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BRSBTS RIS RRE
SREB R IREE AR

MmEE*

W E TR 133 REDLIREE, 20092022 EHIRFHHEREEEL,
F:Et 1,515 FEIZ(E, ¥ A Paul and Shankar (2020) £ HEEE
TERUR BB RS TR (BHE TR T B SR N A A BB R,
TR R B —H R BB HI KB, R AR M R RS A T
i, BARRERE M A REET R R A . EFHERX
FrEEIE B RECNE —HARR A EE RN 4 R, 3560 B ERE
TE R AR A, G ) RN B B AT R 43 B H SRk A5 S i R A Rk
AR FR, BREBHEESE SR 35%BERE AR, 1EE
TEEMNE, B RRREL>EEERBERERA, FIINF
B8,

FAEET: BOUIKE, AEEERMCRFERGE TSR, RN AN, B8R

BT, MR A
JEL BHAfER: C51, D24, 183

ERERM R L EIGER N5, BUCBUSRME RN EENRRER, #
IREFLGEERE TE, BEREITE, EREREERTERNER. R
BHRBEZCERBCR [BDUKEEE A, HBDCIRERIEF S0 BB

EERBII B R 2GR REIEER, MEBREREE (yoshiller@cc.ncue.

edu.tw). TEEEL 2 BHREZ BEEAFENB OREHTEER, £
L

R ] E T (Taiwan Economic Review), 54:1 (2026), 55-85,
Bl 37 5 1R AR ER 2R AR
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£ 1: 2009 £ 2022 FHRBIEDLIREE SN REELE WA

BRE —g

B B

IREE  IREE RE

R RH A FERIA BB HRIBA
2009 64 31 95 15,049,082,408 16,063,631,689  35,967,291,767
2010 68 36 104 18,032,397,474 19,406,771,809  43,031,176,447
2011 70 36 106 20,616,854,286  23,116,438,065 50,105,740,964
2012 70 38 108 22,397,982,622  23,045,127,436  52,521,056,489
2013 71 40 111 23,489,588,974  24,297,975,029  55,088,699,217
2014 72 42 114 25,556,422,817  25,503,279,331 58,708,685,838
2015 75 43 118  25,681,620,257  26,263,319,070  58,879,315,069
2016 75 44 119 25,699,514,021  26,357,423,221 58,917,221,251
2017 79 47 126 25,605,243,712  26,415,347,379  58,866,744,592
2018 80 48 128 25,456,513,469  26,873,217,157  59,238,863,574
2019 80 47 127 26,509,173,460  26,365,771,618  59,677,515,321
2020 78 45 123 14,476,316,069  20,880,637,952  40,497,761,081
2021 77 44 121 13,051,731,941 16,826,258,154  33,877,982,900
2022 73 44 117 19,701,649,145  20,775,061,758  45,725,453,122

BRI A TR,

W, BT SR SHAEE, BERIEEUT, KREALXFHE
Foar EUHATAERIRE, B 1, B 2009 FEDE IR B A R BRI S
A% 95 K 35,967 B #TT, ZMr B 2019 4 127 159,678 H & IT;
2 T T A R 3 e B S T I B, R BRI T 2 2021 59 121 KR
133,878 B & TT; 2022 F9E 1% H AR, REWGEE 117 K, RTHEKA
BRI EFAZE 45,725 HE T, 2009 F 201989 114, FKEGEIMHK 34%, &
WA R EFHE 66%, HEESERRARIAI 56 {ELECEE 2019 B2 2020 WIAE, SR BUEE
B 6 R, HIA ENEMERA 43%.

TR DA BRI, TR AT RS R SN, TR B IREE K E RS,
FIRBRBRRNERENE BASREERNEE ERET, BrERER
TR, EEB RS RIEEERERSLA R R g &R
MENE: 2—-AFBHEERE FHREKEREINEH, (FAIRE
EEHIERERB 2%, W] (BN E RS ER 2R, R EIIR
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ERRERBER NG R R EBDE R EEN R,

A AR BRI AR HEIRM (recurns to scale, RTS). Bl
Bl (technical change, TC) BEFEAMTAAES (technical efficiency, TE) % =%, H
15 TBDEIREEEE Ak RIEH K IREFN B THESERMNER, &
RE{E 42 728 O B A FE R I S A e 1 B BB AR

BFUMKIBREDLIREE 8 A, #2009 F 2022 FFEEH H 133 FKEDLIR
BRI NP HEREER] (panel data), #RA Paul and Shankar (2020) 2RV A
BEERRE SR, MR 10ERZEERNEEEREERNE
MREWARE, (et aA SR A RS EE AR A RN, &
ERABOCIRENERBRAF S, BREE B HFHEEHEIT B TABUIR
FEREIBL, B NG =, B BB U A LU HABA, AR R ER (R EL
fEHE R LI ERGRE BRA IR EEAS & AR

FHEM R EEESREN T — B 4 E B RN A TERE; AR
5 PR 07 ] o A SRS Y, e R (R A e i M 2R 43 B H S A5 S s o
HRAERN R, WEBCHEEEF LAY 35% M BRI AR, FES T
BRI, B0 R B 5 £ E B R B R E R A RS, P B
BIEZE N B, BARHAMA, BMHRA 3R F W EA L, 1657 fifi 4 B AR
FEINEE; Bt E R .

ARCBREE 1 fiiAEam oY, 5 2 R B B ARRA SRR, 58 3 R BA S

LR R, 58 4 RIRE LS BE R AR &, B 5 Mo EER R,
& 1 Bl R i e

2 XRAOIEE
2.1 ERNIREBZEMR

B mEEESEEMEEE S %, EREASTEE (data envelopment
analysis, DEA) FIfE#:25 1% (stochastic frontier approach, SFA), i # &
B AE S, A ERBEE AR AT ERENE, BRER (2)
B, BEE AR &, WA E. BRSBTS R R
&, BRERE () 8. EME A ESEERE, DEA FNEIERTTE
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EATREHNBAR, AKX RBE, GBS RS20
BARRZEH KA EE, SFA BEGREEE DEA MK, NEE L,

AR SFA SRS FTBOL IR EE R A FERE N E, R AR T &1k
AR A EEREENAEMNMNE, R RN R R EA
BB, i —FE BT IR (LR, RIERIEL DEA A GBIE,

R FEIREE SRR SURFE R %, 'R DEA /&%, S 2E G140
Barros (2005b,a). Luo, Yang, and (Law, Rob) (2014). Corne (2015). Oukil,
Channouf, and Al-Zaidi (2016) #1 Walheer, Zhang, and Luo (2020) %
BININEET % 2E A DEA EO BN IREESEREE, FlINZ= s 1%
= (2012) 734720022008 S, B 58 FKEDCIREERI R KA E HEEG
Shieh, Hu, and Gao (2014) REAKEAE, FE 61 REEEHLIKE
SN 1998-2007 FEHIBARIZS; HiSCALS (2020) sk 31 REEBDLIKEE
B R A 20147 AE 201946 A, & 60ME A, 5t EERE
ERMEAE T K Tobit AEEFREISE, FIR % ALRE RIS F&SIE. K
RUARRER 5 DU J RS P REE AR ERE 2, Chiu, Hy, and Chiu
(2022) f# FSL[EHE SRR, K58 BN EHE () 2, EREEHHERY
BAMTZE,

TS, B niEd SURER A SFA B R IREEZERLZR, Pérez-Rodriguez
and Acosta-Gonzdlez (2007). Arbelo et al. (2017) B2 Arbelo-Pérez, Arbelo,
and Pérez-Gémez (2017) 43 Al FAFE#E B A 38 L B 48 43 It vE R 5 a3 2F
TR EEZERI A RLZR; Barros (2004). Oliveira, Pedro, and Marques (2013) £2
Oliveira, Pedro, and Marques (2014) FF5C#] %) 7 ik 85 SE XU ES B 4= 7 7 8¢
fj; Jarboui, Guetat, and Boujelbéne (2015) Bl53-#722 & /8 55 ik BE AR 2 1R
2, Chatzimichael and Liasidou (2019) 43 f#ECIN 25 B iR BB SSFIRTHE SR 2
AES, FEEEEER DEA M SFA J7E¥EET IREESE L E 11308 Yang,
Cao, and Yang (2017) FRaTALIR T 337 RIRKEE 1994-2005 AL E FERL

Chen (2007) and Hu et al. (2010) £ i SFA TSR BEEDLIREERI A
#25; Lai and Huang (2013) JEHRBHEREE (copula methods) DL
TREEE BRI TE WS FT AE EE AR ZR; Lai (2021) {f FIREEEHR AMEIZE (maxi-
mum simulated likelihood approach) fdiFH 2 FE#E SRR, thFFERRL
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SREHH AR AR — Pt A Huang, Huang, and Liu (2014) 2 FEHE
Fe[F) 8 FUR Y, A5 ET 1 EC B 3 B R M SR DG IR BRI B R, E AL,
piE %, BEEENF (2021) EEEH Olley and Pakes (1996) 1 Levinsohn
and Petrin (2003) K753, MRk 4 EER AN A HERRE, BERFREREH
WA E

2.2 EEBETEMRER

TEMEREE RIS T EHRTssEs, 58 ] E BRE AR A SR E it il BBl
2R, A0 Schmide and Sickles (1984), ZEER % F T30 ZR A~ Fie B s T g 282
(time-invariant), A F@RTEZ, Cornwell, Schmidt, and Sickles (1990) Ei
Kumbhakar (1990) & 7c2 H A FF E AT AR RE e e T SO BB AL, 12 18R
B R HUCERER B Lee and Schmide (1993) 1 Ahn, Lee,
and Schmidrt (2001) %,

Greene (2005b,a) 42 HH FL B [ E 5 SRR Y, 25378 B350 R B U R A AN R
B8 B e A B B R R R AE, Rt B AL VR IR E B RUR,, IR AR
FAE RIS R AN A BRI, Wang and Ho (2010) —F #E 7, B
AR IEZ B — RS B E s & B RIS (scaling property),! il
IR E AT AR DL 77 28 (incidental parameters) i, Chen, Schmidyt,
and Wang (2014) $t$[E E RORFER S SR, (5 Azzalini (1985) £
RIEEARE R (closed skewed normal distribution), #3E B =4 H
BIREHIEATERE, KA PESENRBEHEN G B RE
SR, Belotti and llardi (2018) 54472 H MRE /7 SRR I i 2 BT,

Paul and Shankar (2018) £2H S FLRBEEA] (distribution free effi-
ciency effect model), KRN ZS3 E A IR HEH BB BCHY R D BC B, HER
REEE—FENTE 08 1.2 [, M ECER B R — BRI S B 8, 5
RERVEFBE FT DA PR SRR = T A RE A8 SR AL h, SR B AR 5 i
#To Paul and Shankar (2020) #&7EHi R & 3CE B B B 2 SR FE#E SR AL,
BV {18 A1) i s R B2 9 2 E 1% (unobserved heterogeneity), k2R E

=2t Wang and Schmidt (2002) 2 Simar, Lovell, and Eeckaut (1994),
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R IABE T, 3E IR /NF 773 (nonlinear least squares, NLS) #
1TEE.

23 BRALMRE

BERANEMERREEE] Olley and Pakes (1996) #l Levinsohn and Petrin (2003),
FZWZEEM. Olley and Pakes (1996) T8 fHFT 4 E KBy, BESE
fE— SR FREUEEHE, LA RRHE RS B R S S E R R,
o EERE, ERPRERERE AN EE DRI EERFR
MR, AT &£ E RN EERE, BEE 2 2R AR 7 T
%2, {9140 Keller and Yeaple (2009). Combes et al. (2012). Bartelsman, Halti-
wanger, and Scarpetta (2013). Halpern, Koren, and Szeidl (2015). Bloom,
Draca, and Van Reenen (2016). De Loecker et al. (2016) .

RITBCHR B B TR, B B — 4 A B B B oK% 8 4 E AR R,
Lai and Huang (2013) J& i BA B Al 8k BT (DU BARE B8 SR AL, [RIRR
FTERIE B RO B (78 B R AR PR W (e 4 78 58 S B, S T HRET 3¢
B [ PR G Bl i 58 W B PR A E AR R 3R L S RN B SR P AR M R RE LA B
RERZRHEEREZRE, HE0, BER, HERFG (2021) LM
RE B BRI R SR A AR Y, [RIFRE il (1 B R B FIRY 4 8 UK B

TTERER, B RS FEIRERA A MERNE, ZXEEEHE
e EH Guan et al. (2009). Kutlu (2010). Tran and Tsionas (2013) F1
Grifhiths and Hajargasht (2016) & Amsler, Prokhorov, and Schmidt (2016,
2017) $t¥IBERE A A8 SR AL, A0 {al Ak R E B SR A ER IR M B IR N A 1
R, fe R 8, Kutlu (2016). Amsler, Prokhorov, and Schmidt (2017).
Karakaplan and Kutlu (2017) 82 Tsukamoto (2019), W92 4 FE B R IR
S [T PR (R P9 A M TR

HE0, HEE, HEARE (2023) FRERNEMMER,  HERK
HELEFRE, fE AR R E SR EIE SR RITE ERE . &IE; AE
FHEARD (2023) UHFRERNEMERNER, KN RBEGMELERZ
FRIEER
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3 WRIGE
3.1 RABEREXNH

BUCEUE T ERBIREEBEMESRE, 808 E RSB IRE £ ERE,
7 T B A PR B FTRER 2R, A EERBRABREETIRE
&, B AT EREREL (input-oriented distance function, [ODF) JEZ LT
R,

A FEBE R BB A E HK R E, BT E R () BERE
AR, LEHEHERRARNEES R, AHNBEEEEERER, L
R EBENRNENE; B, AURF MR EIEZ B —HER R
BRI E, HPioS Bt e BAEN A ERNE, A0k, ZliEL
RSB RBEEHE, TERURN EEEEE K.

3.2 BAEEELEH (I0DF)

ERERBAME x = (xy, -+ ,xx) € RE,EHAZE y = (y1, -+, yu)
€ RY, B AHIEBEREL D, (y, x) KIEZ:

D;(y, x) = max{i|x/A € L(y)}, (1)

H S ARBERRBE A > 1, HEESER I ARBEESERR LR
Ba4E, DERTREMNEE, HEERP 1, ARMEN £ RS FEER
Mr 2R, BB HIERER, L(y) BAEERTFRES (input requirement
set), RETHEHME y BEHRNEMERBAME HE D/ (y, x)
RERBAN—FEE REE, 7TH (1) EE R R A B R R

—Inx; =InD; (y, ﬁ) + ¢, ()

X1

s v REMEERENEECERR A e = v —u UHBAEAEE
% (composed error), HF u = In Dy (y, x) > 0, REHIFAMN RS
B, IS REIOBEAE, v ~ N0, o) RAVIABERT H8, 2
(1) AR R R, AR EHE u FEH B,
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HEATIEEE IR, B8 In Dy (y, x/x1) BERK translog B, B AMT
FelE BRBEBDCIREERHEE R, RHeERRFECTMRNENEREYE (hete-
erogeneity) FIEEMERZR, 2% Paul and Shankar (2020) A B &SR E
B, W5 (2), B

1
—Inxy;, =oz,-+le,,B+vn+ —lnH(thy) Ujs,
M
lzl,aN7 t:17a7‘l (3)

NPT ¢ AR, o B8 | KEDLIREWEIERBER, X, AREEE
FEARENHBNAE, BB RAHMEREAHE LN —RE T
FHELR AL R TRIE; B R HERRAMREAE, v BTHEERO,
BRELEH of WEMTEE, H(Z,y) RERMWEKE, LENMRO
1M, % InH(Z,y) MEBFEEE, Z|, BR—HPERERIriEs
BEEEMANEREEBE, y RHENRMNREAE. v, 2 —FAFEAFE
BB EME v, METEIL, AR AEBAENRE, EFG8ER u, 8
w = E(u;y) > 0, FF—42, X/, &R/ &I M2 IH DU R B H {th 2
HHIAT T,

(1/w)In H(Z!,y) B2 Wang and Schmide (2002) E& Wang and Ho
(2010) FTfERYHEMA T (scaling factor), BhERAERFEIE(E, RREAM IR
AP, SR EERY, ERERE L. H() AIUREENPE1Z
IR KL, PIAIEEH RO TCH RS TR B @ (Z), ). B T i
& ¥} (balance panel data), RZE# T; sk T Bl A,

R ), AATF

X1 =—Inxy;, =a; + X,{;ﬂ +In® (Z,{;V) + i, (4)

Hef gy, = v+ (10 In (2,9 (s — ) TARAERE, BABE
FHRRIEE AT, RIS 0, BREKMEIESY, HEBRER

e MERTHBNEE, GERE ©(2),y) BA logistic distribution §#1 B HS
R, B H(Z,y) = exp(Z),y)/[1 + exp(Z], )], BHEMIEEE RY R (53, B
FTREIHTES H(Z),y) IE AR, S FRBEMEY 7] y, S RiEEsE R
LM AT, MR logit L
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7% (heteroskedasticity), 1. HP In ®(Z),y) KIHH, (4) XBHIER
MEEER, RAEHEGIRE ¢, NWFHEE 0, WXRVEE A v E ARG
/N BT, AR R AEOLE, BRE B ZEERIRRE, (5
B RY (FHER) Bz —BUEMARBE?

(4) AWREH ¢;, BERAEEMIENES (u;, — p), ERFRIGEEH
KR, EREARABOWEE, ERERE ASHE, WERERZRA

3.3 #EMEIEE (within transformation)

Paul and Shankar (2020) 235 FAH AL (within transformation), 18
B (4) NAPWEERR o0 Bl (4) b 2EEEEA L BN T 98%
R ABEER R,

X = X,,B+ [ln(b Zln@ } +&,  (5)

ol Xy = Xur = /T Xun Xy = Xy = /T L] X,
B =i — (/T &0 MRS/ TFIBERE Q,, ATLMEER
HAg o = (B,y) WIERER/NFS (non-linear least squares, NLS) 1
. S L=Y"T,

2
N T ,
_ ZZ |: I o} (Z,-,J/) 1/T1:| i 6)
= [T @ (Z;,7)]
Paul and Shankar (2020) £& RFER & — LB EMEF T, NLS 5= B fiF
—E(E, A5EFH Monte Carlo AR IMEE,

—HEEIREME 0 #9 NLS {55HE, 7 FIZRAGF 5 5 R B [ 72 R%

a0 N

T;

&i=_Z<X1it—X;t,3A—ln®(Z;t)7)), i=1-,N, (7

i=1

3Paul and Shankar (2020) A/ f 8 R TRE,
455 2:% Amemiya (1985) EH 4.1.1714.1.2,
SRR A N REMEE,
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BT, — oo, &; BfE—M,

Paul and Shankar (2020) 5% u;, B f# Gamma 23B2.° u;, ~ T'(u8, 8),
E(ui) = (ud/8) =, Uuz = Var(u;;) = E(uy; — E(uit))2 = (/1«5/52) =
(10/8), E(uy — E(ui))’ = 2us/8%) = (2u/8%)o HEMMEH E(ei). E(e})
M E(e},), FIFAE L AL AT LIERE 1 BT, Bl

— J 2 levzl ZzT':1 [ln o (thl’)r

S = o 8
M= T T a0 (Z)] ®
B, TLUTEEHE o2 H—BlfEEHE
1 L [m® (Z,)]
A2 A2
OULK;;[E” ;L'S °© (9)

EA E[(1/w) In ®(Z), y)u;] = In®(Z],y), BAikZ(E (TE) A LA F
THEEEE:

TE;, = exp [ln o (Zl{tj;)] = (Z;,)?) ° (10)

TE [EREM 08 1 2, HERR B L1, AEZIRBHIEREEE
SR A SN, B, B EE; Kz, HEEST 0, HERA
EER R ESR, BAEEE, EHEE 1R,

34 AREMRENSEFAE—IT

(4) =X IODF HER B ALK 2T ER TR B8, AIaEH A 4 1R
REMI R EUNE — 1, NI SBCRER RBULET UG8 R Bz — 2%,
BE AL B R Z B, AN AR R 5E,
HEMERNENEME, —RIRAMRE R/ (two stage least
squares, 2SLS) B T E##% (instrumental variables approach). BFREE
B AHELLZE (limited information maximum likelihood, LIML) A& —f&%1t:
OHARA SRR B B3R u;, HON O EIEE W S B H U RIS B IS, F%A Gamma

SR EWENE, HERENBNERE, HaREEHNREAREREZ FHHAERX
(closed form), B 7= SCEREL A F o
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B 7% (generalized method of moments, GMM), Amsler, Prokhorov, and
Schmidt (2016, 2017) $+HFEHS FUER IR 9 A MERTRERE, 20fRI7E &K
LR ZERE T RUBEIR 5 35, TR HIBEHEERET .

RS (4) ABPRIERMEEREEL, ReREHDEHRE—RE,
i AR MR BRI B BVRT, S B RO AR ER A 2SLS bk g 42 M L7
SURME %, BREA A Lewbel (1997) E#E T HE B 1k, W LARTEAH
Feo (4) RMBREE o = vy + (/) In®(Z,y)w;y — 1), RAEEE
In®(Z,y), BHHSRYEFNE—ERFRE, Paul and Shankar (2020) X
- R0 L GBS BOR B AR B ET AV G 5T R B 2 — Bk, —#%
FTEREEEE AN L EE S, BIAME E I RHE,

4 BEERRERDN

REFeE AR E BN ZES B RN [BDLiREEEE B, HikA
2009-2022 FHIMEEE RL, BICERIEE A 133 K, MEAREGE 1515%, H
RN G UG RS 2, WE RS SRIEFIMAZE, BB
TETHEE L

WEEARP A AERNEREREA, BEEETMETAR (x). 8
BCERFT B TR (xy). HABERFT B T AL (x3) DR EME (x,); HEEESE
=REEH, BEEHKA (). BEUA (v,) FIHMIEA (v;). BEEH S
TEI AR RSB M, B0 & 888 (JBar) 8RS BB L, chain = 1 (chain = 0).®

71 i T B SR EAT R, F A A S RIEN T AR MR, Lewbel (1997) 2
HGE AR R BB RO PR 4 RS AR R B, MR E TR B %, RRMIREELAR
S T BB BRI EE, KSR EBOTRRAZ. BEME, A REEERRE
FERIS A BE BREE BIE E NCR R B, I =T R 28 (1) =/ B
ENBEEREINFHEN SEESG, Q) EREEREEEERNEEN SEHE, 3)
B RABBIEEERE (1) M () RE BT, ASCEEE 79 (A T BEE, ERPA
SBHHES, WS TEBEHIER,

Lewbel (1997) TEfd a1, REIMA B = EER LG 5 BB E, BRI B R =K
BERIEE, EEHERERIGE (outliers) 1B RHEELA EUR, HR, BfEiR =885k
58 1RAE (not strongly skewed), By EE A MHETIR R T RS H%,

SikfEsE &0, BB R, HEART (2021), EREBRNEBE—K L LS EREUE %
SRS,
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BUEEEFH (age) BUE RS (star).” FEHRE (gdp_rate). E R LA
R (div) BOEBUS TS EF EEE (HHD) UREJERAE GERE) &
BORE, city = 1 (city = 0)o

BMAA v, 8y, MEEEEHER, 1B Laeven and Levine (2007)
RHOAXGTEER S RCEEREE, Al
|y1 — yz|o

1+

div FENM 0B 1 2, H{EMEEL |, ARERSEEERES; kK2, &
HBEr 0, ZREERE, ROAFALSSEHRKEA GHEEHZMN) &
o, STEE 5SZ R # (Hirfindahl-Hirschman index, HHI), {E2& 8 EERE 2
TS ETERE. HENEREBEE SEMRE, B Fit.

F 25\ SRR &, ENEREEEA AT G, MR
TN EFE B WK, K08 B A —PF el 5% 2 SRS RS B2 58 A
BN EREE, A2 IR ANEHN BB TIE, fiEE/NNARE, &
EEFI T BT AR S, HRZR B, &P FH2HMEM; W, &
ERERFI A RS, HREZERBRA, EMBRARD. K 41%5 K8
JE B SRS R BURE, 19 7200 A BUE (LA /S BB T I, T 832 8RS A7
#HilE AR ERRE; ERSRCEERETIEER 0.69, R
AT BB B 5 % AL, (ESESRERUE B L AR B R AL 8RS E#A
BRER1 B E QS MBS BUE; mEEERER TS e B R
R TEIRR GDP BORZR, ZEM/N, K& S mESEH AR ESEBE K
BETEERE, SREEREN T EZRENK, B BUEHTEBIER
F122.97 5, MEERGUER 19.55 4,

SRR S BUE RSB TIE, MIE A — KU Lo )E, HREFITH A
AT DR R B A B R SR A, RO RS R T s (B 37 i 3 L IRR P
R BRERN, BRBRRQCEERET S CEEFAREERES, BUE
BB chain BEMAEZ L EBHEESTHEL,

RIS E IR BD USRS B R, FER S [IREFEE B TET
FEMRBVER S, A ERPEERME, ERSRIEERSNERE,

IBABUEMESA3E S 2/,

div=1-—
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2 A EHERSERBRATE &

ZERERA TEALEUE EHEREUE
BY L () (IRHEE) (FEHER)
HEHA 66.6793 58.2046 79.0812
TAE (x1) (50.7057) (43.4567) (57.5790)
BEEA 104.3898 87.2222 129.5131
TAE (x2) (105.3089) (91.6370) (118.2636)
HitEr A 62.6880 53.9268 75.5092
TAE (x3) (51.6892) (48.4690) (53.5836)
R (xy4) 237.3946 213.0819 272.9740
(147.5463) (145.6628) (143.1069)
BB (y1) 2.0295D+08 1.6108D4-08 2.6422D+08
(2.0816D+08) (1.7613D+08) (2.3472D+08)
EEBA (12) 2.2077D+08 1.6568D+08 3.0139D+08
(2.7524D+08) (2.0453D+08) (3.3851D+408)
HAWA (v3) 5.9421D+07 4.6636D+07 7.8131D+07
(9.7675D+07) (8.0567D+07) (1.1589D+08)
BB
TSR 0.4059 NA NA
B (chain) (0.4912)
BALBAE 0.7162 0.7333 0.6911
I (city) (0.4510) (0.4425) (0.4624)
EmEE 0.6902 0.6607 0.7332
FEHE (div) (0.2358) (0.2608) (0.1856)
B (star) 4.4997 4.3078 4.7805
(0.6434) (0.6866) (0.4446)
it NG 198.5517 199.2143 197.5821
HAE HHI f8Z (26.3699) (26.6058) (26.0119)
GDP HREZ 3.3511 3.3420 3.3644
(2.4100) (2.4354) (2.3743)
TREERAL A 21.5815 22.9722 19.5463
B (age) (15.4789) (15.5300) (15.1884)
AL 1,515 900 615

S fEE B, MR 2021 FREIBEE Y ERET .

DR S e R B B R A Z B S, IREAR SR #iE, 2%
BB BDCEUE, s A s E R (R R R, S B A EM
FIBENE, WARARSEERR, THIBMRERNET. HHI 5%
BRAME R A AAENE &, HHI BEi TS, RrREn s A
AR, ERBR BRI E B A ESE; i E R 5 i E
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WA ERERK, BRI EFE R G A A BN, £ ENERMEK,
RETE R AN, AR AR, AR B RIS R TSR, (2
BUESEAERER, U L BOER, S B 81 B TBAT RERE RS BRI
2 BE, WELEEREEG R, G IURE A ERE,

5 BEDM

AHHMI 7o 3/NER, S5.1/NEIOATEER (REAE G R, 5.2/ FiE 1R
BUEHE, TR B EBRA SUSRIBAMTAER, R 5.3/ NER T E MR AR
S BRI A AR, (R /NIRRT RS SR, AR LAS [ I B R

5.1 BERHREMLEHE

&35 (5) AR Z RBUGFHEMEEHTER, REERREAE Lk
EHEERNAEEMERGEE, B — 24 ERBUSTHEE S,
ZEED 1008 EKEERE 196, HUHERERRZ OREEEEAS
EESRETE—ME, A 31 FERBUEZEMEEE, EERERRE
REEBRRBNE—, MiEREHEER WR\EEREHIE—NVE
it 6) AT EMEEERAE X, BOMEMEVEREER, F REiat
B (i RRARE 319 Over-id) FEIHURTEE, FEIE 7 LR, SFIER
THEBSHEEEREERME

I R AR EMGR (10) X, W LGH RS KBS BHTRER(E,
(2) RIHIES In y,. Iny, Fl In y; RREBRNEFIGEEE," B2
JERBEE(E (RTS). HAFEER 1, RERRBEAEUE CAEE EARE R
EERE, RIIPGRASERIRAL; FHREEND 1, BEERE H RTEAR R
BRI E IR, HERIIP R R ERE B, RIS, 2%
ARSI & B RKEKRS 1, B8k B NIESUS SRR 4 R B, 3
VER AT ARG FE B, TEME/ Ve E R AR BT AR

10562:% Wooldridge (2010), Chapter 6,

VUG 4 AT R TR R B TR Y, VETUE S (A TE(E, T RIS =
=3 @I Dy (y, (x/x1))/31n ym)e




A EEE SRS R AR G BB IR EE S R EREE 69
* 3: EERREALETHE
TRE gt TRE fhEt
B L flEHE FRHERR  BELE fhEHE TRUER
Inxy 2.0404™* 05470 InxpIlnys 0.0229* 0.0130
In x3 —0.9318* 0.5692 Inx3lny; —0.0128 0.0308
In x4 0.1773 0.4975 Inxzlnys 0.0138 0.0106
In y; —2.1053***  0.4685 Iny;lnxy 0.0320 0.0334
Iny, 0.2778 0.1972 Inxslny; 0.0207 0.0243
Inys —0.0246 0.1640 —0.2367***  0.0655
0.5Inx; Inx, 0.2428%%*  0.0685 12 —0.0028"*  0.0008
0.51n x3 In x3 —0.0563 0.0546 rlnxp —0.0097* 0.0051
0.51n x4 In x4 ~0.0786 0.0604 7lnxs 0.0019 0.0061
0.5Iny; Iny; 0.1263***  0.0304 tlnxy 0.0070 0.0090
0.5Iny;Iny; 0.0061 0.0051 tlny; 0.0125"**  0.0038
0.5In y31n y3 —0.0030 0.0019 rlny; —0.0011 0.0012
Inxy Inx3 —0.1035* 0.0535 tlny3 0.0011 0.0008
Inx3Inxg 0.1660**  0.0830 IREBE]
Inx; Inxy —0.0032 0.0642  #fE 0.7095 0.9822
InyjIny; —0.0327***  0.0108 chain —1.1143%**  0.4224
InyyInys —0.0016 0.0025 age 0.0150***  0.0055
Iny;lnys 0.0042 0.0071  star —0.2397 0.1933
In x3 In y; —0.0386 0.0305  gdp_rate 0.0011 0.0029
In yy Inx3 0.0255* 0.0140 div 2.3692% 1.3046
Inx4Iny3 —0.0163 0.0151  0.5% div? —2.6594* 1.4308
InxyIny; —0.0815***  0.0193 HHI —0.0001 0.0008
oy 0.0088 city 0.0953 0.1350
Over-id 9.4095
A 1,515

FEe 1%, R B R S RIEREE] 10%, 5% 1%FHE K HE,

2. EHEEITH N 2021 FRNEEEMERE TR,
3. Over-id: ;BERFER IR F RERE&, F2EIMEHEE, #or @ a2
AR X, PEENEERHRE,

4. 133 REDEBUEHI EBIRCR I FHEARE

5.x1 & x4 HHIREEFTE T AR B E T AR HMHME TABHEE

B, 1 E ys DRIREFHEABESTGABEEMEA,
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2) AYRHBLENREY, SEIBASEHEMESZ (TO), B
TC = (01In Dy (y, (x/x1))/0Int); BAEE R IE, Fm 4 7 8 5 PER: 20T
bR, BEBAMES RS, R, HEER A, KA EENPERMZE T
%, BAERITRSHR,

T flE B S A AR B ETHEE B E D 109%5Z K HE, B chain )
REUKETHER B, ForE R RREDL U B R B 3T 8RS 725 7ROL
3 (age) BRAHOEUE, BERSERR0 R BB WUR, Bli B E R E BT
BUE; —RELZRIARE RS ERLIEE (div 8 div?) DAl IERE, STRE
S ERACH BT 4, B O THRDEER, KeB R div
= 0.4454. BIEBAEMSERIIEE LI, Bdirserbie B 0.4454,
28, AT BB SUEREENE R IERE R SR EE, B
BARTO (R 55 53 B PR B TR R T

Huang, Huang, and Liu (2014) #5£5# 1998-2008 B LR E & KL,
158 I BE A L 038 FUBERY, A 3701 L I 8 B o7 B O AL AR R Bl 28
2R, BB (age) HMEHEBAISE B EMPE, EATHI—5;
I4t, HHI $E R R BUSEHE R B AT, &5 & B8, HEthaR
RERERNEMEME,

52 RIMMRDH

HRERREAERHERA (10) X, FHESRFERESRIENEITGERE, 1
RERTE E MBS B M (E EHBAE S 2, 1R 4,

FIBEMIAREER 0.65, R ARHRESREARBMEHFRNEER
BEREE K, A EERES LA 35% (= 1 — 0.65), HEA
HARI MR & =B, B12009-2016.2017-2019 £ 2020-2022, ik zs
(B 2REES, TR —EHAM TR R, AT A E AT
AR AR E 2 T Bk, HEUERE, BRMHAK A B, RBEREARET
STEERHANT2RE, LEXFHBE R ANE, FEHENERN
ZERBEANEEITS, —BRE, RRBHEETS.

BEEE=DITH—BBEERE, FHEMBEEER 0.7981, HiBEE
BOLEUE (MEZEE) 190.6407; FIRER A —RBDLER /Y & E A
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IN(BF R 2), RIFETH 551 DL B0 & T SR SOE, W] AR R R
A, U/MEEERAE, BH—EBERA, —~BEXRET9EERE
% 1,960.65 7T, = ERERPEELERER 3,846.29 70, MR 4 &% —1T. #EHl
E AR AR S E BRSO = B E, AR —EBERE L
BEEEWRE, LARERRSOEEE BREEMA L, BRERAREE
BT 2R K

PFEBAMITRBCHREN T TR, ERFETRENGUS,
TR, ESRARREDL SR E R TR SR 0.41, SFRP B ERE W
0.82, BR/INEI S chain WIRBEFHES BRREE 2 7R
PR B SR B 1 S AR K, TR TR TR H I O, /R AR,
S—TH, B USSR EE SR, mETS R, LWAENF LI, REEK,
BT EEFEAE (R4RE—1T), HRERBAAMARAHTIREDE
BRSBTS, BRI IRBEEUS, DU 8US ) BTk
A, B R A AR B RS, B BT AR, N, ANH SRR B3R
Chiang, Tsai, and Wang (2004) {0L, & H DEA EAEFHR AT
BOCEUE £, BHB I ERE BB E RS, BT S R,
S4h, ZIORETIRE (2012) BB B A 5 EEE AR E R REE R
PIEERERE.

Lai and Huang (2013) 33 3 BB ik 85 (15 BRE e BRI %R E
53 A% 0.90 B2 0.81; Huang, Huang, and Liu (2014) TEFE % [A] 38 AU
T, B EBAGUEARKERE (0.90) BRBILEHUE (0.84); HA L,
%, EEFIF (2021) B A EEEEDLARE H1E REEFIN TR
MIREE, 5371 %5 0.79 82 0.93, EEALEUER 0.76820.91 . Tsaur (2001)
B Hu et al. (2009) 328 8RB BUS BAMTRZSE 5 Assaf, Barros, and
Josiassen (2012) W52 {518 78 KEIEHKEE 20042008 iy 4 EERUER, #H
HUIEBER B3 SR B B S R (B

DL 1 f5f FIRE R 8 S RIR TSR, T BT R B = AT 92/ 0.65,
BRI SR — L8 DEA RE B AT, FIA, Hu e al. (2009),
Chen, Hu, and Liao (2010) &2 Shieh, Hu, and Gao (2014) %, BRI F5
FRABER(E A2 0.57 2 0.66; 7 SCAFE: (2020) BRI FHEMBERES
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2 0.647,

BAGEN T EHEMGES ZRER —0.019, BRREARBRA, B
JERIA BB, T LIEE 1.9%M B THE), BERINESHR, #
— R S BRI, FERE S RS RIS R —0.0089. —0.0249 F1
—0.0368, HAMHES HRE FWE(BE, LS =B ATM, HEFHE
Fili R 21 e AR, BT R %, BN IR S B 5% 2 50, Bk
BEZINER TR (RER 1), S EBEMNR S ER, b, —EEeR
JERAMHE S R E, BEF 5 2.98%, BMEIFSBILEUER 1.80%k, 7] HEHR
PRI R R E RSN, EERREEAT & r REWRTARE
ZRED 1% EE, MPRATHENELHUE, BinRS ®ERIET
EENR, (AREEZRER. B SUENTIRMES SR —2.1%, BF
HEPERERBUER —1.61%, REZERZE 1% HE. ZRETE
1R (2012) 5 2002-2008 F [, BIIREET AT ES 25 1.43%, H
RFEE T ER, AT RER AR AR BRI RO 5 4 A E AT, 2

EEBEANBRIERMEEHESR 0.41, REBRRELHUENEE, BEE
FURIRMORIE RS B, BRTEREE R AR, S AHEEEED TR
R RIAT G4 B A, Lai and Huang (2013) DURE AL, B&K R, B
BEYF (2021) MR B EBDLEREN 18 R EEE, R HEEREESE
FERSEL

ZERRRARHAR Y, AR A A E R T, BRBLEUE I A
BB RE/INEE R 57 H &5 A S H BB e L, REER
/N S, — B EUE R  BUEHRB (EE HE SR 0.29, /INPEIRE
BOLERIER 0.42, RonniE & @R, FEE I BDLERE, TR R

12 2 et R P TR g s, B SIS B 20092019 B2 20202022 FRE-FREAR, 435
ETEEN. R Chow MUEW, BEMEBRANES £GEEEE, BRERRER
34, HEF339EEH, 2 44 FEEREAERHET, EH 19@ZRED 10%FHZE K HE,
HHoh 8 {EER B B0 (R BUE S A B &S0 119 R B B assHED, E6 —EET
10%EEE/KYE; FH), Over-id B EMET EARZEFETHE, FnE R, (4) NBEH
M X, HEs AR, WENEMRE, B-RERRABZIEMRE, %8 EikE,

FF 5 B A PR B S B (R B THE, FHESE] RTS.TC # TE, %5 51 fi Al #os i 4 He
e b, FREMMEEIRIREE RN AERESR, HEMEMr R, Kb, J&ME
ERE RS AR,
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Y S E (Egs) (Fgei) (Esl) (E g (Esl) (E g

Y HEE Y I YEHE EYTHE EYTHE EYTHE

LS EdIRYEE IR
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BHEETESFR 0.37, INBER T R B AUSRY 0.43, BURRE & EAURE
R PAETRERZ BRABZE] 100G %, SRR UL TR
B EHEEZRAK, ¢ RUEME R E ZRERZENETEHE.

5.3 REULLER

KX AIMEFTREZ, EREEERANEEEBERENE—, HEHE (4)
KXHH In ®(Z],y) Ww & = vy, BUEFT TR (11):

X1 = —Inxy = o + X[, B+ vir, (11)
It 2 E R B & SRR, B R S E E R a0l

BERRE, A R R B ET SR, RS s b, 1R
CAEEEEMRENHESEBEEE 35 #, 2R ED 10% G EES, &
£ 1618,

i FIE LR BU L R HER T BRI S T, KPR 4B ZETERBR,
FIIFMBEREER 0.3247, BIEPIERI—1 0.6536, FHEAMES A
—0.0121, BEERAEAI—F) —0.019, TARBEME(E 0.4047, BE{ERIEAI—
f70.4104, FEmEEFEAFS ZRE BT MR R, E A AR K R R
MIRER(E, $1% WA PR AR 5 B AL

KRB EFEN =, CHESHE o, R @) RPH o, AIAHERE
TERUR, HERETEEA—MEF, WEEESRFIREPENE R, &
FERR, R EEHERES BE SR, FAREERHER EE S
REEFMESER, 5 BIS0.9023 B2 0.0085, 28 &S 8Bk 5, {EF
{38 PR HE A

6 fSmERiEE

A E TR 133 REDEIREE, 2009-2022 FEHA PR E R, 5
1,515 %8 Z2E, 3 F Paul and Shankar (2020) 2 HH B & EH E R EA, B
AP 2 B B S P A M DB R BN B R RE A A &, T3 DATEAR 14 A

DB E S A ESBESE: (1) &0 = max; {§;}, Q) i; = Qo —a&; > 0, i; Bt
B EEHE, (3) BMPEsEEHE: TE; = exp{—iij}o
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BEREAT (4T, MR ER R AR AR 2 R B R F B, TEE
ARG HEE B e, T FZRET BB s, Bt 4 2 NI A
MR, A, BRI A B E SRR, B UEBEANRRENERZR,
AREAFECAABEE ANFREES, HREERHEEET S HEEH
BEEEBZEY, FREERCROFR—EME AT H & A SGERE
BB EESEERS, AT R RN R, R HBUFE R B
JehR e F R R e BDLBUR. KE RIS I B AR 25,

BEOMER, R ELEEERREIE - T EREEERA
AR ARSI A PR R R R B, B P R RCRAR AL AN (11) 5C
PERAE, A ORI EMEBAMESER S B HER BN B M ESER R R,

BB S, 22 2BIREs, BREBCHUEREEF LA 35%H
MR E SRR AR, EREEAN SRR EERE, B SHRE AR
Vi, BRRAZ—NEFY, BECHAR; BTHmE, ENEEATH
FEERIA G R S BB RE, B AU HREMER T, EEHEREE
BRI, AJRERE BB R 2 RN, 2 A2 R BEHERS
FIE, PINiE AR EEC N, EiERER ST R HEERSE,

BURBUORTTH, SRR ER, ZREREEEERE MET
AR F, EEEERR L H R WA IRERR &, AREEERIE, 7
D BREREEE G, RERBPEGHAR; ZERFMEFR, EEEAE
BUBE R AR, (RS E . TS I A R R iR O R
ZHRES, BOLIREI R I, BUGSUE RS BT HER TER, BUF
] [ AAR IR BESE 08 FIRS TRIRR I, (e BUE S DU B BRI SR A& 2 3
&, EEIRIEGR A E B H A,

A #5% 5 FEREA R A Lewbel (1997) BT RS HI 7%, A LA
7, (E BHATIHECEE.
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BIEFIH Lewbel (1997) BIREAT T

Yi=a+bW,+cX;+e, (1)
Z,' =d+X,'+U,'o (2)

7 (2) A (1) K, BE
Yi=a+ bW, +cZ +¢, 3)

Afa=a—cdfMe =¢ —cvie RE Z; &F v, BHHHERE ¢
MR, BRI EAMET (3) R, REUEF A Z — 2,

Lewbel (1997) $&HERAREREIGHEE v, W, 1 Z,, B E M Bk
EREIZCH (4a)-(4F) Mdnfk G() B BIMHEHRERE, H
B&20E

(i) E(e) = E(v) =0,
(i) E(wi'--- wsngx‘pv*ek) = E(wi' .. wyg"”x‘”)E(v)‘)E(ek)o
(i) FIMRERAE e B v B B RISL A BB AE wil - w/ TR

Bt g LIRS xY
*H PR (3) FUBH, RIESE (4) R

—Inxy, =+ X;,B+In® (Z,{,J/) + &4, (4)
WERK (TREETE )
—Inxy; = o + X}, + X5, 8, + €, 4)

Hep X RFHN4EBH W E, BEEXPNELBEHERESE, X, K
NESHmE, EREA, EMEREE ¢;(= vi,+(1/w) In S (Zly) (u;—
w) 1. K% ¢ BERABBTMMBRE (u;, — pn), ERERHREE
HAKET, BERBAREBONEE, BHEEREAZHEN, BEREAL
HEERRNEBERE, $t 3) KX, X, HER W, X}, HER z,
/) In®(Zly)(u; — p) HER —cvio
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S —AE, E32.3/NiE—E, £25] [Olley and Pakes (1996) &1
fhEt A E Ry, BES B i — B0 REUGEHE, 2[R R A R i 2
ERGHEESE R RE, B iEE SRR, SRR EEERZEE
W4 S E A EERT R, RmES ERANEERNE, | SRR
FI# 4 Z J78EZ Olley and Pakes (1996) (6) ZHHY w;,, R (4') HIFRETH ¢
HER 3) R & = ¢ —cvi, M w; = —cvi = (/) In S (Z)y) (u; — 1)
H E(w;) = 0o

Zit, AIERAXNERZBRASHAGTREERE, PP Lewbel
(1997) By e &R Z=RIE; AR 2 () # (i) Bz, RN CWRE BRI
TR ET X B — 2.

e

FXMEEEEE (2012), “GEBREECRERBEEEEN 2O —
T Rk, (HE RS R ), 2012 4 2 T BB AR RE 1, 3989,
(Wen-Fu Lee and Yuan-Huei Wang (2012), “Efficiency and Productivity
Analysis of International Tourist Hotels in Taiwan: The Bottom-up De-
composition Approach,” Taiwan Journal of Applied Economics, Special
Issue, 39-89.)

MEEEEFS D (2023), EELFASFEERAEERE TR RE G
BB A AP, (R B EBOR), 53(2), 105-155. (Lin,
Yi-Chun, Tai-Hsin Huang (2023), “Studying Economic Efficiency of
Taiwan’s Accounting Firms Under the Stochastic Meta-Frontier Frame-
work With Endogenous Inputs,” Taziwan Economic Forecast and Policy,
53(2), 105-155.)

BEHL, ER, BERF (2021), “GEBEBREOLREFEERAN LN
R ER PR 434, (RETERFFSE), 57(2), 173-210, (Huang, Tai-
Hsin, Yi-Huang Chu, and Lian-Jing Huang (2021), “Jointly Estimat-
ing Technical Efficiency of Taiwan’s International Tourist Hotels with
Two Divisions and Endogenous Inputs,” Zaipei Economic Inquiry, 57(2),
173-210.)
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"o, BRE, HEAE (2023), & HFERILR S TSR LB B ¢
BIESIIRIT A ENE — FRERNEERE,” (KRR ETD,
51(1), 15-57, (Huang, Tai-Hsin, K.-J. Huang, and R. W. Jeng (2023),
“Applying the Stochastic Meta-Frontier Model to Compare Production
Efficiencies of Financial Holding Banks and Non-Financial Holding
Banks in Taiwan in the Presence of Endogenous Inputs,” Taiwan Eco-
nomic Review, 51(1), 15-57.)

FROCAE, TLE H, BREW, HEBIFH (2020), “BEUEERLEFERZ OHTE
BN RIR,” (BOCHEAREIE T, 8(2), 1-14, (Wen-Cheng
Hsiao, Hui-Chen Chiang, Huey-Ming Yen, and Yu-Hsuan Liu (2020),
“The Analysis of Operating Performance of the Hotel Industry in Tai-
wan and the Investigation of the Impact Factors on Performance,” Jour-

nal of Tourism and Leisure Management, 8(2), 1-14.)

Ahn, Seung Chan, Young Hoon Lee, and Peter Schmidt (2001), “GMM
Estimation of Linear Panel Data Models with Time-Varying Individual
Effects,” Journal of Econometrics, 101(2), 219-255.

Amemiya, Takeshi (1985), Advanced Econometrics, Cambridge, MA: Har-
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Applying A True Fixed-Effect Stochastic Frontier Model to Study
the Efficiency of International Hotels in Taiwan

Yi-Chun Lin
Department of Accounting, National Changhua University of Education, Changhua, Taiwan

This paper compiles an unbalanced panel dataset on Taiwan’s 133 tourist ho-
tels spanning 2009-2022 with 1515 hotel-year observations. We apply the
true fixed-effect stochastic frontier model, proposed by Paul and Shankar
(2020) and extend it to deal with the problems of endogenous inputs and
heteroskedasticity. Moreover, we link technical inefliciency with a set of en-
vironmental variables. This enables us to obtain consistent parameter esti-
mates and estimated variances. Empirical results indicate that the regression
equation deals with both problems of heteroskedasticity and endogenous in-
puts. The traditional fixed-effect model that precludes the determinants of
technical inefficiency tends to underestimate the technical efficiency score.
To achieve full technical efficiency the representative hotel should reduce
current input quantities by 35%. This is partly due to the use of quasi-fixed
inputs, such as the number of rooms and workers.

Keywords: tourist hotels, true fixed-effect stochastic frontier model,
endogenous inputs, heteroskedasticity, quasi-fixed inputs
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