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HEBSOHE 52 5 1 FE B ST BB R, incentive-based ) 7 T LAY —H » &%
HIREAEIT 30 R A RIEMAETSRE R T - FF 2R RER - 30 R AR
P22 (command and control) HYEFHIBIETIS » AELUBIERIR ASEEIEL
JFE R AR (Tietenberg » 1985 ) o B R[] A E - HEHORE RS 2 il FE A4S
R T EF 209 - BEHE R B I BOS MR RI TR oK > REAEBRH (permit
banking ) R[IJZ H A Hy—IH » 7 BT BERE MK ra 15 I 1Y B £ 0 BB AR A
AYREEL | BEHAE AR REMY - BEERZEMS - fFEh SRS
BT EREZE AN NEIE 1872 R Ry ik v (7] K5 A 8 25 (6 A7 O R T
ARG AT B TS ARy - BRI AL E A T REWE R R A2 8L > IR
Yy (sulfur oxide - DAUNFEHE SOx) BBl » HER T &8 B A SHAY IR S0 B
RIS - 2R SO IR AT SR - & BERE B0 B Bk
RAFBIR IR ARG - AR - BUTHWHIREZ SHEEGEE " f#7
TREL ) BYBRTE - SCHR S s 1 B IR L S IR TR -

DA 18 B O 28 A 1 AE 1 B 22 i W B 1 T O PR ISR A R S T B (AT BB BR
BEORAEE » 2002) o R AE AT E FRORBE H SE RO DEORERS 2 — S B RT > £
TAEAT 20% RS - JRENM 7 8 A N — BRI R oRE - Rt B fr
AR JESOREAE BT Y 48 B TR i G i B B 1 - BT REHRIN 0.8 BALAYTS Yedk
B AR H AT — S BRI R A 7 - QU T — R (Rt
7724 HAaKSE RS EGERT 0.64 (=0.8°) B{] » [EESHHTE
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BRI T — K E AT A1 A HEEORE vT DL 2 SOt A SRR R - R 2 o R
71— SRR R BORE RS T B B RE A2 PR Ry 0.8 i 4R DL ERBEROHE - 17
RERN 2SR E 2 1 A7k #E ( California Environmental Protection Agency °
2012) 5 EERY T REBEIREME S (Corporate Average Fuel Economy Regulations >
DUNff CAFE), QIR EHEIGER G IERFEZ 2 =4 (Klier &
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MR EYERN T HERRE TS 2 H (Emission Reduction Market System » [
T fETE ERMS )y # B IR H S AU HEBORE v = R B — 4R (HIE Py
HEBEAE R R F5E - R B B2k (Illinois Environmental Protection
Agency » 1996 ) » & AR M —ERVHEBOE K H W FEFREE 1 f#ifF
e A DR RO AT S R R R EANE 0 o Bl R AR b
s S [F] IRF 42 £ 90K 2 5 B A RE BRI B AR E - BRI SISy T R BE Y
2 51ii%; (Acid Rain Trading Program ) # - g% n] DU E KR FI SO HE
JEORE 2 BORE R ARG » HE Se A7 O PR BORE N R 3 (AT B9 AR FRFR A - IR
I8 L6 GETEI HR RO 2 /K A B 241 (Ellerman et al. » 2000) » [KIBUR IR B
18 BB A7 B R TBORE HE 1T IR L g e w5 2R P 2 O R TR 2 B SO PR DR B R
Ko iR BER R Z A - HEHMEEREER 1 5 — 2R
SR ARR "B HE AR 5 2% ( European Union Emission Trading
System » LN fifi il EU ETS ), o - 32 % i g o8 ££ [7 — il " & 36 8
( compliance period ) BRI A » 75 w] #F AR F 56 09 B EORE 2 856 17 2 R AR 4b
(Gulli - 2008 ) - [KlIth » 3% il 55 55 A [R] — a7 3 B o B 6 A O P O - LK
FREUREWEE R 1 HEM R FREBERER | WRSHERE &
i35 e 2 7 PR T MR B KRR R 5 (EAE T RIS R R TSR E
(Regional Clean Air Incentives Market » DL ff§ RECLAIM ) |, b » K&l
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T B o AR E TR R — BB RAR - MGK IR e A IR R
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gAY SO 15 IR B - G BB A 38 iR 1%%1%%%5‘%21%
ARSI BB T B SE R AR 2 855 » ST boh B BURF AR 31 HE o L 15 1
BIRETEGREE o 5 o i W R 15 V8 e SR 00 2 IR AR M - U T e ) Sy 2
RmB-—HEOERRENTIETLFHEHL - HEREFBHEYHRIEEIT
2006 ERERE - EEE S BE A ORI R HE T 42 SRS SR IURE AL B RS Y
Ml - K SO FYHRIGHE & K 2 G BIKHE » (HIRFE L RA > BIREIHE i
Ry HIBGER B - S EAAE R HE RS ORI AR IECE | o 3

HRGERRE SIS > 3R R EIEAE TR 5

I EETT AR IR B - BN R R TR iy — LB ER R o - AR R EE
WS B m S ARG P O U5 20 ~ SRR SR H TG IR HRORE R B KPR IRE
HEBRAERE R 2 H > [RIHRF th Ry {5 L iR L iy FEHMERERIER 1l B — 380 > Tk
JiHE 2 DLEF AT M (allowance ) B9 J5=GEE » 6 DLW AI ( grandfathering
rule) ZrHcHG MRS -

L A FT % 535 12 Hi BRI HR TEORE 38 17 11 B8 B35 ek 2 e A o FET Y Bl
% > B0 Rubin B Kling (1993) EREGFEH - 5 RRrGRENE & BIAR HI S I HR
RERETE R ARSRBE R - HIIAZ & il B e 75 O Bk = A AN RE A e — D YRR - 1 2
I Bt B AFE Cronshaw Eidl Kruse (1996 ) Eil Rubin (1996) AYMFZEH -
e E 7 [ > Ellerman B2 Montero (2002) DIEBIFEN A 5 s R Bl - X
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T 3 T e 0 75 4 Ok e 11732 B ) i e 175 Bl AR Y - R
AN BE A OB R P 15 41T Re S TR RESHTR E HEUREY [ A - Godby 5 A
(1997) fEIEHHBERREETHERE - 15 L ER R E k)
(IEE AR - (B2 EHRBORES] RE 0 AR B2 - BESE vi7 85 O HE RO (B A% 1t
BN AR - A S HBIZI B (LA SE > Fell ~ MacKenzie B Pizer (2012)
bR T E DRI BLON - AR I FE e e 3 R 7 2 2 S A ik i A 8 v
JRZE (L REAFIAS S I BE - BESR R A7 BRI RE A% E PE BCRERY (EA% - (H 2 fifF R
AT RE IS B HE R (E AR IRAK IS T > Alberola Bil Chevallier (2009) gLiE 7
EIE EU ETS B EASBEAY R R — - KERMpETE EU ETS & {EWIHN
RIESE 7 RERIIRETIT Ry MR HR O R AL 2K - HOE SRR 4 R E NI HE
JEREAE T 5008 - A S EH B E R B EE# 4 - L4 > Phaneuf B
Requate (2002) WUMFZERH - FEHBAAENHEEE B SR MR ERR
AT EIFERIRTHE T+ 7 B T RE B Tk e 15 558 B il B Wi B v e BT ax
fig 3% K] > Requate (1998 ) ~ Leiby Ed Rubin (2001 ) K Innes (2003 ) %
A o AR RS B R s 15 B AT Fe o S B H A RRAYE R

e B P T S B A B T A B SRR E Y 2T+ (HIE e 9E A — 1 3t
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BAR o 5 I E 1 B FR Y 3 ERIAE A (50 F 9 5 RE 400 JE R 340 T 5L 20 o B R A7 %
BT RE LR > phoh - LLFIREFRA IR e AR B A h (S TR0 ] — 2 8
SR AR ARZR P A A7) Gl 7 48 HEFRORE P 75 TR O R 7 R B [RIBE » G LE R AU
{8 2 ] — (S R SR B R Y B S — (R B R il — i 3
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T BB U7 SURE U B R R S 1 T LI B 0 AT > PR Rl A7 PR AT it
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A ERMS ~ CAFE B2 LEV §ilERIFEF IS - 55 =SS LA
HE IR A5 5 - (H AT TR AR H R 2R Bom A SOk B T 2= AL
AURTEm o AL - AW IR LIRS T DLl 2 B — (i B Ok iR
B PR B G 7 R ORE B B Y EOE - ORI R TR TR B AT 3 (non-linear
programming > DUTfEHE NLP) By£Y7 - il 2 il A [F) 8 B B 77 PR B B i
REREF R R iy 2 B Bl s g H AR AR B TR e B A R E R
TRIVIFAE > Rl DU IR LS R Bl FEAE R AT 0 L Rl A PR BN B AE AT
AR PERR PRI TE D » FHRYS S rlRE & (A B SR = - R E R A 58
AIBEREET IR R E A —BIREE - AWTSE B R AH R S i e /7 =URE
8 LB TR HEBOREAR I8 LA R P IRF AT A R - S 2075 1) & Pl P O
& HA B E R R R R B SETEREEANE T AEAC L IIRE RO IEE 2K
FIHFZH RSN R R ] - RAXEREE — - B > MRS
1l B AR B 5 e B iRy 5 B BURF Y BUR T EGSEIH Z — » B S %
W > EANHE FHAS SCHOBRE RUZEPRAS 5 A 25 B 38 17 B3 1 5 o 80 Bl ol Dk . o A B B
SiahE RTRERTRZ R - AT v R SR A AE SR AORE R R A T A B - I DARR R
ARG B HET T2 Tl FE FT TR AR -
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AWTFEZASE B LR &R R (RBUT ) AL - BUERRH
AR F R TSORE 22 22 T JEE A IS AN AT 500 PR AR B Tk B I AR - AN [R] B 3 1 1%
S R I SORE 2 2 11 45 LR R 17 ek 1 T R O s 288 o ARSI AR > FRAMIRR
B HE R BTG se 2w F o o o 7 RS R R gE i  v] RE N AEAE T
SRt T BR R (R B B A R A7 LR PSR R A — AU R IORE BT E
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T 55 I 22 A S B R A R B AKBIFFEAE R B 3 N 1 I S Y R TAORE 28
Gitiiss - MARE BT BT ~ W07 B A o 7 e e i 47 DA B R JORE -
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BUR Fr#r 3 i S IOREET T2 5 > T " TR RE RO R T 8 ) L2t
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{87 P 47 B A DL _E O P JSORE - Wigrs m] DUR IR T e PEORERI BURE (51
AT FATHY ~ HORFEF PARNSKENATFHEACKREREN) > 51T
SEEARAL P B R A58 — {18 7 5 v AT 19 S B A B HE O AR T BURF Y
IR EOK o MERIRAMIE R R ECE TE SR GETR S - HEEREHT
WS Ry 1 RERAS TR A A ROR R R b REDARERY RS i3 — B2 A FR ik
RE T2 (TR 95 38 1T B2 CAS MR T 2 AT > MRS LEAH AR RF R &R - 5
{5 P AT HE AN [RI A0 77 PR B 2 A R 9 B JORE L

FE_bStlE S d E R AT T WATE ST 7 — 8 R TR R RO A B
SRR (HPRIRE MK E SRR KA A R A f 1 T B e B R A IRF
] o AERERI R - AR ¢ AR S Tom RS — (IR 8 - £
FE I ARAR A HE O B A IRE ] > o B RE 1 B A > BIA0AHE — {8 R S 67
AR GG JRERAER 5 LK m RARETRZE S BRTmih 5
SRR AL — B RS R RRAEY N AR j 2 Ko 1 REAC PEORE B8 17 B B BR A B 47 E ]
MIIFT 72 - DUERERE G AR FE RATA — I HRORE - BE IR HE ¥ E B HBZ ¥ 1y
FEFRE ORITHR » MBI PEIER Ry 5% 5 s AR P B F A9 T5 4B
TGET 5 g Ry RO S35 45 1 W pl i i € Y AR 19 R BB I AR EE R X,
HIE R 1 AE j RIS Bk Co(X,, ) Ryl nd £ B8 FH &t ff s SEETT IR T
TE AT T B I AR R B 5 Ay Ry e @ A ES MBS (Y JBE S y5 e HE R - IR s i vl
FERZATERIRWEEG R E - B ER RS 8 F R SRR
BEBUE S S HERFRAKAE - (=X, ) RIRERE RS | FE4FE 1 J T R Bk



126 106 E6 8 (2348 1H3) EEREET

RIS GRS 6 ~ 0, ~ 0,810, /3 FIIRHI R EMEEF—F ~ —F ~ =F RIUE
HERCHE T e T B R A R B BRI B SMERCE © 1, RBURHE
SERE JERRE | TR ER TS R R E AR - BT S - MR 1 AE RS
IRFRIT5 Qe HRfCRs 1000 BAL (7, =1000 ) » LS BRI H AR /K YERT By 10%
(g=10% ) I QIEREZMra IS LR E AR (L) R 100 Bf
(100=1000%0.1) - KBS REF & 900 (900=1000%0.9) FAHIHEK
RERS T IEL RS 75 R e R R 100 BT - RIHCERRRYS BBk ORI 900
A HEE 2 SRTHIRE T DU BB 7 - KL BRI ED R
100 FA7 - BI5GBk o 900 BELALIRG - 3% Ik i 0 2 v HL i e s L B T
OB B0 S 25 M5 1 B R TOREE 20 e BT P B e 25Kk (1, =100) > A
AW - BUR AT I HE R R R IR S R R S0 s e B R B e TR
TERERG RS | WA RO RS (1-¢g) - A,

B, W i AEE R b Y TEIR S ) AR SO R
Y17 Ik 8 £ A A e 2% A FEE BT 8 PRI B TSR > B 2 D R IO Rl 7 Tk
B, WERELE j=mBEA W RER—IEH GGE 1) WHEEE j2mEE 3
BYRUATMERN > FAB,, ;=0 D, @l {255 o £ T8
AR S8 | PR E RO - & j=m W > D, INERE AT E
ek 05 S, EWEEFE T B TENRS TS rE MK
W B jEmE e S, @SR 05 Bl,, SRR R o A TR
RERF R ST ) TR BB, RS - RS 2 I
BRI "R 515 ) PR T ARRTEROE - BB M ARE K E
TEIR G ) HRBREEAE R PR BBE T o T B T
FHIHE - Bl WWEREE >mH j-m=1 (Gt 2) A TaER—IEH
i j-m=lk > QIBL,, =0 D1, . ZHeE i fEFE b 1 Tk
MR G5 5 Pl E RO PRI - L R AR IR B Y T E IR S
P fe TR - FARAE j—m=11F > A algE R 8 - FA j-m=1H
Dl,; ;=03 Sl ZWeE i fEFE j b 5 DRI S ) e
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HIHE ORI - SV - m =18 > A TSR ER o B2, T i 14
FE o B TR G R S T B ) R R TR RO, B e
F O 2 O R Y T S e B 7 HESOHE 3 S 5 ) o > Sl PR 52 B
HE o SRR B 5 —AE L b i B2, WU U AE j—m > 2 1
(3 3) AHER —EH 25 j-m<28 > QB2,,, =0 ; D2, JEHirsi
TEAETE b A T R RO A S i, P O T 5E 2
BRI T TR TP HE O A B T B ) T RETE T ANy RS j-m>2
5 > A TTREREM TS j—m <285 > D2, =0 ; 52, SHk#Gi 5
tho B TR R RO R S T ) TR N R » FLBETE j—m> 2B
TR TE -

L, SRR AEAEEE L j-m2 2 T EBI AT TR
F 5 e i LR 5 FL SRR AEAE I R o Y TR R HE RO A 5
S ) P TR RIS R K e - F A M T R T REAE SR — A B K
HEEAE 220 (TR B j-m=1 (BRI ERE)
ATHER—IEB s OL,,  EWiRS i TEFFIE I > 1Y T 2 BTP HEROE %2 5
S ) TR 5 R R K YE » RIERITE L o LB RAE - m > 2 B
(RIS b ) A TTRER IEW > R BB T - EHE RO B
BTS2 (Ej=m=115) » BM it 8 thi T B 2 7 T oY
HEWOHE » 0 TR HERCR AT ) B T R G HEROHE A S i ) #E0
KEAGAETE  BRPEEASTE IR B i | ST HEROHENY o 2 s e i e
3 52 BT T 35 2 5 e G 3 LK [ o L P 55— AE 060 = 4R B B
CHI j=m>2) » BRRTT{E SN B T S RERE R RIS STt 85, o T %
R S8 ) o WA SRR E BORF S BT R i T
SR SRR ER L, o D L, T = m > 2 AR — T 0
L, WOBE T DI, AT - B L, RS T sty A
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£ DEWIR ST ) o BEREE A (L, ;) SCEFERRBURFTE
WOk E ARk (L, ;) I HATRER R AT Bk ME D BCE] T RE R &
Gy W T BERZ G ) MBI EAKYE FL,,  f1OL,, v B EAT
BRI L, ~ FL  FOL, ;o SR INAE DA ZH R S5 B BURT S 32 W Y 7 6K
BHEHEAKEE (L, ;) IEIFTE g R G AE R T35 05 B - RS =l
RRERIRITS A E TR 2 B SE R BUF E s 4 & H AR -

Fo 5 (EAETT S PR > BRI b H BRSO BUIT A REE - s
B AERIARTF R BBARIMERGE - toh - R EAFEH R - M
BT Sk ot 7 5 8 580 i B S i — P BB B - R ARSI AU A FRAPIBE AT
e EE R e T R T e B e B R A K B - AR BT TR - DU 2
ARWTFEFT AR -

min Zm Zi Z‘/ Zs (1+ 5)_j Cz’s (Xm,i,J) (1)

ZPRIA
Dm,i,j +Xm,i,j ZSm,i,j+Bm,i,j+lm,i,j HrgiE j=m=1 (2)
Dm’i,j +Xm’l.’j ZSm’l.’j +Bm’i’j+ le’i’j B EIHEj=m>1 3)
Dlm’i,j +6 -(Bm’i’j_l)ZSlm’i’j+Blm’i’j +Flm’i,j B EIE j-m=1 4

D2,.,+6,(Bl,,  )>S82, . +B2,  +Ol HFHI#Ej-m=2 (5)
D2, ,.+6,-(B2,,,)2S82,, ,+B2, . .+Ol,, ., HHIHEj-m=3 (6)
D2,.,+0,(B2,,,)=282,, +B2, , +O, $HiHEj-m=4 (7)

Zm lm,i,j SZm (le,i,j + Flm,i,j + Olm,i,j) ﬂfj‘ﬁﬁﬁ l Eﬁ‘i J > 1 (8)
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Db =hg PR IBL ) ©
2, X, <h PR iE (10)

22Dy + DL, 402, )= 20 20 (S, + 51, +52,,,)

BTG J (11
Dm,i,j'Sm,i,jZO HATHIHE j=m (12)
Dlm,i,j‘Slm,[,j:O%ﬁl‘ﬁﬁﬁiéﬁij_n’I:l (13)
D2m5i’j.S2m’iJ=0 %ﬁﬁﬁﬁlgﬁj—mzz y 3;5_\14 (14)
Xm,[,jaBm,i,j ’Dm,iaj’Sm,i,j’Blm,i,j’Dlm,i,j ’Slm,i,j ’Bzm,i,j ’Dzm,i,j ’S2m,[,‘j ,

L, ,Fl,, 0L, 20 HFrF i, jBm (15)

(D) Ry HAR - iy 5 ol £ R IOORE 2 2 W B N IR AR - (D) Ky
BRAER — T 7 T EIIR 5 TSR R P RE R E R
ATFESREMEFFBEENWERESR (D, ) LEMBENTE LR

(X, ) MATHZAEMEATEL (fthe) WHFBERE (S,,,)
RIS (B, ) DURAES — 4 F of By 76 3 W A9 BUR & H AR
( Ly ) HRARQ)EFEMEE —F IR GG - KA FHRR 2 B TR
JELm TRy 1 E AR P ROREAIR () 2 T8 (A LB LB 1T
TR ) K PO 2K 1 (6 B B 1T A7 09 DO BRI B B 75
FEI R ZOR ) A T2 > T B R] i 2 BUR Y 4R iR AR AE - S (3)Hii
TEMAR SIS ) TR B SBIHLIREAE T o TS R =TT R
MPFBHENEERER (G 4) > AQ)HEAQIIBZAEL - ME—NRIZEER
AQ)VEFENBERBAEARE (L1, ;) GEMeEn BIHEENEE - KR
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RAEIE AR TTE TR O R S ) b R A e R
B HE AR A W T BRI R SR > RN T B E O R
Sh o IREITESS TR AN TR sy, AT TS e
3R TR R B K YE (L, ) ff - BIUE S e B O
WTHEHEE (FE S) o BLRRRRREBITTAE TR S, i RO s
Ffate o BERTE TR TS ) TR ERR H Ak (L1, ) TTHE
SEMER BOF AT R B (1, HRE S EEs - his Lgs
AP O HE O T HE RS SRR T LATEHE OB BT A S iy (it
RIS RATE) h o B5E 5 — R Wi ke ( FL, R
Ol JEH T BURF Y5 e AR (L, ) -

R RIS B 17— I S T S RE G 7 SRR ST,
HA2 BT » I BT R 2 v B (o B 675 R AT B > SRR
SEWX,, SR T I R R E T B A B O R
(DL, ;) FlE—fFEh B AT 7 FARHOHERHE (B, ) TiiE s ik
FERQ) ~ ()b o BRESTE TH IR B P TSR A -
ELAE TR ST ) R R SETRETE T ACHHERHE » 58 RO S
EETFRI (6) U3 A TTHERTI A 1 P S T BT ~ RS ST DU
TSR - RAVETE - KA IR TR Z 0 > 38 bR
HETTRE MG R R (S, ) ~ U TR G P T R B R — R g
(Bl,,, ) SUBEIACH EAETE T W RO R T8 ) T (T B
FOWR K (FL,, ) AR BB AT i — e O 3l T
R BB TR J B m DR - m =1 B9ESR » JREI - m# 11+ 38
B A 0 -

R (STER 7 MR A I B T 2 S 8T » e TR de T
P L W B8 17 W AR O B IRORE (D2, ) > DURHIT— R T B 7 4
TOHE TS | o PRS2 T AR B R ARI HEIRRE ( BL,,, ) > HIR T e o
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TR F5 3% o AR SE R HERORERE AHT YA BE#% » LR A7 IRe R 15 A e 4
WEATE NG LR F TARAVBEIRE ( BL,, ;) 3R b 50— e HORE R 7 R K
( 0,) LTI > A P THEH FFMRE P " EER TR S
1% ) o AT IR AT L E - O)A TR ERE FRrE
FETF T HEORE (52, ;) RIATSEAEE 4 6 Al i XAERE R 7 2 M
HIHEIRE ( B2, ) FIRERGAE L — i S Pt E R i H AR /KAE (O, ) s
X O R PRI = FNHERET SR BEE > OB G)HFE -
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An Economic Analysis of the Banking Design
for the Permit Trading System in Taiwan:
An Example of Sulfur Oxide Control’

Liao Chao-ning”

In order to provide more flexibility of pollution control for firms under
tradable permit systems, many trading programs have the banking
design. However, the design would cause higher environment quality
variations. It means that a tradeoff exists between the flexibility of
emission control and the environmental quality stability under permit
banking. Therefore, many programs have applied the saving
coefficients to restrict the amount of banked permits that can be carried
for the future use. The study builds an economic model that does not
require a systematic relationship among each saving coefficient to
analyze how different banking rules might affect the environmental
stability and total abatement costs in Taiwan. Using the Sulfur Oxide
control in the Kao-hsiung and Ping-tung areas as an empirical example,
the simulation results show that the proposed banking rules by Taiwan
and the banking rules currently adopted by other countries all only have
minor impacts on the environmental stability when the regulation
standard is low. Thus, we should use the rules from the Acid Rain
Trading Program which imposes no penalty on the banked permits to
reach the lowest total abatement costs while offering the highest
emission control flexibility at this stage. When the standards are more
strict, we should follow the rules by the Emission Reduction Market
System in Chicago which let the permits banked for only one year. It
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also implies that the current rules proposed by the Taiwan government
do not perform well both in terms of the emission control flexibility and
the environmental stability.
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