRI B BALE] AN 55 #F I rER 17543 -677
T ILF)F Stomana MEFT BRIFRISVT TR BRENEL 9781 -428
TIUTHEISCO #ALT L BB BIFa— AP DBALE EWEDERL 174092 -408
R—SUF e D27 HEHR AP HRELY FTRER 29209 -390
FILH YT Stomana HERFT FE TR MEIE R o R BWENEL 738 -36
R—=SUF e OSTRBR REET—>— B ER HIER 23407 1446
AUFBRAHE S MK BRRER BWENEL 5498 49135
) NEDO ## & &% KICFHEA,

7.2 NEDO #FEREFHEXRIEICF 175 C0, Bt Al 5 A1 3% A (RRSH B R)

5000

0

-5000

-10000

-15000

CO2H!I Mk Biffi(F /t-CO2)

-20000

-25000

1 1

]

0 500000

2000000

CO2 R fflI B &(t-CO2/y)

NEDO E#FEOHEFORRHEIL. BATRROBRBEEZIToHEBESICWN 05 nEN
FELABASNTVEHEENEVOT, BRBIIETOE EHE -7, HF=XRIC L 2EHNSEII,
BEETHREIN TV AETRECAEXRTOREMER Z LS TIXHTHE L, EA LR
HRIIRT6DLEEBY THS,
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1.6 HRE{HEHHE 2004 &)

et {H4%(1) 5 i {ih4&(2)
s B 7 4 11338 M/t | BRI RN X—§E 7191kcal/kg 376.7 H/GL
R 6755 A/t | B HiEH 6904kcal/kg 233.7 A/GL
—fa i 5569 M/t | & S #EH 6354kcal/kg 209.4 AH/GL
Bk 26568 M/KL | B 5 #tEH 9962kcal/| 637.1 A/GL
. BAT S II—EEARZTR
ERHAX | 424 BH/F kWh 2005 9771kcal/Nm3 | 1012.8 P/GL
BATAIL— AT
Bh 10.35 4 /kWh 2873.8 M/GJ
2006
R 24741 B/KL | B St 9126kcal/l 647.7 A/GL

VBOFERNT, COHMBIIRERFREL L6 L, BB~/ T2 1 FALITO
FINZLFENTWBEZ EDBDDD, FhiZH~RD L, BERTHRERVEEN TV ESRED
BRARMERETLTVWES., EALTWATHAD EHEAND, LHrL, TOHMIT.
RECENBEFIZE L RR2TNEDNLR,

7. 4 HURER

2005 EE B EITHHE 7 + v—7 v 7EEH L hid, 2004 EEOREEEOE T X EE
i1 249 BF, A xR, 6273TI ThH3, TORFRUIRTTDLEBY THY, CO8EH
HIBBEEIIRI CK R T.TOLIICHEESN S, 22T, BEIL, #I5IE 3%, HAEKTET
FERFAICAEL, EBRSENENRSD L LT, 9962kcal/l, 26568 M/k1(2004 £EiH#) THiOE
EHELE, E£/, 298t COZ/kl iz & v, COHEHHIEZEH L, HIBEMEHE L.
BRERFRTDE, W73 THD,

£17 BETHHE 200 FEI7+0—7 v TR K FHEERD CO,KIRBBDHET

BESWM| AN | HIBDE fi#n |BROERA| HRA | CO2mi3 | AIMEE

i B5HA Td Hakl | 7@ HHA BFM | 51-COz | A CO2
HPHERADKA | 18,299 2,847 68259 1814 2937 1124 20.4 5521
ITEOREL 1,283 1,099 26349 700 206 -494 7.9 -6289
HEBENR 560 618 14817 394 90 -304 4.4 -6876
DHRONRER 2,671 557 13354 355 429 74 4.0 1856
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B BFEREFE 766 1 HASEE
86T : Dr. William A Pizer (Fellow, Resource for the Future)

7% : Indexed Regulation
“Indexed Regulation(Presentation for this Meeting) “Z R TH®E

Dr. Pizer: First of all [ want to thank you all for inviting me here. I realize that this is a very
practical group that you put together to try to evaluate proposals. What I am going to be talking
about for the next hour is a bit more academic — there are going to be some equations and graphs
and things like that —but I think it bears importantly on the choices that you are making in terms

of which policies are more effective than others.

We have been struggling with this in the United States. Part of the motivation for this talk was
the fact that four years ago now when I was working at the Council of Economic Advisors in the
Bush Administration, the United States chose to take a target-base on emissions intensity, that is
emissions per dollar of gross domestic product (GDP). Now that has not actually translated into a
particular mandatory policy, but it suggested an interest in that sort of a target. That is, instead of
just emissions, focusing on emissions related to some other quantity such as GDP. Also if you lock
at the Canadians, they have adopted an intensity-based approach for their large final emitters

program.

When we were looking at it, when | was working in the Bush Administration, [ had always felt like
ir;dexing emissions to GDP was a good way to describe a target, but it was not necessarily a good
way to actually run and emissions trading program, that is you imagine having an emissions
trading program and every year you mechanically adjust the number of allowances based on how
GDP goes up or down. At the time, I really did not think that was a particularly good way to deal

with unexpected cost shocks, which is presumably one of the motivations for indexing.

By the way, if you have any questions while I am talking, if I am not clear about something, feel

free to interrupt me, I do not mind that as we are going along.

First of all, let me just tell you what I am talking about when I say indexed quantities. There are



really two types of indexed guantities you can think about, the policies at least that I talk...that
Richard and I should say first of all, this is joint work with Richard Newell who somewhat
ironically now has my job at the Council of Economic Advisors. Those of you who are not familiar
with it, the Council has economists who basically rotate in for one year and get to work at a very
high level in the government. He is now in the middle of that year. So he worked on this table with

me and we came up with two types of indexed quantities that we talk about in this paper.

One is what I will call a generalized index quantity and that is, q here throughout the paper you
should think about as the level of emissions. It is designed to be generic for any sort of regulatory
situations. But imagine q is always emissions. There are two types of things you could imagine
doing; one is having a linear relationship where there is a constant, and then a rate times x which
again you should think about as being GDP, the thing we are indexing to. Then you contrast that
with what is really the ordinary way we think about index policies, that is you just say the
emissions is going to be equal to a rate times the index, the GDP number. So for example in the
president’s plan, the target worked out to be something like, I do not know, I think it was 300 tons
per US$1,000 of GDP was the target, so that was the r in the president’s plan. You multiply it

times a number of dollars of GDP and you come up with what the emisgion target actually was,

Why do we even think about trying to do this? Either this what we think of as a regular index
policy where we just say the emissions are going to be equal to some rate times the 'index, or the
more general one where there is a constant in this relationship. You can kind of imagine saying,
“Well we are going to say emissions are going to be five hillion tons is our target, and we al;e going
to adjust it up or down based on whether or not the index hits some expected value or not.” So that

is the general version.

The motivation for this paper was, for those of you who are familiar with work by Marty Weitzman
in the 1970s, he wrote a very influential paper comparing price-based regulatory mechanisms to
quantity-based regulatory mechanisms. He was very concerned about welfare maximization under
uncertainty and made the observation that when we have uncertainty about costs, you are the
regulator, you are trying to regulate a market and you do not know what the costs are going to be,
taxes and tradable quotas, which are the two regulatory policies you might think about, it could
also be subsidies — I noticed that was one of the things in your list — those are going to have
different outcomes. The preference for one or the other, it turns out, hinges critically on the
relative slopes of marginal cost and marginal benefits, and I will show you the intuition for that in

just a minute.




But Weitzman was looking at fixed quantities and prices. It turns out that most of the
environmental policies we have in the United States at least, look more like indexed quantities,
that is there is some sort of rate-based regulation. The most widespread of these are new source
performance standards in the United States which basically specify that if you are building a new
factory, you have to meet some sort of emissions rate per million British thermal unit (Btu) of
energy that you use. More familiar to you folks here might the idea of having appliance standards
or fuel economy standards where you do not regulate the total amount of energy that is being used,
but you regulate the amount of energy that is used per output of the appliance, or per output of the
car. Those are like indexed regulations; that is you are not regulating the total quantity, but you

are regulating a rate.

No one has actually looked at how these sorts of regulations compare to prices and quantities in
this very simple Wéitzman framework. This was, as I noted earlier, also spurred by this more
recent debate in the climate change world about absolute quantity targets versus intensity-based
quantity targets. There had been some work, and 1 cite a number of papers here that I describe in
more details in the working paper that do different thinés. This paper by myself, which is actually
coming out in climate policy this year, does not do this very technical analysis thinking about
welfare, but more describes some of the qualitative advantages of intensity. A lot of people, just to
give you the rationale, a lot of people in the United States and especially in developing countries as
well, are concerned about emission caps because they might limit growth. If you describe it not as
a cap, but as something indexed output, it sounds much better, it does not sound like it is actually
limiting growth. So focusing on intensity targets has potentially some political appeal not related

to this welfare analysis I am going to talk about. That is what this paper is about.

These three papers are all about costs. They actually may be more, a kLttle bit more relevant to
what you are thinking about, because [ noticed that you described your question as
cost-effectiveness. That is, perhaps you are assuming a particular emissions or environmental goal,
and you are looking to achieve that goal as cheaply as possible. The framework that this paper by
Quirion, as well as the paper [ am going to be presenting to you, we are in a welfare framework, so
we are actually trying to measure benefits and costs at the same time. So some of the things may

not exactly carry over and we can come back to that towards the end if you want to.

So I am going to go ahead and give you the punch line from the kind of technical side of the paper,

which is the number two; 80 it is a very easy thing to remember. It turns out that two is a



quantitative result in this paper, that if you are comparing indexed quantities like a performance
standard, to fixed quantities like a cap, it turns out that the index quantities are going to be
preferred if this condition holds. The ratio of the coefficient of variation in the index, so that is like
the percent error in your forecast of economic growth, divided by the optimal quantity coefficient of
variation, which is kind of the percent error you have in your optimal quantity that you want in
this analysis. If this ratio is less than twice their correlation, then it turns out the indexed
quantities are preferred. I am going to spend a bit of time explaining to you why this is true. But it
should generally make sense that the higher the correlation between the index and the thing you
care about, the more likely this condition is to hold. So there is a little bit of intuition for you right

now,

If you have something like GDP that has nothing to do with emissions, then it is not going to do
you a lot of good to index to GDP. We will see some countries where that turn out to be true. It
turns out that for Japan, at least our simple quantitative analysis suggests that it may not make
sense to index in an aggregate level, even though it may be that at a sectoral level it might. So if

that is true, then indexed quantities are preferred.

So I apologize for it being a somewhat technical paper. I am going to try to give you the intuition so
that you can use this in your study group. But for those of you who like equations, these are the
equations we use and this is the same as the Weitzman framework; that costs are a quadratic
function of quantities approximated around some arbitrary péint q which actually in the paper
and in these slides, should be the optimum, but I think I changed the notation here a little bit,
Similarly benefits are approximated as a quadratic function around the optimum, that should be a
q*, so I apologize. Just so you notice in the basic mathematics, costs have to be convex so this has
to be positive, benefits have to be concave, so this b2 has to be positive as well otherwise the rest of

the parameters are not restricted.

This is the basic result that Weitzman has, and 1 will show you a graph if the equations are not
your favorite thing. He showed that the welfare advantage that is whether you like prices or
guantities, hinges on this expression which involves the difference between the slope of the
marginal costs — this parameter here — and the slope of the marginal benefits — this parameter

here. In general when costs are more steeply sloped than benefits then prices are preferred.

Now it turns out that for climate change, which is a stock pollutant, this b2 is very, very small. It

turns out that prices are almost always preferred. So we will come back to that in a second.




This expression could be rewritten just be dividing through by ¢2 to give you this expression which
will make a little more sense when we see some other expressions. But you can see the intuition is
the same here. If ¢2 is really big, at least it 15 bigger than b2, then this number is going to be very
small. One minus this number is going to be positive and prices are going to be preferred. So again,

the Weitzman intuition is that if costs are more steeply sloped than benefits, prices are preferred.

So let us just look at a picture, becausg I always think pictures are particularly useful. Here I have
drawn a marginal cost schedule. So in this case you can think about quantity reductions, although
maybe that is not the easiest thing to think about. Basically as you have higher and higher
quantities produced, or quantities reduced in the case of a pollutant, the costs seem to get hig.her.
So your first reductions are really cheap, the later reductions are much higher. On the other hand,
you assume that marginal benefits are declining, so as you get a cleaner environment, the benefits
for every additional ton declines. If we knew these two schedules exactly, then this intersection we
know would be the optimum and we could use a price equal to this value here, or quantity equal to

this value here to deliver the optimum.

The problem is typically we do not have exact information about costs or benefits and so we have to
get policies based on expectations. What happens when we are wrong? Well, let us say this is the
actual margin cost schedule that is realized as opposed to expected. If you fix this price with a tax
or a subsidy, firms are going to continue to obey until the costs get up to that tax level or to that
subsidy level, and you are going to end up at this point right here. On the other hand, if you have a
fixed quantity policy, you are going to be stuck here no matter what, even though the costs in this
case are much lower. Where do you want to be? You want to be right there and these two shaded
areas show the reality deadweight loss of either having a quantity policy, in which case this large
triangle is your loss. If you have a price policy you end up over here instead of there where you
want to be, this is your deadweight loss. So in this picture for the values that I have drawn, you
can see the deadweight loss, the loss is much larger for the quantity policy than it is for the price
policy. This is because the benefit schedule is relatively flat and the cost schedule is relatively

steep.

As I mentioned for climate change, because it is a stock pollutant — the consequences of climate
change do not depend on the emissions we have in a given year, they depend on how much
accumulates in the atmosphere — it turns out that this marginal benefit schedule is very, very flat.

So one of the results that you have in the literature is that prices generally are much better than



quantities, for this reason. But as we started out by saying, a lot of the debate is not about prices,
it is about quantities and quantities versus index quantities. Or in the case that you guys might be
looking at, it is about an emissions cap versus some sort of standards, which look like an intensity

target.

So let us just keep going here. Now suppose, the intuition behind the index is suppose I could get
better information about what the marginal cost schedule is jn real time and adjust the policy. So
here is the deadweight loss when I am forced to fix the policy either at this price or this quantity,
and here is the case where the price, or the quantity policy presumably, but you could also think
about an indexed price policy, is somehow adjusted in response to the uncertainty, as the
uncertainty is resolved. So we have a case where we do not know what the costs are going to be,
this turns out after everything happens to be the realized cost, but we can index the quantity to
something that is related to that uncertainty. So I can improve...that is I can somehow adjust the
quantity from here to here based on the index. In doing so, I reduce the deadweight loss from this
big triangle to this slightly smaller triangle. Prices are still much better in this case, but index
quantities are better than ordinary quantities. So that is the idea of the index, and somehow I am
going to change the quantity policy in response to the cost shock in a way that makes the

deadweight loss smaller.

So here is the mathematical result for the optimal policies. And I talk a lot about it in the paper; I
am going to talk about it briefly here, if you do any statistical analysis this is very easy to explain.
It turns out that the optimal quantity, generalized index quantity policy where we have a constant
as well as a coefficient, it turns out that these parameters just end up being the parameters you
would get if you addressed the optimal quantity you want after uncertainty is resolved, on the
index. So it is just like a regression, it is the best linear predictor of the optimal outcome given the
index; that is the intuition for this. The ordinary index quantity, this expression here, this
similarly ends up being a regression coefficient, but this time it is a regression without a constant.
So here you have a constant, here you do not have a constant. This coefficient has to do two things;
it has to balance trying to match the mean and trying to match the variants of this more general
policy. So what happens, this parameter ends up being a weighted average of two terms; one if the
rate that would exactly give you the optimum — stars here are optimal things. So you put in this
value r into this equation, on average you would get q* which is what you want on average, but the
variants would be wrong. On the other hand if you put in this expression from up here, this
regression coefficient, you would get the right variants, but you would not get the right mean. So

the optimal coefficient in this case ends up being a weighted average where, not surprisingly, the




weight is the coefficient of variation in the index. So if the index had no variation at all, you would
just set it so that you got the optimal quantity because that is the best you can do. If it had
tremendous amounts of variation, and we will talk about whether that is a really sensible thing in
a minute, well then you would basically set it equal to the coefficient you got in the generalized

case up here.

So I am going to talk briefly about this first case, but then I am going to spend most of my time on
this one, because this is the one that people in the policy world are thinking about. So just to kind
of run through 'the results; this is a standard result when you have an optimal fixed quantity
policy from the old Weitzman paper. This is the optimum. If you could actually adjust the policy
after you have observed uncertainty, you would get this extra benefit. that has to do with the error
in the cost function. So this is if you had to fix the quantity ahead of time and cannot adjust it, this
is if you could actually achieve the optimum after the fact. Well the generalized index quantity
achieves this. What is this parameter here? This is the correlation coefficient between the index
and the shock squared. It also can be interpreted as the r squared in a regression. If I can perfectly
predict the optimal outcome with my index, then I can actually achieve the optimal outcome. If
this i8 a zero and it has no value, well then [ cannot improve against the fixed quantity. So that is
the intuition. Compared to a fixed quantity, obviously the difference is just this term. If this is one,

I get a very high improvement. If this is zero, [ get no improvement.

Then the expression for prices is more complicated, I am not going to spend a lot of time of the

price index guantity comparison. I can answer questions about it later or people can look at the

paper.

So now let us talk about the index quantity, because that is the more interesting one I think from a
practical policies standpoint. Here, just to kind of lead you through the results if you like these
sorts of algebraic things, this is just writing out the expression for benefits minus the expression
for quantities, with the policy variable for q written in each of these places. Now if I put a fixed
quantity in there, that is if I just put q*, [ would get this. I would just get these two terms here
because these would all be zero. Well if I instead put the optimal index gquantity policy in there, 1
am going to get a different expression, it is a little more complicated but it has two new terms; this
term and this term. This term basically says that as long as there is positive correlation between
the index and the shock, index policies offer some improvement; that is there is a plus sign here.
But at the same time, the index improves the welfare measure, there is a cost. The cost comes from

the fact the index introduces variation in the quantity control. When you have convex costs and



concave benefits, that variation have a welfare cost and that is this term right here. It is
proportionate to the variation, actually the squared error, which equals the variation plus the bias
away from the optimum. So this is the welfare cost because you are adding variation into an
otherwise fixed quantity, and this is the benefit because you are improving relative to the fixed
quantity. So as long as this is positive there is some positive influence, but then you have to weigh

it against this negative influence here. So this is just kind of some intuition.

Now I am going to rewrite this expression in a more convenient way to do the welfare analysis. |
will show you in just a second. Remember this is the benefits from the generalized index quantity
which is just the fixed quantity plus a term measuring how much of the gain towards the optimum
I get, which again depends on how much correlation there is. Well the index quantity adds another
term, multiplying it, where this term actually vanishes, it becomes one if this expression — which
if you remember from our very, very beginning slide was the thing [ said had to be less than two for
preference — this whole thing in parenthesis vanishes if that expression equals one. We will see
something special also happens when it equals two. But if it equals one, this whole thing vanishes
and index quantities are just as good as generalized indexed quantities. So that is the expected
benefit. Obviocusly if | compare it to quantities I just subtract this term and I get this one. And if I

compare it to prices [ get the more complicated expression, which we will skip right now.

But again the important thing to realize is that when this expression, this ratio of the coefficient of
variation in the index, the coefficient of variation in the optimal quaniity, divided by their
correlation, when that expression equals one, this whole thing in parenthesis will vanish and all
that matters is how big is the correlation between the index and the cost shock. As this thing
moves away from one, index quantities get worse. Now if this thing was zero, the whole thing
collapses and just becomes the fixed quantity. But if this thing can get arbitrarily big, we will see

some other stuff happens and we will have to talk about that in just a second.

So let us first summarize some observations, and we will go back and talk about that ratio which
turns out to be so important. For the generalizing next quantity, very simple intuition. All that
matters is the correlation between the index and the shock. If I can find an index that is highly
correlated with the cost shock, I can use this generalized indexed quantity policy to achieve better
outcomes that ordinary fixed quantities, no matter what. If I am restricted, which is the normal
policy situation, that is I do not have this sort of policy, I just say emissions are going to be 300 tons
per thousand dollars of GDP, if all I have is this sort of policy, correlation continues to matter. But

also, the coefficient of variation matters. It matters because this term is fixing both the mean of




the policy as well as the variation in the policy. I have to be careful about how well that is going to

work.

So let us talk about that expression because it turns out is an important expression. Well there are
two ways to interpret this expression and I talk about this in more detail in the paper. You can
rewrite this expression here in this form. Basically it follows from the fact that the regression
coefficient, where I described this before as a regression coefficient of optimal quantities on the
index, that is going to have basically the correlation between the index and the cost shock as well
as the level, the variants of each. So when I plug all that stuff in here, this actually simplifies to

this. I am not explaining that very well, but hopefully you will take my word for it.

So what is the intuition behind this? Well when this expression is equal to one, then the coefficient
I need in order to match the mean is exactly the same as the coefficient that matches the variants.
So if I go back all the way to here. If that expression equals one, then this expression and that
expression are exactly the same, and this coefficient and that coefficient are exactly the same, it
turns out this is going to be again equal to g*. These policies exactly equal each other. So if that
expression is one, then the policies exactly match. The more they differ, the harder it is for the
index quantity to do well because it cannot match the mean that you want in terms of the desired
emission level, and the variants. That is why the further that ratio differs from one, the harder

time it is for an index quantity.

The other way you interpret this is.to think about it asking the question, how much variation do I
want [ the index? You can think of coefficients of variation as just percentages; how much error is
there in the index every year from its forecast level, how much error is there in the optimal
quantity that we want in percentage terms? The question is how much of this percentage error is
there in the x, how much is desirable? Well based on this, it is going to be equal to the amount of
percent error that there is in the quantity, times the correlation. If the correlation is one, then I
want those to exactly be the same. But if the correlation gets smaller, then I actually want the
variation in the index to be smaller. Why? Well if there is not as much correlation, then the index
is introdueing just random noise into the policy, which is bad. So we want to have less variation.
But if this is one, then we want this variation to exactly match that variation; that is we want the

index to vary just as much as the optimal quantity does. So that is just repeating what I just said.

So just to kind of go back, [ mentioned that when this expression is zero it is basically going to

match just a fixed quantity. Well it turns out that in the case where — this is kind of a weird



mathematical thing in my mind, but there is intuition behind it — if the coefficient of variation,
the optimum times its correlation is bigger than one...this is a very strange case because it
basically says that I do not know what the quantity control is that I want. It could be positive, it
could be negative, I mean you are basically saying the error that you see after uncertainty is
resolved in the level of control is on the same order of magnitude as its mean. So if the target was
5,000 or five billion tons, you know you are guessing, and then uncertainty is resolved, you are
saying well the actual target could be 10,000 or it might be zero. That is what it means for this
numbér to be greater than one; that the error is on the same order of magnitude as the mean for
the emission level that we are regulating. This is a very unusual situation. But if there were that
much variation, then it is pretty easy to show the index quantities are always preferred. That is
that expression with the big parenthesis around it, is always positive, the index quantities are

preferred.

This is kind of not a relevant case for climate change. Usually we are talking about a variation in
the quantity that might be five or tén percent. That is we know the target to be five billion tons,
but maybe it should be 4.5 or maybe it should be 5.5, but ¢ur error is not in the order of billions
and billions of tons. So the more likely case is that if this number is actually maybe 0.1 or 0.05 or
something like that, in which case index quantities are going to be preferred as long as this ratio is
less than two divided by this thing. But this thing is basically one, because if this is 0.1 and you

square it, you get 0.01, one minus 0.01 is basically one. On the right hand side of here, it is two.

So you like index quantities as long as its ratio is less than two. Why is two so important? [ am
going to show you a graph that explains it. Here is where you were going to be before you had any
uncertainty resolved. Then I tell you what the index is. Based on the index, and knowing its
correlation with the error, you can guess that this is the optimum based on knowledge of the index.
You still do not know what the real optimum is going to be, but based on the index this is what you
think it is. If you had a generalized index quantity, you could make yourself go to that point. But if
you only have an ordinary index quantity, you are stuck because you have to match the mean and
the variants of one parameter. If it turns out that this ratio that I am talking about is equal to one,
you are going to get to exactly that place just because the variants happens to be right at the index.
But if it is twice as big as that, that is that at the adjustment with the index quantity is twice the
adjustment with the generalized index quantity, you are going to go twice as far as you want to go.
If you go twice as far as you want to go, this welfare gain right here is exactly offset by this welfare
loss right here. If you go any further, the welfare loss is actually bigger, and that is why index

quantities are not going to be preferred if this ratio is bigger than two. So the ratio is equal to one,




you get to the optimum, you get as good as you can do based on knowledge of the index. If it is
bigger than two, you are overshooting where you want to go by so much that it actually erases any
gain the index quantities have. This is a problem simply because index quantities, because they do

not have that extra constant term, they cannot deliver the best outcome, they are constrained.

All right, let me show you some pictures just to kind of explain. I think all these figures are useful,
some people have told me they are not as useful. But you can see in a two dimensional space where
all the different policies are preferred. So on the x-axis here I have this ratio between the
coefficients of variation and their correlation. On the vertical axis I have the ratio of the slopes.
What I just \-vas arguing was that basically if this ratio was less that two, then index qualities are
better than quantities, but if it is bigger than two then quantities are actually preferred, because

you introduce too much variation into the policy.

This is just the Weitzman result, that if this ratio between the benefit and cost slopes is bigger
than one, quantities are preferred to prices. If it is less than one, then prices are preferred to

quantities.

The third graph is a little bit harder to understand but it is basically when index quantities are
preferred to prices and vice versa. The intuition is that when this ratio is close to one, then
generally index quantities are going to be better than prices, but it also matters how steeply sloped
benefits are. When benefits are very flat, prices are always better, but as they get more steeply
sloped, index quantities are going to be better. Then the other thing that matters is the correlation.
When this correlation gets close to one, it actually expands the area where index quantities are

preferred.

So we can put all those three things together and we get these six regions that depend on the value
of this expression and that expression, determines what the ranking of the policies are. Now I
mentioned you get these weird results when this coef‘icient of variation in the quantity is big.
Typically we think that this number is a couple of percent and this graph is right. If this number
gets close to one, then this graph is not going to be right. What happens is you have this kind of
weird situation where quantities are never preferred to index quantities, and that is just because
there is so much variation in the optimal policy that you always want to index it, no matter how
much variation there is in the index. But that is, in my mind, kind of a weird case, but I drew this
graph and these are for the cases of this is for a 30% error in the quantity, this is for like 2 70 and

this is for like a 200% error. So you can see how it affects the range here. But generally this is the



case you are at, I think that is the more logical thing to think about.

All right, so I have done a lot of math, I am about to do the application which is perhaps mostly
what the people here care about, I do not know how much of the theory you like. To do the
application, it is useful to think about the cost shock that I have been describing all along as
coming from two sources. This may actually be useful for your own work thinking about cost
effectiveness if you are concerned about uncertainty. Once source is uncertainty about what the
uncontrolied emission level is going to be. This is the part that has to do with growth, whether or
not you have a cold winter or a warm summer and use a lot of extra energy. This shock has to do
with technology. So given a particular emission level, there is another shock that has to do with
how costly it is to reduce from that emission level. This just shows you that we assume that this is
the piece that is correlated with the index and this is the piece that is not. This is just the
expression for the things we care about in the model I have described to you in terms of
parameters related to both the coefficient of variation and this baseline quantity level which isbg
as opposed to bq*. This is the correlation coefficient between the total cost shock and the index

related to the coefficient of variation and the baseline quantity and the index.

What you can see is that in this case, you basically have to expand the coefficient of variation in
the baseline quantity to account first of all for the fact that the baseline quantity is generally going
to be bigger than the optimal quantity, so this number is bigger than one it is going to make this
number bigger. This allows for the fact that there is actually additional error in this optimum

compared to this baseline quantity that has to do with the second source of error.

The reverse happens for the correlation. If this is the correlation between the index and the
baseline quantity, you actually have to shrink it because there are two pieces to this error. This
piece is uncorrelated, this is the piece I am talking about. So the totally correlation is going to be
the correlation with this piece divided by something that measures how big the second piece is,

and that is exactly what that piece there does. So that is just some algebra.

So how do I do the calculations? What we are going to do is we are going to take time series data on
emissions and output from the United States, Energy Information Administration, they have data
going back to 1980 for hundreds of countries. The other parameters in terms of the benefit cost
slopes, as well as uncertainty about costs, the technology piece, those are going to come from a
couple of different studies. The benefits comes from Nordhaus’ book on the Dynamic Integrated

Climate Economy (DICE) model. The cost uncertainty comes from a study that some of you may be




familiar with by Weyant and Hill summarizing the energy modeling form work, loocked at a cross
section of about a dozen models. You can use that to estimate the modeling uncertainty associated
with a certain amount of reductions. Then Richard and I had a paper a couple of years ago, we
synthesized this for a similar sort of calculation and we just updated that work, pulling it all
together.

So what happens? Well this is a very tedious table. If you have the paper, "Indexed Regulation”,
you might just look in the paper, where is it, it is actually table three and table four put together.
The first column is just coefficients of variation and baseline emissions, and coefficient of variation
in the index which in this case is GDP for every entry except for this United States Electricity
which is...the index is really just total electricity usage. The emissions here are just emissions

from electricity.

So what you see is that the error...and these are very simple errors, so I just imagine that there is
a linear model for predicting the level of emissions and output in logs, very simple model. How
much error is there in that model? Well what you see from this is that that error is somewhere
between 2.5% up to some countries having about 7% error in emissions. So what this means is that
Poland, doing a very simple linear prediction of emissions, I would on average have about a 7%
error, whereas for the world as a whole, I would only have 1.5%. It kind of makes sense that the
world has a lower coefficient of variation, because various errors in some countries are averaging

out, so you have highs in Poland and you have lows in the United States.

For output, it is the same sort of range; you have lows of maybe 1.1% for the world versus a high of
almost 7% for Poland. Poland has a lot of variation, at least over this time period which kind of

makes sense I guess, they were going through a lot of structural changes.

The other important thing to look at is how correlated are emissions and output. So in the United
States electricity sector, the correlation is very, very high. When we have a year that we make a lot
of electricity, we have a lot of emissions, the correlation is 85% on those. Now meanwhile France
has a correlation of only 0.1%. Why? France has a mostly nuclear power base so when they have a
lot of economic growth or a very cold winter, they use a lot of nuclear power but that does not
increase emissions. You can see Japan actually has a fairly low correlation and you folks might
have more of a sense than I do of why that correlation is low, but I assume that Japan also has a

lot of nuclear, is that right? So that kind of makes sense.



So you feed these things into this formula and you get this ratio that we said ideally should be near
one, but certainly should be less than two if we are going to prefer index quantities. So I have
highlighted here the countries where that is less than two. If you look at this, which is the welfare
advantage of index quantities over quantities, these countries all have positive values and the
numbers in this table are in billions of dollars. So if this number is less than two, that is that the
correlation is sufficiently high and importantly the variation x, the index, GDP is not too big, then
this number is going to be less than two and index quantities are going to be preferred to

quantities. This is really the important comparison for the paper.

Alot of studies have already shown that prices are better than quantities, so all these numbers are
positive for every country in the world. Similarly prices always beat index quantities and they
always beat generalized index quantities. Prices are the best, so that is one lesson you can walk
away with. It just follows from the simple intuition that climate change is a stock externality; the
marginal benefits do not change very much based on the emission level in a single year. Maybe
emissions over 10 years or 20 years would make a difference in marginal benefits, but certainly

not over one year. And prices are always better.

Here is actually the column comparing the generalized index quantity. I guess the one thing I
would note about this column, again it is not as relevant in practical policy situations, we just do
not see these sorts of policies. You could make one, but if you are talking about appliance
standards or intensity targets, that is not general enough. But what you see is that when this
number is close to one, these two things are basically the same. Because what we said is that when
this number is equal to one, the .index quantity works just as well as the generalized index
quantity and indeed that is the case. When the number is a lot different than one, like for the
world or for China, you see some difference between these two policies. There is a little bit of

difference here, because this number is getting close to two.

Now this number is always positive, that is if I could have a constant and a slope term in my model,
then it is always better than just fixing quantities because [ can always make the slope term zero.
So really the interesting thing in this graph is this column here. The yellow ones, again, are the
countries where we prefer index quantities which interestingly includes the United States, it

excludes Japan, it also excludes France and the United Kingdom, leaving European countries.

So let me just wrap up, summary comments and then. Index quantities, which we have described

as being performance standards, intensity targets, things like that, in a welfare sense they are




going to do well, but it hinges on how high the correlation is. It does not make sense to index
emissions to something that are not correlated with emissions. It alsoc depends, for ordinary index
quantities, the coefficient of variation in the index. Even if they are highly correlated, if the index
is much noisier than the underlying emissions uncertainty, it could be bad to index. You saw that
here. In the case of... what is a good example? I mean here you have Iran that had a pretty high
correlation, I mean not one, but almost 50% here, and it still turns out that index quantities are
bad. Why? Because the index has too much variation, it is actuaﬂy larger than the variation in the
emissions. So even though it has a decent correlation, index quantities are not good because the

index is too noisy.

Then, of course, if you are concerned about comparing prices, you are also going to be concerned
about marginal costs and marginal benefits. I will just note that if all you are concerned about is
comparing index quantities to quantities — which in kind of this debate over absolute versus
intensity targets is the only thing you care about — then the relative slopes does not matter
because you cannot do prices. This just restates the observations we made that what really
matters is the coefficient is a variation of the index and the quantity being less than twice their

correlation, which again has to do with the fact that you do not want to overshoot the optimum.

Then the quantitative results I just presented which is a very simple empirical analysis
showed that for about half the countries we looked at, including the United States and
the world as a whole, generally prefer index quantities but it really varies a lot from

country to country.
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Application to Climate Change

* Time series data (1980-2002) on emissions
and output from Energy Information
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U.S. Electricity 0.025 0020 084 09 91 55 56 -35 =35
World 0014 0011 0.55 1.4 431 77 90 -354 -341
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