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1 Introduction

2 Model formulation

An individual reaching 20 in ¢ maximizes an intertemporal utility function of the form

S (it)+=*
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j=1
Table [If shows the life-cycle of an individual reaching age 20 in ¢.

Variables (10 in total) to optimize:
e Savings: aj_3
e Working time: nj_s, ng
e FEarly retirement: R
e Education: e;

e Number of children di_o

Leisure time

= 1-nl—e —sd
5 = 1—nb—sod) —s1d
- 1-1 _117%T
o= Tl (RO-a) 7+ (1 -m - R~ sad
o= 1
Other variables
e Consumption: ¢y_4
e Real wage per unit of effective labor: w
e Effective human capital: hi_3
e Lump sum transfer that the government pays out to all individuals: z
e Consumption and labor tax rates: 7., Ty
Age 20-35 35-50 50-65 65-80
Period t t+1 t+42 t+3
Work n} nb ny = R'n} 0
Study el 0 0 0
Children s1df sod} + s1d} sodb 0
Leisure | 1 —n! —el —s1d} | 1 —nb —sod} —s1d | RY(1 —nb) + (1 — RY) — sodb 1

Table 1: Life-cycle of an individual of generation ¢



Non-employment benefit replacement rates: b

Maternity benefit replacement rate: b,

Time cost per child: s1_9

Financial cost to bring up offspring as a fraction of the after-tax wage income: wj_o

Real interest rate: r

2.1 Budget constraints
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2.2 Pension benefit

Basic first-pillar benefit
3
1 4
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pw = 50% - reduction according to the second pillar

Parental pension
2
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pp = 3% according to the current setting

Maternity leave pension
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pm = 0.6 - p,, according to current setting

Second-pillar pension
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e Reduce p,, according to the second pillar
e Include second-pillar contributions in 7,
e Total 7, = tax 19% + 13.4% + 36.2% - health insurance 15%=>53.6%

Early retirement benefit

erby = (b1pj +mpl)(1 — (1 — R")(1 - R) + ppy (1 — R') (14)
e (1 — R?): duration of early retirement
e (1 — R"): pension reduction due to early retirement
e Reduction in Slovakia: 6% per year. Therefore, e = 0.06 x 16 = 0.96
Full pension
pby = (b1p} +mpy)(1 — (1 — R")) + pply + b2p} (15)

2.3 First order conditions

Substituting (2H9) into and maximizing with respect to ai_3, n1_o, N3, R, e1, di_o, yields ten first order
conditions.

Variables a;_3
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where

Variable R

where

Variable e

OR?
derb}
OR?

OR?

o
OR?

1 0¢c} 10dy | s Ol

P—— = ].
ot TP ant T @) o (19)
7 [((1 = wadh) (1 — ) — b)wysoht
1+, 209 Tw t+2/13
1
+§wat+3h§+1(1 —e(1-R")(1-R")]
1
(§wat+3h§+1Rt(1 —e(1=R") 4+ (1 + regs)wipohy Riap) /(1 4 7)
~ 1—1 _1 ﬁ PN § _1
T [w ((RY(1— %) ™7 + (1 — m)(1 — RY)* p} m(l—@t) " F (R
1 dc 1 ¢ vz Ol
— 73 —_ -4, B 73 20
dor TPaar Ty or (20)
_ wiahf(RG(L — wadh) (1 — 7y) + b(L — i) + Tt
1+ 7.
1
= gpwwishag(l—e(1 - RY)(1 - R)
+  (b1ph + mph)(—2eR" + 2 — 1) — pp!,
1 ~
- mpwwﬁghgﬂngu — (1 —RY) +e(blph +mpl) /(1 +7.)
+ nghgﬁéTgp(l +7re43)/(1+ 70)
= r[r(r0- i) T+ (1 - )1 — RYH] 7
x (m (RNU= b)) 7% (1 i) — (1 = m)(1 — RY) )
l% +6l%+62l%+63l%_ "N — (21)
ct det b Det b Det chget  (It)0



where

8763 _ —bwthﬁ
Oet 1+,
8705 _ (e, gy,9) nt (1 — wadi —widh)nh(1 — 7u) n
Oet Oet A 1+7,
+ a’(ﬁ(etvgyv q)w 1ht b(l — ng — dt182 — dgsl) + bm(diSQ + désl)
8€t s ! 1 + Te
och _ Ul gya) (L —wad) RO~ )
det Oet 2 1+ 7,
b O ) MR )~ i) b
e Te
Oerby
1+
+ 9 /(1 +7.)
Oerb 1 op(et, gy, .
0 = sl HEID ot +nf) + B x
x(1—¢e(1-R")(1—-RY
m a et? )
+ %wt+3ht1 . % . $t+1zt+2(51di + Sldg) X
x(1—¢e(1—-RY)(1—-RY
o(et, gy,
+ ppwissht - MT;?ZIQ) i (epont2dh + nitAdb) (1 — RY)
act 1 (e, gy, _
A L ¢(8etgy D -y (@ryan + nb) + RS x
X(1— 21— R))/(L+7.) +
0 etv )
+  ppwirsh - w 1 (2 ombT2dl + n?’ldﬁ)/(l + 7o) +
m 6 et7 )
+ %wt+3h§ . 4¢( 5‘efy q) . xt+1xt+2(sldt1 + Sldg) X
x(1—e(l=R")/(1+7)+
op(et, gy,
+72ph 1 (1 + 7e43) (1 4 7ry2) - (e 94,0) 3etgy 2 wyranh /(14 7.) +
0 et7 )
gt (1) - Iy ot 14 7,
n, — R'n
Ty = 1+w(etagyaQ)
ok/(k—1)
U(e gy,9) = ¢4 ( (- V)el_l/”))
0 ol
w(eavegyaq) _ ok ¢q (Vgl 1/n+(1_y)61—1/5)) E (l—y)(l—l//@)e_%
Variable d;
Y, " 1 dct 1 802 5 1 9ck 51 0ck
AN — = 22
& Pyt e e P e = (22



where

3763 —wht (b — b)s1 —wint (1 — 1)
8dt1 h 1+7.
8705 _ Bt (b, — b)sa — wanh(1 — 7,)
od} - el 1+7.
06 Py, hta(1— e(1— RY))(1 - RY)/(1 hGing
87d§ = ?WHB 1 os1(1—e(1=R))(1 = R")/(1+7.) + ppwits (1
ocy ntHl Pm t+3 ¢
2 ppwiyzhit (14+7)+ ?’wt+381h1 (1—e(1-=R"Y))/(1+7e)
1
Variable ds
’ydz 2 Y3 1 (9C2 9 1 803 3
381() ﬁSQ(lé)e—’—Btadt—i_ﬁ tadt+ﬁ
where
87c§  wiht (b, — b)s1 — winb(1 — 7y)
adt o 172 1+ 7.
oy _ oyt (bm = D)s2 —wa RIG(1 — 7)
ad, 2l 1+
+ Dlwnsghi s (1— e(1— RY)(L = BY)/(1+7.) + ppusahlng (1
aicfl — ht+2 t+2/(1 + )_|_ p7m ht+2(1 _ (1 _ Rt))/(l + )
ads = PPWi43Ny Ny Te 3 Wt4+381N9 € Te
Demographics

N{, N{, Ni, Ni, N} population ¢ in periods 0, 1,...

4, period 0 is childhood
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2.4 Firms optimization problem

Profit maximization problem of the firm:

FOC1

FOC 2

maXH:KO‘H(l_O‘)—wH—( " +5>K
].—Tk
oIl K«
oIl Kol r
gl _ 5| =
oK _ “Ho1 (1—Tk+> 0

1 dc}
& odl

- Rt)/(l + Tc)

=0

—R)/(1+7)

(23)

N DN
[SANS

[\
3

~~ o~~~ —~
[\ [\~
oo (=)
 — D D



From the above first-order conditions, we derive the following equations for wages and the interest
rate as follows:
Wages:

oIl K«
8—H=(1—a)—:w (29)

Ho
Interest rate (rental proice of capital):

a—1

-1l —-Tm)=r (30)

(@ram

2.5 Human capital
The growth rate of the effective human capital is as follows:
e Efficiency parameter: ¢
e PISA score (OECD): ¢
e Share parameter: v
e Elasticity of substitution:

e Productive government expenditures including health care expenditures (age 0-17) as percentage of
output: g,

e Time in education: e

e Scale parameter: o
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Variable v

The growth rate of the human capital 1) depends on three inputs.



2.6 Government

AD = D, 1 — D,

AD = (G} + GL.+ By + PP, + MBy + Zy) — (T, + Tf + T}) + r¢D;

Expenditures:

Government productive expenditures

Gy, = g,Ys
Government consumption expenditures

Ge = gV

Government non-employment benefits

B; = Nibwhi (1 —nl —e' —dis)) + N bwhs H (1 — bt — ditsy — dbtsy)+
+NIT2PRIT2(1 — 2 — db 2 s0) b b2

Government maternity benefits
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Pension transfers

PP, = N.73(pby® — b2pl %) + Ny 2erbly 2

Lump sum transfers
Zy = z(Ny + N3 7h + Ny + N;72)

Revenues:

Labour tax s

t+1—7 t+1—7 t+1—7
T‘fzznj+ T h 7, NI

n
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Capital tax
le = Tk(OzYt — 5th)

Consumption tax

t t+1—j Art+1—j
T =1, E c Nj

Government Debt Servicing Costs



2.7 Equilibrium conditions

Equilibrium condition for an open economy
Y, =Ci+ 1+ G+ NX;
The open economy with Current Account, excluding Net Transfers, thus:

CAt == NXt + rtFt

Gross National income is then defined as follows:

K+TtFt:Ct+It+Gt+CAt

Then:

Yi+rF, —C— Gy =1, + CA,

St == It + CAt
While:

Ft:Atht*Dt

Ay =a; +as +as

Gt =G + Gy

CAy=F 1 — F

Kipn=0-0)K + 1,

I; = AK11 + 6K,y

Equilibrium condition for a closed economy (ALTERNATIVE APPROACH)

Y, =Ci+ I + Gy

Vi, -Ci -G =8 =1

St:-[t

Kiy1=0-0p)K, + 1,

Iy = AKypq + 0K,
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2.8 List of variables and parameters of the model

Endogenous variables

Exogenous variable

Parameters

11
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