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Pr[t = A|s
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(3.3)

Hle,x,t) for x € {L,H}, t € {A, B}
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6™ = (T+1)7] ABLY #E(s = 4) H&

_ qé" (8hmap + (1 - 84)n,,) + (1 — q)(1 — 8")(8pngy + (1 — 65)np,)
8T (8hmuy + (1 —89ny,) + (1 —87)(85ngy + (1 — 65)ng;) (3.4)

&M =(T+1)7] AR - E(s = 4) T LASA(x = H) v &

q8" (8%, M (el H, A) + (1 - 85)na,M(ed L, A))
B CI‘ST(‘S/T;”A,H +(1- SDnA,L) +1-91- 6T)(6£nB,H +1- 6£)nB,L)

L -@a- 87) (8%npuM (e H,A) + (1 - 85)np,N(ed, L A))
qu(‘sIlnA,H +(1- 551)"A,L) +(1-9@1- 8T)(6£nB,H +(1- 5£)"B,L) (3.5)
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85" = (T+1)7] BEIY F-E(s = B) ¥ L5 (x = H) ¥ &

(1— )87 (85naT(e5y, H, B) + (1 — 85)na,T1(e5,, L, B))
a a- q)sT(aznA,H +1- 6£)nA,L) +q(1 - 5’)(5§n3,y +(1- 5§)nB,L)

q(1 - 87) (85np M (el H, B) + (1 — 85 )np,M(ef, L B))
+
- q)ST(aznA,H +(1- Sﬁ)nA,L) +q(1 - ST)(azT;nB,H +(1- 5£)"B,L) (3.6)

A7IM ng,v EFYol s(e {ABholal &5o] x(e{LHD FEO AY &
oultar, ef, = EFdol s(e{AB})olal 250 x(e({LH})S HHo Ay
E]lo] tle {A,BPSQ! R A 1907 wS AEHES ofu| gt

Al AL RJIFTERE G ofd MEER EdE FoRE A AH
(steady state)llXE= 8T™1=6T=6, S, 1 =81 =6,, 85t =6L=265 7}
AT A e FdetA EAEtEACd gE SR

l?‘
FEST. dAGHAA AFSTHES ofgiek o]l Hod & Ut

n= 6(6AnA‘H + (1 - SA)TLA‘L) + (1 - 6)(631’13'” + (1 - SB)nB'L) (3.7)

2. AT (laissez faire): FE-ZHAZF AEZ A <ol

EASE BF vs. SABA &= BT
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sulE AU FaSel wEeA HEw Rwis aud oig oleAldl
QUigE oo wF AuE $d AUE Pu =AY Br-Auz
AEA Aoko] EASA Pow Hwel AU 43 A hFd @&

79 dmA A oko] £A)E

Wud REsk Adel Fass A fdel wasA wd

Cigno(1993)= AH=EFE W =9 Ado] HAsgEH A ot

F(n=ng,), A 1907 uF AE(et=el,), 171 2H|(cf =cf,), 27]
i‘ﬂ](czt'yEc;'fs’,x) Zyzyoll A R 5SS Yreie A s o x &

Qa2 @) e Aol B dEla yi Ao 258 depi,

V(nls,x,t) = max{U(c}) + E,[BU(c;’) + W(n, )|}
= max{U(c)) + (e’ x,t) [BU(c5") + W(n, H)]

+ (1 -1, x,t)[BU(cs") + Wn, L)]} (3.8)
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¢y’ = any, y € {L,H} (3.9)

i =it = o,
t
x=ci+ =+ @+en (3.10)

A7IA x& FE A5, y&u A 25 Vs, cf= A9 EFY o]
t(€{4,B) QD wW Fx 171 &n], ¥ AU Eel t(e{4,B)) olx
A Aa5ol y(e{LH) ¥ W HE 27 AHZ ujdith Y oA

FAA Y7k HOlW A7 1%, Lol| AUt ARSYE dvidth

A FA (3.9), (3.10) ZH7he]l R WA AolA Aol ti# A% B
$9 vbAE g (1) 14 FHu AF exnd (i) BF AF efxnd
Folth. Winy) & A F(n)sh A 198 25(y)d me pms

AHHoz 7= a85 vt Cremer et al.(2011a)olA9] A<

o Ayrt FreA Adate wEe oy dd AFEdAME e or Foxl Hom

7k & k. o2 Bental(1989), Morand(1999), Fanti and Gori(2012)%¢] it}.
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nU(cl) = (BIU(anH) — U(anL)] + (vy —y)bm) o0 50  (311)

U'(cy) = [BA+ )] 1U'(ch) (3.12)

mU'(eD) = (v~ YOO G0 (' 2,0) (3.13)
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(3.14)

max{Pr[t = A|s] X V(n|s, x,A) + Pr[t = B|s| x V(n|s, x, B)}
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= Aoke] EASHE B

Pr[t = Als] {l'l(e“’, x,A)[BaH x U'(anH) + yud' (n)]
+ (1 — (e’ x, A)) [BaL x U'(anL) + qu)’(n)]}
+Pr[t = B|s] {l’l(eB, x,B)[BaH x U'(anH) + yy¢'(n)]

+ (1 — (e, x, B)) [BaL x U'(anL) + yL¢’(n)]}

= Pr[t = A|s]U'(c{)(e + e?) + Pr[t = B|s]U'(c%)(e + ) (3.15)

dEA Aleko] EASHA] &= A5

{vv + vy — yo)[Prlt = Als]lI(e”, x, A) + Pr[t = B|s] I(eB,x, B)|}¢' (n)

= Pr[t = A|s]U’(c{)(e + e?) + Pr[t = B|s]U'(c%)(e + ) (3.16)
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89T UO@=(C""-1D/A-0), ¢M)=(@A+n)"""-1)/(1-0,) =
7Hgskal B A @ 1A AG (o, )= B T 22 ZHGSiTh FReE AR 9
Bfglo] #ZS &5 g 072 7Hgste]l Hmel el ERglo] oj-

A el A 7 Ebgle] Hlge] 0.5 W FReh Azt B9de] kA St
0.49% 9wtk ojx-&& 0%E 7HYstaL ARFEI 8L p= 0
0.9926)2 7HAskAth. FE-AUL 45 Aofe] EAehHs 9o Hm
A HEL a=025(259 25%)= 7FASGth AL LY 24A5 H

b7y 59 1002 7HAE Tk ol 20149 7 A5 1089 F 3899

2 Rmel 2] 25 b Aol did A AFES Auud, 34 AFEdAE 0.42
oA 0.72 Atelql Aoz yepupAwk 2ol FA7F Stk (Bouchard and McGue, 1981;
Plomin et al., 2000, Anger and Heineck, 2010) &2 dFE5E ZaAASF7E oF 1/3 A=
Ql Ao 2 yYEehdt} (Agee and Crocker, 2002; Black et al., 2009; Bjorklund et al., 2009)
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nE BaAlZt ARAA HEw Rme 25 oo wE ag AFe

Aol 7} HadlA Ak,

Cremer et al.(2011a)oll A o AR Ao Was we} JH-71 ofef e} o]
T A AEl(steady state)oll A 199 H FAAS HUgsts Ags
gora 7hgekal HE o AldE Z9le] 54 F JHHAEE IS 25)ek A 9
54 F 7HERE 25)d wet F 16718 2R ERE 5 Ak
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2L @A A el AA FE AY T o Lwe] HES
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U'(chs,) =p=>cis,=¢1 for s;te{A B} and x € {L,H} (3.19)

U’ (Cst) U'(cz) = [Bn]~1U'(cy) for s,t € {A,B} and x,y € {L,LH} (3.20)

=xbt Al g AEs ZRIstrlel A oo Al VIEE
gojstrlz skab D= Al AEClA AA QI T ABKS] 1 HE]
<7k de $A4 REE ou|dr Dy = A AEAM AR I T
AA5ARe] HjEo] Frbe wje] S WEtE ovdith. H2E A D= Al
Gefel A BEF /It & AaSAe] Blgo] Frbd wel A WIE
] g,

lo

={8aqlyy + vy —vOU4 ] + 841 = Q[ys + (vu — v 4] b (4 n)

H@ - 8)qys + (vu — ¥4+ A= 8)A - @[y + v — vOIE, ]} (nay)
{651 — @[y. + (vu — vING y] + salye + (vu — v UG 4]} b (npn)
—{A-6p)A -y + (ru — v 5] + (1 = 8p)q[y, + (vu — v )R] }b(ng,)
+U'(€){[6,H + (1 — 6,)L] — [6pH + (1 — 8p)L]}

-U'(cy) {SAnA,H[E + (qeﬁ,H +(1- Q)eg,ﬂ)]
+(A—-8)nyle+ (qeq, + (1 —qef,)]
—Ogngy [é + ((1 - qQepy+ qeg,H)]

—(1-8p)ng, [é + ((1 —@eg, + qeg'L)]}

+U'(c1) — i )2 {[5AnA,H +(1- SA)nA,L] - [SBnB,H +1- 8B)nB,L]} (3.21)
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-1- 5)4’("3,1.){(1 - ‘I)[YL + (Yu
+U'(c))(1—-8)(H - L)

- YL)ng,H] + CI[YL + (Yu — YL)Hg,H]}

vyl +qly. + vy — v )05}

~U' @ -8 {[e+ (1 - Dehy + qefu) | npu

- [é + ((1 —qleg, + qeg,L)] nB'L}

+U’ (01)( )2 (1-8)(ngy —npy) (3.23)
TAGE A BRI I T AAaS Q1o HlEo] SUtE we A4
W3kl Dol A F A& BEY FE T 14AE RO HE Tk &
Baad WstE oveta, Al WA g2 Huwis Wk d o wiA g2
AFe] gk Bt AlE W, gl WA 2 BEY FE T alAs FE
& F7tell wE I srke WstE Qlal EAste =ddat 199
SEAY F-oF - dstolt

171, 27] Zvlell oigh dAZAY dASEH e WSt e £ W D,
Dy, D= ol&ste] Bt TS Sist sh7] A% ol s (s €{4,B})olL

250l x (x€{L,HNY PR AY Bgde] ¢ (te{4BHY o 3P

delstd ofgiel 2.
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al'l(esx,x t)
del .

- ns,xU,(a)} Z A(Sli t;y)
ye{L H}

= {(}’H }'L)¢(ns x)

02 4,20 p, %1 _,
del,  “ael,  "Poel.)

(3.24)
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FE7E Al a5 weh Al 588 =7 A§ FRe 540
(s,x )]l xpqe) Epgjel ¢l 7pgel Aol gk ws AFo] 1%
TV (yy —v)@(nsy) X 0L /0e WHEo] 58 S7HE 7HA2th SAl
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V(ns,xlst xt, Tx' Sx' BO' Bl)
= max {U(Ci,s,x) +B [l'l(e;x, X, t)U (P(ns,x' H)) + (1 - H(eg,x' X, t)) Y (P(ns,x' L))]

+ ¢(ns,x) [YL + (YH - YL)H(e_E‘,x' X, t)]}

4.2)

ofu) ¥ms}b Awshs aabAleke ofelel gk,
Ci,s,x = (1 - Tx + ans,x)x - (é + eg,x)ns,x (43)
4 @29 A A e B 17] Aul(ch ) BE 58S el
oA e A A5 mbE AP FHUCR A% aH] HolE meP

mw}
dg Ao 588 AT (el xe)E AUl Bl t(e (4,B)2 Fo
Ae W AW 199 0§ AZ el ol w4t A4} @ HEL
chebaich AEAISE U Aol e AE BAH $H F owA G
(i) 34 FH01§ A% exng,, (i) BF% A% el, xny, ol FFolth,

9 meAst EA AAZAL obaleh o] Felwy

(B[ (Pl 1)) — U (P(ny02))] + $(ns2) 1 - ) 2220

_ns,xU,(Cg,s,x) =0 (44)
WEY we AFS waY WAEBS FANE] PolAE FEOE
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AE Fh A we AT FRAY Jlggkel Fe BAE v
BuE ool T oA Fe WS AF Fk W A masAst 8

ojAl FE BRIt AW ¢ gAY ERle] A Aol A (4.4)

=
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MESES wE A% 4vE 443 A9e welse] A A g

A4%n FEe AUel Beel ek &3 shelld 299 Ed
4

Ao BFE Aok A A GE (

max {Pr(t =A|s)V (ns,x

(5,%),4, (T, Sy, Bo, B1))

+ Pr(t = B|s) V(ns,x

A (4.5)8 AU F ng ol We vEste]l AelshH ofgjel o] Ay

ATt

—{Pr(t = Als) (e — Syx + e2,)U'(c4,,) + Pr(t = Bls) (e — Syx + e5,)U'(c%; )}
+B{Pr(t = Als) [(edy, 5, A)U' (P(nyx, H)) B1H + (1~ T(efy,5,4) ) U’ (P(ns, L)) BoL]}
+B{Pr(t = Bls) [11(eZ,, 5, B)U' (P(nsx, H)) B1H + (1~ T1(eZ, 5, B) ) U’ (P(n, L)) BsL]}

+¢,(ns,x){Pr(t = Als) [}'L +(u— }'L)“(e?,x, S,A)] + Pr(t = B|s) [}'L +(vu - }’L)“(ef,x: S, B)]}

o
=

5% A3t = A4 $5 A

(5,%),B,(Ty,Sx B0,81)}  (4.5)

=0 (4.6)
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Wstoltt D o Dp A HIZeHA M E & ATk

D

1]
Q)| Y
SRS

~

U(chn) + BIMGxU(PRY) + (1 - 150 )U(PEL)] + [ve + i — Y)W b (nam)}

+8,(1 = @{U(chy) + BNZ4U(PLY) + (1 —NZ,)U(PLL)] + [ve + o — yiIE b (nam)}
+(1-80q{U(cq,) +BMALUPH) + (1 -1 UPL )] + [ve + w — y)T4 ] d(nas)}

+1 -8, - {u(cf,) + B[NZ,U(PE,) + (1 - MZ)UPEL)] + [ve + (v — voITIE L] d(nar)}
—8p(1— {U(chu) + BNG,U(PEY) + (1 - MG, )U(PEL)] + [y + v — YOI ] d(np.)}
—8pq{U(cE ) + BINExU(PE) + (1 —ME5)U(PE )| + [vo + u — v)NIE y]d(npn)}

-1 -8 - ){U(ch,) + B[NE L U(PEL) + (1 — M5, )U(PE, )] + [ve + (v — vITI5 | d(np.)}

-(1-68p)q{U(c§,) + BNE UPE,) + (1 -5 )U(PE,)]| + [y + (v — v )5 ] (np.)}

=64q

+l1{5A‘1 [(TH —Synap)H - %(“ﬁﬂp}l’,tl +(1- Hﬁ,H)Pj,H)]
+ 8401 = 0) (T — Sumas)H — = (WPEy + (1~ 1))
+(1-6,q [(TL —Sina )L — %(l‘lﬂ'LP,’,"L +(1- ng,L)Pj,L)]
+ (=801~ @) (T~ Syman) = (WG,PE, + (1 - 5, )%
— 851 = )| (T — Sup )i — 5 (W4 P + (1~ 1 )05 )|
—&gq [(TH —Syngy)H — %(HE,HPE’.H +(1- Hg,H)PlI;,H)]
-(1-6)1-¢q) [(TL —Syng,)L — %(ng,LPgL +(1- ng,L)pg,L)]

1
—(1-4p)q [(TL —Syng;)L— %(Hg,LPg,L +(1- ng,L)Pé,L)]}
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+1{684q(M4 yPSy + (1 — M4 5)Phy) +6884(1 — (N yPLy + (1 - 15 ,)Psy)
+8(1—-8)q(M4,PH, +(1-14,)Ps,)
+6(1-8)A—-q(mE,PH, +(1-15,)P%))
+(1-8)8p(1 — (Mg 4Py + (1 — Mg 4)Pg )
+(1-8)8pq(NF 4Py, + (1 -3 4P )
+(1-81-6)1-q(mg4,PH, +(1-114,)Pk,)
+(1-8Qa-6p)qMmg P, +(1-15,)P;,)}

Sanpn+ (1 —8)ny,| — |8pngn + (1~ 8p)ng,
ANAH A AL](ﬁ)£ BNBH B BL] (A4.1)

A

L
AT 95,

= Sq{U(cﬁ’H) + B[Hﬁ,HU(P}f,H) + (1 - Hﬁ,n)U(Pj,H)] + [YL + (Y — }’L)Hﬁ,ﬂ](b(nA,H)]
+6(1 - {U(chy) + B[ME4U(PHY) + (1 —MF)U(PL )] + [ve + (v — v 4] P (nan)}
—-8q{U(ch,) + B4 UPY,) + (1 -4 )U(P;)] + [ve + (e — v)T4, | d(nar)}

-6(1—-{Uu(ch,) +B[nZ,uPf,) + (1 —0F)U(Pi)] + [y + (ve —v)N3 | d(nar)}

D

1
+ll{5q [(TH — Synap)H — %(Hﬁ',qu’;’,n +(1- Hﬁ,H)P]i,H)]
1
+86(1-4q) [(TH —Synap)H - = (g yPAy + (1 - HE,H)P!{,H)]
1
- 8q|(Ty = Symas)L - = (W4,PY, + (1 4, )PE,)]

1
-861-¢q) [(TL — Sy )L — — (mg . Py +(1- HE,L)Pj,L)]}
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+u{68,q(M4 4 PLy + (1 — M4 4)Phy) + 88,(1 — @) (NG xPLy + (1 -1 4)Psy)
+8(1—-8)q(M4,PH, +(1-14,)Ps,)
+6(1-8)A—-q(mE,PH, +(1-15,)P%))
+(1-8)8p(1 — (Mg 4Py + (1 — Mg 4)Pg )
+(1-8)8pq(NF 4Py, + (1 -3 4P )
+(1-81-6)1-q(mg4,PH, +(1-114,)Pk,)
+(1-8Qa-6p)qMmg P, +(1-15,)P;,)}

8 (nA,H - nA,L)

- (A4.2)

ot
B~ 96,

=1 -8 - {U(chn) + BN xU(PEY) + (1 - 15,1)U(PF 4)]

+[ve+ @ — v b (nsm))
+(1 - 8)q{U(cB ) + B[NE ,U(PE,) + (1 -8 D UPE )] + [ve + @ — yOIE 4] b (npn)}
~A -8 - {Uu(ch,) +B[Na,UuPE,) + (1 -4 )UPL)] + vy + G — v)I8, |d(ns,)}

-(1-8q{u(cq,) +pMZ U(PY,) + (1 -15,)U(Ps,)]| + [vy + (vu — vIE | @d(np,.)}

D

1
+ll{(1 -0 -q [(TH — Synpy)H — %(Hg,HPg.H +(1- “g,H)Pé,H)]
1
+(1-9)q [(TH —Syngy)H — = (Mg 4PEy+(1— Hg,H)Pé,H)]
1
-1-0H1-q [(TL —Syng;)L— %(Hg,LPg,L +(1- Hé,L)Pé,L)]

1
-(1-9)q [(TL —Syng,)L - %(HE,LPII;,L +(1- ng,L)Pé,L)]}
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+u{68,q(M4 4 PLy + (1 — M4 4)Phy) + 88,(1 — @) (NG xPLy + (1 -1 4)Psy)
+8(1—-8)q(M4,PH, +(1-14,)Ps,)
+6(1-8)A—-q(mE,PH, +(1-15,)P%))
+(1-8)8p(1 — (Mg 4Py + (1 — Mg 4)Pg )
+(1-8)8pq(NF 4Py, + (1 -3 4P )
+(1-81-6)1-q(mg4,PH, +(1-114,)Pk,)
+(1-8Qa-6p)qMmg P, +(1-15,)P;,)}

1-6 -
8 ( )((7:_13)121 ng.) (A4.3)

A e .
et 3k, oo 5| |5
JdF, 0F, O0F, de’, _| % (Ad.4)
aeéx degy Onsx|| ar 0t .
0F; 0F; 0F; [[ong,| | 0Fs
_aeéx aesl,g,x ans,x_ -or 4 b Ot

047]}\‘1 T}E Z(_)]f(llltﬁ—‘/_}:iy T=TH; TL' SH; SL; BO; Blo1q_- 1:]]_:_?:5_1- F1% Z\_]] (4.4)94

Aol t=45 HYPE Aolx, F, & 4 (4.4)2 HW t=BZ Y3t
4

AE-E ARCiAE (4.8)7 ME AAFA A" Ak (4.9), (4.10)
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shellA 2] 4= FdH= AR " FAS HOE by H3 Ale(T,
Ty), =5 AA(S,, Syp), AU F25S 18d A5 4 W56, B
Ao Azl ik AAEAL ot A (A417)-(Ad2D= FAHH
ol u= AF oAkl W 2aRgA sE ovlstal, A, (s€{4,B},

Aeol] g el

A
4
r

x €{L,HDE BYI 250 (s,x)2 H=2o =
sTE onlst, &, (s,te{A,B}, xe{L, HDE EUF 250] (s,x)o]x
Aol BRglol t9l FEel Ay wg A AEe] it g SE
oty Fxof Bl digh #BaRA] e A7 FEe A
7 7k o mvks ovstd, (1) F-2eo] A9 W3] mE AHH
kel Wskel (2) Frel A wiste] whE gz WSkl &y 9 (3)
7 S7HE Wbl wmE & AFAHAe] Wste] ol

a4

10m4
gy = —16b6,q [% ae'H (H - L)ﬁlnA,H]

a6 a6, aé6p

+D +D +D
def y A ded y B ded y (A4.5)

ong,
de

1
ey =—-n66,(1—-q) [% (H- L)ﬁlnA.H]

98 . 0 . 05
del,  "oel, el (A4.6)

+D

.
de

B 10
SA,L = —ﬂs(l - 6A)q % (H - L)BlnA,L
a6 95, 06

+D +D + D
deq, 4 deq, B deq, (A4.7)

ong,
de

1
gh,=—-n6(1-68,)1-q) [% (H - L)BlnA‘L]

05 o 08y o 085
del, " Yaek, " "Paek, (A4.8)

+D
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x’315‘11—

+D 05 +D 9%, +D 995
del,  Moel, Coepy (A4.9)

B a gH
€pH = —pu(1—96)8pq )

020 4 p, 20\ p, 00
B, ""ael,  ° aeﬁ,,, (A4.10)
sBL = ]
402 4 p, 2 p, 9%
def,  "oel,  "oef, (A4.11)

1M
e8, = —p(1-6)(1- 85)q [% 15,

a8 85, 35

+D +D +D
deg, A dep g dep, (A4.12)

Aap = 88, {SHH +q— (MfuH + (1 - 14,)L) + (1~ ol — (N yH + (1 - 11} H)L)}

Izsf; {684q(N4 xPLy + (1 - M} 4)Pfy) + 88,(1 — (N 4Py + (1 - 117 4)Phy)
+8(1—6)q(M4 P} +(1—145,)P%,)
+6(1-8,)A—-g(mf,Pi, +(1-15,)Ps))
+(1-8)8p(1 — (g 4Py + (1 TG 4)Pg )
+(1-8)8pq(NG yPFy + (1 —TF )P )
+(1-8QA-6)A -y, P, +(1-15,)PE,)
+(1-8Qa-6p)qMmg P, + (1-15,)P;,)}

p 9 L 9 35
gy ongy Congy (A4.13)
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Aap=—né(1-46,) {SLL + q (“ALH +(1-mg,)L)+ (1 - ‘I) (HA JH+(1-13 L)L)}

6(1-6
+£ ((7—1)2 2 {(68,4q(N4 4 PRy + (1 - M4 ,)P% ) + 88,(1 — (N 4Py + (1 — 15, )PL )

+8(1-6)q(M4, P +(1-145,)P%,)
+8(1-8)A—-q(mE,PH, +(1-15,)P%))
+(1-8)8p(1 — (Mg 4Py + (1 — Mg 4)Pg )

+ (1 - 8)6pq(NF 4Py + (1 - TE 4)Pgy)
+(1-8QA-6)A -4, P, +(1-14,)PE,)
+(1-8Qa-6p)qMmg P, + (1-15,)P5,)}

p 08 L 08, 38
* ony AanA,L BanA,L (A4.14)

Agy = —nu(1-98)dg {SHH +(1-q) %(ngﬂ" +(1-ng,)L) + Q%(HE,HH +(1- Hg,H)L)}

+%{88Aq(HAHPAH +(1-N44)Phy) + 86,1 — (M 4PHy + (1 -5, )PL )

+8(1 -6 q(M4 P} +(1—14,)P%,)
+6(1-8,)A—-q(m§,PH, +(1-15,)Ps))

+ (1 - 8)85(1 — q)(F yPEy + (1 — N5 4)Ph )

+ (1~ 86pq(NE 4Py + (1 - NG 4)Pgy)
+(1-8QA-6)A -y, P, +(1-15,)PE,)
+1-81-6p)q(ng, P, +(1-15,)P;,)}

p 8 98 05
" gy ongy Pongy (A4.15)

gy = —p(1—8)(1-38p) {SLL +(1- q)—(l'[A (H+(1-13,)L)

+qlmg,n+ (1-ng,)n)
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B (66aa(T Pl + (1~ W4, PEy) + 85aC1 = YW, + (1 - T2, )P4 )
+8(1 -6 q(M4, P +(1-145,)P%,)

+8(1-6)A—-q(n5,PH, +(1-15,)Ps))

+(1-8)8p(1 — (Mg 4Py + (1 — Mg 4)Pg )

+(1-8)8pq(NF yPYy + (1 -3 )P )

+(1-8A-6)A -y, P, +(1-15,)PE,)

+ (1~ 8)(1 - 8p)q(NF, Py, + (1 - 15, )Pk, )}

028 p, 2%  p, 0%
ong,  “ong, Bong, (A4.16)

oTy:

—88,qHU (c4y) — 886,(1 — QHU' (5 ) — (1 — 8)8z(1 — @ HU' (ch 1)
—(1-8)63qHU'(cB )

+u[88, + (1 — 8)8]H

on,y ongy , dehy , desy  Oegy , depy
- - —+¢& - & —+ & -
B T L o T L T LT

=0 (A4.17)

oTy:

~8(1 - 8,)qLU'(c4,) — 6(1 — 6,)(1 — @LU'(c},)
~(1-8)(1-65)A - QLU (c5,) — (1 — 8)(1 — 85)qLU' (¢} 1)
+pu[8(1—8,) + (1 - 8)(1 - 8p)]L

ony,, ong, , Oes, o Odel,  dey, del
- - - & - & —+ &1 =
B TR T T e T T O T

=0 (A4.18)
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Z7= 72 22 JRA 2R 2 A @ me A=) S Fo)
FAS WHIAIZIY, o]E WstE Fo] oAl WARYH npx|9 rhA] o]t
ek 54 A5(x)% EBF(s)S 7 FRe] FAbol FA Al R gyt

QI 25A FE AU £ Za 53U Ao sld 254 St
A GO R LI (15, X Ongy /0T, <0) WH7FAR 54 25(x) 3

EBFl(s)e 7H1 F27F 54 B0 AUE ke W, i Ayl g

W] R FgHIL G & Zra A5A Tbel wEl R s A Eo]
gttt s AS5A F7he] ARG o2 AEeT) (gf, x dely /0T, < 0)
AR oyl wm Al onaztel Aol W B B9 WS
ayste] A5AE A4

asy:

88,qn yHU' (ch ) + 86,(1 — q)nyyHU' (5 1)

+(1 - 8)8p(1 — QnpyHU' (chy) + (1 — 5)85qnp yHU' (ck 4)

_u[ssAnA,H + (- 5)SB"B.H]H

+Aan a:;: +Agy aa ;H" +&ly aaei” +efn aaef: +epy aa SgHH +&hu aae SgHH

—0 (A4.19)
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as,:

8(1—8,)qn, LU (ch,) +8(1 —8,)(1 — @)ny LU (c5))
+(1-8)A-65)(1 — @ng, LU (ch,) + (1 —8)(1 — 85)qng LU (cB )
—u[8(1 — 8y, + (1 = 8)(1 = 8p)np,|L

A B
ony,, ong; dey B 63“ a ae“ B deg;

thargs T AL gg T E €A as, ' fargs, TEBLgs tERL G

e Ll
0B
A ! H a H aPAH
88,49 |l xU (PA,H (PA H)
5’ aPAH
+88,(1 — @B |Nf LU’ (PAH) +(1-nz,)u (PAH)
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aP
+8(1—8,)qB [HALU (PAL) + (1-n4,)u'(Pk,) “]
oP;,
+8(1-8,)(1—q)p [HALU (PAL) + 1-nf)v (PAL) ]
apl aP
+(1-8)85(1—q)B [ng,,,U'(P};,,) all;: +(1-n04,)U (Pky) ‘”’]
oPH, apP
+(1 - 8)8zqB [HE,HU’(PEH B (PB H) BH]
g aPBL
+(1-8)(1-8)(1—q)B|N{, U (PBL) +(1 ng,)v’ (PBL)
B 1 H a H aPBL
+(1-8)(1—-8p)qp |NE U (PH,)—= FY + (1-ng v (PBL)
u aPE,H aPAH
__%{asAq[ngH T +(1-m4y, 38, ]
P}y, P
+—66A(1—-q)[HAH 38, " (1-ngy) A"]
aP}, aP
+6(1_6A)q[HAL 0[)' AL]
aPa, Pk
+8(1-8,)(1-q) [HE,L ap, +(1-M) a[;‘,f]
apH oPL
+(1- 8831~ q) [HBH g, T (-5t
i) g aPL
+(1—5)63‘I[HBH 9B +(1 l-lBH) =
H
+(1-891-8)(1-q) [né,L ZZ" +(1-n3,) ap“]
aPH, Pk
+1-81 —6B)q[rl§,L ap, +(1-15) a,;“]}
on,y on,, ongy ong;

+A4H 3B + 4. 3B + Agn FTR + g —o— FT R
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£ 5]
4273 ZAFE HA ZY9 dAxA
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H5 3ol Aol o] AR S AAstol A AFTEe] Wb AL
Al WA= &3 D, Da, D' AelstAk D Al 1T T ABRY 19
& S7bl whe A WEE on|dth D= ABY QI T A5 A
& 7t we $A4¢] WstE ow|dltt. D BEY 70 T aaSA
& 7kl wme A9 WstE omdit. D= 3.3d % K5 3049}
VRRFA R A Al 849 fes gddh A WA= AERY BlE St
g e 28 W3, 7 HAs AEY 8lE S7b wE dibe <+
Hsk(net change), Al WA= AElY HE S7ho W& AF357HE W=
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1]
Q)| Y
SRS

D

~

= 84q{U(cin) + BU(PRy) + [vo + (vu — v IR 4] @(nan)}

+84(1 = {U(cfy) + BU(PRY) + [vi + (v — v)IR u] @ (nan)}

+(1 = 8)q{U(ci.) + BU(PRL) + [vo + (vn — v} ] (nas)}

+(1 =80 - {U(c}L) + BU(PEL) + [vo + (vu — v TR ] p(na)}
=831 = {U(chu) + U(PEH) + [ve + v — v g | d(npn)}
~85q{U(cE ) + BU(PEY) + [vo + (vu — v 4] d(np )}
—(1-6)(1 - {U(ch.) + BU(PE,) + [vi + (vu — yITIE | @(np,)}

-1 -6p)q{U(c§ ) +BU(PE,) + [vL + (vu —yOIE P (np,)}
1 1
+l1{5Aq [(TH — Synyp)H — %Pﬁ,n] +6,(1—-q) [(TH —Syngy)H - %Pgﬂ]
1
+(1-8,)q [(TL —Syny )L — %Pg,L]
1
+(1-6)1-¢q) [(TL —Sing )L — %sz,L]
1 1
—-8g(1—q) [(TH — Synpy)H — %PéH] —8pq [(TH —Syngy)H — %ng]
1
-1-6p)(A—9q) [(TL —Sing;)L — %PéL]

1
- (1-48p)q [(TL —Syng;)L - %PII;,L]}
+1{884qP1y + 88,(1 — @OPRy + 8(1 — 8,)qP4, + (1 — 5,)(1 — @)PF;
+(1-8)6p(1—@Pgy + (1 —8)8pqPEy + (1 - 8)(1 - 65)(1 — )P4,

+(1 81 -6p)qP5,}

Sangp+ (A —8)n,,| — [6pngy + (1 — 6p)ng,| (A5.1)
(n)?

o
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aL
D, = 6—&4

=8q{U(chn) + BUPLY) + [vL + vy — A y|d(nan)}
+8(1 - {U(chy) + BU(PRy) + [vi + (v — v} 4] d(nan)}
—8q{U(chL) + BU(PLL) + [yo + (vn — vOTIA ] p(nar))

-6(1— q){U(CE,L) + BU(PE,L) + [}'L + (yy — YL)HE,L]‘p(nA,L)}

1 1
+|.l{8q [(TH - SHnA,H)H - %Pfg'ﬂ] + 6(1 - q) [(TH - SHnA,H)H — %Pgﬂ]

- 8q [(TL —Syng,)L— %P{h] -81-q) [(TL —Sungy )L~ %PE,L]}
+n{88,4qP4y + 65,(1 — @PEy + 8(1 - 8,)qP4, + (1 — 8,)(1 — q)PE,
+(1-8)65(1— QPhy + (1 - 8)pqPEy + (1 — 8)(1 - 85)(1 — QP4
+(1 -8 -5)qPE,}
o 8 (nA,IZﬁ;ZnA,LL) (A5.2)
_ oL
B~ a6,
=1 -8 - {U(chy) +BUPEY) + [y + i — v 4] d(np )}
+(1 - 8)q{U(cin) + BUPEY) + [v1 + u — v ¢ (np )}
~1 -8 - {U(ch,) +BUPE) + [vi+ vu — v )TE,|p(ns,.)}
~(1-&q{U(cB,) + BUPE,) + [vi + (v — v NIE, | (nz,)}

D

1 1
+ll{(1 -0 -q [(TH — Synpy)H — %Pgﬂ] + (1 -9d)q [(TH — Synpy)H — %Pgﬂ]
1
-1-0)1-q) [(TL —Syng;)L— %Pél,L]

-(1-9)q [(TL —Syng,)L - %PE,L]}

+1{884qP1y + 88,(1 — @OPRy + 8(1 — 8,)qP4, + (1 —5,)(1 — @)PF;
+(1-8)8p(1 — Py + (1 - 8)6pqPsy + (1 - 8)(1 - 65)(1 — )P,
+(1—-68)(1-8p)qPg,}

9 1- 5)("_3,H —ngy) (A5.3)
(@)?
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ga-ol AAe] Ay i FRe Ade g EEpxin. AR A

Wabe] wE v FEO AW 4 B S AF AE Wike S99 AeE

0F1 6F1 6F1 T -aeéx- _ aFl_
ae;{x aef_x ong 9t s
dF daF daF B
- i Iy (A5.4)
aes,x aes,x ans,x ot at
0F3 6F3 6F3 ans‘x _%
ded, del, omg, |t ord b 0T

(3.38)¢] 2ol t=4F5 A3 AolaL, F,2= 24 (3.38)9] #HWel t=B=

A=A L] A8 Ak (4.14), (4.15)
StollA A (4.12)2 EAF = A Ao FAS HOst s 93 ME(T,,
A WM (py, p)E ARz 242 sk

O
=
AAZAL B2 49 A (A4.17)-(A4.20)7 o}efe] 4 (A5.17)E F3AHC}.

,\
<
S
b
rO
il
o,

ol = GH- orkAlefel gt A s+E ovletal, A, (s €{4,B},
x € {L,H})= BFAH 250] (5,x)Q0 HF-2o AY 4= Age] ek 2tadA

S5 Ausi, e, (s,te{4, B}, x€{L,H)E EYH} 25| (s,x)°laL
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Binan as N 6p
4 = _—usd +D +D +D Ab.
8AH H00q T aeﬂ'H A aeﬂ'H B aeﬁ‘ﬂ ( 5 5)
31 AH a8 98, dép
=—ués,(1— +D +D +D A5.6
SAH 12 A( ) aeg'H A 9 EH B aeﬁ'H ( )
BlnAL ad 66A 663
=—us(1-46 +D +D +D Ab.7
el = —né( 29 = 2l 4 2, B 9l (A5.7)
n a8 aé as
e, =-pns(1-68,)(1— )Bl 4D +Dy——a+Dg—p (A5.8)
dey, Oey, Oey,
ﬁ1 Npy a6 a4, adp
=—u(1-68)6z(1 - +D +D +D Ab.9
8BH M( ) B( ) aeg'H A aeg'H Baeg'ﬂ ( )
ﬂlnBH aé 66A 663
=—u(1l—8)égq +D +D +D Ab.10
8BH M( ) n aegH A aeg'H B aeg'H ( )
n i) i) i)
g, = —pu(1- &1 -85 - q)Bl BlyD—— 4+ Dy 4+ Dy —r (A5.11)
degp, degp, degp,
Bing. as a5, adp
=—u(1-86)1-6 +D +D D A5.12
EBL ﬂ( )( B) n aeg’L A aegL B aegL ( 5 )

B
Apn = —péd, {SHH + %1 (qedu+ Q- Q)eg,ﬂ)}

uéd
+(ﬁ—)ZA{55Aqu;4,H +86,(1 - Q)P}fﬂ +6(1 - 6A)qP/il,L +86(1-8,)A - ‘I)P/EL

+(1-8)8(1 — @Phy + (1—86)53qPEy

+(1-8A-8)A—-@Pi, + (1 -8 - 55)qPE,}

GE) 968, d8p
D Ab.1
+D +D, 6nA,H+ . (A5.13)
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B
Ay =—p6(1—6,) {SLL + %(qeﬂ,L +(1- Q)eg,L)}

ud(1—46,)
Tz“{ss,qqp;{,, +88,(1— q)PEy, +8(1 — 84)qP4,

+8(1-8)A—qPS +(1-86z(1—qPhy+ (1—8)8zqPEy
+(1-80-6)A—-qPs, +(1—86)(1—8z)qPE,}

aé a6, d6p

Ab.14
ony,; + Dy on, +Dp on,; ( )

+D

B1

Agy = —u(1—6)8g {SHH + %((1 —qQepy + qeg,H)}

u(1—46)s
W”{aaf,qp;{,, +688,(1 — qQ)PFy + 6(1 — 8,)qP4,

+6(1 -6, — P, + (1 —8)8p(1 — QPhy + (1 — 8)8pqPEy

+(1-80-6)A—-qPi, +(1—861—8z)qP5,}

aé ad, 96p

D D D Ab.15
anB‘H + 4 anB,H + B anB,H ( )

+

B1

Ag, = —u(1-8)(1-4bp) {SLL + 3 ((1 - Q)eg,L + qeg,L)}

p(1 - 8)(1 - 8p)
(n)?
+6(1-8,)A - Q)PEL +(1-6)38p(1 - q)Pg,H +(1- 6)6BngH
+(1-81-6p)A—-qPF, +(1—86)(1—8z)qPE,}

a6 4D 6, 4D 06
ang, A ong; B ong,

{664qP4y + 88,(1 — Py + 8(1 — 8,)qP4,

+D

(A5.16)
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oTy:
—88,qHU (c4y) — 86,(1 — QHU' (5 )
—(1-8)83(1 — QHU'(ch ) — (1 — 8)8qHU' (ch 1)

o,y angy dedy des degy def

+A4n aT,; + Agn Ty + A,Hm'i' AH T + € n Ty + &pn Ty

OT,:

—8(1—8,)qLU'(c4,) — 61 —8,)(1 — LU (c5))
~(1-8)(1~-85)(1 — QLU (c5,) — (1 - &)(1 - 8p)qLU'(c§ )
+ul6(1 -6, + (1 - 6)(1 - 8p)IL

ony, ong, des, det, del, del,
+2 =+ 2 =+ &4 =+ &8 =+ &4 =+ eB :
Al gr, " "BL agr, " AL ar, " A ar, ' “BL ar, ' “BL arT,

=0

aSy:
88,qn, yHU' (¢4 y) + 88,1 — @nayHU' (5 )
+(1 - 8)85(1 — QnpxHU (cj ) + (1 — 8)85qng xHU' (cf )

—ul88,m,y + (1 — 8)6pngy|H

2 o,y 2 ongy o deqy o des ” degy o8 ded
AH 5¢ BH 9s AH gg, ' “AH g, T TBH g T “BH g
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as,:

8(1—8,)qna LU (c4,) + 61 —6,)(A — q@)n, LU (c5))
+(1-8)A-65)(1 — @ng, LU (ch,) + (1 —8)(1 — 85)qng LU (cB )
—u[8(1 — 8y, + (1 = 8)(1 = 8p)np,|L

+2 an‘“+2 a“+ + + 5L '
AL gs, T4BLTgs, T FAL asL faLgg, T EBL g T fBL g,

=0 (A4.20)

AT A WS pe k=0,Deol et AZHAL ot 2] (A5.17)=E

opy:
86,98 [U’(P ) ] +68,(1—q)B [U (P% ,,) ]
+6(1 — JA)Qﬁ[ (PA L) ] +86(1-8,)1 - Q)ﬂ[ (PA L) ]
, aprt,
+(1-6)6g(1—q)p [U (P3 H) ]+ (1—-6)dgqp [U (PEu) ap:; ]
fi) apE
+1-8)1-8)A - B [U’(P’é,L) i] +(1 -8 -6p)qB [U’(PE,L) i]
apy apy
P4, ﬁ ap;} oP},
——{&SAq T4 66,1 - q) +8(1—-464)q +6(1-68,)(1—¢q)
apy ap opy
A aPBH
+(1-6)3d8p(1 - q) 1+ (1-68)6zq

apy

+(1-8)1-6)1 )apg‘+(1 (1 - 6p) apg,L}
B q s B)q s
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A : A =4 A . 2 .
Than Py AL Py T4sH apy B apy
+£A ﬁH B aeE,H SA aeﬁL SB aeE,L
AH AH AL AL
" 0Py py " Opy " Opy
a ded del del
BH BH BL BL
+£§,H . +£g,H P, +8‘§,L a1 +Sg,La—pk= 0 (A517)

9 4 (A5172 4 (Ad2D¥ FARHA () A= 3o W3t me

°oH ¥ A% wWE avel () A7 £ Fo v wE gy o
W3, (3 A% S 444 wsel me Rnse dd W Fie
Fom o5old gk,
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English Abstract

A Dynamic General Equilibrium
Model of Fertility, Human Capital and

Lifetime Consumption

— A Comparative Analysis of Policy Packages

Consisting of Fertility, Education and Pension

Gyehyung Jeon
Department of Economics

The Graduate School

Seoul National University

This paper introduces a dynamic general equilibrium model as an
analysis tool of fertility, education, and lifetime consumption decisions. The
model was designed to assess the economic effect of fertility, education,

and pension policy package on birth rate, proportion of high earners, and
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intergenerational income mobility.

Under the pay—as—-you—go (PAYG) pension system lies an externality in
parent’s childbirth and educational expenditure, which fails to provide
parents with the right incentives that could encourage them to make
optimal decisions regarding childbirths and education for children. The
externality 1s created by the situation in which parents bear all the
expenses of raising and educating their offspring, but the social benefits
from the parents’ offspring are distributed to every parent in the society.

There is another type of externality in parent’s childbirth and educational
expenditure apart from the one generated in the PAYG pension system. If
heterogeneity exists in educational efficiency, the individual parent’s
decision on childbirth and education determines the distribution of
heterogeneous agents, and eventually transforms the long—term population
structure. The government intervention through policy is required to
facilitate optimal decisions on childbirths and education that factor in the
two abovementioned externalities.

Two motives — altruism and selfishness — drive parents to invest in
their offspring. Altruism incentivizes parents to give birth to and educate
children even though there is no implicit contract or government incentive
for the behavior. The implicit intra-family contract and the pension system
that ensures pension benefits in tandem with the offspring’s income or
educational expenditure induce parents to invest in their offspring out of

the second motive, selfishness.
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If all the information about the individual economic players, parents, and
children is available for the government, the government is capable of
supporting parents of all income groups and educational efficiency levels
to encourage them to make socially optimal decisions on childbirth and
education. This support will ensure sufficient investment in education
regardless of parents’ wealth in a way that higher educational efficiency
leads to higher educational expenditure. Moreover, the gap that is
generated by the characteristics of the parents and children under the
policy package is not substantial in comparison with that generated by the
absence of government policy. The support also ensures that the parents’
decision on childbirth particularly reflects the shifting population
structure’s influence and the externalities that differentiate based on the
parents’ characteristics. In the case where childbirth and education are
supported properly, the government distributes the reward from them
through the means of income tax and pension to ensure that individuals
within the same generation consume at a similar level.

If the data are not available to enable the government to track the
individual parents’ educational expenditure for their offspring, a pension
system that reflects the offspring’s total income would work as an incentive
for parents to invest in their offspring. For risk—averse parents however,
the pension policy that offers pension in proportion to educational
expenditure that parents have made for their children is more effective

compared with the policy that offers pension in proportion to the total
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income that children will earn in the future (unpredictable factor).
Additionally, if the traditional society’s high birth rate and low educational
expenditure have an effect on the implicit contract, the pension plan that
provides pension benefits in proportion to the offspring’s income would
produce effects that are similar to those of the implicit contract. Therefore,
in order to enforce the offspring income-based pension plan, fertility
policies are additionally required to ensure that the parents’ investment
decisions are optimally distributed to both fertility and education.

If the government is capable of executing pension policies in proportion
to the parent’s educational expenditures for the offspring, it can effectively
incentivize parents to invest in their offspring without providing supports
that are differentiated for each type of parent or children. In such case, the
loss of policies that do not factor in the type of parents or children expands

as the gap in the efficiency of education of the children widens.

Keywords : low birth rate, fertility policy, education policy, social security,

education efficiency, intergenerational income mobility

Student Number : 2011-30079
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