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The Gamma model

The description of the GAMMA model presented in this paper is related to the version used for
the pension study (Westerhout et al. (2004)). The main difference with the version of Draper
and Westerhout (2002) and Draper et al. (2003) concerns labour supply. Labour supply is now
endogenous contrary to the earlier versions. Future research will focus on welfare analysis,

endogenizing human capital, infrastructural capital and its influence on labour productivity

Introduction
GAMMA is an intertemporal applied general equilibrium model of the Dutch economy.
GAMMA extends the generational accounting framework (Ewijk et al. (2000)) in order to
account for relevant economic behavioural effects. The GAMMA model strikes a balance
between a tractable and consistent CGE model and a faithful representation of the Dutch
economy. As always, we consider the Netherlands to be small relative to the outside world. In
particular, Dutch supply and demand for capital are unable to affect the interest rate, which is
determined on world capital markets. Also, locally produced goods are perfectly substitutable
with those produced abroad. The model is deterministic: lifetime uncertainty is recognised, but
perfect capital markets allow households to insure against this type of risk. Abstracting from
other types of risks, the model features an exogenous and constant equity premium. The return
to bonds is equal to the world interest rate while equity returns are higher.

The model features rational expectations and perfect foresight (i.e. economic agents in
GAMMA let their current decisions depend on the expectations of future variables, and these

expectations coincide with realisations).

Demography

The demographic model of GAMMA describes the development of the population, as has been
based on the model of Statistics Netherlands (CBS (2002)). The demographic model is made
such that it can reproduce the projection of the CBS, with one concession: it assumes a
maximum age of 99. The demographic model distinguishes men and women, with different
mortality probabilities. Men and women are then seperated into age cohorts. Immigration,
emigration, birth and mortality determine the change of the population-cohort-size. Immigrants
and emigrants are treated in the economic model as representative agents for convenience. This
means for instance that immigrants have the same financial wealth as other inhabitants.



The public sector

The government and social security (including first pillar pensions) are consolidated into the
public sector. Public sector revenues consist of revenues from income taxation, corporate
taxation and indirect taxation, as well as social security contributions. Income taxes consist of
labour income taxes, transfer income taxes, taxes on public pensions, taxes on private pensions,
taxes on imputed income from wealth and other income taxes. Corporate taxes are levied on
firm’s profits; indirect taxes are levied on consumption and investment. The government has also
income from the sale of natural gas and from public assets. All government expenditure grows
with wages. The demographic impact on government expenditure is accounted for by
extrapolating given age profiles for each type of expenditure.

Households
The life cycle model provides the basic theoretical framework for modelling household
behaviour.

According to the life cycle theory, households rationally choose levels of current and future
consumption. Labour supply is age-dependent and endogenous. Labour supply features a zero
income effect, so that there is no intertemporal substitution of labour. Households fully take into
account the implicit tax in pension contributions. Every household is represented by a
finitely-lived adult. Lifetime uncertainty is assumed to be diversified by letting each household
receive an annuity from a life insurance company in return for bequeathing it its remaining

assets upon its decease (Yaari (1965)). The model abstracts from bequests.

Firms

Production takes place with labour and capital according to a CES production technology. The
Dutch economy is considered to be small relative to the outside world. Factor prices are
determined on world markets. Goods produced at home are perfectly substitutable with those
produced abroad. The firm can sell its product at the given market price. Capital deteriorates at a
constant rate. The productivity of labour is assumed to depend on both age and calendar time. In
particular, different age cohorts have different productivity levels. Apart from their productivity,
labour supplied by households of different ages is homogeneous.

Firms maximize the discounted value of their future dividend flows. The dividend payments
equal revenue minus the wage bill, corporate taxes and investments. The tax base for corporate
taxes consists of revenues minus the wage bill and fiscal depreciation allowance. Fiscal
depreciation is based on the historical cost price of investment, and is geometric.



1.2

Pension funds (second pillar)

Three different pension systems are distinguished: a final wage system, an average wage system
and a defined contirbution (DC) system. The systems do not exist simultaneously but can be
chosen with a set of dummy variables.

Private pension funds adjust their contribution rates and value of pension rights in order to
achieve equilibrium at their actuarial balance. Equilibrium at the actuarial balance holds if the
discounted value of future liabilities equals the sum of the discounted value of future premiums
and current wealth. Liabilities consist of current and future benefits for present-day pensioners
and of future claims of present-day workers. Old-age benefits are indexed to prices and partly to
productivity, reflecting the financial situation for the average Dutch pension fund.

Notation conventions
Age is indexed tg. We distinguish three states over the life cycle: childhood ends at the age of
jw — 1; the working ages arfy up to j, — 1; and the retired period starts at the ggand ends
at the agge. In the base run the values are sefat= 20; j, = 65 andje = 99. Assume
individuals of the same age are homogeneous. Stocks are measured at the end of a period.
Stocks are indicated with a superscpt stock variablex® (), related to an individual of age
j multiplied by the population size of the same dgg(j) results in the cohort variable

h(1)x%(j). Assume, the population size with agat the end of periotlis relevant for the
flows into period + 1. A flow variablex (), related to an individual of agemultiplied by the
population size of the previous yeaf; (j — 1,t — 1), results in the cohort variable
b3, (i —1,t—1)x(j). One population unit refers to thousand persons. Stocks and flows per
population unit are also measured in thousands. This results in total values per cohort in
millions. Macro variables are obtained by aggregating over the cohoﬁ’%z]i(bgh(j )x%(j) and
103y b3,(j — 1,t — 1)x(j). So macro values are in billions. For convenience we represent
only the relations for individuals. To make notation more clear cut, time indices are left out if all
variables are related to the same period. A list of symbols is given at the end of the paper. Values
are indicated with a capital letter, volumes with a lower case letter. Prices stanvegjtiotes
with g, taxes and premiums with Discounted values and summations of discounted values are
expressed in a difference equation format because this is the format in which the model has been

programmed.



1.3 Consumers
131 Budget

Assets change through savings, revaluation and intra-generational transfers
Sh(1,0) = Sh(i = Lt = 1) +Shen(jst) + Yan(j:t) = Xan(j,t) + Gen(jst), | € {Jw, -, Je} (1.1)
At the beginning of their working life (at age 19) people have no assets
Sh(i)=0,j€{0,...jw—1},i=abs (1.2)

Individuals sell bonds if their financial wealth becomes negative. Individuals own a portfolio of
bonds and shares if their financial wealth is positive. This leads to

. Sh(1) if S(1) <0, j € {jw; - Je}
- (1.3)
S {qsbh§h<1> it () >0, € {jws - Je}
S)h(j):%h(j)_gh(j_lvt_l% J 6{jW7"7j€} (14)
for bonds and to
o 0if §,(J) <0, j € {jw,-Je} 15
() {(1_q5bh)§¢1h(j) if Sp(i) >0, j € {jws-Je} 9
Sh(j) = Sn(l) —Sn(i =Lt =1), j € {jw,- Je} (1.6)

for shares. In case the households sell bonds, they have to partly pay the high interest rate

Sn(i) = AsbhSn(i) 5 J € {iws-» e} 1.7)
) (X—ason)Sh(Dif (1) <0, € {jws - Jet
Sne(i) = {Oif S.(j) > 0 (1.8)

Savings equal total income minus expenditure

Sin(J) = Yan(i) = Xan(i), § € {Jw, -, Je} (1.9)

Intra-generational transfers

Gen(]) = deh(j)gxh(j)
— ) (e (1t 1)+ Sy )+ Yar(D) —Xan( 1)) € (s o~ 111.10)
1—Obgn(j)
Revaluation of assets
. . 1+rs() . . .
(i) =Sh(j—1t—1 s 1], s Je 111
Shen(J) = Sh(J — Lt )<1+%2<(3 ) j€{iw,-Je} (1.11)



132

133

Inflation correction

pt—1)
p(t)

Changed wealth through immigration and emigration

Socli) = (] 1,t1>< 1), i € (s o} (1.12)

So(i+1) = Aben(j,t) [Sa(i — Lt — 1) + Shen(i 1) + Sun(j1)] (1.13)
Qm(] 7t) = Qbih(j 7t) [ih(] - 17t - 1) +Sneh(j 7t) +S/h(] 7t)] (114)
Income

Individual's income includes transfers, old age benefits (second pillar), labour income and

capital income.
Yan(j) = Yin(§) +PRP(J) +Yoa(i) +Yan(i), § €{0,.., je} (1.15)

Total transfer income includes social and children’s assistance, public old-age benefits (first

pillar), disability and unemployment benefits
Yth(]) = Bijs(j) +Akws(j) +AOWO(j) +Waoz(j)+\M<Ih(j)v J € {Oa"a je} (1-16)

Individuals labour income

. _ |de(j7t) : ldp(jvt) ; ; : :
Ywa(],t) = Wpywe(li)‘F WMP(JJ)? je{iwlet  (217)

Total capital income equals interest income plus dividend income

Yzn(§) = Zon(J) +Zsn(i), J € {iw, - Je} (1.18)
Interest income

Zon(J,1) = rp(t)Sgnn(] — Lt =1) + (ro(t) + risk) Soe(§ = 1t = 1), | € {jw, -, e} (1.19)
Dividend income

Za(1.) = D0 7R o) (1.20)
Sdt) ( * e“))

14rs(t)

Taxes

The total tax bill of households consists of consumption taxes and income taxes

Tah(j) = Tco(j)+Lito(j)7 J € {jW7~'7 je} (1-21)



Consumption tax

Teo(J) = oCn(]), J €{0; ., Je} (1.22)
Income taxes

Lito (j) = Liak(J) + Liuk(J) + Lies(j) + Liap(J) + Lii () +Liov(i), J € {iw;--, je} (1.23)
Taxes (including public pensions) on labour income

Liak(1) = (%ak+ top) | Ywal(§) = Pp(§) |+ J € {Jws - Jr =1} (1.24)
Tax (including public pensions) on transfer income

Liuk(]) = (7iuk + 7pp) [Bijs (J) +Waoj) +Whn(i)] s J € {iw,-» Jr —1} (1.25)
Tax on pensions

Lies() = (sies) [Aowo(1) +RE(D)] . € Lo o} (1.26)

Tax on annuities

Pywedt) Pro(t) Pget(t)

Liap(j 7t) = Liap(j = 1) pywe&t — 1) Pro (t - 1) pgef(t - 1)

Las(t), j €{0,... je} (1.27)
Other income taxes

pywee(t) Pro(t) evut(j,t)
pywee(t — 1) Pro(t — 1) e\/ut(j = 1)

Public pension contribution (AOW)

LiOV(jvt) = LiOV(jvt - 1) L%L\jl(t)? J € {Oa"a Je} (128)
Top(J) = op [Bis (1) +Whoe( 1)+ Whin(i) + Yol ) = PE()] . § € (e Jr =1} (1.29)

Tax on financial wealth

Liki(}) = aki Sp(J =Lt =1), j € {jw, .- Je} (1.30)

134 Expenditures

Total individual expenditure includes consumption and taxes

Xan(j) = Can(j) + Tan(i) +P5 (i), j €{0,.., je} (1.31)

Gross individual expenditures on consumption equal net outlays on consumption plus indirect
tax payments

Conp(§) = Cn(i) + Teo(i), § € {iw-- Je} (1.32)



Nominal net outlays on consumption equal the real net outlays times the price index

Con(1) = pean(i), T € {Jw, -, Je} (1.33)

At the end of the life cycle people consume their total wealth

. Shlie— 1Lt =1) +Senljest) + Yan(je,t) — Tan(jest)

Chn(je,t) = 0 (1.34)
Consumption
S 1+ 1+ot+1)\" . e
Can(j,t) = (1+rhr(j+1,t+1) . Con(j +L,t+1), j € {jw,..,je—1} (1.35)
and for the last simulation year
; 1+p >y ; pro(T) ; ; ;
ch(j,T) =l ——=] Ccn(j+1,T)—=—~, j €{iwy-je—1 1.36
nh(] ) (1+rhr(1+1’T) nh(] )pro(T—l) J {JW Je } ( )
with T being the last simulation year.
Discount factor
dish(t) = g (t—l); (1.37)
ish = Uish 1+rhr(t) .

1.35 Human wealth

Human wealth has been written as a difference equation

1—deh(j,t)h

h(j,t) =y(j,t) + T4 ot + 1) (J+Lt+1), j € {jw,-rje— 1} (1.38)
h(je,t) =y(Jje,t) (1.39)
y(i) = Yin(§) + PG(J) + Ywa(j)—
(Fia (1) T ) + i (1) + (1) + liaw(1) + PR(J) (1.40)
1.4 Firms
141 The value of the firm

The value of a private firm equals the value of the capital stock with a correction for taxes and

depreciation allowances minus the value of firms owned by the government.

< - (1_ W) - A= mpn)lotbog

V+Ig r5+b0
Y et p(t) + 1=v A (t) | —KS(t) (1.41)
Typb oty o p ety f h .



KS(t) = [Gast(t + 1) +Vimia(t + 1) + (1 — tpp)Vimip(t + 1) + Po] (1+rs) *
+KS(t+1) (14r1s) "t (1.42)

Minus the hidden reserves of firms

Rge: ieJr $e+ Kﬁ - Kesle (1.43)
Div(t)
_ Kelt)

Slt) = Sult) ~ Slt) 7 (1.44)

Total liabilities of firms

S =SetSe (1.45)
1.4.2 The budget
Profits
P (t) = Yge(t) — Yowe(t) — o (t) Shelt — 1) — Vimip(t) (1.46)

Dividend payments

Div = Rt — Ige— Vpdb— Gasb— Vimid — Pe + A (1.47)
Other income payments

Yze = Div + Gas+ Vinid -+ Vinip+ Pe (1.48)

The government levies a proportional tax on net profits

Vodb = Tupb [Pt — At ] (1.49)
o vED)
Vipdb(]) = P2 Vb (1.50)
Vpdb

with A; being the fiscal depreciation allowance. Fiscal depreciation is based on the historical

cost price of investment .

Af(t) =VvAS(t—1)
AS(t) = (1= V)AS(t — 1) + P(t)ige(t) (1.51)

10



1.4.3 Production, capital and labour demand.

Production
o—1 o—1\ o-1

Yge = (K’k:e(t —1) 7 +ale ) (12.52)
Yge = PYge (1.53)
Yne - Yge - Ide (154)

Y
Yne= — (1.55)

p

Capital
s 4y _ K Pywedt+1)1073\°

Gt = et 1) (£ el (1.56)
Kae = PKee (1.57)

Marginal product of capital

1 /[pt-1 )
s = 1+rg)—(1— X 1.58
Pkge = 77 " ( 0 (1+rs) —(1— ) (1.58)
TupbV (1—ypp)ro+bo }
1- —-b b 1.59
[ V4TIs ! rs-+bo 1P ( )

Gross investments

t
elt) = K1) — (1 S)K3:(1— )P0 (1.60)
Capital deteriorates at a fixed rate

) = tt - 1) B0 (1.61)

Net investment equals gross investment minus depreciation
Ine =lge—lde (1.62)

Employment and wages

.

l1-0| T-0
Pywee= 10% Tep ll— K° ( p?) 1 (1.63)

11



1.5

151

Pywe(i) = Pywed (i) Pros § € {iws--»Je}

1
c

Fra= (122) o With loo— 3 e DI01)Po | € L )
J

|ee

. | . . . .
lae(j) = Ij—elda(n With lde = lga—ldp, | € {jw: - Je}
a
Ywe = Z pywe(j)lde(j)10737 je {jw7--7 je}
]

_ % Pyl ()

|de

Pywe

Government
Public debt and assets

Government debt, deficit and wealth

Whs(t) = Ofng(t — 1) + Fnu(t)
I:ntk = Vrtk + Facr + I:lne

O\7vm = Kéto + Fa?cr + Fascb+ Kgsjga"‘ Pcsht + Drsmba_ o\?hs
Government investments in firms
Kﬁz = KSga"’ P(?ht'i' Dr?ba
Net bond position of the government
$g = O\?hs_ F:cr

EMU deficit

Vitk = Uito — lkto

Vit1 = Viik — Dot

Net change in bonds issued by the government
Sog = Vitk + Faco

Central bank assets
Dnba(t) = Dppa(t) — Dipalt — 1)

Dibalt) = Dppalt — 1)\(::2:%

12

(1.64)

(1.65)

(1.66)

(1.67)

(1.68)

(1.69)
(1.70)
(1.71)

(1.72)

(1.73)

(1.74)
(1.75)

(1.76)

(1.77)

(1.78)



Lease of parcels of land

Yne(t)

P3(t) =P3y(t — 1) c—"—
Cht( ) Cht( )Yne(t _ 1)

Capital
Kgto = Kggb 1 Kgit +Kgsh
KS(t) = Kgi(t—1)—P 4 10):] = gbif sh
¢l 9 p(t _ 1) JAGVA] (L)

Financial assets

Facr(t) = Fascr(t) - I:ascr(t - 1)

Yhe(t)
s s _ ne
Facr(t) - Facr(t 1) Yne(t — 1)
p(t
Fnelt) = Fialt)~ Flalt - D2
Faco(t) = Fascb(t) - Fascb(t -1)
Yhe(t)
s s _ ne
Facb(t) - Facb(t 1) Yne(t — l)
152 Public expenditures
Employment and wages
bin (t)
lgp(t) =lgp(t — 1) ————~
dp( ) dp( ) blh (t — l)
pr = Ywa— Ywe
Wage rate of the government
1) = -1t-1)——
Pywp(i:t) = Pywp(] ) el — 11— 1)
Depreciation
Diot = Dgb+ Dit + Dsh
. 1 pit) . .
Di(j,t) = =———<6Kg(t—1)———~, i = ghif
Ofaw()) p(t)

Dsh(j vt) = nd(\:/;/ 5K|§sh(t - 1)

Ondw p (t - 1)

(1.79)

(1.80)

(1.81)

(1.82)

(1.83)

(1.84)

(1.85)

(1.86)

(1.87)

(1.88)

(1.89)

(1.90)

(1.91)

(1.92)
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Investment

Into = lbgb =+ Ibif + lbsh (1.93)
Yhelt
It (t) = lpir (t —1)%]6?5(_)1) (1.94)
) — (it Pywedt) Pro(t) . R
IbI(J7t)_IbI(Jat 1) pywee(t*]-) pro(t71)7 ] 6{07“;]6}7 | —gb,Sh (195)
Into = Ingb+ Init + Insh (1.96)
Inj = lpj — Dj, j = gb,if ,sh (1.97)

Public consumption includes expenditures on defense, education, health care and public

administration
Cap = Dins~+ Ondw+ Zorg + Opbs+ Drot (1.98)

Material consumption of the government equals government total consumption minus the

government wage bill
Cnp=Cap—Ywo (2.99)
Clearing of land for building
Pywedt) Po(t) :
, 1 €10,.., 1.100
pywedt — 1) pot—1)7 | < (O 1e} (109

Public outlays on health care per person grows with productivity, inflation and an endogenous

Ngrv(j;t) = Ngr(j,t —1)

age-specific index
D) ; Pywedt) po(t)  Zog(lt) _ay . .
Zorg(j,t) = Zorg(j,t — 1) et~ 1) Prolt— 1) (1.~ 1 W), j€{0,...je}  (1.101)

The endogenous age-specific index depends on the health care costs related to death and on

age-specific health costs

2514(3) =Coan(§)Stak+ (1 — Goan( §))Z5rg (1) + WS (J) (1.102)

Public outlays on education per person grows with productivity and inflation, and an exogenous

index

SN : Pywedt) Po(t) ~au : .
Ondw(] 7t) - OndW(Jﬂt - 1) pywee(t — 1) pro(t — 1) Ondw(t)v J € {07 D) JE} (1103)

14



Age-specific social and children’s assistance, and public old-age benefits grow with labour

productivity, price inflation and an exogenous index

) — B (] Pywedt)  Pro(t) Lauyy .
B|]s(],t)—B|Js(J,t—l) pywee(t_l) pro(t—l) BijS (t)7 J 6{07"7Je} (1104)
D) — ; Pywedt) Pro(t) au . .
Aws(1:1) = Aws(],t = 1) Sywedt — 1) ot~ 1) W), i €{0,.., je} (1.105)
Aowo(j;t) = Aowol(j,t —1) Pruedt) __Pro(t) QU t), i €{0,...je} (1.106)

Pywedt — 1) Pro(t — 1)
Age-specific disability and unemployment benefits grow with labour productivity, price

inflation, an exogenous index, and labour participation rate

Pywedt) Pro(t) au po(t) . .

Pywedt — 1) Pro(t— 1)Waoz(t) Pger(t — 1) , 1€10,..,je}  (1.107)
WWee(t) Pro (t) au p ef(t) : ;

Pywedt — 1) Pro(t — 1)Wklh(t)mv j€10,..,je}  (1.108)

Government expenditures on public administration, on subsidies to firms, on defense and on

Waoz(j >t) = Waoz(j = 1)

Whin(j,t) =Wan(j,t —1)

transfers to foreigners grow with production enterprises and with an exogenous index

Subs(j,t) = iéf'((tt__f; Yﬂ:?f (i)l) Shst) (1.109)

Opbs(t — l) Yne(t) au

Opps(J,t) = b5 (t=1) Yoell—1) pbs(t) (1.110)
Ovou(J,t) = (f;f]”(it__ll)) Yn:’(‘f(f)l) Mhul®) (1.111)
Ding(j.t) = Dins(t—1) Ye(t) Dau(t) (1.112)

bSh(t—1) Yne(t —1) ™

Public interest payments

Rutg(t) = reOgng(t — 1) (1.113)
153 Public revenues

Viir (t) = Fp(t)FS,(t — 1) (1.114)

Vinib(t) = ro(t)Faep(t — 1) (1.115)

Vid(t) = I’b(t)DrS]ba(t -1 (1.116)

Vmip(t) = rb(t)PcSht(t -1 (2.117)

Total income from public assets

Vimit = Vimir + Vimid + Vimip + Vimib (1.118)

15



154

Non-tax income of the government
Yzg= Vmit + Gasb (1.119)

Seigniorage grows with production enterprises

. |rto(j 7t) Yne(t)
1) = t—1)——-— 1.120
&Jm(] ) Irto(t) &Jnr( )Yne(t — 1) ( )
Indirect taxes
Ito = Tco+ lrin (1.121)

Indirect taxes on investment goods

Inte(t)

lrin (t) = lrin (t — 1) — T 1.122
rln( ) rln( )lntc(tfl) ( )
L Veu(i)
|rin(J) = £ ci lrin (1.123)
Vpdb
National accounts data
Indirect taxes minus subsidies according to the national accounts
Insu= lrto — Sjbs (1-124)

Net public expenditures include public consumption, gross public investment, transfers to
foreigners, subsidies, social security, and social insurance transfers

Xnp = Cap+Ibto+ Ovbu+ Subs+ Bijs + Akws+ Aowo+ Waoz+Wkin (1.125)
Aggregate public expenditures equal net public expenditures plus interest payments.

Uito = Xnp+ Rutg — Dot (1.126)
The aggregate tax burden by definition includes revenues from land sales and seigniorage

Tax = Ngrv + Sgnr + Irto + Lito + Vpdb (1.127)

Aggregate public revenue equals gas revenues plus the tax burden (minus seigniorage) and
income from public assets, and minus public expenditures on the acquisition of central bank
assets and grounds.

Ikto = Gasp+ (Tax— Sgnr) ~+ Vimit (1.128)
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155 Net profits from the government

Benefits

Bato(j) = Dfns(j)+opbs(j)Jr Dgeb(j) + Rgeb(j) JrDinf(j) JrF\’inf(j)
+Zorg(j) +Ondw(j)+ Dsch(j) +Rsch(j)+31bs(j) ‘HM(Ih(j)
+Wao(}) + Bijs (1) + Aowol]) + Akws(]) + Ovbu(]) (1.129)

Benefits from government buildings

Rea 1) = g1 5o (OKoonl) (1.130)

Rint (J,1) = bgh(tl—l)rbr(t)Kg" (t) (1.131)

Rsen(],t) = bzh(tll)rbr(t)Kgsh(t) (1.132)
Costs

Lsto(J) = Lito(1) + Vpb(i) + Irto (§) + Ngrv(J) + Synr(J) (1.133)
Net profits

Nprf (J) = Bato(j) — Lsto(]) (1.134)

Discounted net benefits from the government

1— Opan(j,t)

. 1 . . . . .
ng(Jvt):inl’f(lvt)—i_ ng(J+1»t+1)» jed{iws - je—1} (1.135)

1+rp 1+ry
Pae(ient) = 1+ Nor (o) (1.136)
a2 1) = Patzliwst+ ju— 1) § < b (1137)
with
pa2(i-t) = Pa(i, Ddisc(t), | € {jwr-rje— 1) (1.138)

discount factor

1

disc(t) - dis;c(t - 1) Tbr(t)

(1.139)
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1.6

Private pension funds

We do not exactly follow the pension study, but a later version (GAMMAT7e).

Pension premium rate
%ol = 5 Tpflb + 8228l + 8 1l
Basis premium
Toib1 = 5 Tpf|b1+ 35231+ 81 7ol
Catching up premium
Toin2 = 5 Tpflb2+ 35232+ 81 Toib2
The premium receipts
PO(J,t) = 6/ P (j.) +82P2(j.t) + 69PE(j 1)

Premium base

|da(j7t)
bs.(j—Lt_1)

G(jat) = So(j,t) - Fran(t)

Ggp(j’t) = G(J7t)

Gross wages

Pywedt) Pro(t)
Pywedt —1)Pro(t — 1)

SO(Lt) = So(j,t _1)

Franchise

Fran (t) = I:ran(t - 1) < pywee(t — 1) Pro (t —
Pension benefits

RP(i,t) = 8/ RI(1,t) + 87RI(J. ) + 6 RY(J.1)
Financial wealth at the end of the year

V(1) = V() + Vi3(t) + Vi*(t)

Financial wealth at the start of the year

f
Vimb(t) = Vimg (£) +Vimb(t) + Vimb(t)

18

Pywedt) Pro(t) )*w
1)

(1.140)

(1.141)

(1.142)

(1.143)

(1.144)

(1.145)

(1.146)

(1.147)

(1.148)

(1.149)

(1.150)



Change financial wealth

Vi(t) = Vin(t) +Via(t) + Vi (t)

Bonds
Sholt) = GenVi(1)
Soplt) = Shplt) — Syt~ 1)
Shares
(1) = (1 GenpVE()
Splt) = (1) — Syt~ 1)

Savings
Sip(t) = Yzp(t) + Pe(t) = PP(t)

14r
S1ep: ip(t - 1) (1 Dsi\,((tz
T

Pension capital export and import through migration

Revaluation of assets

S(ist) = 8 Shn(J, 1) + 82S2(J, 1) + 688 (). 1)
i t) = 8 Slp(i.t) + 52 (j.t) + 585 1)

Total capital income equals interest income plus dividend income

sz = pr + Zsp+ Pe

Interest income

Zpp(t) = rp()Sp(t — 1)

Dividend income
Spt—1)
Zep(t) = Diy (t) —2 NG

Kelt) e

Acquired rights of pensioners and workers

RP = 6/ R + 5fR?+ of'R"

(1.151)

(1.152)

(1.153)

(1.154)

(1.155)

(1.156)

(1.157)

(1.158)
(1.159)

(1.160)

(1.161)

(1.162)

(1.163)
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Pensioner’s discount factor for their pension rights

pﬁ(t)n p,?(ot( )1) 1+€E,(t4>rl) (I4cwp(j +L,t+1)), j € {jr,- Je—1}
in the DC system

Cup(j,t) = (i) o (1.164)
Trr (D) (I+cwp(j +Lt+1)), j€{ir,...je—1}
in the DB sytems
Cup(jest) =0 (1.165)
Change cohort
£(J,t) = (1—dban(j,1))(1— dbin(j,t) + dben(j,t)) (1.166)
Passed working years
di(jw—1t)=11 (1.167)
i
di(j t):d-(j—lt—l)—s—w (1.168)
"o ) ’ bS,(j —Lt—1)
Future working years
di(je,t) =0 (1.169)
. . lga(j +1,t+1
djt(]at):djt(l+1vt+1)+M (1.170)
b2n(ist)
Discount factor pension rights
drw(j,t) = mdfw(] +Lt+1)andj = jw,.., jr —2 (1.171)
A (jr —1,8) = £, (1.172)
Worker's discount factor for their premium base
GBy(j+1t+1) . . .
ppGBp(J"t) 1+§r:](tj_l) (1+Clt (] + 17t + 1)) » ] € {JWv e 2}
. DC system
chin=4¢ "0 i (1.173)
1+rp(t+1) (1+CI (J+1t+1))a l 6{JWa aJr 2}
DB system
Cl(ir—1,t) =0 (1.174)
The discounted value of the premium base of a worker gged
Cu(J:t) = [L+1p(O] GBp(i,) (1+CRULD) » J € (ke — 1} (1.175)
Coverage rate
Vb
ms() (1.176)

Uall) = o)
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1.6.1

Final wage system

Pension premium rate
f f f
Tolb = Tpib1 T Tpib2
Basis premium

f
f R

Top = ——
plbl Cit

Catching up premium

: f f
min {0.5 ~ Tl Tplbh}
f
Tplb2 =
Pt oot <0
Tobh T Trpph <
with

f Prb s fau
Thoh = =g |AGR(t) + (1 A)0ka(t — 1) — /2t
pon = 5 () |A%alt) + (1= 1)kalt — 1) -4 ()
fau 1 b
G () = o5 | (14 Tpelt — 1)Vt — 1)+
r
+ 1 Ghplt — 1) — PE(t — 1) — Sapp(t — 1) + Samplt — 1]
The premium receipts
Pg(Jat) = T;Ingp(jat)v J € {ij“? jl’ _1}

Pension benefit

R/ (i~ 1,t—1) (B )"Ci( pm(t)))p% (Busstipy

p(t—1) Pro(t—1 Pywedt—1)p(t)
) ) Je{lr+1a719}
Pf( t) = ci
utd 6o (i - p(t)_\P
oghd (ir — 1t = 1)G(jr Lt 1) (%) x

pot) \P® ( puedtipt-1)\PF
x (pro(t—l)) (pywee(t—l)p(t)) s 1=
Acquired rights of pensioners and workers
f f f
R =Rith:

The present value of total pension benefits of a pensioner pged

Pr;.(J’t) = [1+rp(t)]7lpufs(j’t) (1+CWp(jat>)7 J € {jl’7"a Je}

)"

(1.177)

(1.178)

(1.179)

(1.180)

(1.181)

(1.182)

(1.183)

(1.184)

(1.185)
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1.6.2

Acquired rights of pensioners and workers without current year
f f f
Ph=Pint P2 (1.186)

r

The present value of total pension benefits of a pensioner ggedluding current year
Pin(ist) = [1+rp®] R (j,)cup(i.t), § € {ir,-.. Je} (1.187)
The discounted value of future pension benefits of a present-day workeij aged
Ra(1.t) = Py (ir,t)dn(}.1) (1.188)

of which already built up

fooy 4y G(jt £,
R2(i-t) = greams so g P (it (1.189)

and to be built up

f/. _ dit(i,t) G(jt) f,.
R(.1) = dj(i,tl)t+djt(i,t) st (1) (1.190)
Wealth at the start of the year

st

mo(t) = Vin® (t — 1) +Vingy (1.191)
Wealth at the end of the year

VirS(t) = Vi () +Vih (t) (1.192)
Change in wealth

Vi (1) = 8] (Sip(t) + Sheplt)) + Shin(t) — S (t) (1.193)

Change in wealth through immigration and emigration

Sin(i-t) = abin(j, 1) [Prfl(ivt) +Prf2(jyt)} (1.194)

SiblJ+1) = Gherl 1) [R1(1.0) +Ph(1.1)] (1.195)

Average wage system

Pension premium rate

Tolb = Tplb1 + Tplb2 (1.196)
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Basis premium

a

Tolb *li
1=

P Cit

Catching up premium
min {0.5 - Tﬁbl, T&bh}
Tr?lbz =
rﬁbh if 73,n <O
with

Tolbh = 7Prb
P GBy(t—1)

GEE(0) = g (L Tpelt = DV~ D+

[Agga(t) + (1— A)0kalt — 1) — g3U(t))]

b1 Ghp(t — 1) — PE(t— 1) — Sapp(t — 1) + Samplt — )]
The premium receipts
PR(it) = 5uGpp(it), 1 € {iws s jr — 1}

Pension benefit

0 VP o) \PP [ pywedt)pt—1)\ P
F’ub(j,t)z{eem(’ Lt 1)<p<t—1>) (pro<t—1>> (pyweat—np(t)) '

i €{ir,-,Je} DB average wage

Rights in the average wage system

05 ( =Lt =1)G(j —Lt—1) j € {jw-.Jr — 1}
before introduction average wage

GE.(j,t) = =N (j,1)j € {66,.., e} before introduction average wage

lga(] -
Opmi%G(Jat)

Acquired rights of pensioners and workers
Pra(j’t) = Preill.(J ’t) + Pr%(] at)
The present value of total pension benefits of a pensioner pged

PRIt = [1+rp0)] *RIG Y (Ltcwp(int), J € {irs s le}

choi -1 (55)" (st "™ (i) "+

(1.197)

(1.198)

(1.199)

(1.200)

(1.201)

(1.202)

(1.203)

(1.204)

(1.205)
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1.6.3

Acquired rights of pensioners and workers excluding the current year

RA(i,1) =PRan(i,t) +R2(j,1) (1.206)

The present value of total pension benefits of a pensioner ggedluding the current year

PEn(i.t) = [1+rp()] P2, Dcwp(jst), j € {ir, - je} (1.207)

The discounted value of future pension benefits of a present-day workeij aged
Rv(i,t) =PRi(jr,t)dw(jt)

of which already built up

. dj (i.0)
R(1:1) = gaa g G(Jr(—l)t) R t) (1.208)

and to be built up

RO = djafi"iﬂéifa G <Jf—1)t RV(i,t) (1.209)
Wealth at the start of the year
V2(t) =V3S(t — 1) +Vaa, (1.210)
Wealth at the end of the year
VaS(t) =Vap(t) +Va(t) (1.211)
Change in wealth

Via(t) = 67 (Sp(t) + Sheplt)) +Sim(t) — S () (1.212)

Change in wealth through immigration and emigration

Sm(i,1) = Goin(i, ) [R(1, 1) +R3(j,1)] (1.213)
%b(] 7t) = qbeh(j at) [Pre]l.(] 7t) + Pr%(] 7t)] (1214)

Defined Contribution

Discounted value pension target
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Pension target
Bstr(t) = (1+ Cup(jr,1))G(jr —1,t — 1) 0pac dj(jr,t) (1.216)

Premium rate
Po(t)

d
4 (t) = (1.217)
pil') Gpp(t)
2o (1:t) = 78iba(J51) + 7oz 1)
T;ﬂbz(j,t) =0
dii+y_\vd (i
W, j € {iw+21..jr —1} inyear of transition
oot 1) =9 et —L1,§ - 1), j € {jw+L.jr —1} (1.218)
R(i:t)
G0 1 = w

The premium receipts
PS (1,8) = g5in(1,)GBp(J:1), § € {iwssfr — 1} (1.219)
Pension benefits
PR(ist) = Vino(i-t)

Discount factor

1+rp
77 j € {rs DC 1.220

dg: (t) m(t) sUst)  d N
; t)pro(t) E(ir —LY)
dd(j, — 1t P( 1.222
U S S Dpot-D L+ 1t +) (222
Wealth at the start of the year
mh(J,t) = Vi*(i = Lt = 1) +Viga(i.t) (1.223)
Wealth at the end of the year
V(i D (L4 Tpe) = PE(j,0)] T e (i je}
ds, - after the year of transition
Vin®(5,t) = ds - (1.224)
V(1,0 (L + pe) + 7yt 1)GBp(1,0)| R € (- is — 1}
after the year of transition
Change in wealth through immigration and emigration
Sh(,) = Goin(J,8) [V (1,00 (L4 rpe) — P (1,8) + g8l (t, 1) GBp(i )| (1.225)
S(J,1) = Goeni 1) [VeRa(i,0)(2+ pe) — B3 1) + lp(t, 1)GB(i )] (1.226)
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1.6.4 Wealth transfer between pension systems

Vilgut) = 8163 Vi (t 1) — VAt — )| + 6] 88 [Vh(t— 1)~ Vit 1)|
VEst) = 886] [VAt—1) Vi (t—1)| + 8858 VAt — 1) -Vt - 1)

f .
e
19

+a962 [Vid(t - 1) - BV~ 1)] and) > |

anau(j 7t) - -
556, {Vﬁ(tl)vrﬁ(tl)w} N
9
+ogag Vit~ 1) - Bl Eae - 1)] andj <
je—1

Py= 3 ban(i—L.t-1) [Ryy(i - 1= 1)+ R(i - 1t-1)
j=
je—1

Po = Zobahu ~Lt-1)[Pa(j —1,t—1)+Pa(j — L,t - 1)]
J=

1.65 Net benefits of pension funds

Define net benefits of pension funds of the current workers as

P2l =157 [pu(l,tHsabp(J,t) Pp(i;0) Samp(]at)}+
1—0gpan(j,t) . e
+Trprppz(1+1,t+1), j€{iws - Je—1}
|opz(Je,t)—7lJrr Pu(jest) +Sabp(iet) — Pp(iest) — Sampliest)
pr

ppz(j,t) =pp12(jw7t+ jw— J) Vi <w
with
Pp12(J,t) = Pp2(j,t)disp(t), | € {Jw;--» Je—1}

discount factor

1

disp(t) = disp(t — 1)Tpr(t)
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(1.227)

(1.228)

(1.229)

(1.230)

(1.231)

(1.232)

(1.233)

(1.234)

(1.235)

(1.236)



1.6.6 Output variables pension system

Average premiums

b b
Tbl _ pppGpp
plg Ywa
b b
Y Tplblepp
plgl — Yoa
b b
b Toib2Cpp
P92 Yia

target replacement rate

(Wer1 — 5)Opb,[,30((’;r _11% final wage

b _
Qasp=

5ot 1 O

(Wer1 — Opmis,(jr —10) 0 average wage

Actual pension rate at the age of 65

o5hed; (jr,t) final wage

Opn(Jr,t) = % defined benefit

GBn(jr—1t-1)

& Tr ) average wage

Actual average pension rate
ZJ ir ah(. 17t_1)Pub(j>t)
I b5 — Lt— 1)pywelir — Lt —1)

Effective start of the pension period

Opn =

PeL(t) = 50+ pCi(50,t)

0
pS(j.t) =

b (j+1t) bSa(ist)
(PS(j+1,t)+1) lh(]+1t) Bin(J.0)
Acquired rights

Pb
Qor = 0————
Ywa/ (14 twp)
Rights to be built up
Opt = 7Ptb
"' Yova/ (14 twp)

(1.237)

(1.238)

(1.239)

(1.240)

(1.241)

(1.242)

(1.243)

(1.244)

(1.245)

(1.246)
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1.7

Premium paid by present day workers

Po
=7 1.247
qppZ Ywa/(1+ Twp) ( )
Pensions
b
Opu2 = Piu (1.248)
Ywa/ (1+ twp)
Wealth
Vi
=g 1.249
Gvn = T+ ) ( )
Income from wealth
rprVR(t—1)
- 1.250
Gin = &~ L+ %) ( )
Surplus
Osal = Gin + Opp2 — Opu2 (1.251)

The labour market
Labour supply and leisure are not consistently modelled with consumption. So, we present it
here separately from household behaviour.

Labour supply trend

pgef(Jat) bg(gvj _17t_1)
pgef(j at - 1) bg(g? J - lat - 2)

blh(j):zb|(g7j)7 J e{jW7-~7jE}7 ng,m (1253)
[¢]

b|(gvj7t) = b| (ga Jatfl)

, 1€ {iw,- e}, g=f,m (1.252)

Aggregate labour supply trend
b|h - me(j)’ J € {jWa"7 Je} (1254)
]

Employment increases with aggregate labour supply in the base run

blh(jat)
bi(j,t—1)

moreover, employment changes with the price of labour in other simulations than the base run

Idab(jat) = Idab(jat - 1) ) ] S {jWa 3 jl’ - 1} (1255)

0.3
laali.t) = laan( 1) (F;"vvb) (1.256)
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Price of leisure
ngywe(J 7t) + Olppr(J 7t) - T[?ppG(j 7t) +
(1+ 7eo(t)) p(L)

Pv(J,t) = (1= (gak(t) + 7pp(t)))

pVZ(J 7t>
(14 7o(t)) p(t)
Discounted value pension rights

A+rpe (1) (21— qi55(t))og‘bG(j ,HCw(],t) final wage system

Pv2(j,t) =4 (L+rne(t)) (1—7iss(t))0pmiG(j,t)Caw(j,t) average wage system

(L ue(t)) (1 ies (1)) P aeiy Cacl ], 1) DC system

and 6(j,t) =1 for j > j, elsed(j,t)=0

Sw(nT,t) =0

G(j+1,7+1) 1—1jg5(t+1) 1—pgn(j,7) . .
G(i,7) 1*$Ii565(f) 1+rz'j(2+1) andj < jr—2

df\N(jaT) =

pin(z +1) T2l kel andj > jr 1

an(jat) = daw(j7t) [1+6aw(j + 17t+1)}
ands(j,t)=1forj> j —lelses(j,t)=0

aaw(nT,t) - 0

Caw(J,t) = daw(],t) [1+Caw(j + L, t +1)]
ands(j,t)=1forj> j —lelses(j,t) =0
an(nT,t) :0

1—7ig5(t +1) 1— Opan(j,t)
1-7gs(t) 1+ra(t+1)

Cac(),t) = dac(j,t) [6(j,t) +Cac(j + Lt +1)]
andés(j,t)=1forj> j —1lelses(j,t)=0

daw(],t) = pin(t+1)

edC(nTat) =0

LG ) 15 (t241) Lahen(i) angf i< |
Trowstir 013 (L To(t+ ) S50 Tty and i< r — 1

ddc(jat) =

1—7; 1) 1— i; C
pin (t + 1) sl S8l andj > g

(1.257)

(1.258)

(1.259)

(1.260)

(1.261)

(1.262)

(1.263)

(1.264)

(1.265)
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1.8

1.9

Capital market

The nominal bond rate

ma):(1+rma»p5“l)_1

Rate of return on shares
s = Ip+risk

The after-tax real rate of return to households

Pt
op(t)

Average rate of return on assets of pension funds

rp(t) = rp+ (1 — Osbp)risk

Real rate of return of pension funds

p(t—1)

o)

rpr(t) = (rp(t) +1)

National aggregates and the balance of payments

Deto = |de+ Dtot
Intc = lge+ lbto — Ngrv

Ina= Ine+ Into— Ngrv
Net product
Yna = Yne+ Yup
Gross domestic product

Bbpr = Deto+ Irto — Subs+ Yna

Bbpf = Yna+ Deto
Total consumption (private and government)

Cont = Conp+ Cap

National expenditures

Noes= Cont + Intc

30

[+ () + (1 — Gsbi)Tisk— ki (1)] — 1

(1.266)

(1.267)

(1.268)

(1.269)

(1.270)

(1.271)
(1.272)
(1.273)

(1.274)

(1.275)
(1.276)

(1.277)

(1.278)



Gross national income

Bni = Nbes+ Bblr

Current account

B = Ygp+ Yge — Conp— Intc — Cap+ Irto — Subs

Zor = |'_\’utg —Yzh— ng"' Diot — sz"' Yze
St = =B+ Zpr + Ovpu
Boir = —Sit

change of net foreign assets
Sat = St + Sab — Sam+ Shef

Net foreign assets and portfolio

§af = §a_ (Owm+ ih"f'vntq)s)
S =S~ Sh—Sp— Fawo
S =S — S

New bonds issued by firms
Sof = Saf — St
Revaluation of foreign assets
Shef = Sse— Sheh— Shep
Total assets in the Netherlands
S = Set+ Se+ Kgio+ Kggat Pt + Diba
Total capital stock

K; = KSto + ng

Valuation difference (government versus firms) of government'’s claim on firms

Rgg = Kﬁz - Kﬁ

(1.279)

(1.280)
(1.281)
(1.282)
(1.283)

(1.284)

(1.285)
(1.286)

(1.287)

(1.288)

(1.289)

(1.290)

(1.291)
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1.10

Asset changes by emigration and immigration

Sﬁb(t) = zbeh(J,t) (§clh(J - 17t_ 1) +S]eh(]vt)+3/h(15t))7 J € {]W77 ]e}
J

Sam(t) = Y bin(j,1) (Sin(i = Lt = 1)+ Shen(J:t) +Sun(i;1)) s § € {iw, - je}
]

Portfolio change households

Sh=Sh—Sh(—1)
Soh = Sh— Sh(—21)

Demography

population levels

bg(g7]7t) = bZ(g?J _lat _1)+bl (g7l7t) _bd(ga Jat) _be(gyjyt)v J S {17a Je}
bg(g7 07t) = bb(g7t) + bi (97 07t) - bd(g7 O7t) - be(ga O7t)

Births by gender

bb(g) = dbb(9)bbh, g € { f, M}

number of births;

50
bon =" br(j)

i=le

fertility levels of fertile women;

bg(f7j —1,t—1)+b§(f,],t)
2

brr (,1) = ot (1) . j €{16,...,50}

numbers of deaths;

bd(ga J at) = de(g7 J 7t)b§(g> ] - 17t - 1)1 ] € {11 i) le}
bd(g70at) = qbd(gvo7t)bb(gat)a ge {fvm}

numbers of emigrants;

32

bE(g7 J) = Qbe(ga J)bg(@ ] 7t - 1)7 J € {17 L) Je}
be(ga O) = qu(ga O)bb(g)7 ge {fvm}

(1.292)

(1.293)

(1.294)
(1.295)

(1.296)
(1.297)

(1.298)

(1.299)

(1.300)

(1.301)
(1.302)

(1.303)
(1.304)



numbers of immigrants are exogenous until 2015, and assumed constant thereafter.

bi(g,j,t) =hi(g,j,t —1),t > 2015
j€4{0,1,....,je}, ge {f,m} (1.305)

birth rate per gender group is calculated conditional on the numberypé&r olds per gender
group (at the end of the year) until 2100, and taken to be constant thereafter

S _ h
Gp(a,l) = 22$00 =bi(g O,t)b+ ba(9,0.)+be(0.0.1) 4 5100 (1.306)
bh

= Opn(Q,t — 1), fort >210Q ge {f,m} (1.307)

aggregate birth rate (a control variable, that must equal one in order to reproduce CBS statistics.
Cbbh = %%b(g% ge {f.m} (1.308)
death rates are exogenous until 2100, and assumed constant thereafter;
Obd(9: J:t) = 0ba(Q, J,t = 1), ] € {0;..... Je}, g€ {f, m},t > 2100 (1.309)
fertility rates of fertile women are exogenous until 2050, and assumed constant thereafter;
bt (j,1) = Qo (j,t — 1), j € {16,...,.50},t > 2050 (1.310)

number of emigrants is exogenous until 2050, and emigration rates are assumed constant
thereafter;

Obe(: jt) = Obe(g, J,t —1), j €{0,...., je}, g€ {f,m},t > 2050 (1.311)

immigration rates.

bi(g, j)

Obi(9, J) = b3(gj—Lt—1) je{l. e} (1.312)
bi(g,0)
i(9,0) = ,ge{f,m 1.313
death rates;

: ban(j,t) . .

)= . - —. je{a,., 1.314

qbdh(] ) bgh(J_17t_1)+bih(17t>_beh(]7t) ] { ]e} ( )

Ban(j,t)

Oodh(0,t) =

" bpn(t) + bin(j,t) — ben(j,t) (1.315)
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emigration rates;

H o beh(jat) H H
Oben(],t) = Bi-1i-1 € {1, je} (1.316)
ben(j,t
Gper(0,t) = ;Eil(t)) (1.317)
immigration rates.
oo bi(iLY) , .
Obin(],t) = B _Lt_1) je{l.. je} (1.318)
bin (j,t)
n(0,t) = 1.319
Bin(O:1) bon(t) (1.319)

population levels

je
b3(g) = b3(g.i), ge {f,m} (1.320)
2,
an(0) =5 ba(g.b) (1.321)
g
an(1) = b3(9,1), i €{0....., e} (1.322)
g
an = » b3(9) (1.323)
g

number of deaths;

je
ba(9) = _Z)bd(gj% ge{f.m} (1.324)
J:
g
ban = ba(g) (1.326)
[¢]

number of emigrants;

je

be(g) = _Z)be(g, i), ge{f.m} (1.327)
]:

ben(j) = > be(d.j), j €{0,..... je} (1.328)
[¢]

ben =" be(9) (1.329)
[¢]
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number of immigrants.

je
bi(g) = _Z)bi(g,j), ge{f,m} (1.330)
J=
bin(j) = > bi(g.]), j €{0,..... je} (1.331)
[¢]
bin =3 bi(9) (1.332)
[¢]

35



2 Derivations

2.1 Consumer behavior
211 Intergenerational transfers

Total financial wealth at the end of peribd

Sh(i) =Sh(j —1,t = 1) + Shen(J) + Yan(j) — Xan(j) + Gen(j) (2.1)

Number of people in a cohort at the end of a period

an(1) = b3(g, 1) (2.2)
g
= Z (bg(gvl _1at _1)+bl (gv J) _bd(gv J) _bE(gvj)) (23)
g
=b3(j —Lt—1)+bin(j) —ban(j) —ben(j) (2.4)
=b3n(j —L,t—1) (14 apin(j) — Aben(i)) (1 — Aoan(])) (2.5)

The generational transfers follow from the condition that at the cohort level the following holds

(1)Sn(]) —1t—1)(1—apen(j)+abin(j)) x (2.6)
g&h (i =Lt —1)+Shen(J) + Yan(i) — Xan(j))

At the micro level hold

Sh(1) =Sl — Lt —1) +Seen(j) + Yan(j) — Xan(j) + Gen(j) (2.7
or

bgh(j —1,t —1)(1—doen(]) + doin(] §ah
b3h(j —1,t—1) (1 —dpen(j) +Abin(j)) X (2.8)

(S —Lt—1) 4+ Swen(j) + Yan(i) —Xan(j) +Gen(]))

From the equations 2.6 and 2.8 we derive the intergenerational transfers

(b3n(j,t) = (1= ben(J) + abin(§)) b3r(] — 1.t — 1)) Sh(J)

— (1—pen(j) +abin(j)) ban(j — Lt —1)Gen(j) (2.9)
o _ bgh(Jvt) .
Genl]) = (1 (@ cbor]) + abin(})) bS] —1,t—1>> Sn))

= Oban(j)Sin(i) (2.10)
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Sh(ie) = Sh(je— Lt —1) + Shen(je) + Genlje) + Yan(je) — Xan(je) =0 (2.11)
Gen(je) = Gbdn(je)Sin(je) = (2.12)
Xah(je) = Can(je) + Tan(je) (2.13)
Chn(Je) = Sin(84,t — 1) 4 Shen(je) + Yan(je) — Tan(je) (2.14)
2.1.2 The budget restriction
Sh(§) = Sh(i = 1,t=1) + Shen(j) 4 Yan(j) — Xan(j) + Gen(]) (2.15)
Xan() =Can(j) + Tan(i) +Pp(i) (2.16)

)
= Cnh(])+Tco(J) Jr|—ito(j) + P;I):)(J)
= Con(J)+Teo( ) + Liak(J) + Liuk(J) + Lies () + Liap(j) + L () + Liov(j) +P2()
= Conp(j)+Liak(§) + Liuk(§) + Lies(J) + Liap(}) + aii Sn(i — 1.t = 1) + Liov(i) + Pe(J)

Yah(j)+5r1eh(j) :Yth(]) + Pub(j)+Ywa(j) +Yzh(j)+st1eh(j)

=Ym<j>+Pb<j>+vwa<j>+rbszh<j—1,t—1>+%$h<1—1,t—1) (2.17)

S
(%fel )ih —ht=1)
:Yth(J)+Pu(J)+Ywa(J)

Shii—1t-1) Div S B Sy(i—-1t-1)
*[rbszhu—l,t—l)*(%ea—l)*(%(t—l) 1>>s:h<j—1,t 1]% ~ht=D
“Yin(§) +P2(J) + Yol ]) + (P + (1~ Gepn)Fis) (] — Lt — 1) if

Div Se _ )
o~ (gregt (g 1) v (219

Yan(§)+Shet(J) = Xan(j) = Yin(i) +PP(J) + Yaa() + eSh(j — 1.t —1)
[Conp( ) + Liak(]) + Liuk(J) + Lies(]) + Liap(j) + 2iki Sp(J — Lt = 1) + Liov(j) + P,S’(i)}

= [Yn(1) + R2(3) + Yasa() — (Liak() +Lia( 1) + Lies(1) +Liap(}) + Liow(1) +PE(}) )

+ [ro+ (1 — sbh)Fisk — ki) Sih(J — 1.t — 1) — Conp(]j) (2.19)
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%h(j)zgélh(j_lat_l)"'sheh( )+Yah( ) Xah( )+Gen(j)

= T (Sl = 1= D)+ ) Vo) — X )
deh
" 1 Qoan(])) Sfm ~Lt=1+
Yin(i) + P2(1) + Yo ) — (Lia(§) + Lio(§) + Liss(i) + Liap(J) + Liow(]) + PE(J) )
+[ro + (1 — Asbh)Fisk — Tiiki ] Sin(J — 1.t — 1) — Conp(])] (2.20)
1) = gy [0~ 1= D2 1k (1 s
o+ [yni) + BEC) + Yual i) — (hiaw(§) + (i) + s (1) + iap (1) + liow(1) + PE(1) ) | = Conp()]
= g [ )i = L= D) y(J) — Congl)] with 221)
,1)
Thr = [1+rb+ (1 — dsbh)lisk — ki) — 1 (2.22)

y(j) = Yn(i)+ Pa(i) +Ywal(i)—

(Vi 5) + i) +liss () + Yapl() +liowl) + PB(J)) (2.23)
Conp(j) = (1+ Tco(j))cnh(j) (2-24)
2.1.3 The consumer problem

The consumer maximizes expected utility

nr—j i1
EU(j,t) = cn(j )7 /7 + )y {cnhu+i,t+i>“‘”/7[1+m—' |‘L¢<j+l,t+l>} (2.25)

¢(jst) = 1—dpan(j,t)

with respect to consumption, conditional on budget equation

1
1—Qban(j)

Szih(je) =0

ssh(i) = [(1+rh)SSh(] — Lt = 1) +Y(j) — Conp(])] (2.26)
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Lagrangian

L = con(t)7~ 1/7+Z<

0 (a0~

nr—j

0]

+ let—i— [1+8]" |'L§

7§(t+|)

(L rne(t+1))san(t +

First order conditions are:

Lean(t+i)

Lean(t+i)

Leps(ti) =

= O;Lsth(H_i) =0;i = 0.nt — ]

LT ) YL )
- ¥ nh I_L

-1
. i )
+A(t+1)[1+B] I|:L§(t+

— i+1)[1 ey |
A(t+i+1)[1+ 8] IELg(H)

S(t+i)
-1
A(t+i)[1+p8]" IELC(HI)

q

We derive from this first order conditions:

Alt+i

Con(t+1+1)

cnh(t+i)—<

7lcnh(t+) Vr LAt +1)

)_

( Con(t+1) >l/y:1+rh,(t+i+1) 1+ ot +1)

1+ 7ot +i)
gle+i)

1 C(t+i)

A(t+i+1)[1+pB] i+ 1)

1+ Tco(t+|)

=0

i+l

WL/ g~ |‘Lgt+| )

S+ ()8t D40 —conpm])

Sy >conp<t+i>1>

(A+rpe(t+i+1))

(14 The(t+i+1)) =0

T+rp(t+i+1) 14 ro(t+i)

1+ 1+ teo(t+i+1)

1 1 t+i+1)\7 .
+B + ot +i+ )) con(t+i+1)

Consumption at the age ¢f follows from the no bequest assumption

gi:h(je —1,t— 1)+ Shen(je) + Gen(je) + Yan(ie) — Xan(je) =

Obdn(je)Sn(le) =
=Cnn(je) + Tan(je)
g:ih(je_lat_l)+31eh(je)+Yah(je)

- Tah(je)

=0

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)
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214

2.2

Remarks

Utility can be written in difference equation format
EU(j,t) = Can(J, )7 U7+ [14 B HC(J,OEU(j + Lt + 1)
In case of equilibrium growth holds

o P Pro
EU*(j,t) =EU*(j,t—1)——>— 2.36
(i-t) (] )pm(t_l) (2.36)

Firm behavior
Assume a constant profit tax rate and a constant discount rate for convenience. Consider an
economy in which firms produce finished goods with capital and labour. Labour productivity
differs among people. Labour in efficiency units is perfectly substitutable
Yge = F (Kae(t — 1), lee) (2.37)
With lee = Zlee(h) = %Ide(h) () pro
The budget restriction of the firm reads as
Pige = PYge— 1073 Prdelde — NbSbe(t — 1) — Vpdb — Div — Gasb— Vimid — Vimip + ASbe
(2.38)
with pigelde = Z Pide()lge(h)

_ plde(h)
I§h(h) Pro

= ; plee(h)|ee(h)

de(h) scr|1(h) Pro

= ple'ee

Pige is the average wage rate. The wage rate in efficiency prite) is the same for ah

because labour in efficiency units is homogeneous. We assume that in each period alfgaction
of the principal of the debt is repaid, and a fractlmrof new investment is financed with new
debt. Debt payment, therefore, equials+ bo) Se(t — 1), and total debt evolves as

Sve = (1 —bo)Spe(t — 1) + by pige
Taxes are paid over taxable revenue

Vodb = %upb [ PYge — 10 > Prelee— rpSpe(t — 1) — At — Vinip) (2.39)

40



with A; being the fiscal depreciation allowance. Fiscal depreciation is based on the historical
cost price of investment and is geometric with a fiscal depreciatiorvraléhat means that, in
periodt, the firm is allowed to dedust(1—v)*~1p(t — 7)ige(t — 7) for the investment purchased
in periodt—z, for all t>1.

A= iv(lv)f-lp(r)ige(r) (2.40)

In our simulation model we will write this as
Af = VA (-1) (2.41)
A° = (1-V)A®(-1) + pige

We will assume that depreciation according to the national accounts equals technical scrap

p
— S (+ _
Ide = 6SKae(t 1) p(t — 1) (2-42)
Reordering of the budget equation gives
Div = PYge — Prelee— Vpdb— (1 —b1) pige—H — (rp +bo) Spe(t — 1) (2.43)

= (1— tupb) [PYge— 10 >pielee] — (1 —b1) pige+ wppAr —H — [(1— %upb)r + bo] Spelt — 1)
The variableH contains payments to the government other than taxes and dividends.
H = Gasp+ Vimid + (1 — %pb)Vimip
Arbitrage on the capital market leads to
rsSe= At +1) + Div(t +1). (2.44)
Expanding forward results in
So- Jﬁlow<t+j><1+rs>—i. (2.45)

The firm maximizes the value of the firm given the capital accumulation equation and the
production function, which leads to the Lagrangian

L= (Du(t+]) (2.46)

M

J
—a(t+ Dkt + 1) = (1= Ss)kge(t + ] — 1) —ige(t + )]
—A(t+ ) [Soelt + ) — (1= bo)Soelt + j — 1) = bap(t+ )ige(t + )]) (1+15)

1 Fiscal depreciation may be linear or degressive. Fiscal depreciation equal to a fixed percentage of the book value is
allowed if the original investment becomes less productive with age. Since we assume that physical depreciation is
exponential, a degressive fiscal depreciation scheme indeed seems most appropriate.
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The Lagrangian contains the present value of the depreciation allowance as one of its
determinants. The discounted value of the fiscal depreciations can be split up into depreciation
on the existing capital stock at timegAF;, and the discounted value of depreciation on new

investments:

8
8

(L4r1s) JAf(t+]) = v(1—v) lige(t+j —7)plt+j—1)(1+15) . (2.47)
j=1l7=1

M

We split this expression into two componer&gy an AB, with AA equal to

v(l— v)“lige(t +j—7o)pt+j—7)(1+ rs)fj

a
Il
R

>
>
I

8 &Ms

I
g IMe

v(l-— v)’flige(t—l— i—t)pt+j—r1) (1-i-rs)7j

aQ
Il
!

8

v(1—v)" lige(t+u)p(t+u) (1+r) "

t=1u=0
= v(1—v)" lige(t+u)p(t+u) (1+r) U7
u=07r=1
_< - -u
,u:0r5+v|ge(t+u)p(t+u)(1+rs)
and AB equal to
AB=5 5 v(1-v)" Tigelt+j—7)p(t+]—7) (14rs)~) (2.48)

Il
!
=

Il
+
AN

8

v(1— )" tige(t —u)p(t —u) (1+r1s)

c
Il
L

|
8 ,&MS

I
—~
[EEN
|
<

)"y V(L= v) et —u)p(t—u) (L+rs)

M

c
[
s

8

e SURDLIG)

I
c
[
o
—
=
|
<
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Therefore,

S (+2) Ats i) = 5 Y igatt Dpitr (e (2.49)
G \1+r1s Lors+v

(L—v)} - iaelt = D)l 1)

= 3 gt )Pl ) (A1)
+ Y (1) et = )p(t— )

\% . . . —_i
=2 m'ge(t+l)p(t+l)(1+rs) '+ AR

whereAF(t) equals the depreciation allowance on investments installed up td:time

0

AF() = S (1—v) ——igelt—j)plt—J). (2.50)
J;) Y rS"‘Vg

The value ofAF(t) is given and therefore does not affect the optimization problem. Substitution

of equation 2.43 and 2.49 into the Lagrangian 2.46 results in

L= % ((1_ 7"Vpb) p(t+]) [F {kge(t+j —1),lee} — 1073ple|ee}
=
- (l_TVpr’s:—v —bl)ige(t+ Dpt+j)—Ht+j)— [(1— Tvpb)rb+b0] Se(t+j—1)

—q(t+ j)[kge(t+ i) — (1— Ss)kgelt + ] — 1) —ige(t + )]
F A+ ) [Soelt + ) — (1 bo)Spe(t + j — 1) — bap(t + ] )ige(t + j)]) (1+Ts) !
+ wppAF(t)

First order conditions for an optimum are :

1.Le=0;1. Ls=0 ; 1. Lige:0 ; 1. Lg, =0 (2.51)
L 569:10*3% (2.52)
1- t+ 1R s(t+1 t+1)(1—
. q— (L) Pt DRes(t+1) +a(t+1)(1— o) 253)
1+rg
. . . Tvpbv
. q= (1 b1 v—|—rs> p+Abyp, (2.54)

(1— Tupb)Fp + bo] + (1 —bo)A (t+1)

i (2.55)

. At) = [
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This last condition can be simplified in case the interest rate and tax rate are constant.

2 = L mm)lo o :Vpi)gb o (2.56)
S 0

Substitution into the marginal cost of capital leads to

_ _ Tvpr _ (1_Tvpb)rb+bo
9= |:1 V+Is ! rs+bo bu| P, (257)
The first order condition for the marginal product of capital becomes
(1= mpp)P(t+ DR (t+1) =q(l+rs) —q(t+1)(1— ) (2.58)
q
= 14+rs)—(1- t+1
(g @+ - -8 )a+)
_ q . . _ Tvpbv . (1ffvpb)rb+b0
_(q(t+1)(l+rs) (1 6S)> {1 o1 D r< + bo bi| pt+1),
or
_ P (1
(1= ) p(t+ 1R s(t+1) = (p(t+1) (I+rs)—(1 55)> X (2.59)
. Tvpbv _ (1_Tvpb)rb+b0
X{l . b1 re 1 bo by | p(t+1)
Definepy as
1 p(t—1) o
Prees = 1TVpb( 5 (1+rs)—(1 6s)> X (2.60)
. f\/pbv . (1_Tvpb)rb+b0
{1 irs by BT — by (2.61)
Then the following holds
R, s = e (2.62)

p
The marginal product of capital is determined by exogenous variables only. So, we can use the
marginal productivity equation to determine the capital stock. Labour supply is exogenous. The
marginal productivity equation of labour and the production function determine the production
level and the wage rate. Assume

o1, o1\
Yoo = (Kkesle(t ~1)% +aled ) (2.63)

For the marginal productivity relations holds

Re(t+1) =« (3@95;:1)) ’ R = G’ge) ’ (2.64)
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leading to the factor demand relations

3 —0c
lee = o <1(prwee> Yoo (2.65)
p
S __ .0 pkae(t+1))_6
kael(t) = & (p(t gy Yge(t +1) (2.66)

We derive now an expression for the prices. Substitution of the factor demand relations into the

production function gives

o— -1\ o-1
Yoe = (Kkge(tl)ol +aled ) (2.67)

—otl 4, o+l 44\ o1
(o3 ) )

Dividing both sides by production and bringing the price to the left side gives
1
p— (KG P+ a® (103py,,) -6+1) ot (2.68)

Prices are a weighted average of capital costs and wage costs. This factor price frontier is an
implicit expression of the wage rate as a function of the exogenous price of final goods , the
interest rate and tax parameters.

Different age cohorts have different wages due to differences in productivity, leading to

Pige(h) = pleeprolgrz(h) (2.69)

We now derive a relation between the capital stock and the value of the firm. We make use of the
homogeneity of the production function

Yoe = Kee(t = DR, | +leeFee (2.70)
= kaelt — 1)% + 10*3Iee% (2.71)
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After some substitutions the first order conditions 2.53 and 2.55 lead to the following

(1+rs) (A(t)kGe(t) — 2 (1) Soelt)) = (1~ wpb) P(t+ 1)Feg, (t + L)kge(t) + (2.72)
+q(t+1)(1— 8s)k3e(t) — [(1— wpb)To + bo] She(t) — (1 — bo)She(t) 2 (t +1)
= (1~ wpb) P(t+1) [yge(t + 1) — Fee(t + 1)leelt +1)] — [(1— zupn)rp +bo] Spe(t)
+a(t+1) [kge(t + 1) —ige(t + 1)] — [Spe(t + 1) — bap(t + D)ige(t + 1)) 2 (t +1)
= (1— typb) [P(t+1)yge(t+1) — 10 >pre(t + 1)leelt +1)] — [(1— 7upn)b + bo] Spe(t)

- Kl—bl— vrvibrv ) +l(t+1)b1} p(t+1)ige(t+1) +q(t+1)k3(t +1)

S

— [Spe(t +1) —b1p(t + L)ige(t + 1)J A (t +1)
= (1— tupb) [P(t+1)Yge(t +1) — 10 3pre(t + L)lee(t +1)] — [(1— Tupb)rp + bo] Spe(t)

- (1—b1— vaibrv) P(t+ L)ige(t + 1)+t + DkSs(t + 1) — A (t + 1) Spelt + 1)
—Diy(t+1) — tpp (Af (t+1)— ﬁ P(t+ L)ige(t + 1)) FH(t+1)
+Q(t+1)kS(t+1) — A (t+1)She(t + 1),

Forward solution leads to the conclusion that the value of the capital stock minus the value of
debt equals the discounted value of the dividend payments (the value of the firm) minus the

depreciation allowance on investments installed up to tiered an arbitrary constant
Ak~ AShe = Se— ppoAF + 3 H(t+]) (1+r5) ) (2.73)
=1

So for the value of the firm we have

Se= ke — ASoet TppAF — S H(t+ ) (1+15)~! (2.74)
=
. mpev (1—wpp)rb+bo ~ (I—wpp)ro+bo s
=1 virs Ot rs -+ bo by | Phae rs+ bo Soe+ wuppAF — Ky
AF(t) = YT o(1—v) yigelt —j)p(t— )
= 2lee®p(t) + i T v(L—v) tige(t — j)p(t - ) (2.75)

= Zige®)p(t) + 5 A (1)
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KSt)= SCqH(t+])(1+rs) )

ie: _1

= Ht+1) (1+rs) T+ 37 oHE+ ) (1415) )

(2.76)
= Ht+1)(14rs) T+ 52 H{t+1+i) (141s) "1
= H(t+1)(14rs) "+ KS(t+1) (1+rs) "
. Tvpbv _ (177\/pb)rb+b0 T
T v ¢ rs + bo bl_ Plae+ .77)
(1— typp)rp+bo

—Wsoe‘f' wppAF — Kj

TupbV (1—2pp)lo+bo, | (1= Tupp)ro+bo
I —bl —bl pkge_
V+rs rs+bo rs+bo

v o 1-v
+Tupb mlge<t)p(t)+rs+v

Soe

At (t)> —K§
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Welfare analysis

In this section welfare is discussed using the utility function of section 2.1.3 with consumption
as the only argument. However, labour supply has been modelled, too, but not consistently with
optimal behaviour. We intend to integrate labour supply and consumer behaviour later on. The
welfare measure of this section is only a first rough approximation and is not been used.

Financial wealth equals

1

San(t+i-1) = o~ M

i) . _
Thr(t 1) 20 [Conp(t +1) —y(t+1)] (3.1)
1
1+ rne(t)

4
C 1trpe(t)

Sh(t—1) = [$(t)s3h(t) — Y (t) + Conp(t)]

1
1+ rpe(t)

nr—j i—1 I) 1 . o
- Z 1+rhr 1) ) Tty ot D =Y (D)

Thr() [Conp(t —Y(1))] (3.3)

San(t) + [Conp(t —y(1))]

(3.2)

The discounted value of consumption equals total wealth

— (3.4)

nr—j i—1

=<1+rhr<t>>s§h<t—1>+h<t> with

n—j | /i-1
O =y + (L) 5 Kﬂl ffift'jl)> 1+rhr1(t+i)y(t+i)]

with h human wealth.

iy 14 rhe(t) .

i; KrLlJrrhr +1 >1+rm(t+i)y(t+l)] (3:9)
B Ct)  L4rpe(t) Lo+ 1+ rpe(t) .
_y(t)+[1+rhr(t)1+rhr(t+1)y(t+l} % <|_L1+rh,t+| >1+rhr(t+i)y(t+l)
C(t+1+1) ) T4 rpe(t+1)

1 _
ht+1) = t l -
(t+1) =yt+1)+ Z K Tt 11D ) T rr(C+ 141)

y(t+1+i)

o (t+k) 1+rp(t+1) .

=yt+1)+ 22 <|‘| T +k)> Trr(ts )y(t+1)
3 1+rhr + i L+ rhe(t) :
A Ty (er1+rhr 1+ rpe(t +j)y(t+1)
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Human wealth can be written as a difference equation

1— Ooan(j,t)

h(j,t) =y(i,t) + 1+rne(t+1)

h(j+1t+1), j € {jw, . je—1} (3.6)
h(je,t) = y(je.t)
V(i) = Yen( 1)+ PT) + Yua(§) = (V) + () + lies(§) + liap(§) +liow(§) + PR(1) )

H n__ i +\0
evti )= T ERO (@)1 - 1~ +h(1.0)°

i €Ldw, - je—1
()" o e

(3.7)

with '®" indicating a base run value ani a current value. The with discount factor scaled
equivalent variations make equivalent variations of children and unborn comparable with those

of adults. We define equivalent variations for children and unborn as
ev(j,t) =ev(jw,t+jw—1), ] <lw (3.8)

The equivalent variations of the different cohorts will be aggregated using cohort sizes to one
overall welfare measure. This measure does not evaluate improvements of the Pareto-efficiency
of the economy. Improvements of Pareto efficiency occur when all generation experience gains.
Policy measures often make some groups worse off. To evaluate improvements of the Pareto
efficiency of policy measures one can introduce a Lump Sum Redistribution Authority

(Auerbach and Kaotlikoff (1988) , pp56)
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4.1

Calibration

Firms

We determine the wage rate in efficiency units firstly

ldePide = zlde i)Pe(]) 4.1)

—Zlde pleeprolsh i)

ZJlde( ) ( )

| Ide
de

= PleePro

The wage rate in efficiency units can be calculated as

Plee = p?::iri] (4-2)
S
with
o3 lae(iNG(]
e

The coefficients of the production function can be calibrated with the labour demand and factor

price frontier

_ 1g-3Pee Pree (yge> ° (4.4)
p Iee

_1
_ Prae (yg,e) ’
P \Kae
The capital stock follows from

ige(t)
kge(t - 1) == W (45)

i

|ee

S (1) o Prelt+1) 77
Kae(t) = lee(t +1) (;) <:M3M)
ide(t>

k3e(t —1)

The risk premium has been calibrated in such a way that the wage costs plus capital costs equals

5S:

gross value added

Fisk | YgeP = 10 2l gePide + kSe(t — 1) Prae (4.6)

50



4.2 Consumption

nr—j

(e 1+ rpe(t)
Conp(t)+ Z <FL1+rhr t+1 >1+rhr( t+i) Cont +1)| = 41
=(1+rhr(t))S3h(t — 1) +h(t)
Cogt)+ 3 7(0+1 = Dot 1) = (L (1)t -1+ h()
_ < | (g ¢+ 1 ,
h(t) =y(t) + (1+rnr(t)) Z < Tirm t+|)> T )y(t+l) (4.8)
i~ (g A e
Conp = (1+ Tco)Cnha (4.10)
Conp(t) = (1+rjr-:(€+1) ) ’ (1+IT£§1> ) 771 COnp(t + 1)
[m () (ﬁ;ﬁﬁ?')l))“] Conplt +1) (4.11)
= oft+i)Conp(t+i)
nr—j P B
ool = (1 5 LI (L mel0) st D)-+h0) @12
i) = i ( 1+8 )7< 1+ ot +1) )7‘1 (4.13)
r! T+ rpe(t+1) 1+ ot +1—1) '

1+ rhr

|
t+i—1) =
v T It <|_L1+rhr +1 )
_ L gt+1)
ooty L et +1)
In case of a constant consumption tax the following holds

yt+i-1) _ L) St+1) i 148 T et T
a(t+i) C(t+i) ( 1+rhrt+|)> |ﬂ<l+rhr(t+|)> <1+rco(t+l—1)) 1
(4.14)

B i S i 1t
=(1+p)" g(t“)IDC(t+I)ID(1+rhr(t+I)) 4

= n(t+i)za(t+i)xs(t+1) = x(t+1i)
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xa(t+i) = |i‘!<1+rhr<t+l>)1” (4.15)
|=

= L+ Tht+i)H7 gat+i—1)

x(t)=1
RO
xt+i)= C(t+i)||1m+l) (4.16)
={(t+i—Dypt+i—1)
2t)=1
nat+i)=(1+p)"

= exp[—yiln(1+B)]

So we have written consumption as

nr—j -1

1+ 2 (1+B8) 7 2t +)xst+1)|  [(1+r(®)sht—1)+h®)]  (4.17)

Conp(t) =

We use the time preference paramegieo calibrate the macro-consumption (consumption
aggregated over the cohorts). The intertemporal substitution elastigity fixed at 0.5. Total
financial wealth (wealth aggregated over the cohorts) is calibrated using total taxes on financial

wealth and the effective tax rate,which is fixed at 0.7 percent

SHt—1) = ::';'8 (4.18)

The steady state values of the distribution of financial wealth over the cohorts is used to
distribute total wealth over the cohorts in the base year. This distribution influences the

calibrated valugg and the steady state distribution. This implies the necessity of several

iterations. This procedure is similar to Hans Fehr’s method.

Several researchers use information on the actual distribution data, for instance Kotlikoff
uses information of the actual wealth distribution. Due to inconsistency of this distribution with
the parameters of his model, he get adjustment processes to the steady state distribution. The
Dream team from Denmark uses the consumption distribution and equation 4.17 to obtain the
wealth distribution. This procedure also leads to adjustment processes, because the income
development in the past does not need to be consistent with the expected income development

used in the model.
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4.3

4.4

Government
The right hand side variables are exogenous in the calibration year. The tax rates are calibrated
as follows.

Labour income tax rate

ok = Liak .
iak = & »bh
Yoa— PP PP

Transfer income tax rate

o = Liuk .
iuk = 5 a7
Bijs +Wkn "
Tax rate on pension benefits
Tigs = _Lies
P2 Aowot PP
Consumption tax rate
Teo
Conp
o= T T
-

The tax rate on capital incomg; is fixed at 0.7 percent.

Pension funds
premium
The total pension premium ratﬁb is exogenous in the calibration year. The base premium

T;i)lbl is calculated with the model. The catching up premium results in

f f f
Toib2 = Tolb — Fplbl (4.19)

The base premium can be calculated because the income expectations are known due to our
assumption of steady state productivity growth and a constant cost of capital. This results in
correct expectations of the required actuarial reserves for workers, which have to be accrued and
in correct expectations of the discounted value of the premium base.

Accrual rate

OCib_ Puf(jat) J _jr
pb— Ci ci cio J—
(i i pt) \P" [ _pro® PO (Pwedip(t-1)\ P
di(jr —L,t-1)G(jr —L,t-1) (p(t71)> (pm(t71)) (pyweétfl)p(t)>

(4.20)
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Symbols

Akws children’s assistance

Aowo public pensions

b surplus on the commaodity account of the current account
ba population size
Dap pensioners

baw workers

by births

bpir surplus on the total account of the current account

bijn auxiliary variable social assistance

bijs social assistance

bstr target replacement rate (pensions relative to wages) in the DC system
Si annual savings foreign sector

bopt gross domestic product, factor prices
Bopr gross domestic product, market prices

by deaths

be emigrants

b fertility

b labour supply

bijs social assistance
b immigrants

blG labour supply per gender groug,= f,m

bin total labour supply

by labour supply per gender groups= f,m

bni gross national income

Cap aggregate public consumption

Cit the discounted value of the premium base

Cith auxiliary variable for calculating the discounted value of the premium base
Cna net total domestic expenditure on consumption

Cnh net individual expenditure on consumption

Cnp material public consumption

Conp gross individual expenditure on consumption
Cont total consumption (private plus government)
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deov
deto
dfns

disc
dish
disp
div

dit

dnba

auxiliary variable for calculating the discounted value of the premium rights of
pensioners

depreciation. government

total domestic depreciation investments

public outlays on defence

public depreciation, investments in buildings
public depreciation, investments in infrastructure
discount factor, net profits government

discount factor, households

discount factor, pension funds

dividend

passed working years

future working years

asset holdings of the Central Bank

discounted value survival rates workers
discounted value of one guilder pension

public depreciation investments in schools
aggregate public depreciation investments
government ownership of shares issued by private firms
government holdings of bonds

new shares purchased by the government
government deficit

franchise for pension premium payments

public revenues from natural gas
intra-generational transfer (life insurance)
premium base for public pension premiums

gross public investments in buildings

gross public investments in infrastructure

gross public investments in schools

depreciation investments of the domestic industry
gross investments of the domestic industry
aggregate government income

total net domestic investments, exclusive clearing of land for building

net investments of the domestic industry
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in investment returns
ingb net public investments in buildings
i nif net public investments in infrastructure

inov gross aggregate public investments

insh net public investments in schools

insu indirect taxes minus subsidies (NR data)

intc total gross domestic investments, exclusive clearing of land for building
into net aggregate public investments

Kaa total domestic capital stock

Kse capital stock of enterprises

koo~ public buildings

kjga  Stock natural gas

Kgit public infrastructure

Kgsh public schools

Kgto aggregate public capital stock

kn claim government on firms (valuation by firms)

Kno claim government on firms (valuation by the government)
& survival rates corrected for immigration and emigration
l4a total domestic labour demand

ldab total employment, without price effects

lde labour demand by the domestic industry
ldp labour demand by the government

lee employment in efficiency units in the domestic industries
lies taxes paid by 65+ on their AOW

liak labour income tax

liap private pension tax

liki capital income tax

liov other income taxes

lito aggregate income taxes and premiums
liuk taxes on social benefits

g productivity profile

Mok marginal product of capital
Myl marginal product of labour

Npes national expenditures
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Nmfc
Ondw
Opbb
Opbs
Opdc
Opmi
Ovbu
Ovhs
Ovin
Ovvm

Pin

clearing of land for building

price of goods

public outlays on education

accrual rate of pensions in the final wage system

public outlays on public administration

accrual rate pensions in the DC-system

accrual rate pensions in the average wage system

public transfers to foreigners

government debt

other income

net government'’s wealth

indexation factor

average pension payments as a percentage of the last earned ineomé, a,d
pension premium,= b, f a,d

acquired rights of pensioners and workers, b, f,a, d

required actuarial reserves for workers which has to be accrued, a
pension benefits,= b, f,a,d

required actuarial reserves for workers; f,a

discounted value pension target

public asset holdings of grounds leased to the private sector
participation rate

profits of the domestic industry

general labour productivity measures, applying uniformly to all types of labour in the
economy

points to a quote; suffix indicates the numerator of the quote
target replacement rate private pensions

coverage of pension entitlements

desired coverage of pension entitlements

lower bound of the coverage of pension entitlements

upper bound of the coverage of pension entitlements

actual level private pensions

nominal interest rate

real interest rate

firms’ reserves
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Sabh
Sac
Saf
Sah

Samh
Soe
Sof
Sbg
Sh
Sohn
Sohr
Sop
Sgnr
She
Sheh
Shef
Shep
So
Sse
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net discounted claim of government on firms

profit of government buildings

rate of return, households

real rate of return, households

profit of infrastructure

rate of return, pension funds

effective rate of return of pension funds, nominal
real rate of return of pension funds

rate of return on shares

profit of schools

public interest payments

total assets in the Netherlands

aggregate change of firms assets

change in pension fund assets through emigratienb, f,a,d
change in household’s assets through emigration
inflation correction

aggregate foreign asset holdings

aggregate individual asset holdings

change assets pension funds through immigratienb, f,a,d
change in households’ assets through immigration
bonds issued by firms

bonds owned by foreigners

bonds issued by the government net of bonds owned by the government
bonds owned by households

bonds owned by households; low interest rate
bonds owned by households; high interest rate
bonds owned by pension funds

seigniorage

revaluation of assets

revaluation of assets owned by households
revaluation of assets owned by foreigners
revaluation of assets owned by pension funds
gross wages of employees

total shares issued by domestic private firms



Ssf shares owned by foreigners

Ssh shares owned by households
Ssp shares owned by pension funds
Sub elasticity of substitution between capital and labour in production

Subs public outlays on subsidies

Svh household’s savings

Sup savings private pension funds

tan total individual payments on taxes and premiums

tax aggregate public revenue from taxes and premiums

teo consumption tax

2 actuarial fair pension premium

Tpe actual pension premium rate

Twp employer premiums

T;iJlb pension premium in the average and final wage system$, f,a,d

T;'ﬂbl basic pension premium in the average and final wage systeals,f,a,d
T[iJIbZ catching up pension premium in the average and final wage systents,f,a,d

Tolg average pension premium

Top public pension premium

u expected utility

Uito aggregate government expenditure

v fiscal depreciation of firms

vr‘n total assets, pension fundss b, f,a,d

vﬁnb total assets, pension funds at the start of a yeat, f,a,d

Vimib government dividend income

Vimid annual income of the Central Bank

Vimip annual income from the lease of public grounds
Vir government interest income

Vit aggregate government capital income

Vpdb profit tax

Vil EMU deficit, exclusive of depreciation

Vitk EMU deficit

Waoz disability transfer

Wiih public unemployment transfer

Xah aggregate individual expenditure



Xnp total public outlays minus interest payments and adjustment

Yah aggregate gross individual income

Yge gross domestic product of the private industry
Ygp gross domestic product of the government
Yna net domestic product

Yne net domestic product of the private industry
Yth individual transfer income

Ywe wage sum, enterprises
Ywa household labour income

Ywp wages government

Yzh household capital income

Yzg government capital income

Yzp private pension fund capital income
Zoh individual interest income

Zyp interest income, pension funds

Zpr current account incomes

Zorg public outlays on health care
Zsh household dividend income
Zsp pension fund dividend income
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6 Total accounts

Table 6.1 The total accounts: circular flow

house- pension capital government foreign S
holds sector services  taxes production firms sector
Goods —Conp —Inte —Cap Insu Ygp Yge -B 0
Depreciation Deto —Dtot —lge 0
Net investments Ina Ngrv —Into —lne 0
Transfers Yin —Yih 0
Labour income Ywa —Ywp —Ywe 0
Private pensions R, —Ry 0
Non-labour income Yzh Yzp —Rutg Yzg —Yze Zor 0
Income taxes —Lito Lito 0
Profit tax Vodb —Vpdb 0
Private pension premiums ~ —Fp Po 0
Transfers to foreigners —Ovbu Ovbu 0
Savings(-)/shortage(+) —Sh —Sp Vrtk Soe —Ssf 0
> 0 0 0 0 0 0 0
Table 6.2  The total accounts: changes in total assets
households pension government firms foreign >
sector sector
Savings Sih Sip —Vitk —Se St 0
Asset changes by emigration —Sibh —Sabp S 0
Asset changes by immigration Samh Samp —Sam 0
Revaluation of assets Sheh Shep —Se Shef 0
Change of financial wealth —Sih Vnt% Vrtk S —Sat 0
> 0 0 0 0 0 0
Table 6.3  The total accounts: portfolio changes
households pension government firms foreign >
sector sector

Change of financial wealth Sh —Vrg —Viik - St 0
Change of shares —Sh —Sp —Fach Sse —Ssf 0
Change of bonds —Sh —Sp Syg S —Sp 0
> 0 0 0 0 0 0
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Table 6.4  The total accounts: portfolio

households pension capital government firms foreign >
sector sector

Bonds _Sgh _Sgp %g S%e _Sgb 0
Shares -, - -F3y Se - 0
Capital goods K3 —K§to —K3e 0
Reserves/provisions government Reg —Kg, Kg 0
Reserves/provisions firms RSe —RSe 0
Total assets S5 V,bs -S OSvm S 0
3 0 0 0 0 0 0
7 Imputed income to adults from government transfers to

children

(This section has not been implemented at this moment) Chilgrenj{,) get children’s
assistance and also disability allowance. This income has to transferred to adults. Otherwise,
government measures could not be judged on their welfare implications because only adults only

make independent decisions in the model. In case income of the children goes to the parents the
transfer relation reads as

. 1 2 by (j—7,t—1) :
0 _ ’ S (1 — —
RO0= b T D 2 b g P L DYal(e), € {16..,69) (7.0

because the model assumes women get children between the age of 16 and 50. To make a
distribution over adults only we assume that holds

. 1 o b (j—7,t—17)
YLo(j,bt) = . : Sh(7 — 1t —DY(z,t) (7.2
th(] ) gh(J —1,t—1) T;) Z?g;;x{l&ﬂw}bﬁ(l —T,t—T) ah(T ) th(T ) ( )
i €{jw,-,69}
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This equation can be implemented by introducing

50

b (0.t) = 5 by (i.t)

i:Jw

bff (1, bfflt— — b (0,t — 1)+ by (19,t — 1)
i=19
b (2.t) = b (1,t— 1) + by (18,t — 2)
bff (3,t) = b (2,t — 1) + by (17,t - 3)
bff (4,t) = bff (3,t — 1) + by (16,t — 4)
bl (z,t) = bl (t —1,t—1),z € {5,..,19}
and
) o bg(jit) .
qbff(]voat)* ma J 6{16,,50} (73)
Ot (J,7,t) = it (j — Lo —L,t = 1), {(j,7)} € {(17,1),..,(69,19)} (7.4)

Using these additional variables we can calculate the imputed transfer incoine {oj, .., 69}
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