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o] &3t HEAE BYoA 2T ot AR VYIS &3, Al B 0)HES B AAEE By
FAAAE WSy T3 AFAF B 7SS A A FX] 0ol &S A HlolHE o83k Sy-A T
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2O 53,E HUssle] B4E A8 374 ¥ (maximum likelihood estimation)2 AFS]
Tato] thekst 3] B A oA o] 85 1 Qtt. E3] &l (Logit)o]Lt Eul(Tobit) 2B X & A3t <
A<= (limited dependent variable) S AF&-3= Ry o= H¢-FAHo] F2 ALZHTE o] ZFolA
F- -3 %ol 2537 F(consistent estimator) 0] 7] A= 2A4Fe] F27F SukEA 7HH o
oF gttt

H = Foj| A= Heckman (1979)°]] 2J3] 47 ZE A= (sample selection) 23 2] -7 2ol )
A =gttt FEAAE 232 19A JAFE A Q) A8 W 4l (selection equation) ¥} 1A ol A A1)
o 25 29HA AE A QL 2 B Al (main equation) & & F/dE o] Qlrk. T 20HA oA
Ho] F2R9] o] o} 184 AP AT A= o] Jrhd A8 (selection bias)E 312 3}o]
=73 oF gtth= Z1©] Heckman®] £7dolt}. o]2] st MelH & FAetaL 7 A& e
U B FA] A FA 7] =2 Zetrhe= 2ot
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B AFolMe 22T By A BER Sy-AHEEE EQT Sy-BAEEE £E9
v ) A A (asymmetry) 7} 2374 T (excess kurtosis) S 5]&3tthe SHA AFEEZRC A FA3)

HA, S AFEEE Z3HEZ (limiting distribution)?] )& st ot T3 Sy-AH SE

He4 = AF 5L EX Wlo g Aoy 7] uj ol AFEEAE thH F(multivariate) EZ 34

7h 22Xt ek 2EAAE P AR YN &8 5 ke Aol th B =82
1=y

l-E]

BEAE RFo)A] PFRE APYL HNT 5 Ut RAFLEFSE MT T ZIPEGS)
A% DS BE5T, Aol L Fo) AT RE YT F TS nash. £ 44 vlo]
B2 ol§3to] S ATREES B FRAY By 2P AT AN AL AA HolE AL 19
A R PR AL AT AER G ol HE FHUSE FATh £ 20 B PPN 7
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A B 7HEY] AR A AR S-S SENTE T

2 =22 v Ze] #A4H o Stk 27l A= Heckman©] i7H§ 7@%3—% 2yge 7t
2letal, AAEol 58 Sy-BEE
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2. 202585t ZAR I|H
2 Aol A 24 (parametric) REF4E M BRI BY ) 2HE A 2P E 5ol
tisl] =ol ettt ofE Atz Bl HeFAHe alstaL, & Al M ANEAl AlA s o]
A Sy-B2E BYoMe e+ 4 72 =2
21 0¥ Hiez oY
FEAY R oA 199 Ae g AA) wATho] £ mRo2 FAE 0] Aw, F5u
T ©|%(binary) W= BR o™, 03} 19] o AMAAH 2 A xi ol & Edthal 7P AT

Yi=xuf+uy, i=1,....n, 2.0

o711 A yi & BEF A ekon, 2 oA AE = S5 y& v 2ol 7 Eh

Al 2eA Y B YA A A FEUE y = A5 Heolth, ™Y 2dA oA TEE =

B e] 7219 ®E oma}yu =19 FEo| ts) t 12:9] Zho] Ay, = 091 7
257 et B A e o) 2] £ 4 9ltk

Yoi = XpiY + Ui 2.2)

A 2.1 (2.2)9] Aol A2 FHo] ol AAAAE 7|, A (2.2)9] OLS F4 %L A+
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ero] B 2] Bkt A (2.2)9] AR /AL TR} o] & 4 Utk

E (y2i|x2i,YT[ > 0) = EQxiy + upilx1i8 + uy; > 0)
= X2y + E(uailuy; > —x1,8). (2.3)

2 (2.3)01 4 uyi & uy;7F A& SFOIE E(ugilur; > —x1i8) = E(uz) = 0] A3}, 3HA1wk S5 o] o}
U E(uyiluy; > —xi8) # 00] F32, WehA 4] (2.2)9] OLS 2432 E(uyiluy; > —x18) 22 FA) 3}
Al H o] 2k AeA o) 7} Ay st
Heckman (1979)2 2 X8 uy; 2} up, 7} oA AFEESL 7ML, 4] (2.2)2] 24 yoll tdt F
e AN FEAE 2Fo] 2 19 T3S dukd Feje wdSH the o 2}

“

-
m{m

logL =" log[Pr(yi; = 0)] + > log[f(aily1i = 1) Pr(yy; = 1)]

y1;.=0 yii=1

= > log[Pr(yii = 0)] + ) log[f(y2) Pr(ys; = 11y)]

y1:=0 yii=1
= > log[Pr(y}; < 0)] + > log [ £(ya) Pr(y}; > Olys)] 2.4)
Y1i=0 yii=l1

logL= )" log(®(a;)) + > log (¢(Zi)) + > log (CD (‘;i)) @2.5)

y1;=0 yii=1 yi=1 12
22. 0l Sy-d2x 2
Sy-ATFREE JFEEES MHAIZ) 20|tk (Johnson 1949, 1949b). webA] o]n] 2 F AR A7
229 JAL o SFORA 47 P BIL BE, 2% Hol} 1A% 52T 4+ drk
S A PR AT R A9 QA BEE S, ATFEEE ARRTH bk N AT 23} A
SOl WATFAL THE 5 Y Aol ok
2 33 w2 uyol oha) OFE 3} 2ol Sy ATEEE AR

u; ~SyN(©O,1;4,,6,),
Uy ~ SUN (0, 0'%;/12, 92) s

o] 7)ol Al 18} 6= ZHzh 9l & (skewness) 2} A & (kurtosis) S 2AHAE R4 EA —o0 <A< 00, 0> 09 H
S 7Hoh A7 ¥ Fhold 2 8% 0 ' XX (skewed) 3 0]AL, 2] gholW dF o7 293 F
Z7FEAth EBE 0= ghol AR S =7 AT 6 - 009 Sy-AEEs At xol s
webA Gt Es Sy-FEEe] SR x|

EE2A FEHLY @it 27 = o, B2 2 Sy-A FEHT S ) =
I ol et

sinh™ (syuy; +my) = 4 + 61215 (2.6)

sinh™! (% + mz) = A + 6204, 2.7
2
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A7 m3 s& Sy-AF FEHRSFY 12 2 23} 54 A E(central moment) TH337} 2T,
my = (wi)? sinh(Ay), my = (w2)? sinh(dy),

1 1
st = 5 @1 = D@ coshAy) + 1), 53 = 5(@2 = D@z cosh2d) + 1).

3 AolA w = exp(6?), wy = exp(63)°1Tt}. Sy-BF FEHSF FAHEY AT =E3F2 Choigt
Min (2009) 9] 1}} St

EALETTE SslA = 4] 24)0A ol HEF S y-BEEE 7H8 3L Prly;; < 01, f(n20), Prlyj, >
Oly21E E&3loF it} 94 th3o] Ay sich

Pr [yi‘,- < O] = (D(b’{i).

S Aol A by, = [sinh™ (my — syx18) — 411/6; ©1Th. TR 22 4] (2.7)& ThA] 221 25, = [sinh ™ (s2(y; —
x2Y)[ 02 + my) — 1/6,017] WZll f(yai)= T 2T

f ) = Joidp (VZ,-),
I 71A) Joi = V5, /8y ©1 3L, v, = [sinh™ (s2(vai — X21y) /02 + m2) — 21/6 0]tk 2195 842] npx|ut
842 2R FE Prly;, > Oyx]= 73H7] siAE w7t FARES o ), 8 2R 7|AZT 24
E &3 of st
sinh™! (sl (y’l‘i - xli,B) + m1) |y2i ~ N{/h +p1201v5;, 6’% (1 —pfz)} . (2.8)

9 AolA pot BERT FENSE Afe]o] FEASZA comin ) = pr2olth A 28)E ]85
W e 55T 4 ATk

A1 + p121vy, — sinh™ (my — s1x1;8)
1
0, (1 _p%z)z

A% 2ISEPSE The 2ol B2 4 Ak

Pr [y}, > Oyai] = @

* ST | .
logL = Z log ((b (b’l‘l)) + log (J2i¢ (v;l)) + Z log | A1+ pizfivy, - sinh (Tl ~ S10f) . (29
»1i=0 =l yii=1 91 (1 —p%2)2

2147} 228004 ANE 2ASEHSE ol §50 4 BERS BYA p9}yE FAY + 9
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E (yailxai, ¥i; > 0) = oy + E (g > —x18) . (2.10)
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Uy = OpUy; + & 2.11)

S AelA g8 w7t AR SR OIW & ~ NO,(1 - pin)oy)® ¥EE 7HE A+ EEdsde 94
U 5 Ak A 21D A @100 TP, AFRE RYolH 2% DS e Arh
(Heckman, 1979).

d(x1;,8)
O(x18)’

Xy + E (ugiluri > —x1i8) = Xy + 012 (2.12)

t}e o7 o|HE Sy-AGFEE B
E(ugluy; > —xl,‘ﬁ)a oH o} sit}. _C"_
Zrt.
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é
>
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2
e
)

2 AZE 737 HsiAE HA A (2.1009

A w7 FARE Wl uy o AR Z1AF E(unilun)S o
1

E(uiluy) = 0 (exp (Eegf) sinh (45,) - mz) /52, (2.13)

A7V 05, = 6a(1 = p},)12, 45 = Ao + pba(sinh™ (syuy; + my) = 11)/6r 01T}, A (2.13)% o] 8-5}d
uy; > —x;82) Z70] FolH & wjo] AL 4A £EF 5 itk o) ot 2k

1
E (uoiluy; > —x1;8) = o2 (exp(§9;1) My — mz) /52, (2.14)

7] A My = E[sinh(A;)uy; > —x;81 22 A Tha3 2t

Moy = E [sinh (A + pbhz1;) |21 > ]
B eXP(%pZH% + /12) () (p1202 - (,‘Tl) exp(2p120 _ /12) @ (—101292 _ CL.)

2(1-(c},)) |

(2.15)

o1 7190 A ¢}, = (sinh™ (=xy;Bs1 + my) — 41)/6; °] T}
ol 7t Fx oA 2R ZHRE TR w2l A=A 7] A A T 5+ AT
WA Bt By oA Ao+ vt 2t

¢(x1.8) ¢(x1:8)
o

o) T TR0 8) (2.16)

E(yaily1i > 0) = E(y2i) = x01y + 012
02 Sy-AEE RPN AYAY = th3 2t

1.
E (uaily1; > 0) — E(y2i) = xoiy + 02 (CXP(EG’zl)le - mz) /82 = Xoiy

1
=07 (CXP(EQZI)MZI —mz) /Sz. (217)
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H 1: DGPI(e] ¥ & B4 2) stol| Ao B4 =3 2 3%
e

AT EE 5 SuATEE B
=5 A n = 1000 n = 2000 n = 1000 n = 2000
Y0 —-5.000 —5.001 (0.621) —4.995 (0.444) —4.675 (0.858) —4.696 (0.743)
Y1 1.000 1.001 (0.078) 1.000 (0.055) 0.961 (0.106) 0.963 (0.092)
o2 2.000 2.000 (0.066) 2.000 (0.048) 1.988 (0.070) 1.990 (0.052)
P12 0.500 0.497 (0.140) 0.498 (0.101) 0.429 (0.198) 0.436 (0.167)
2I¢% S —1220.907 —2444.961 —1224.037 —2451.624

ZF: 235 ¢ko] 32 RMSEY

I 2: DGP (O Sy-AFEX) stoll Ao B 37 254

AT EE g Sy ATEE Y
= AA n = 1000 n = 2000 n = 1000 n = 2000
Y0 -5.000 —5.482 (1.623) —5.603 (1.334) —4.993 (0.260) —5.001 (0.184)
Y1 1.000 1.054 (0.202) 1.069 (0.164) 0.999 (0.031) 1.000 (0.022)
o 2.000 2.206 (0.422) 2.230 (0.360) 2.009 (0.220) 2.002 (0.151)
P12 0.500 0.618 (0.257) 0.642 (0.228) 0.497 (0.098) 0.499 (0.070)
2I¢E S —1244.753 —2509.365 -974.476 —1953.708

F: 23 Q9] 32 RMSEY

3. AlE2do|M

¥i; =Bo+Bixy +uy 0 A A
2=

Yai = Yo+ ViXoi + iy 0 B A

A71NA By = yo = 5. LT By = 1 = 12 AU ARF 0,9 wE FERE U, 100914
FAANZ 2EHAT 0, = o2 AFHAT A8 PN BRI () 10005} 2.0009] F 7
A% NESHAh FoA PRI B SOA y, > 09 TR 5 A E2E oF50%7} Dk,

224G ;3% uy NS TH9] F 742 Bl o] E] 249 (DGP; data generating process)& 713
Sie

DGP I o A7 SHERE wy; ~ N, 1), uy ~ N(0,2°)
DGPIIL: o|H e S - AF FEEE uy; ~ SuN(, 151, 1), uy; ~SuN(O,22; 1,1)

oA7IoA Sy-BtREE A= 124 ¢ HEE 7ML 9L, 0 AA] 124 BqfExHet et 44
FAE S 7MY 8T S DGP 25 corr(uy;, uz) = 0.52 A4 8t3lth
3 17 & 2= 77 DGP 13} DGP 119]| 8] 5k Al Ego] A dlolelel thal A2 By} Sy-3

TEE BYPoT FA% AE vasiA Bz ok ZF AlEF oA Aol FHAE da, 5
A3E WA 9] AJEF o] S 1,000 wHE AJdisto] 1 37 %] 9] w3k RMSE(root mean squared er-
ror)E AR A o] 3ol vk} ek

=

= pul ar

<+ DGP7} o] &k A 232 F77F & 10 U4e} gtk DGP7}F A2z 0]7] w2l A==
R 2ANT T $5T A0 R S ATk BAEL S ATEE BP9 2R AL
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H3] GupekE HR)7] Grikoltt, BE WU AR AFRE RYP] B4 24X
J A 4E ABE = Ark & BAAL] By, v2) B ob et LA #E
(p12) A 7 AEdold B ghol AAGT A9 Aol7t e A &+ AUtk F
»,g ol RMSE+= o4t 2 2377} 1,000004] 2,0002.2 7 Fof wa} gro] 2topx|+=
oj# g B tEE RF 2 FA Tl viusi A Sy-BEE Y FAYAE
2 AFEIZ 23] v|s] EHA (unbiasedness) @ RMSE 2504 A= AL
_,F_ﬁr Aol B QoA 08 A|Qetre AFEE 23 e ;]./\la-].%L@%
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7H= AL & 4 9k TS RMSES vl I EE BE 490 SU—@T‘H:‘—i 2o
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Ae 8 Ze dolth. & Sy-BFEE 232 RMSE: AFEE 2 vjsh HA 1. 1HH°ﬂ
179 =30t} Usoll & 204 A9 E DGP II stol| A= BFEE 232 RMSEZ} Sy-3
Foll vlsl Ho 7.500 v o] Zrhe FolA Sy-BFEE RPY SN FHE R 453
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ol oll= DGP7} o| M Sy-A X 492 & 29 AAE AHHEA} oA &) nprbR] =82
DGP7} S y-A22o] 7]l el Sy-AFE2 B9 ALY 98 Ao J2Ae 4 9lon,
A AFEE 20| Sy-AFEE ZY v]F)] o= Ax AFE Bol=ifolth. 88 EE"J Sy-3
TEEZ B¥o B —7—7@7‘]1_ BE EAFAXNAE IAT 4+ k. BE E—T()’l,Vz,O'z,plz)"ﬂ =k
AlEd o)A Bagke] AAR A Aol 7} gitt. olof Rkl it BFe FHAANE HH, HA
Hog ERAFAFORT WY o5 AL & AUtk E3 o] & 19 2} g & 204 = &
3717} 1,000014 2,000 2 A o| whe} 2z B9 —%— AR 7} 47 B BFof 9loj A AR gkl
7WHIA = Zo] okdet 23]8 BojA &= A SR YERgT. 5 o2 RMSES HlwsiHH 3 1 4
W AN E A7) DGPI ol A= Sy-A 2 B o] A2 By vlsl ghel o 27+
AT 1 Aol 7} AThA] A A] ¢k 3101] Hhsl, 3% 2 DGP II ol A] 423 23] RMSE+ Sy- 7§¥’r
w2 2ol vl Hoff 7.5 v o 2 A2 YERTh npxjgre g x9] npx|dl g e} Q= =
2% ZH A= DGP I A 8} &8 &= —‘?—f’é Zhol| Apol 7} sl 2 A& AT 5 AT

o]/ TEAME B3] B A B4 X T RMSEE vl gt 1¥d] R B3 oA
= B AAY B84 2 AR S8, 2R Z1Hge] v $hA B P (marginal effect)S] &3
A9 dXAol ¥ 83 u)E AT o]gtollA = 4 (2.12) E (2.14)ol A A= 7&?17'-%4 2y 9

Sy-ZEx 2o 245 793t =4 Aol thsf oL OPEIH KRR R R
20|42} & L% DGP (o] W& Z5f23E) 9 DGP H(o| A% Sy-22) Hlol el thsf 225 7|A
geFARAAE RYE Y E%E 1= thulel A HojFa A}E‘r le*tﬂ FEAAE B2YolME o
WAl A 7] Ryt 2] A gholl mhet A5 7| gke] @ity & Al o] dolA A
g WS U0, 10082 JU] Eﬂfoﬂ A7 E x = 3,5,72] Al 7HA] Fholl A S 2457 7
A 71Eo 2 449 vl

3 394 DGP7}F A2 A3 stoll A, BafdE Y3 Sy-AaitE RP o2 A% 27

F 71903k skl gty DGP7E it 0] 7] wf ol i By FALNI H ¢ 2L
2 o4 g glon, ZAlE Sy-AEE By FAAAT B E Yo vle] duirkE HA]A
gfuifoltt R E HUY AR AFEE P FAX= BE oA EAFHFAYS AR 5
Tt x = 30|49 2R X7 AAZFE T thA A9, B A zg,z—t— 27%(FE37) 1,0009] 3L)
T30 Bttt oleidt AR E RE] AT A A Sy-AtEE BFPY FHATRE A
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H 3: DGPI(C| A A2 2) spoll Ao 247 7| Ak +4 257

AAEE g Su-ATEE 23
A A7
x Ak n = 1000 n = 2000 n = 1000 n = 2000
x=3 0.373 0.383 (0.476) 0.380 (0.331) 0.374 (0.680) 0.362 (0.505)
x=5 0.798 0.798 (0.154) 0.801 (0.108) 0.831 (0.175) 0.832 (0.130)
x=17 2.055 2.059 (0.111) 2.059 (0.080) 2.092 (0.137) 2.089 (0.109)
F: 2% Q9] 72 RMSEY]

H 4: DGP (| S y-F+F22) stoll Ao 247 713 =4 254

AET 25 Sy-AFEZT EY

A A 7F S s S U-"o T S

x 4% n = 1000 n = 2000 n = 1000 n = 2000
x=3 1.317 0.794 (0.890) 0.839 (0.699) 1.431 (0.813) 1.361 (0.533)
x=5 1.104 0.897 (0.332) 0.892 (0.278) 1.107 (0.212) 1.103 (0.149)
x=1 2.002 2.021 (0.137) 1.998 (0.094) 2.006 (0.088) 2.003 (0.062)

ZF: 2% 9ke] 7+ RMSEY

HEY, AAH o2 A2 Bl vsiA e FAA AR, Aot 22 dfrkar T < Qo) Sy-A

X BPY AR 7RI FHAE B, x = 3,79 Aol BAEE LF 5 vVt E E94

£ RoE ASE ARY & S5k S+ = SelAE 320 Hgol AR 0% 7k el Ao

o2 Uepgr}. 3@ RMSES v ia]x
%M g 7% s w&, 2 2po] 7} 2}
w ol wja) A 1.59) 0]t}

RE ol Sy-AFRE RYo] FFRE RYe v
" otk & 5, FEE 23] RMSEE JFHEE

rlu rﬂ

H}A 80 2 DGP7} oW § - AT RE 39 Wl 2AR /9gk 2 ATE Feld 52 42
A HAL DGR} §y-ATFREN /] Wl Sy-ATFRE 2P 2RI 94T Aow A5
¥4 Aok EE HW S, FEE 2Y9 B FAAE dAR BRFPAUS A3 5 Uk
x = 3% W) 37 AA R SR B QA T Aol AR ¢, o A ShE AB o]
A Bagrol AT A2 Hol7k Gk, ool W) ATFEE RAS| FAMNE By, A Aoz B
BEAFOE W] ojee AL L 5 Atk 58 x =3 v FHA AA LS BE FeB A 2
2 &% 9tk RMSES Wl sl R, Foi2l £E37)9) xghol ] ATEE Bgo] §y- BT EE B

of W5 B4k RMSE zkol o 2 A2 o184 9om, 1 2ol 2o 1.9u) S0k,

1. 2524 2d Sl oy 29

B gol e AA HolEE 0|88 £4L AE] FFRE BYT} 5, ATRE 5P F3
Ane wlmath AFEA 2t AR BA o5 ownership 9 AER BE 747 A 5
] (expenditure) & 717} B A A3} B g A0 BEMSE FoTh BEAY BRL Th 2

2tt.

-~

T

,d
o oX
> 1>

K
2y

OWIl;-k = X],‘ﬁ + uy;
exp; = Xy + Up; “4.1)
A A Ao A own! & BEE A e TEHToITh W own! > 00| H HAFE FEHATE own; =

1o]31, own; < 0°]®™ own; = 0°] &tk own; = 1°] AFg2} H7-E 2w skal, AH5 217} glo™ own; =
0°lth. exp;e AFsAF Bt 7472] 3 @ A A vl oty At o' AR A7 D23 A

B



HIEMTEZE 0|83 ZEME 2 =4 353

5 AFSAEF e HE FANE

A 74 A5 2 Bf 7 (1 8) 4 B+ A S
5,116 7} 3,056 7} (59.7%) 28.37HY

s A Tl 7hs A o] 5 Zlolth T As AL Rt M AeE AFEAE ¢ el 23t
ool et FAM 7t § Fobd Zhs Aol itk & As A B YA o] A-g A A8 2} A H of
U Aoz B 5 Ak A B o 7o} 252 AR =0l thEt YAE A o] A2 FAIHoR 4
Ak, Ae Bg 2l o] @ xgha} w2 0] @ AR A3 S AUA "tk 5 pip # 00]Th o]®
3ol A (AP At B 7H9]) AR A A8l E A S o, 4] 4D E Foi] FEAE 2o
&t £4E 7158 gt

AZEA Ho]E+= 2008 3= =% 3} d(KLIPS; Korea Labor and Income Panel Survey) 7}7-& ©
olH & ARgstlth 7§ HlolH el Z 7He] AFg A By of fo} A AF f A 7 AR Sl
o} & 50| AFsAF Bf7H vl e AFsAF F 7 Aol thek 2 oFs AlRFe] vkt ok AA 7 5
2k 60%1<1 3,056 7+ 7} AR5 AHE Bofokal QAL AFs A B 7S] D A WS- 2837l 2
© 2 et

FEAY 130 Solrl= AWt Klaauwe} Koning (2003)2} Vythoulkas (2007)8] & %
33t A AF HAeh §- Aol S v Z oz AT = SAHsES Mgtk AHSE Y
W= 7 (fsize), 7H5= Q17 (hage) L 173 A5 Fh(sqage), 4 (gender), 715 WEFE(T
Zole}, 1E, o), AA LR (FH A A ), &5 (lincome), AFA] & (A2-F A9}k 7] E
A1) Solct. A= AT 2 apg AloA Fdst APRSE ARSI o H, AsAF fA el &5
Wl 218 At

42, FTHALL

2 4. 2EAEY RS AGEE BYH §y-FEEZ 2P o2 2% A7) & 690 Lk} Q)
ot AEAEE 18R] 2 AFe) vlwstr] 98 B g Aol ek OLS 4 A3s &7 A3 R
Th OLS A2 Ae upA s B g Aol @ xgke] A&aA| 7} 0], B W29 @ AgS
AAEEE 71N S v -2 Aol Fd3ic) A A= H 7 e F$ OLS FHHL A+

o] 94 2ok
£ FHANE WSUE HH, 94 FTA S(fsize) M5 AFRE B 27 AS0.037)7
Su-ATFEE BY(0.022) R 70% 7hef A £ 23 ol Aol7} 2 Ao vepdr). 53 25 @
3 W5t A (gender) WEEA §-ATRE YoM 5 A% £57} Fol 1 10% FEAA £ 3
uhe, ATRE BYelAE S9) glolT 10% FEAA FI5A Sk 5 By 7o) 2 ZelE ol
39tk ABAHOE AANEY, WA APF o} ATFEG AT FAME AFo] FRAC
= o BE A0 e S -3 TRE By 24 23 483} o QAT B 5 gk &
(lincome) WM49] FAANNE F B 7F Hol7k ek, Sy-AFEE BF] 4 AL0.272)7
ATFEE 2F(0.163) Bt WA =tk AR} gleka g OLS 2 ;

A ANE 4,0349)9F 1(-0412) AN 2 ke, © x}gpe] BIxE 1]o)H (skewed) EEo|Th
3 0,(0.939)3} 6:(0.690) ZH 17} 05Tk B2 2 Fho] 7] wj o] HFEE hgo] HAA = Ao
Helt
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6 AFEH Y 2AHA
e OLS &4 AFEE 2 Sy-BFEE R
. 0.024" 0.037° 0.022"
fsize
(0.009) (0.009) (0.008)
hage 0.017° 0.020 0.017°
(0.006) (0.006) (0.005)
wqage ~0.016™ ~0.021° ~0.017%
(0.006) (0.006) (0.005)
Z0.024 20010 0.050°
gender (0.032) (0.033) (0.030)
dumedud 0.034 0.083 0.065"
wo (0.031) (0.033) (0.029)
dumodud 0151 0227 0.200°
(0.033) (0.038) (0.032)
emplogod ~0.098 ~0.068 ~0.008
(0.060) (0.060) (0.060)
lincome 0.139" 0.163" 0272
(0.012) (0.013) (0.022)
region 20071 20.088 200957
(0.019) (0.020) (0.018)
g 1.627° 11227 0.266
(0.161) (0.206) (0.233)
fire 0.202° 0.092"
(0.018) (0.019)
hage 0.054 0.032°"
(0.010) (0.009)
wqage Z0.060 20.0357
(0.010) (0.009)
0.388" 0257
gender (0.055) 0.052)
0495 0.288"
A e upA Al dum-edu2 (0.054) (0.054)
e dumedu3 0.987 0.550"
- (0.063) (0.088)
emploged 0.158° 0.134"
(0.084) (0.068)
lincome 0.289" 0.366"
(0.024) (0.044)
rogion Z0.288 202047
(0.041) (0.037)
S —4.494 4051
(0.307) (0.528)
P 0.286 0.464
o 0.547 0.626
pe 0.349
6 0.939
L ~0.412
6 0.690
log L ~4,843.37 ~4,696.86
s e A 5079
H5A 3,020 AL 3020
Z 1 e o2 42 1%, 5%, 10% 2201 BAA0E 7o 0g ou
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AFEE 23 Sy-AFEERY
p12=0 —4848.35 —4706.52
P12 %0 —4843.37 —4696.86
AR EAH 9.96 19.32
AR A3 Hy 717} Hy 71 %
F: (DY 1% LA A £ 6.634Y
E8 LRAEA: A4 AA
AFEE 7Y Sy-AFEEZ 7Y AR EAZF EEEE:
—4843.37 —4696.86 293.02 Ho 7] 2+

7039 1% QA AL 1134

olHoll= 2P =3 g ol&sto] AEH 7t l=A1E A5 TE LR(likelihood ratio) 77
FARE =2 2k

LR = =2 (In Ly =0 — In Ly 20) ~ x*(1).

F 79 AeHe] A4 2AS B, AFEE B3 §-AFEE 2 o= AL PHE BF
AEH o7} Q= AR o) 71 ZE = Aoz vehdth. 2 253 B§ v A0 215 2} -9-A] 6] 1)
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Ho: 224% w2 upye ol FFE2E8 WET
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Sy-7at2 oM 0 - 00 2ol =Rk WebA 6 — 00132, 6, — 00| Sy- A2 E &
o] FHAE AR E Y 2} R RALES FT AR MR Ao o 4
itk weba) theat 2o LR AR EAFE AR 4 Qlek

LR = -2 (In Lyorma — In Lg,n)

BAAEZ7} Sy-AEES] FeK(limiting) E20]7] tjEo 9 AAHFAZ) (25 w2 ¢
4= ). Bollerslev (1987)2} 2 A3} 719141 (2009)2 & E &l (bootstrapping) & 2 7 A5 A 52
PAAE ZH= H S AAIBIL Aok Agde] 235 58351 9 AAFAF] AAXE= )0
o3t AAX K} 2 gholgta T = gtk wEhA B AFoAE Bl A AFS Al A23)
A T3 AKX L LR AR S A2 vlasto] 7|2 RE AR ofeff oA A %] LR A
REA TS 293.028 AR (11.34)F F A3 st 202 Uetgitt meba] expgho] oe A+

222 GEThs ARAEL 748 4 Yk o] WolSew AFRE Yo w 7o Ao gL
AR F o] 94 I,

AA Z2E FEsHA A FD 7Fsd el Ank & AT BEAdE 2 A BEE o Sy-A
TEEE =9W Sy-AfExe B vt A 2HAHEE 388 the SHA A=
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e 2R 0 AL ATREY §y-ATFRE 5 F X2 DGPE 7

DGP 3ol d AT8E Y3} §p-AFEE RS A8l 9Fguos 239tk 24498

Boll Sel BRAH 2R ol §,-ATFEE BP0 5842 BAY 4 A4k 3 DGR} ol

W JFLEQ Aol B4 U RMSE Sl gloA ATEE BYe] 24T} 6 S48

A, §y-ATFRE BYE olo] 2 FAA Sk A0 vekwth. o]o] W) DGP7} ol ¥ 5,-

AR ATFEE 299 2T A0 2 2 ok} g, 53 RMSE] 9114
Zél

2z wgo] va) Hef 750 o 27 Ugioh. o3 A mamt of
< ul53 Aoz Uehgr,

I Sy AFRE BHL AA Holgel g e] ABA He ATE AFH FANE BAY
A3t 274 A5 27, RE, F4 SN AFEE RY3} 2 GebAs 397k gk Ao e
stk w3 LR 242 B9 AT4S AR A3k, 2 AFYo] oMY FFLEES METH: AR
7145 gtk o] WolSold AFEE RHO R T3 H O ANFAFo] 57 25
o Sy-THEE BHS AHg S of Bk 22 < v et
92 5, HALY QHM ZAL I[N ©F

VUG Sy AFELA A LAY AILE SR AL WA DLAG Sy A HEed
A ZAR g BAS Solo} Btk SR BEUS yE The Aol A AEWSY F42
A% 4 ek,

sinh™'(y) = 1 + 6z
A AolA 2= BEAE FERTOITE y> a9 27 ShollA ZTHZEE v 2Tk
EQly > @) = E[sinh(d + 67)|z > a”]. (A.1)

%ﬁﬂﬂm=@mﬂmp@wﬂqmﬂmn;aT%ﬂ%adﬂ&a@w%m@q.

1
E [sinh(A + 2)|z > a*] = W f sinh(A + 0z) or exp (—§z2) dz

_exp(§62+/l)(l>(0—a) exp (367 - ) D (-0 - a")

A2

2(1 - (@) (A2)

) Ae) £ WA 559 T £2TEL Choigt Min 2011)S Zste}. 4] (A2)2] 472 o] &

slo] ©Aapo] o) er S - AFEEY w) AR AR AT 5 ek, ZAR 7|ARE T 227
the 7} 2.

E (yailxoi, ur; > —x1,8) = x01y + E (ugiluy; > —x1,8) .

279 4 (2.13)S o]8std

1
E(uy) = E(E(uyilu1;)) = o2 (exp (Eeﬁ) E [sinh(13))] - mz) /52. (A.3)
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EEl

O|A| My = E[sinh(25))[uy; > —x1;81 = 2] 8k 4] (A3)Z o] &3tH 22 4] (2.14)8] = 7]HZko]
EE9T v TOE My 2 v} o] EojA & 5 Jlth
M21 =F [sinh(/lzl)lul,- > _xliﬁ]
= E [sinh(A2 + p126hzii)lzii > ¢i]
exp (%Pfﬁ% + /12) () (p1292 - CL) —exp (%P%ﬁ% - /12) D(—p1262 = ¢})
- 2(1 - () :

) Al A ¢f; = (sinh™ (—xyBs; +my) — A1)/61 o]t Al (A4)<] v 2t A3l= 4] (A2)0 A Foi7 &
g wf 247 7|AL FAS IHE o] &3 Zlojth
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An Alternative Parametric Estimation of Sample Selection
Model: An Application to Car Ownership and Car Expense

Phil Sun Choi¢, In Sik Min!-?

“Department of International Trade, Konkuk University
bDepartment of Economics, Kyung Hee University

Abstract

In a parametric sample selection model, the distribution assumption is critical to obtain consistent estimates.
Conventionally, the normality assumption has been adopted for both error terms in selection and main equations
of the model. The normality assumption, however, may excessively restrict the true underlying distribution of
the model. This study introduces the S y-normal distribution into the error distribution of a sample selection
model. The S y-normal distribution can accommodate a wide range of skewness and kurtosis compared to the
normal distribution. It also includes the normal distribution as a limiting distribution. Moreover, the S ;-normal
distribution can be easily extended to multivariate dimensions. We provide the log-likelihood function and ex-
pected value formula based on a bivariate S y-normal distribution in a sample selection model. The results of
simulations indicate the S ;-normal model outperforms the normal model for the consistency of estimators. As
an empirical application, we provide the sample selection model for car ownership and a car expense relationship.

Keywords: Sample selection model, maximum likelihood estimation, S ;-normal distribution.
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