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1 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

1.1 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.
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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.
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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.

1.2 Notation conventions

Age is indexed toj . We distinguish three states over the life cycle: childhood ends at the age of

jw−1; the working ages arejw up to jr −1; and the retired period starts at the agejr and ends

at the ageje. In the base run the values are set atjw = 20; jr = 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 superscripts. A stock variable,xs ( j), related to an individual of age

j multiplied by the population size of the same agebs
ah( j) results in the cohort variable

bs
ah( j)xs ( j). Assume, the population size with agej at the end of periodt is relevant for the

flows into periodt +1. A flow variable,x ( j), related to an individual of agej multiplied by the

population size of the previous yearbs
ah( j −1, t−1), results in the cohort variable

bs
ah( j −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 cohorts 10−3 ∑ j bs
ah( j)xs ( j) and

10−3 ∑ j bs
ah( 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 start withp, quotes

with q, taxes and premiums withτ . 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.
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1.3 Consumers

1.3.1 Budget

Assets change through savings, revaluation and intra-generational transfers

Ss
ah( j , t) = Ss

ah( j −1, t−1)+Sheh( j , t)+Yah( j , t)−Xah( j , t)+Gen( j , t), j ∈ { jw, .., je} (1.1)

At the beginning of their working life (at age 19) people have no assets

Ss
ih( j) = 0, j ∈ {0, .., jw−1}, i = a,b,s (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

Ss
bh( j) =

Ss
ah( j) if Ss

ah( j) < 0, j ∈ { jw, .., je}
qsbhSsah( j) if Ss

ah( j) > 0, j ∈ { jw, .., je}
(1.3)

Sbh( j) = Ss
bh( j)−Ss

bh( j −1, t−1), j ∈ { jw, .., je} (1.4)

for bonds and to

Ss
sh( j) =

0 if Ss
ah( j) < 0, j ∈ { jw, .., je}

(1−qsbh)Ss
ah( j) if Ss

ah( j) > 0, j ∈ { jw, .., je}
(1.5)

Ssh( j) = Ss
sh( j)−Ss

sh( j −1, t−1), j ∈ { jw, .., je} (1.6)

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

Ss
bhn( j) = qsbhS

s
ah( j) , j ∈ { jw, .., je} (1.7)

Ss
bhr( j) =

(1−qsbh)Ss
ah( j)if Ss

ah( j) < 0, j ∈ { jw, .., je}
0 if Ss

ah( j) > 0
(1.8)

Savings equal total income minus expenditure

Svh( j) = Yah( j)−Xah( j), j ∈ { jw, .., je} (1.9)

Intra-generational transfers

Gen( j) = qbdh( j)Ss
ah( j)

=
qbdh( j)

1−qbdh( j)
(Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j)) , j ∈ { jw, .., je−1}(1.10)

Revaluation of assets

Sheh( j) = Ss
sh( j −1, t−1)

 1+ rs(t)

1+ Div(t)
Ss

se(t)

−1

 , j ∈ { jw, .., je} (1.11)
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Inflation correction

sac( j) = ss
ah( j −1, t−1)

(
p(t−1)

p(t)
−1

)
, j ∈ { jw, .., je} (1.12)

Changed wealth through immigration and emigration

Sh
ab( j , t) = qbeh( j , t) [Ss

ah( j −1, t−1)+Sheh( j , t)+Svh( j , t)] (1.13)

Sh
am( j , t) = qbih( j , t) [Ss

ah( j −1, t−1)+Sheh( j , t)+Svh( j , t)] (1.14)

1.3.2 Income

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

capital income.

Yah( j) = Yth( j)+Pb
u ( j)+Ywa( j)+Yzh( j), j ∈ {0, .., je} (1.15)

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

pillar), disability and unemployment benefits

Yth( j) = Bijs( j)+Akws( j)+Aowo( j)+Waoz( j)+Wklh( j), j ∈ {0, .., je} (1.16)

Individuals labour income

Ywa( j , t) =
lde( j , t)

bs
ah( j −1, t−1)

pywe( j , t)+
ldp( j , t)

bs
ah( j −1, t−1)

pywp( j , t), j ∈ { jw, .., je} (1.17)

Total capital income equals interest income plus dividend income

Yzh( j) = Zbh( j)+Zsh( j), j ∈ { jw, .., je} (1.18)

Interest income

Zbh( j , t) = rb(t)Ss
bhn( j −1, t−1)+(rb(t)+ r isk)Ss

bhr( j −1, t−1), j ∈ { jw, .., je} (1.19)

Dividend income

Zsh( j , t) = Div(t)
Ss

sh( j −1, t−1)

Ss
se(t)

(
1+ Div(t)

Ss
se(t)

1+rs(t)

) , j ∈ { jw, .., je} (1.20)

1.3.3 Taxes

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

Tah( j) = Tco( j)+Lito( j), j ∈ { jw, .., je} (1.21)

7



Consumption tax

Tco( j) = τcoCnh( j), j ∈ {0, .., je} (1.22)

Income taxes

Lito( j) = Liak( j)+Liuk( j)+Li65( j)+Liap( j)+Liki( j)+Liov( j), j ∈ { jw, .., je} (1.23)

Taxes (including public pensions) on labour income

Liak( j) = (τiak + τpp)
[
Ywa( j)−Pb

p ( j)
]
, j ∈ { jw, .., jr −1} (1.24)

Tax (including public pensions) on transfer income

Liuk( j) = (τliuk + τpp) [Bijs( j)+Waoz( j)+Wklh( j)] , j ∈ { jw, .., jr −1} (1.25)

Tax on pensions

Li65( j) = (τli65)
[
Aowo( j)+Pb

u ( j)
]
, j ∈ { jr , .., je} (1.26)

Tax on annuities

Liap( j , t) = Liap( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
pgef(t)

pgef(t−1)
Lau

iap(t), j ∈ {0, .., je} (1.27)

Other income taxes

Liov( j , t) = Liov( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
evut( j , t)

evut( j , t−1)
Lau

iov(t), j ∈ {0, .., je} (1.28)

Public pension contribution (AOW)

Tpp( j) = τpp

[
Bijs( j)+Waoz( j)+Wklh( j)+Ywa( j)−Pb

p ( j)
]
, j ∈ { jw, .., jr −1} (1.29)

Tax on financial wealth

Liki( j) = τliki S
s
ah( j −1, t−1), j ∈ { jw, .., je} (1.30)

1.3.4 Expenditures

Total individual expenditure includes consumption and taxes

Xah( j) = Cnh( j)+Tah( j)+Pb
p ( j), j ∈ {0, .., je} (1.31)

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

tax payments

Conp( j) = Cnh( j)+Tco( j), j ∈ { jw, .., je} (1.32)
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Nominal net outlays on consumption equal the real net outlays times the price index

Cnh( j) = pcnh( j), j ∈ { jw, .., je} (1.33)

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

cnh( je, t) =
Ss

ah( je−1, t−1)+Sheh( je, t)+Yah( je, t)−Tah( je, t)
p(t)

(1.34)

Consumption

cnh( j , t) =
(

1+β

1+ rhr( j +1, t +1)
1+ τco(t +1)

1+ τco

)γ

cnh( j +1, t +1), j ∈ { jw, .., je−1} (1.35)

and for the last simulation year

cnh( j ,T) =
(

1+β

1+ rhr( j +1,T)

)γ

cnh( j +1,T)
pro(T)

pro(T−1)
, j ∈ { jw, .., je−1} (1.36)

with T being the last simulation year.

Discount factor

dish(t) = dish(t−1)
1

1+ rhr(t)
(1.37)

1.3.5 Human wealth

Human wealth has been written as a difference equation

h( j , t) = y( j , t)+
1−qbdh( j , t)
1+ rhr(t +1)

h( j +1, t +1), j ∈ { jw, .., je−1} (1.38)

h( je, t) = y( je, t) (1.39)

y( j) = yth( j)+ pb
u( j)+ywa( j)−(

l iak( j)+ l iuk( j)+ l i65( j)+ l iap( j)+ l iov( j)+ pb
p( j)

)
(1.40)

1.4 Firms

1.4.1 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.

Ss
se=

(
1−

τvpbν

ν + rs

)
pks

ae−
(1− τvpb)rb +b0

rs +b0
Sbe+

τvpb

(
ν

rs +ν
ige(t)p(t)+

1−ν

rs +ν
Af (t)

)
−Ks

h(t) (1.41)
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Ks
h(t) =

[
Gasb(t +1)+Vmid(t +1)+(1− τvpb)Vmip(t +1)+Pe

]
(1+ rs)

−1

+Ks
h(t +1)(1+ rs)

−1 (1.42)

Minus the hidden reserves of firms

Rs
ee= Ss

se+Ss
be+Ks

h−Ks
ae (1.43)

Sse(t) = Ss
se(t)−Ss

se(t)
1+ Div(t)

Ss
se(t)

1+ rs(t)
(1.44)

Total liabilities of firms

Se = Sbe+Sse (1.45)

1.4.2 The budget

Profits

Prf (t) = Yge(t)−Ywe(t)− rb(t)Ss
be(t−1)−Vmip(t) (1.46)

Dividend payments

Div = Prf − Ige−Vpdb−Gasb−Vmid−Pe+∆Ss
be (1.47)

Other income payments

Yze= Div +Gas+Vmid+Vmip+Pe (1.48)

The government levies a proportional tax on net profits

Vpdb = τvpb
[
Prf −Af

]
(1.49)

Vpdb( j) =
vci

pdb( j)

vci
pdb

Vpdb (1.50)

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

cost price of investment .

Af (t) = vAs(t−1)

As(t) = (1−v)As(t−1)+ p(t)ige(t) (1.51)
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1.4.3 Production, capital and labour demand.

Production

yge =
(

κ ks
ae(t−1)

σ−1
σ +α l

σ−1
σ

ee

) σ

σ−1

(1.52)

Yge = pyge (1.53)

Yne = Yge− Ide (1.54)

yne =
Yne

p
(1.55)

Capital

ks
ae(t) = lee(t +1)

(
κ

α

pywee(t +1)10−3

pkae(t +1)

)σ

(1.56)

Ks
ae = pks

ae (1.57)

Marginal product of capital

pks
ae

=
1

1− τvpb

(
p(t−1)

p
(1+ rs)− (1− δs)

)
× (1.58)[

1−
τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
p (1.59)

Gross investments

Ige(t) = Ks
ae(t)− (1− δs)Ks

ae(t−1)
p(t)

p(t−1)
(1.60)

Capital deteriorates at a fixed rate

Ide(t) = δsK
s
ae(t−1)

p(t)
p(t−1)

(1.61)

Net investment equals gross investment minus depreciation

Ine = Ige− Ide (1.62)

Employment and wages

pywee= 103
α
− σ

1−σ p

[
1−κ

σ

(
pkae

p

)1−σ
] 1

1−σ

(1.63)
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pywe( j) = pyweel
ci
sh( j)pro, j ∈ { jw, .., je} (1.64)

Flee =
(

yge

lee

) 1
σ

α with lee= ∑
j

lde( j)l ci
sh( j)pro, j ∈ { jw, .., je} (1.65)

lde( j) =
lde

lda
lda( j) with lde = lda− ldp, j ∈ { jw, .., je} (1.66)

Ywe = ∑
j

pywe( j)lde( j)10−3, j ∈ { jw, .., je} (1.67)

pywe=
∑ j pywe( j)lde( j)

lde
(1.68)

1.5 Government

1.5.1 Public debt and assets

Government debt, deficit and wealth

Os
vhs(t) = Os

vhs(t−1)+Fntk(t) (1.69)

Fntk = Vrtk +Facr +Fine (1.70)

Os
vvm= Ks

gto+Fs
acr +Fs

acb+Ks
gga+Ps

cht+Ds
nba−Os

vhs (1.71)

Government investments in firms

Ks
h2 = Ks

gga+Ps
cht+Ds

nba (1.72)

Net bond position of the government

Ss
bg = Os

vhs−Fs
acr (1.73)

EMU deficit

Vrtk = Uito− Ikto (1.74)

Vrt1 = Vrtk−Dtot (1.75)

Net change in bonds issued by the government

Sbg = Vrtk +Facb (1.76)

Central bank assets

Dnba(t) = Ds
nba(t)−Ds

nba(t−1) (1.77)

Ds
nba(t) = Ds

nba(t−1)
Yne(t)

Yne(t−1)
(1.78)
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Lease of parcels of land

Ps
cht(t) = Ps

cht(t−1)
Yne(t)

Yne(t−1)
(1.79)

Capital

Ks
gto = Ks

ggb+Ks
gif +Ks

gsh (1.80)

Ks
gj(t) = Kgj(t−1)

p(t)
p(t−1)

+ Inj(t); j = gb, if ,sh (1.81)

Financial assets

Facr(t) = Fs
acr(t)−Fs

acr(t−1) (1.82)

Fs
acr(t) = Fs

acr(t−1)
Yne(t)

Yne(t−1)
(1.83)

Fine(t) = Fs
acb(t)−Fs

acb(t−1)
p(t)

p(t−1)
(1.84)

Facb(t) = Fs
acb(t)−Fs

acb(t−1) (1.85)

Fs
acb(t) = Fs

acb(t−1)
Yne(t)

Yne(t−1)
(1.86)

1.5.2 Public expenditures

Employment and wages

ldp(t) = ldp(t−1)
blh(t)

blh(t−1)
(1.87)

Ywp = Ywa−Ywe (1.88)

Wage rate of the government

pywp( j , t) = pywp( j −1, t−1)
pywe( j , t)

pywe( j −1, t−1)
(1.89)

Depreciation

Dtot = Dgb+Dif +Dsh (1.90)

Di( j , t) =
1

bs
ah(t−1)

δ Ks
kj(t−1)

p(t)
p(t−1)

, i = gb, if (1.91)

Dsh( j , t) =
Oci

ndw( j)
Oci

ndw

δ Ks
ksh(t−1)

p(t)
p(t−1)

(1.92)
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Investment

Ibto = Ibgb+ Ibif + Ibsh (1.93)

Ibif (t) = Ibif (t−1)
Yne(t)

Yne(t−1)
(1.94)

Ibi( j , t) = Ibi( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
, j ∈ {0, .., je}, i = gb,sh (1.95)

Into = Ingb+ Inif + Insh (1.96)

Inj = Ib j −D j , j = gb, if ,sh (1.97)

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

administration

Cap = Dfns+Ondw+Zorg +Opbs+Dtot (1.98)

Material consumption of the government equals government total consumption minus the

government wage bill

Cnp = Cap−Ywo (1.99)

Clearing of land for building

Ngrv( j , t) = Ngrv( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
, j ∈ {0, .., je} (1.100)

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

age-specific index

Zorg( j , t) = Zorg( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
zau

org( j , t)
zau

org( j , t−1)
Zau

org(t), 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

zau
org( j) =qbdh( j)sci

tek+(1−qbdh( j))zci
org( j)+wci

tz ( j) (1.102)

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

index

Ondw( j , t) = Ondw( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
Oau

ndw(t), j ∈ {0, .., je} (1.103)
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Age-specific social and children’s assistance, and public old-age benefits grow with labour

productivity, price inflation and an exogenous index

Bijs( j , t) = Bijs( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
Bau

ijs (t), j ∈ {0, .., je} (1.104)

Akws( j , t) = Akws( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
Aau

kws(t), j ∈ {0, .., je} (1.105)

Aowo( j , t) = Aowo( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
Aau

owo(t), j ∈ {0, .., je} (1.106)

Age-specific disability and unemployment benefits grow with labour productivity, price

inflation, an exogenous index, and labour participation rate

Waoz( j , t) = Waoz( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
Wau

aoz(t)
pgef(t)

pgef(t−1)
, j ∈ {0, .., je} (1.107)

Wklh( j , t) = Wklh( j , t−1)
pywee(t)

pywee(t−1)
pro(t)

pro(t−1)
Wau

klh(t)
pgef(t)

pgef(t−1)
, j ∈ {0, .., je} (1.108)

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

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

Subs( j , t) =
Subs(t−1)
bs

ah(t−1)
Yne(t)

Yne(t−1)
Sau

ubs(t) (1.109)

Opbs( j , t) =
Opbs(t−1)
bs

ah(t−1)
Yne(t)

Yne(t−1)
Oau

pbs(t) (1.110)

Ovbu( j , t) =
Ovbu(t−1)
bs

ah(t−1)
Yne(t)

Yne(t−1)
Oau

vbu(t) (1.111)

Dfns( j , t) =
Dfns(t−1)
bs

ah(t−1)
Yne(t)

Yne(t−1)
Dau

fns(t) (1.112)

Public interest payments

Rutg(t) = rbOs
vhs(t−1) (1.113)

1.5.3 Public revenues

Vmir(t) = rb(t)Fs
acr(t−1) (1.114)

Vmib(t) = rb(t)Fs
acb(t−1) (1.115)

Vmid(t) = rb(t)Ds
nba(t−1) (1.116)

Vmip(t) = rb(t)Ps
cht(t−1) (1.117)

Total income from public assets

Vmit = Vmir +Vmid+Vmip+Vmib (1.118)
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Non-tax income of the government

Yzg = Vmit +Gasb (1.119)

Seigniorage grows with production enterprises

Sgnr( j , t) =
Irto( j , t)
Irto(t)

Sgnr(t−1)
Yne(t)

Yne(t−1)
(1.120)

Indirect taxes

Irto = Tco+ Irin (1.121)

Indirect taxes on investment goods

Irin(t) = Irin(t−1)
Intc(t)

Intc(t−1)
(1.122)

Irin( j) =
vci

pdb( j)

vci
pdb

Irin (1.123)

1.5.4 National accounts data

Indirect taxes minus subsidies according to the national accounts

Insu= Irto−Subs (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+Wklh (1.125)

Aggregate public expenditures equal net public expenditures plus interest payments.

Uito = Xnp+Rutg−Dtot (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 = Gasb+(Tax−Sgnr)+Vmit (1.128)
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1.5.5 Net profits from the government

Benefits

Bato( j) = Dfns( j)+Opbs( j)+Dgeb( j)+Rgeb( j)+Din f ( j)+Rin f ( j)

+Zorg( j)+Ondw( j)+Dsch( j)+Rsch( j)+Subs( j)+Wklh( j)

+Waoz( j)+Bijs( j)+Aowo( j)+Akws( j)+Ovbu( j) (1.129)

Benefits from government buildings

Rgeb( j , t) =
1

bs
ah(t−1)

rbr(t)Kggb(t) (1.130)

Rinf ( j , t) =
1

bs
ah(t−1)

rbr(t)Kgif (t) (1.131)

Rsch( j , t) =
1

bs
ah(t−1)

rbr(t)Kgsh(t) (1.132)

Costs

Lsto( j) = Lito( j)+Vpdb( j)+ Irto( j)+Ngrv( j)+Sgnr( j) (1.133)

Net profits

Nprf ( j) = Bato( j)−Lsto( j) (1.134)

Discounted net benefits from the government

pg2( j , t) =
1

1+ rbr
Nprf ( j , t)+

1−qbdh( j , t)
1+ rbr

pg2( j +1, t +1), j ∈ { jw, .., je−1} (1.135)

pg2( je, t) =
1

1+ rbr
Nprf ( je, t) (1.136)

pg2( j , t) = pg12( jw, t + jw− j) , j < jw (1.137)

with

pg12( j , t) = pg2( j , t)disc(t), j ∈ { jw, .., je−1} (1.138)

discount factor

disc(t) = disc(t−1)
1

1+ rbr(t)
(1.139)
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1.6 Private pension funds

We do not exactly follow the pension study, but a later version (GAMMA7e).

Pension premium rate

τ
b
plb = δ

f
1 τ

f
plb + δ

a
1 τ

a
plb + δ

d
1 τ

d
plb (1.140)

Basis premium

τ
b
plb1 = δ

f
1 τ

f
plb1+ δ

a
1 τ

a
plb1+ δ

d
1 τ

d
plb1 (1.141)

Catching up premium

τ
b
plb2 = δ

f
1 τ

f
plb2+ δ

a
1 τ

a
plb2+ δ

d
1 τ

d
plb2 (1.142)

The premium receipts

Pb
p ( j , t) = δ

f
1 P f

p ( j , t)+ δ
a
1 Pa

p ( j , t)+ δ
d
1 Pd

p ( j , t) (1.143)

Premium base

Gb
pp( j , t) = G( j , t)

lda( j , t)
bs

ah( j −1, t−1)
(1.144)

G( j , t) = Slo( j , t)−Fran(t) (1.145)

Gross wages

Slo( j , t) = Slo( j , t−1)
pywee(t)pro(t)

pywee(t−1)pro(t−1)
(1.146)

Franchise

Fran(t) = Fran(t−1)
(

pywee(t)pro(t)
pywee(t−1)pro(t−1)

)δ
in
aow

(1.147)

Pension benefits

Pb
u ( j , t) = δ

f
1 P f

u ( j , t)+ δ
a
1 Pa

u ( j , t)+ δ
d
1 Pd

u ( j , t) (1.148)

Financial wealth at the end of the year

Vbs
m (t) = V f s

m (t)+Vas
m (t)+Vds

m (t) (1.149)

Financial wealth at the start of the year

Vbs
mb(t) = V f s

mb(t)+Vas
mb(t)+Vds

mb(t) (1.150)
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Change financial wealth

Vb
m(t) = V f

m(t)+Va
m(t)+Vd

m(t) (1.151)

Bonds

Ss
bp(t) = qsbpV

b
m(t) (1.152)

Sbp(t) = Ss
bp(t)−Ss

bp(t−1) (1.153)

Shares

Ss
sp(t) = (1−qsbp)Vb

m(t) (1.154)

Ssp(t) = Ss
sp(t)−Ss

sp(t−1) (1.155)

Savings

Svp(t) = Yzp(t)+Pb
p (t)−Pb

u (t) (1.156)

Revaluation of assets

Shep= Ss
sp(t−1)

 1+ rs(t)

1+ Div(t)
Ss

se(t)

−1

 (1.157)

Pension capital export and import through migration

Sp
am( j , t) = δ

f
1 Sf

am( j , t)+ δ
a
1 Sa

am( j , t)+ δ
d
1 Sd

am( j , t) (1.158)

Sp
ab( j , t) = δ

f
1 Sf

ab( j , t)+ δ
a
1 Sa

ab( j , t)+ δ
d
1 Sd

ab( j , t) (1.159)

Total capital income equals interest income plus dividend income

Yzp = Zbp+Zsp+Pe (1.160)

Interest income

Zbp(t) = rb(t)Ss
bp(t−1) (1.161)

Dividend income

Zsp(t) = Div(t)
Ss

sp(t−1)

Ss
se(t)

1+ Div(t)
Ss
se(t)

1+rs(t)

(1.162)

Acquired rights of pensioners and workers

Pb
r = δ

f
1 P f

r + δ
a
1 Pa

r + δ
d
1 Pd

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

cwp( j , t) =



p(t)
p(t−1)

pro(t)
pro(t−1)

ξ ( j ,t)
1+rp(t+1) (1+cwp( j +1, t +1)) , j ∈ { jr , .., je−1}

in the DC system
ξ ( j ,t)

1+rb(t+1) (1+cwp( j +1, t +1)) , j ∈ { jr , .., je−1}

in the DB sytems

(1.164)

cwp( je, t) =0 (1.165)

Change cohort

ξ ( j , t) = (1−qbdh( j , t))(1−qbih( j , t)+qbeh( j , t)) (1.166)

Passed working years

d j ( jw−1, t) = 1.1 (1.167)

d j ( j , t) = d j ( j −1, t−1)+
lda( j , t)

bs
ah( j −1, t−1)

(1.168)

Future working years

djt( je, t) = 0 (1.169)

djt( j , t) = djt( j +1, t +1)+
lda( j +1, t +1)

bs
ah( j , t)

(1.170)

Discount factor pension rights

drw( j , t) = ξ ( j ,t)
1+rb(t+1)drw( j +1, t +1) and j = jw, .., jr −2 (1.171)

drw( jr −1, t) = ξ ( jr−1,t)
1+rb(t+1) (1.172)

Worker’s discount factor for their premium base

Ch
lt ( j , t) =



Gb
pp( j+1,t+1)

Gb
pp( j ,t)

ξ ( j ,t)
1+rp(t+1)

(
1+Ch

lt ( j +1, t +1)
)
, j ∈ { jw, .., jr −2}

DC system
ξ ( j ,t)

1+rb(t+1)

(
1+Ch

lt ( j +1, t +1)
)
, j ∈ { jw, .., jr −2}

DB system

(1.173)

Ch
lt ( jr −1, t) = 0 (1.174)

The discounted value of the premium base of a worker agedj

Clt( j , t) = [1+ rp(t)]−1Gb
pp( j , t)

(
1+Ch

lt ( j , t)
)

, j ∈ { jw, .., jr −1} (1.175)

Coverage rate

qka(t) =
Vb

mb(t)
Pb

r (t)
(1.176)

20



1.6.1 Final wage system

Pension premium rate

τ
f

plb = τ
f

plb1+ τ
f

plb2 (1.177)

Basis premium

τ
f

plb1 =
P f

t

Clt
(1.178)

Catching up premium

τ
f

plb2 =


min

{
0.5− τ

f
plb1,τ

f
plbh

}
τ

f
pbh if τ

f
τ lbh < 0

(1.179)

with

τ
f

plbh =
Pb

r

Gb
pp(t−1)

[
λ qs

ka(t)+(1−λ )qka(t−1)−q f au
ka (t)

]
(1.180)

q f au
ka (t) =

1
Pb

r

[
(1+ rpe(t−1))Vb

mb(t−1)+ (1.181)

+τ
b
plb1G

b
pp(t−1)−Pb

u (t−1)−Sabp(t−1)+Samp(t−1)
]

The premium receipts

P f
p ( j , t) = τ

f
plbGb

pp( j , t), j ∈ { jw, .., jr −1} (1.182)

Pension benefit

P f
u ( j , t) =



P f
u ( j −1, t−1)

(
p(t)

p(t−1)

)pci (
pro(t)

pro(t−1)

)pci
ro
(

pywee(t)p(t−1)
pywee(t−1)p(t)

)pci
l

, j ∈ { jr +1, .., je}

oci
pbd j ( jr −1, t−1)G( jr −1, t−1)

(
p(t)

p(t−1)

)pci

×

×
(

pro(t)
pro(t−1)

)pci
ro
(

pywee(t)p(t−1)
pywee(t−1)p(t)

)pci
l

, j = jr

(1.183)

Acquired rights of pensioners and workers

P f
r = P f

r 1 +P f
r 2 (1.184)

The present value of total pension benefits of a pensioner agedj

P f
r1( j , t) = [1+ rp(t)]−1P f

us( j , t)(1+cwp( j , t)) , j ∈ { jr , .., je} (1.185)
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Acquired rights of pensioners and workers without current year

P f
rh = P f

r1h +P f
r2 (1.186)

The present value of total pension benefits of a pensioner agedj , excluding current year

P f
r1h( j , t) = [1+ rp(t)]−1P f

u ( j , t)cwp( j , t), j ∈ { jr , .., je} (1.187)

The discounted value of future pension benefits of a present-day worker agedj

P f
w ( j , t) = P f

r1( jr , t)drw( j , t) (1.188)

of which already built up

P f
r2( j , t) = d j (i,t)

d j (i,t)+djt (i,t)
G( j ,t)

G( jr−1,t)P
f

w ( j , t) (1.189)

and to be built up

P f
t ( j , t) = djt (i,t)

d j (i,t)+djt (i,t)
G( j ,t)

G( jr−1,t)P
f

w ( j , t) (1.190)

Wealth at the start of the year

V f s
mb(t) = V f s

m (t−1)+V f s
mau (1.191)

Wealth at the end of the year

V f s
m (t) = V f s

mb(t)+V f
m(t) (1.192)

Change in wealth

V f
m(t) = δ

f
1

(
Svp(t)+Shep(t)

)
+Sf

am(t)−Sf
ab(t) (1.193)

Change in wealth through immigration and emigration

Sf
am( j , t) = qbih( j , t)

[
P f

r1( j , t)+P f
r2( j , t)

]
(1.194)

Sf
ab( j , t) = qbeh( j , t)

[
P f

r1( j , t)+P f
r2( j , t)

]
(1.195)

1.6.2 Average wage system

Pension premium rate

τ
a
plb = τ

a
plb1+ τ

a
plb2 (1.196)
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Basis premium

τ
a
plb1 =

Pa
t

Clt
(1.197)

Catching up premium

τ
a
plb2 =


min

{
0.5− τ

a
plb1,τ

a
plbh

}
τ

a
pbh if τ

a
τ lbh < 0

(1.198)

with

τ
a
plbh =

Pb
r

Gb
pp(t−1)

[λ qs
ka(t)+(1−λ )qka(t−1)−qaau

ka (t)] (1.199)

qaau
ka (t) =

1
Pb

r

[
(1+ rpe(t−1))Vb

mb(t−1)+ (1.200)

+τ
b
plb1G

b
pp(t−1)−Pb

u (t−1)−Sabp(t−1)+Samp(t−1)
]

The premium receipts

Pa
p ( j , t) = τ

a
plbGb

pp( j , t), j ∈ { jw, .., jr −1} (1.201)

Pension benefit

Pb
u ( j , t) =

Gem( j −1, t−1)
(

p(t)
p(t−1)

)pci (
pro(t)

pro(t−1)

)pci
ro
(

pywee(t)p(t−1)
pywee(t−1)p(t)

)pci
l

,

j ∈ { jr , .., je} DB average wage
(1.202)

Rights in the average wage system

Gb
em( j , t) =



oci
pbd j ( j −1, t−1)G( j −1, t−1) j ∈ { jw.. jr −1}

before introduction average wage

P f
u ( j , t) j ∈ {66, .., je} before introduction average wage

Gb
em( j −1, t−1)

(
p(t)

p(t−1)

)pci (
pro(t)

pro(t−1)

)pci
ro
(

pywee(t)p(t−1)
pywee(t−1)p(t)

)pci
l +

opmi
lda( j ,t)

bah( j−1,t−1)G( j , t)

(1.203)

Acquired rights of pensioners and workers

Pa
r ( j , t) = Pa

r1( j , t)+Pa
r2( j , t) (1.204)

The present value of total pension benefits of a pensioner agedj

Pa
r1( j , t) = [1+ rp(t)]−1Pa

u ( j , t)(1+cwp( j , t)) , j ∈ { jr , .., je} (1.205)
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Acquired rights of pensioners and workers excluding the current year

Pa
rh( j , t) = Pa

r1h( j , t)+Pa
r2( j , t) (1.206)

The present value of total pension benefits of a pensioner agedj , excluding the current year

Pa
r1h( j , t) = [1+ rp(t)]−1Pa

u ( j , t)cwp( j , t), j ∈ { jr , .., je} (1.207)

The discounted value of future pension benefits of a present-day worker agedj

Pa
w( j , t) = Pa

r1( jr , t)drw( j , t)

of which already built up

Pa
r2( j , t) = d j (i,t)

d j (i,t)+djt (i,t)
G( j ,t)

G( jr−1,t)P
a
w( j , t) (1.208)

and to be built up

Pa
t ( j , t) = djt (i,t)

d j (i,t)+djt (i,t)
G( j ,t)

G( jr−1,t)P
a
w( j , t) (1.209)

Wealth at the start of the year

Vas
mb(t) = Vas

m (t−1)+Vas
mau (1.210)

Wealth at the end of the year

Vas
m (t) = Vas

mb(t)+Va
m(t) (1.211)

Change in wealth

Va
m(t) = δ

a
1

(
Svp(t)+Shep(t)

)
+Sa

am(t)−Sa
ab(t) (1.212)

Change in wealth through immigration and emigration

Sa
am( j , t) = qbih( j , t) [Pa

r1( j , t)+Pa
r2( j , t)] (1.213)

Sa
ab( j , t) = qbeh( j , t) [Pa

r1( j , t)+Pa
r2( j , t)] (1.214)

1.6.3 Defined Contribution

Discounted value pension target

Pd
w ( j , t) = Bstrd

d
r ( j , t) (1.215)
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Pension target

Bstr(t) = (1+cwp( jr , t))G( jr −1, t−1) opdc d j ( jr , t) (1.216)

Premium rate

τ
d
plb(t) =

Pp(t)
Gpp(t)

(1.217)

τ
d
plb( j , t) = τ

d
plb1( j , t)+ τ

d
plb2( j , t)

τ
d
plb2( j , t) = 0

τ
d
plb1(t, j) =



Pd
w ( j ,t)−Vd

mb( j ,t)
Clt ( j ,t) , j ∈ { jw +1.. jr −1} in year of transition

τ
d
plb(t−1, j −1), j ∈ { jw +1.. jr −1}

Pd
w ( j ,t)

Clt ( j ,t) , j = jw

(1.218)

The premium receipts

Pd
p ( j , t) = τ

d
plb( j , t)Gb

pp( j , t), j ∈ { jw, .., jr −1} (1.219)

Pension benefits

Pb
u ( j , t) = Vs

mb( j , t)
1+ rp

1+cwp( j , t)
, j ∈ { jr , .., je} DC (1.220)

Discount factor

dd
r ( j , t) =

p(t)pro(t)
p(t−1)pro(t−1)

ξ ( j , t)
1+ rp(t +1)

dd
r ( j +1, t +1), j ∈ { jw, .., jr −2} (1.221)

dd
r ( jr −1, t) =

p(t)pro(t)
p(t−1)pro(t−1)

ξ ( jr −1, t)
1+ rp(t +1)

(1.222)

Wealth at the start of the year

Vds
mb( j , t) = Vds

m ( j −1, t−1)+Vds
mau( j , t) (1.223)

Wealth at the end of the year

Vds
m ( j , t) =



[
Vd

mb( j , t)(1+ rpe)−Pd
u ( j , t)

] bahb( j ,t)
bah( j ,t) , j ∈ { jr .. je}

after the year of transition[
Vds

mb( j , t)(1+ rpe)+ τ
d
plb(t, j)Gb

pp( j , t)
]

bahb( j ,t)
bah( j ,t) , j ∈ { jw.. jr −1}

after the year of transition

(1.224)

Change in wealth through immigration and emigration

Sd
am( j , t) = qbih( j , t)

[
Vds

mb( j , t)(1+ rpe)−Pd
u ( j , t)+ τ

d
plb(t, j)Gb

pp( j , t)
]

(1.225)

Sd
ab( j , t) = qbeh( j , t)

[
Vds

mb( j , t)(1+ rpe)−Pd
u ( j , t)+ τ

d
plb(t, j)Gb

pp( j , t)
]

(1.226)
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1.6.4 Wealth transfer between pension systems

V f s
mau(t) = δ

f
2 δ

a
2

[
V f

m(t−1)−Va
m(t−1)

]
+ δ

f
2 δ

d
2

[
V f

m(t−1)−Vd
m(t−1)

]
(1.227)

Vas
mau(t) = δ

a
2 δ

f
2

[
Va

m(t−1)−V f
m(t−1)

]
+ δ

a
2 δ

d
2

[
Va

m(t−1)−Vd
m(t−1)

]
(1.228)

Vd
mau( j , t) =



δ
d
2 δ

f
2

[
Vd

m(t−1)−V f
m(t−1)P f

r1h( j−1,t−1)

P f
rg

]
+

+δ
d
2 δ

a
2

[
Vd

m(t−1)− Pa
r1h( j−1,t−1)

Pa
rg

Va
m(t−1)

]
and j ≥ jr

δ
d
2 δ

f
2

[
Vd

m(t−1)−V f
m(t−1)P f

r2( j−1,t−1)

P f
rg

]
+

+δ
d
2 δ

a
2

[
Vd

m(t−1)− Pa
r2( j−1,t−1)

Pa
rg

Va
m(t−1)

]
and j < jr

(1.229)

P f
rg =

je−1

∑
j=0

bah( j −1, t−1)
[
P f

r1h( j −1, t−1)+P f
r2( j −1, t−1)

]
(1.230)

Pa
rg =

je−1

∑
j=0

bah( j −1, t−1) [Pa
r1h( j −1, t−1)+Pa

r2( j −1, t−1)] (1.231)

1.6.5 Net benefits of pension funds

Define net benefits of pension funds of the current workers as

pp2( j , t) =
1

1+ rpr

[
pb

u( j , t)+sabp( j , t)− pb
p( j , t)−samp( j , t)

]
+ (1.232)

+
1−qbdh( j , t)

1+ rpr
pp2( j +1, t +1), j ∈ { jw, .., je−1}

pp2( je, t) =
1

1+ rpr

[
pb

u( je, t)+sabp( je, t)− pb
p( je, t)−samp( je, t)

]
(1.233)

pp2( j , t) =pp12( jw, t + jw− j) , j < jw (1.234)

with

pp12( j , t) = pp2( j , t)disp(t), j ∈ { jw, .., je−1} (1.235)

discount factor

disp(t) = disp(t−1)
1

1+ rpr(t)
(1.236)
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1.6.6 Output variables pension system

Average premiums

τ
b
plg =

τ
b
pppG

b
pp

Ywa
(1.237)

τ
b
plg1 =

τ
b
plb1G

b
pp

Ywa
(1.238)

τ
b
plg2 =

τ
b
plb2G

b
pp

Ywa
(1.239)

target replacement rate

qb
asp=


(wer1−5)oci

pbb
G( jr−1,t)
Slo( jr−1,t) final wage

(wer1−5)oci
pmi

1
Slo( jr−1,t)

∑ jr −1
j= jw

G( j ,t)
40 average wage

(1.240)

Actual pension rate at the age of 65

qpn( jr , t) =



oci
pbbd j ( jr , t) final wage

Pb
u ( jr t)

G( jr−1,t−1) defined benefit

Gb
em( jr−1,t−1)
G( jr−1,t−1) average wage

(1.241)

Actual average pension rate

qpn =
∑ je

j= jr bs
ah( j −1, t−1)Pb

u ( j , t)

∑ je
j= jr bs

ah( j −1, t−1)pywe( jr −1, t−1)
(1.242)

Effective start of the pension period

pci
lfe(t) = 50+ pci

ex(50, t) (1.243)

pci
ex( j , t) =


0

(
pci

ex( j +1, t)+1
) blh( j+1,t)

bs
ah( j+1,t)

bs
ah( j ,t)

blh( j ,t)

(1.244)

Acquired rights

qpr =
Pb

r

Ywa/(1+ τwp)
(1.245)

Rights to be built up

qpt =
Pb

t

Ywa/(1+ τwp)
(1.246)
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Premium paid by present day workers

qpp2 =
Pp

Ywa/(1+ τwp)
(1.247)

Pensions

qpu2 =
Pb

u

Ywa/(1+ τwp)
(1.248)

Wealth

qvm =
Vb

m

Ywa/(1+ τwp)
(1.249)

Income from wealth

qin =
rprVb

m(t−1)
Ywa/(1+ τwp)

(1.250)

Surplus

qsal = qin +qpp2−qpu2 (1.251)

1.7 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

bl (g, j , t) = bl (g, j , t−1)
pgef( j , t)

pgef( j , t−1)
bs

a(g, j −1, t−1)
bs

a(g, j −1, t−2)
, j ∈ { jw, .., je}, g= f ,m (1.252)

blh( j) = ∑
g

bl (g, j), j ∈ { jw, .., je}, g= f ,m (1.253)

Aggregate labour supply trend

blh = ∑
j

blh( j), j ∈ { jw, .., je} (1.254)

Employment increases with aggregate labour supply in the base run

ldab( j , t) = ldab( j , t−1)
blh( j , t)

blh( j , t−1)
, j ∈ { jw, .., jr −1} (1.255)

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

lda( j , t) = ldab( j , t)
(

pv

pvb

)0.3

(1.256)
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Price of leisure

pv( j , t) = (1− (τiak(t)+ τpp(t)))
0.9pywe( j , t)+0.1pywp( j , t)− τ

b
pppG( j , t)

(1+ τco(t))p(t)
+ (1.257)

+
pv2( j , t)

(1+ τco(t))p(t)

Discounted value pension rights

pv2( j , t)≡



(1+ rhr(t))(1− τli65(t))oci
pbG( j , t)c̃fw( j , t) final wage system

(1+ rhr(t))(1− τli65(t))opmiG( j , t)c̃aw( j , t) average wage system

(1+ rhr(t))(1− τli65(t))
ppr( j ,t)G( j ,t)
1+cwp(65,t) c̃dc( j , t) DC system

(1.258)

c̃fw( j , t) = dfw( j , t)
[
δ ( j , t)+ c̃fw( j +1, t +1)

]
(1.259)

and δ ( j , t) = 1 for j ≥ jr else δ ( j , t) = 0

c̃fw(nT , t) = 0

dfw( j ,τ ) =


G( j+1,τ +1)

G( j ,τ )
1−τli65(τ +1)

1−τli65(τ )
1−qbdh( j ,τ )
1+rh(τ +1) and j ≤ jr −2

pin(τ +1)1−τli65(τ +1)
1−τli65(τ )

1−qbdh( j ,τ )
1+rh(τ +1) and j ≥ jr −1

(1.260)

c̃aw( j , t) = daw( j , t) [1+ c̃aw( j +1, t +1)] (1.261)

andδ ( j , t) = 1 for j ≥ jr −1 elseδ ( j , t) = 0

c̃aw(nT , t) = 0

c̃aw( j , t) = daw( j , t) [1+ c̃aw( j +1, t +1)] (1.262)

andδ ( j , t) = 1 for j ≥ jr −1 elseδ ( j , t) = 0

c̃aw(nT , t) = 0

daw( j , t) = pin(t +1)
1− τli65(t +1)

1− τli65(t)
1−qbdh( j , t)
1+ rh(t +1)

(1.263)

c̃dc( j , t) = ddc( j , t) [δ ( j , t)+ c̃dc( j +1, t +1)] (1.264)

andδ ( j , t) = 1 for j ≥ jr −1 elseδ ( j , t) = 0

c̃dc(nT , t) = 0

ddc( j , t) =


1+cwp( jr ,t)

1+cwp( jr ,t+1) (1+ rp(t +1))1−τli65(tτ +1)
1−τli65(t)

1−qbdh( j ,t)
1+rh(t+1) and j≤ jr −1

pin(t +1)1−τli65(t+1)
1−τli65(t)

1−qbdh( j ,t)
1+rh(t+1) and j ≥ jr

(1.265)
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1.8 Capital market

The nominal bond rate

rb(t) = (1+ rbr(t))
p(t)

p(t−1)
−1 (1.266)

Rate of return on shares

rs = rb + r isk (1.267)

The after-tax real rate of return to households

rhr =
p(t−1)

p(t)
[1+ rb(t)+(1−qsbh)r isk− τliki (t)]−1 (1.268)

Average rate of return on assets of pension funds

rp(t) = rb +(1−qsbp)r isk (1.269)

Real rate of return of pension funds

rpr(t) = (rp(t)+1)
p(t−1)

p(t)
−1 (1.270)

1.9 National aggregates and the balance of payments

Deto = Ide+Dtot (1.271)

Intc = Ige+ Ibto−Ngrv (1.272)

Ina = Ine+ Into−Ngrv (1.273)

Net product

Yna = Yne+Ywp (1.274)

Gross domestic product

Bbpr = Deto+ Irto−Subs+Yna (1.275)

Bbpf = Yna+Deto (1.276)

Total consumption (private and government)

Cont = Conp+Cap (1.277)

National expenditures

Nbes= Cont+ Intc (1.278)
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Gross national income

Bni = Nbes+Bblr (1.279)

Current account

B = Ygp+Yge−Conp− Intc−Cap+ Irto−Subs (1.280)

Zbr = Rutg−Yzh−Yzg+Dtot−Yzp+Yze (1.281)

Svf =−B+Zbr +Ovbu (1.282)

Bblr =−Svf (1.283)

change of net foreign assets

Saf = Svf +Sab−Sam+Shef (1.284)

Net foreign assets and portfolio

Ss
af = Ss

a− (Ovvm+Ss
ah+Vbs

m ) (1.285)

Ss
sf = Ss

se−Ss
sh−Ss

sp−Fs
acb (1.286)

Ss
bf = Ss

af −Ss
sf

New bonds issued by firms

Sbf = Saf −Ssf (1.287)

Revaluation of foreign assets

Shef = Sse−Sheh−Shep (1.288)

Total assets in the Netherlands

Ss
a = Ss

se+Ss
be+Ks

gto+Ks
gga+Ps

cht+Ds
nba (1.289)

Total capital stock

Ks
a = Ks

gto+Ks
ae (1.290)

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

Rs
eg = Ks

h2−Ks
h (1.291)
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Asset changes by emigration and immigration

Sab(t) = ∑
j

beh( j , t)(Ss
ah( j −1, t−1)+Sheh( j , t)+Svh( j , t)) , j ∈ { jw, .., je} (1.292)

Sam(t) = ∑
j

bih( j , t)(Ss
ah( j −1, t−1)+Sheh( j , t)+Svh( j , t)) , j ∈ { jw, .., je} (1.293)

Portfolio change households

Ssh = Ss
sh−Ss

sh(−1) (1.294)

Sbh = Ss
bh−Ss

bh(−1) (1.295)

1.10 Demography

population levels

bs
a(g, j , t) = bs

a(g, j −1, t−1)+bi(g, j , t)−bd(g, j , t)−be(g, j , t), j ∈ {1, .., je} (1.296)

bs
a(g,0, t) = bb(g, t)+bi(g,0, t)−bd(g,0, t)−be(g,0, t) (1.297)

Births by gender

bb(g) = qbb(g)bbh, g∈ { f ,m} (1.298)

number of births;

bbh =
50

∑
j=16

bff ( j) (1.299)

fertility levels of fertile women;

bff ( j , t) = qbff ( j , t)
bs

a( f , j −1, t−1)+bs
a( f , j , t)

2
, j ∈ {16, ...,50} (1.300)

numbers of deaths;

bd(g, j , t) = qbd(g, j , t)bs
a(g, j −1, t−1), j ∈ {1, .., je} (1.301)

bd(g,0, t) = qbd(g,0, t)bb(g, t), g∈ { f ,m} (1.302)

numbers of emigrants;

be(g, j) = qbe(g, j)bs
a(g, j , t−1), j ∈ {1, .., je} (1.303)

be(g,0) = qbe(g,0)bb(g), g∈ { f ,m} (1.304)
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numbers of immigrants are exogenous until 2015, and assumed constant thereafter.

bi(g, j , t) = bi(g, j , t−1), t > 2015

j ∈ {0,1, ...., je}, g∈ { f ,m} (1.305)

birth rate per gender group is calculated conditional on the number of 0−year olds per gender

group (at the end of the year) until 2100, and taken to be constant thereafter

qbb(g, t) =
bs

a(g,0, t)−bi(g,0, t)+bd(g,0, t)+be(g,0, t)
bbh

, fort ≤ 2100 (1.306)

= qbb(g, t−1), fort > 2100, g∈ { f ,m} (1.307)

aggregate birth rate (a control variable, that must equal one in order to reproduce CBS statistics.

qbbh = ∑
g

qbb(g), g∈ { f ,m} (1.308)

death rates are exogenous until 2100, and assumed constant thereafter;

qbd(g, j , t) = qbd(g, j , t−1), j ∈ {0, ...., je}, g∈ { f ,m}, t > 2100 (1.309)

fertility rates of fertile women are exogenous until 2050, and assumed constant thereafter;

qbff ( j , t) = qbff ( j , t−1), j ∈ {16, ..., .50}, t > 2050 (1.310)

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

thereafter;

qbe(g, j , t) = qbe(g, j , t−1), j ∈ {0, ...., je}, g∈ { f ,m}, t > 2050 (1.311)

immigration rates.

qbi(g, j) =
bi(g, j)

bs
a(g, j −1, t−1)

, j ∈ {1, .., je} (1.312)

qbi(g,0) =
bi(g,0)
bb(g)

, g∈ { f ,m} (1.313)

death rates;

qbdh( j , t) =
bdh( j , t)

bs
ah( j −1, t−1)+bih( j , t)−beh( j , t)

, j ∈ {1, .., je} (1.314)

qbdh(0, t) =
bdh( j , t)

bbh(t)+bih( j , t)−beh( j , t)
(1.315)
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emigration rates;

qbeh( j , t) =
beh( j , t)

bs
ah( j −1, t−1)

, j ∈ {1, .., je} (1.316)

qbeh(0, t) =
beh( j , t)
bbh(t)

(1.317)

immigration rates.

qbih( j , t) =
bih( j , t)

bs
ah( j −1, t−1)

, , j ∈ {1, .., je} (1.318)

qbih(0, t) =
bih( j , t)
bbh(t)

(1.319)

population levels

bs
a(g) =

je

∑
j=0

bs
a(g, j), g∈ { f ,m} (1.320)

bs
ah(b) = ∑

g
bs

a(g,b) (1.321)

bs
ah( j) = ∑

g
bs

a(g, j), j ∈ {0, ...., je} (1.322)

bs
ah = ∑

g
bs

a(g) (1.323)

number of deaths;

bd(g) =
je

∑
j=0

bd(g, j), g∈ { f ,m} (1.324)

bdh( j) = ∑
g

bd(g, j), j ∈ {0, ...., je} (1.325)

bdh = ∑
g

bd(g) (1.326)

number of emigrants;

be(g) =
je

∑
j=0

be(g, j), g∈ { f ,m} (1.327)

beh( j) = ∑
g

be(g, j), j ∈ {0, ...., je} (1.328)

beh = ∑
g

be(g) (1.329)
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number of immigrants.

bi(g) =
je

∑
j=0

bi(g, j), g∈ { f ,m} (1.330)

bih( j) = ∑
g

bi(g, j), j ∈ {0, ...., je} (1.331)

bih = ∑
g

bi(g) (1.332)
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2 Derivations

2.1 Consumer behavior

2.1.1 Intergenerational transfers

Total financial wealth at the end of periodt

Ss
ah( j) = Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j)+Gen( j) (2.1)

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

bs
ah( j) = ∑

g
bs

a(g, j) (2.2)

= ∑
g

(bs
a(g, j −1, t−1)+bi(g, j)−bd(g, j)−be(g, j)) (2.3)

= bs
ah( j −1, t−1)+bih( j)−bdh( j)−beh( j) (2.4)

= bs
ah( j −1, t−1)(1+qbih( j)−qbeh( j))(1−qbdh( j)) (2.5)

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

bs
ah( j)Ss

ah( j) = bs
ah( j −1, t−1)(1−qbeh( j)+qbih( j))× (2.6)

× (Ss
ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j))

At the micro level hold

Ss
ah( j) = Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j)+Gen( j) (2.7)

or

bs
ah( j −1, t−1)(1−qbeh( j)+qbih( j))Ss

ah( j) =

bs
ah( j −1, t−1)(1−qbeh( j)+qbih( j))×

(
Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j)+Gen( j)
)

(2.8)

From the equations 2.6 and 2.8 we derive the intergenerational transfers

(bs
ah( j , t)− (1−qbeh( j)+qbih( j))bs

ah( j −1, t−1))Ss
ah( j)

=−(1−qbeh( j)+qbih( j))bs
ah( j −1, t−1)Gen( j) (2.9)

Gen( j) =
(

1−
bs

ah( j , t)
(1−qbeh( j)+qbih( j))bs

ah( j −1, t−1)

)
Ss

ah( j)

= qbdh( j)Ss
ah( j) (2.10)
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Ss
ah( je) = Ss

ah( je−1, t−1)+Sheh( je)+Gen( je)+Yah( je)−Xah( je) = 0 (2.11)

Gen( je) = qbdh( je)Ss
ah( je) = 0 (2.12)

Xah( je) = Cnh( je)+Tah( je) (2.13)

Cnh( je) = Ss
ah(84, t−1)+Sheh( je)+Yah( je)−Tah( je) (2.14)

2.1.2 The budget restriction

Ss
ah( j) = Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j)+Gen( j) (2.15)

Xah( j) =Cnh( j)+Tah( j)+Pb
p ( j) (2.16)

= Cnh( j)+Tco( j)+Lito( j)+Pb
p ( j)

= Cnh( j)+Tco( j)+Liak( j)+Liuk( j)+Li65( j)+Liap( j)+Liki( j)+Liov( j)+Pb
p ( j)

= Conp( j)+Liak( j)+Liuk( j)+Li65( j)+Liap( j)+ τliki S
s
ah( j −1, t−1)+Liov( j)+Pb

p ( j)

Yah( j)+Sheh( j) = Yth( j)+Pb
u ( j)+Ywa( j)+Yzh( j)+Sheh( j)

=Yth( j)+Pb
u ( j)+Ywa( j)+ rbSs

bh( j −1, t−1)+
Div

Ss
se(t−1)

Ss
sh( j −1, t−1) (2.17)

+
(

Ss
se

Ss
se(t−1)

−1

)
Ss

sh( j −1, t−1)

=Yth( j)+Pb
u ( j)+Ywa( j)

+
[
rb

Ss
bh( j −1, t−1)

Ss
ah( j −1, t−1)

+
(

Div

Ss
se(t−1)

+
(

Ss
se

Ss
se(t−1)

−1

))
Ss

sh( j −1, t−1)
Ss

ah( j −1, t−1)

]
Ss

ah( j −1, t−1)

=Yth( j)+Pb
u ( j)+Ywa( j)+(rb +(1−qsbh)r isk)Ss

ah( j −1, t−1) if

rs =
(

Div

Ss
se(t−1)

+
(

Ss
se

Ss
se(t−1)

−1

))
= rb + r isk (2.18)

Yah( j)+Sheh( j)−Xah( j) = Yth( j)+Pb
u ( j)+Ywa( j)+ rbSs

ah( j −1, t−1)

−
[
Conp( j)+Liak( j)+Liuk( j)+Li65( j)+Liap( j)+ τliki S

s
ah( j −1, t−1)+Liov( j)+Pb

p ( j)
]

=
[
Yth( j)+Pb

u ( j)+Ywa( j)−
(

Liak( j)+Liuk( j)+Li65( j)+Liap( j)+Liov( j)+Pb
p ( j)

)]
+[rb +(1−qsbh)r isk− τliki ]Ss

ah( j −1, t−1)−Conp( j) (2.19)
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Ss
ah( j) = Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j)+Gen( j)

=
1

1−qbdh( j)
(Ss

ah( j −1, t−1)+Sheh( j)+Yah( j)−Xah( j))

=
1

1−qbdh( j)
[Ss

ah( j −1, t−1)+

Yth( j)+Pb
u ( j)+Ywa( j)−

(
Liak( j)+Liuk( j)+Li65( j)+Liap( j)+Liov( j)+Pb

p ( j)
)

+[rb +(1−qsbh)r isk− τliki ]Ss
ah( j −1, t−1)−Conp( j)] (2.20)

ss
ah( j) =

1
1−qbdh( j)

[
ss
ah( j −1, t−1)

p(t−1)
p

[1+ rb +(1−qsbh)r isk− τliki ]

+
[
yth( j)+Pb

u ( j)+ywa( j)−
(

l iak( j)+ l iuk( j)+ l i65( j)+ l iap( j)+ l iov( j)+Pb
p ( j)

)]
−conp( j)

]
=

1
1−qbdh( j)

[(1+ rhr)ss
ah( j −1, t−1)+y( j)−conp( j)] with (2.21)

rhr =
p(t−1)

p
[1+ rb +(1−qsbh)r isk− τliki ]−1 (2.22)

y( j) = yth( j)+ pb
u( j)+ywa( j)−(

l iak( j)+ l iuk( j)+ l i65( j)+ l iap( j)+ l iov( j)+ pb
p( j)

)
(2.23)

conp( j) = (1+ τco( j))cnh( j) (2.24)

2.1.3 The consumer problem

The consumer maximizes expected utility

EU( j , t) = cnh( j , t)[γ−1]/γ +
nT− j

∑
i=1

{
cnh( j + i, t + i)[γ−1]/γ [1+β ]−i

i−1

∏
l=0

ζ ( j + l , t + l )

}
(2.25)

ζ ( j , t) = 1−qbdh( j , t)

with respect to consumption, conditional on budget equation

ss
ah( j) =

1
1−qbdh( j)

[(1+ rhr)ss
ah( j −1, t−1)+y( j)−conp( j)] (2.26)

ss
ah( je) = 0
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Lagrangian

L = cnh(t)[γ−1]/γ +
nT− j

∑
i=1

(
cnh(t + i)[γ−1]/γ [1+β ]−i

i−1

∏
l=0

ζ (t + l )

)

+λ (t)
(

ss
ah(t)−

1
ζ (t)

[(1+ rhr(t))ss
ah(t−1)+y(t)−conp(t)]

)
+

nT− j

∑
i=1

λ (t + i)[1+β ]−i
i−1

∏
l=0

ζ (t + l )(ss
ah(t + i)

− 1
ζ (t + i)

[(1+ rhr(t + i))ss
ah(t + i−1)+y(t + i)−conp(t + i)]

)
(2.27)

First order conditions are:

Lcnh(t+i) = 0;Lsah
s(t+i) = 0;i = 0..nT − j (2.28)

Lcnh(t+i) =
γ −1

γ
cnh(t + i)−1/γ [1+β ]−i

i−1

∏
l=0

ζ (t + l ) (2.29)

+λ (t + i)[1+β ]−i
i−1

∏
l=0

ζ (t + l )
1+ τco(t + i)

ζ (t + i)
= 0

Lsah
s(t+i) =λ (t + i)[1+β ]−i

i−1

∏
l=0

ζ (t + l ) (2.30)

−λ (t + i +1)[1+β ]−i−1
i

∏
l=0

ζ (t + l )
1

ζ (t + i +1)
(1+ rhr(t + i +1)) = 0

We derive from this first order conditions:

γ −1
γ

cnh(t + i)−1/γ +λ (t + i)
1+ τco(t + i)

ζ (t + i)
= 0 (2.31)

λ (t + i)−λ (t + i +1)[1+β ]−1 ζ (t + i)
ζ (t + i +1)

(1+ rhr(t + i +1)) = 0 (2.32)(
cnh(t + i)

cnh(t + i +1)

)−1/γ

=
1+ rhr(t + i +1)

1+β

1+ τco(t + i)
1+ τco(t + i +1)

(2.33)

cnh(t + i) =
(

1+β

1+ rhr(t + i +1)
1+ τco(t + i +1)

1+ τco(t + i)

)γ

cnh(t + i +1) (2.34)

Consumption at the age ofje follows from the no bequest assumption

Ss
ah( je) = Ss

ah( je−1, t−1)+Sheh( je)+Gen( je)+Yah( je)−Xah( je) = 0

Gen( je) = qbdh( je)Ss
ah( je) = 0

Xah( je) = Cnh( je)+Tah( je)

Cnh() = Ss
ah( je−1, t−1)+Sheh( je)+Yah( je)−Tah( je) (2.35)
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2.1.4 Remarks

Utility can be written in difference equation format

EU( j , t) = cnh( j , t)[γ−1]/γ +[1+β ]−1
ζ ( j , t)EU( j +1, t +1)

In case of equilibrium growth holds

EU∗( j , t) = EU∗( j , t−1)
pro

pro(t−1)
(2.36)

2.2 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 (ks
ae(t−1), lee) (2.37)

with lee= ∑
h

lee(h) = ∑
h

lde(h)l ci
sh(h)pro

The budget restriction of the firm reads as

pige = pyge−10−3pldelde− rbSbe(t−1)−Vpdb−Div−Gasb−Vmid−Vmip+∆Sbe

(2.38)

with pldelde = ∑
h

plde(h)lde(h)

= ∑
h

plde(h)
l ci
sh(h)pro

lde(h)l ci
sh(h)pro

= ∑
h

plee(h)lee(h)

= plelee

plde is the average wage rate. The wage rate in efficiency unitsple(h) is the same for allh

because labour in efficiency units is homogeneous. We assume that in each period a fractionb0

of the principal of the debt is repaid, and a fractionb1 of new investment is financed with new

debt. Debt payment, therefore, equals(rb +b0)Sbe(t−1), and total debt evolves as

Sbe = (1−b0)Sbe(t−1)+b1pige

Taxes are paid over taxable revenue

Vpdb = τvpb
[
pyge−10−3plelee− rbSbe(t−1)−Af −Vmip

]
(2.39)
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with Af being the fiscal depreciation allowance. Fiscal depreciation is based on the historical

cost price of investment and is geometric with a fiscal depreciation ratev.1 That means that, in

periodt, the firm is allowed to deductv(1−v)τ−1p(t− τ )ige(t− τ ) for the investment purchased

in periodt−τ , for all τ≥1.

Af =
∞

∑
τ =1

v(1−v)τ−1p(−τ )ige(−τ ) (2.40)

In our simulation model we will write this as

Af = vAs(−1) (2.41)

As = (1−v)As(−1)+ pige

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

Ide = δsK
s
ae(t−1)

p
p(t−1)

(2.42)

Reordering of the budget equation gives

Div = pyge− plelee−Vpdb− (1−b1)pige−H− (rb +b0)Sbe(t−1) (2.43)

= (1− τvpb)
[
pyge−10−3plelee

]
− (1−b1)pige+ τvpbAf −H−

[
(1− τvpb)rb +b0

]
Sbe(t−1)

The variableH contains payments to the government other than taxes and dividends.

H = Gasb+Vmid+(1− τvpb)Vmip

Arbitrage on the capital market leads to

rsS
s
se= ∆Ss

se(t +1)+Div(t +1). (2.44)

Expanding forward results in

Ss
se=

∞

∑
j=1

Div(t + j)(1+ rs)
− j . (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 =
∞

∑
j=1

(Div(t + j) (2.46)

−q(t + j)[ks
ae(t + j)− (1− δs)ks

ae(t + j −1)− ige(t + j)].

−λ (t + j) [Sbe(t + j)− (1−b0)Sbe(t + j −1)−b1p(t + j)ige(t + j)])(1+ rs)
− j

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 timet, AFt, and the discounted value of depreciation on new

investments:

∞

∑
j=1

(1+ rs)
− j Af (t + j) =

∞

∑
j=1

∞

∑
τ =1

ν(1−ν)τ−1ige(t + j − τ )p(t + j − τ )(1+ rs)
− j . (2.47)

We split this expression into two components,AAanAB, with AAequal to

AA=
∞

∑
j=1

j

∑
τ =1

ν(1−ν)τ−1ige(t + j − τ )p(t + j − τ )(1+ rs)
− j

=
∞

∑
τ =1

∞

∑
j=τ

ν(1−ν)τ−1ige(t + j − τ )p(t + j − τ )(1+ rs)
− j

=
∞

∑
τ =1

∞

∑
u=0

ν(1−ν)τ−1ige(t +u)p(t +u)(1+ rs)
−u−τ

=
∞

∑
u=0

∞

∑
τ =1

ν(1−ν)τ−1ige(t +u)p(t +u)(1+ rs)
−u−τ

=
∞

∑
u=0

ν

rs +ν
ige(t +u)p(t +u)(1+ rs)

−u

and AB equal to

AB =
∞

∑
j=1

∞

∑
τ = j+1

ν(1−ν)τ−1ige(t + j − τ )p(t + j − τ )(1+ rs)
− j (2.48)

=
∞

∑
j=1

∞

∑
u=1

ν(1−ν)u+ j−1ige(t−u)p(t−u)(1+ rs)
− j

=
∞

∑
u=1

(1−ν)u
∞

∑
j=1

ν(1−ν) j−1ige(t−u)p(t−u)(1+ rs)
− j

=
∞

∑
u=1

(1−ν)u ν

rs +ν
ige(t−u)p(t−u)
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Therefore,

∞

∑
j=1

(
1

1+ rs

) j

Af (t + j) =
∞

∑
j=0

ν

rs +ν
ige(t + j)p(t + j)(1+ rs)

− j (2.49)

+
∞

∑
j=1

(1−ν) j υ

rs +ν
ige(t− j)p(t− j)

=
∞

∑
j=1

ν

rs +ν
ige(t + j)p(t + j)(1+ rs)

− j

+
∞

∑
j=0

(1−ν) j υ

rs +ν
ige(t− j)p(t− j)

=
∞

∑
j=1

ν

rs +ν
ige(t + j)p(t + j)(1+ rs)

− j +AFt

whereAF(t) equals the depreciation allowance on investments installed up to timet:

AF(t) =
∞

∑
j=0

(1−ν) j υ

rs +ν
ige(t− j)p(t− j). (2.50)

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 =
∞

∑
j=1

(
(1− τvpb)p(t + j)

[
F {ks

ae(t + j −1), lee}−10−3plelee
]

− (1− τvpb
ν

rs +ν
−b1)ige(t + j)p(t + j)−H(t + j)−

[
(1− τvpb)rb +b0

]
Sbe(t + j −1)

− q(t + j)[ks
ae(t + j)− (1− δs)ks

ae(t + j −1)− ige(t + j)]

+ λ (t + j) [Sbe(t + j)− (1−b0)Sbe(t + j −1)−b1p(t + j)ige(t + j)])(1+ rs)
− j

+ τvpbAF(t)

First order conditions for an optimum are :

ι . Llee = 0 ; ι ι . Lkae
s = 0 ; ι ι ι . Lige = 0 ; ιυ . LSbe = 0 (2.51)

ι . Flee = 10−3 ple

p
(2.52)

ι ι . q =

(
1− τvpb

)
p(t +1)Fkae

s(t +1)+q(t +1)(1− δs)
1+ rs

, (2.53)

ι ι ι . q =
(

1−b1−
τvpbν

ν + rs

)
p+λ b1p, (2.54)

ιυ . λ (t) =

[
(1− τvpb)rb +b0

]
+(1−b0)λ (t +1)

(1+ rs)
(2.55)
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This last condition can be simplified in case the interest rate and tax rate are constant.

λ =
(1− τvpb)rb +b0

rs +b0
(2.56)

Substitution into the marginal cost of capital leads to

q =
[
1−

τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
p, (2.57)

The first order condition for the marginal product of capital becomes

(1− τvpb)p(t +1)Fks
ae

(t +1) = q(1+ rs)−q(t +1)(1− δs) (2.58)

=
(

q
q(t +1)

(1+ rs)− (1− δs)
)

q(t +1)

=
(

q
q(t +1)

(1+ rs)− (1− δs)
)[

1−
τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
p(t +1),

or

(1− τvpb)p(t +1)Fkae
s(t +1) =

(
p

p(t +1)
(1+ rs)− (1− δs)

)
× (2.59)

×
[
1−

τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
p(t +1)

Definepk as

pkae
s =

1
1− τvpb

(
p(t−1)

p
(1+ rs)− (1− δs)

)
× (2.60)[

1−
τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
p (2.61)

Then the following holds

Fkae−1
s =

pkae

p
(2.62)

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

yge =
(

κ ks
ae(t−1)

σ−1
σ +α l

σ−1
σ

ee

) σ

σ−1
(2.63)

For the marginal productivity relations holds

Fks
ae

(t +1) = κ

(
yge(t +1)

ks
ae

) 1
σ

;Flee = α

(
yge

lee

) 1
σ

(2.64)

44



leading to the factor demand relations

lee= α
σ

(
10−3pywee

p

)−σ

yge (2.65)

ks
ae(t) = κ

σ

(
pkae(t +1)
p(t +1)

)−σ

yge(t +1) (2.66)

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

production function gives

yge =
(

κ ks
ae(t−1)

σ−1
σ +α l

σ−1
σ

ee

) σ

σ−1

(2.67)

=

(
κ

σ

(
pkae

p

)−σ+1

y
σ−1

σ
ge +α

σ

(
10−3 plee

p

)−σ+1

y
σ−1

σ

ge

) σ

σ−1

Dividing both sides by production and bringing the price to the left side gives

p =
(

κ
σ p−σ+1

kae
+α

σ
(
10−3plee

)−σ+1
) 1

σ−1
(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

plde(h) = pleeprol ci
sh(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

yge = ks
ae(t−1)Fks

ae−1
+ leeFlee (2.70)

= ks
ae(t−1)

pkae

p
+10−3lee

plee

p
(2.71)
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After some substitutions the first order conditions 2.53 and 2.55 lead to the following

(1+ rs)(q(t)ks
ae(t)−λ (t)Sbe(t)) =

(
1− τvpb

)
p(t +1)Fks

ae
(t +1)ks

ae(t)+ (2.72)

+q(t +1)(1− δs)ks
ae(t)−

[
(1− τvpb)rb +b0

]
Sbe(t)− (1−b0)Sbe(t)λ (t +1)

=
(
1− τvpb

)
p(t +1) [yge(t +1)−Flee(t +1)lee(t +1)]−

[
(1− τvpb)rb +b0

]
Sbe(t)

+q(t +1) [ks
ae(t +1)− ige(t +1)]− [Sbe(t +1)−b1p(t +1)ige(t +1)]λ (t +1)

=
(
1− τvpb

)[
p(t +1)yge(t +1)−10−3ple(t +1)lee(t +1)

]
−
[
(1− τvpb)rb +b0

]
Sbe(t)

−
[(

1−b1−
τvpbν

ν + rs

)
+λ (t +1)b1

]
p(t +1)ige(t +1)+q(t +1)ks

ae(t +1)

− [Sbe(t +1)−b1p(t +1)ige(t +1)]λ (t +1)

=
(
1− τvpb

)[
p(t +1)yge(t +1)−10−3ple(t +1)lee(t +1)

]
−
[
(1− τvpb)rb +b0

]
Sbe(t)

−
(

1−b1−
τvpbν

ν + rs

)
p(t +1)ige(t +1)+q(t +1)ks

ae(t +1)−λ (t +1)Sbe(t +1)

=Div(t +1)− τvpb

(
Af (t +1)− ν

ν + rs
p(t +1)ige(t +1)

)
+H(t +1)

+q(t +1)ks
ae(t +1)−λ (t +1)Sbe(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 timet and an arbitrary constant

qks
ae−λ Sbe = Ss

se− τvpbAF +
∞

∑
j=1

H(t + j)(1+ rs)
− j (2.73)

So for the value of the firm we have

Ss
se= qks

ae−λ Sbe+ τvpbAF−
∞

∑
j=1

H(t + j)(1+ rs)
− j (2.74)

=
[
1−

τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
pks

ae−
(1− τvpb)rb +b0

rs +b0
Sbe+ τvpbAF−Ks

h

AF(t) = ∑∞
j=0(1−ν) j ν

rs+ν
ige(t− j)p(t− j)

= ν

rs+ν
ige(t)p(t)+ 1−ν

rs+ν
∑∞

j=1 ν(1−ν) j−1ige(t− j)p(t− j)

= ν

rs+ν
ige(t)p(t)+ 1−ν

rs+ν
Af (t)

(2.75)
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Ks
h(t) = ∑∞

j=1H(t + j)(1+ rs)
− j

= H(t +1)(1+ rs)
−1 +∑∞

j=2H(t + j)(1+ rs)
− j

= H(t +1)(1+ rs)
−1 +∑∞

i=1H(t +1+ i)(1+ rs)
−i−1

= H(t +1)(1+ rs)
−1 +Ks

h(t +1)(1+ rs)
−1

(2.76)

Ss
se =

[
1−

τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
pks

ae+ (2.77)

−
(1− τvpb)rb +b0

rs +b0
Sbe+ τvpbAF−Ks

h

=
[
1−

τvpbν

ν + rs
−b1 +

(1− τvpb)rb +b0

rs +b0
b1

]
pks

ae−
(1− τvpb)rb +b0

rs +b0
Sbe

+τvpb

(
ν

rs +ν
ige(t)p(t)+

1−ν

rs +ν
Af (t)

)
−Ks

h
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3 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

ss
ah(t + i−1) =

ζ (t + i)
1+ rhr(t + i)

ss
ah(t + i)+

1
1+ rhr(t + i)

[conp(t + i)−y(t + i)] (3.1)

ss
ah(t−1) =

1
1+ rhr(t)

[ζ (t)ss
ah(t)−y(t)+conp(t)]

=
ζ (t)

1+ rhr(t)
ss
ah(t)+

1
1+ rhr(t)

[conp(t−y(t))]

=
nT− j

∑
i=1

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1

1+ rhr(t + i)
[conp(t + i)−y(t + i)]

]
(3.2)

+
1

1+ rhr(t)
[conp(t−y(t))] (3.3)

The discounted value of consumption equals total wealth

conp(t)+(1+ rhr(t))
nT− j

∑
i=1

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1

1+ rhr(t + i)
conp(t + i)

]
= (3.4)

=(1+ rhr(t))ss
ah(t−1)+h(t) with

h(t) =y(t)+(1+ rhr(t))
nT− j

∑
i=1

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1

1+ rhr(t + i)
y(t + i)

]
with h human wealth.

h(t) = y(t)+
nT− j

∑
i=1

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1+ rhr(t)

1+ rhr(t + i)
y(t + i)

]
(3.5)

= y(t)+
[

ζ (t)
1+ rhr(t)

1+ rhr(t)
1+ rhr(t +1)

y(t +1)
]

+
nT

∑
i=2

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1+ rhr(t)

1+ rhr(t + i)
y(t + i)

]

h(t +1) = y(t +1)+
nT− j−1

∑
i=1

[(
i−1

∏
l=0

ζ (t +1+ l )
1+ rhr(t +1+ l )

)
1+ rhr(t +1)

1+ rhr(t +1+ i)
y(t +1+ i)

]

= y(t +1)+
nT− j

∑
j=2

[(
j−1

∏
k=1

ζ (t +k)
1+ rhr(t +k)

)
1+ rhr(t +1)
1+ rhr(t + j)

y(t + j)

]

= y(t +1)+
1+ rhr(t +1)

ζ (t)

nT− j

∑
j=2

[(
j−1

∏
k=0

ζ (t +k)
1+ rhr(t +k)

)
1+ rhr(t)

1+ rhr(t + j)
y(t + j)

]
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Human wealth can be written as a difference equation

h( j , t) = y( j , t)+
1−qbdh( j , t)
1+ rhr(t +1)

h( j +1, t +1), j ∈ { jw, .., je−1} (3.6)

h( je, t) = y( je, t)

y( j) = yth( j)+ pb
u( j)+ywa( j)−

(
l iak( j)+ l iuk( j)+ l i65( j)+ l iap( j)+ l iov( j)+ pb

p( j)
)

ev( j , t) =
EU( j , t)n−EU( j , t)0

EU( j , t)o ((1+ rhr(t))ss
ah( j −1, t−1)+h( j , t))o 1

dish(t)
, j ∈{ jw, .., je−1}

(3.7)

with ’o’ indicating a base run value and ‘n’ 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− j), j < jw (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 Kotlikoff (1988) , pp56)
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4 Calibration

4.1 Firms

We determine the wage rate in efficiency units firstly

ldeplde = ∑
j

lde( j)plde( j) (4.1)

= ∑
j

lde( j)pleeprol ci
sh( j)

= pleepro
∑ j lde( j)l ci

sh( j)
lde

lde

The wage rate in efficiency units can be calculated as

plee =
plde

prol ci
sh

(4.2)

with

l ci
sh =

∑ j lde( j)l ci
sh( j)

lde
(4.3)

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

price frontier

α = 10−3 plee

p

(
yge

lee

)− 1
σ

(4.4)

κ =
pkae

p

(
yge

kae

)− 1
σ

The capital stock follows from

ks
ae(t−1) =

ige(t)

δs + lee(t+1)
lee(t)

−1
(4.5)

ks
ae(t) = lee(t +1)

(
κ

α

)σ
(

pkae(t +1)
10−3plee(t +1)

)−σ

δs =
ide(t)

ks
ae(t−1)

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

gross value added

r isk | ygep = 10−3ldeplde+ks
ae(t−1)pkae (4.6)
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4.2 Consumption

conp(t)+
nT− j

∑
i=1

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1+ rhr(t)

1+ rhr(t + i)
conp(t + i)

]
= (4.7)

=(1+ rhr(t))ss
ah(t−1)+h(t)

conp(t)+
nT− j

∑
i=1

γ (t + i−1)conp(t + i) = (1+ rhr(t))ss
ah(t−1)+h(t)

h(t) = y(t)+(1+ rhr(t))
nT

∑
i=1

[(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)
1

1+ rhr(t + i)
y(t + i)

]
(4.8)

cnh(t) =
(

1+β

1+ rhr(t +1)
1+ τco(t +1)

1+ τco

)γ

cnh(t +1) (4.9)

conp = (1+ τco)cnh, (4.10)

conp(t) =
(

1+β

1+rhr(t+1)

)γ (1+τco(t+1)
1+τco

)γ−1
conp(t +1)

=
[

∏i
l=1

(
1+β

1+rhr(t+l )

)γ ( 1+τco(t+l )
1+τco(t+l−1)

)γ−1
]

conp(t + i)

= α(t + i)conp(t + i)

(4.11)

conp(t) =

[
1+

nT− j

∑
i=1

γ (t + i−1)
α(t + i)

]−1

[(1+ rhr(t))ss
ah(t−1)+h(t)] (4.12)

α(t + i) =

[
i

∏
l=1

(
1+β

1+ rhr(t + l )

)γ ( 1+ τco(t + l )
1+ τco(t + l −1)

)γ−1
]

(4.13)

γ (t + i−1) =
1+ rhr(t)

1+ rhr(t + i)

(
i−1

∏
l=0

ζ (t + l )
1+ rhr(t + l )

)

=
ζ (t)

ζ (t + i)

(
i

∏
l=1

ζ (t + l )
1+ rhr(t + l )

)

In case of a constant consumption tax the following holds

γ (t + i−1)
α(t + i)

=
ζ (t)

ζ (t + i)

(
i

∏
l=1

ζ (t + l )
1+ rhr(t + l )

)[
i

∏
l=1

(
1+β

1+ rhr(t + l )

)−γ ( 1+ τco(t + l )
1+ τco(t + l −1)

)−γ +1
]

(4.14)

= (1+β )−γ i ζ (t)
ζ (t + i)

i

∏
l=1

ζ (t + l )
i

∏
l=1

(1+ rhr(t + l ))1+γ

= χ1(t + i)χ2(t + i)χ3(t + i) = χ(t + i)
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χ3(t + i) =
i

∏
l=1

(1+ rhr(t + l ))1+γ (4.15)

= (1+ rhr(t + i))1+γ
χ3(t + i−1)

χ3(t) = 1

χ2(t + i) =
ζ (t)

ζ (t + i)

i

∏
l=1

ζ (t + l ) (4.16)

= ζ (t + i−1)χ2(t + i−1)

χ2(t) = 1

χ1(t + i) = (1+β )−γ i

= exp[−γ i ln(1+β )]

So we have written consumption as

conp(t) =

[
1+

nT− j

∑
i=1

(1+β )−γ i
χ2(t + i)χ3(t + i)

]−1

[(1+ rhr(t))ss
ah(t−1)+h(t)] (4.17)

We use the time preference parameterβ to calibrate the macro-consumption (consumption

aggregated over the cohorts). The intertemporal substitution elasticity−γ is 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

Ss
ah(t−1) =

Liki(t)
τliki (t)

(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 valueβ 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 Government

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

as follows.

Labour income tax rate

τliak =
Liak

Ywa−Pb
p
− τpp

Transfer income tax rate

τliuk =
Liuk

Bijs +Wklh
− τpp

Tax rate on pension benefits

τli65 =
Li65

Aowo+Pb
u

Consumption tax rate

τco =
Tco

Conp

1− Tco
Conp

The tax rate on capital incomeτliki is fixed at 0.7 percent.

4.4 Pension funds

premium

The total pension premium rateτ
i
plb is exogenous in the calibration year. The base premium

τ
i
plb1 is calculated with the model. The catching up premium results in

τ
f

plb2 = τ
f

plb − τ
f

plb1 (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

oci
pb =

P f
u ( j , t)

d j ( jr −1, t−1)G( jr −1, t−1)
(

p(t)
p(t−1)

)pci (
pro(t)

pro(t−1)

)pci
ro
(

pywee(t)p(t−1)
pywee(t−1)p(t)

)pci
l

, j = jr

(4.20)
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5 Symbols

akws children’s assistance

aowo public pensions

b surplus on the commodity account of the current account

ba population size

bap pensioners

baw workers

bb births

bblr 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

Svf annual savings foreign sector

bbpf gross domestic product, factor prices

bbpr gross domestic product, market prices

bd deaths

be emigrants

bff fertility

bi labour supply

bijs social assistance

bl immigrants

blG labour supply per gender group,G = f ,m

blh total labour supply

blI labour supply per gender group,I = f ,m

bni gross national income

cap aggregate public consumption

clt the discounted value of the premium base

clth 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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cwp auxiliary variable for calculating the discounted value of the premium rights of

pensioners

deov depreciation. government

deto total domestic depreciation investments

dfns public outlays on defence

dgb public depreciation, investments in buildings

dif public depreciation, investments in infrastructure

disc discount factor, net profits government

dish discount factor, households

disp discount factor, pension funds

div dividend

d j passed working years

djt future working years

dnba asset holdings of the Central Bank

dd
r discounted value survival rates workers

drw discounted value of one guilder pension

dsh public depreciation investments in schools

dtot aggregate public depreciation investments

facb government ownership of shares issued by private firms

facr government holdings of bonds

fine new shares purchased by the government

fntk government deficit

fran franchise for pension premium payments

gasb public revenues from natural gas

gen intra-generational transfer (life insurance)

gb
pp premium base for public pension premiums

ibgb gross public investments in buildings

ibif gross public investments in infrastructure

ibsh gross public investments in schools

ide depreciation investments of the domestic industry

ige gross investments of the domestic industry

ikto aggregate government income

ina total net domestic investments, exclusive clearing of land for building

ine net investments of the domestic industry
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in investment returns

ingb net public investments in buildings

inif 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

ks
ae capital stock of enterprises

kggb public buildings

ks
gga stock natural gas

kgif public infrastructure

kgsh public schools

kgto aggregate public capital stock

kh claim government on firms (valuation by firms)

kh2 claim government on firms (valuation by the government)

ξ survival rates corrected for immigration and emigration

lda 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

l i65 taxes paid by 65+ on their AOW

l iak labour income tax

l iap private pension tax

l iki capital income tax

l iov other income taxes

l ito aggregate income taxes and premiums

l iuk taxes on social benefits

l ci
sh productivity profile

mpk marginal product of capital

mpl marginal product of labour

nbes national expenditures
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ngrv clearing of land for building

nmfc price of goods

ondw public outlays on education

opbb accrual rate of pensions in the final wage system

opbs public outlays on public administration

opdc accrual rate pensions in the DC-system

opmi accrual rate pensions in the average wage system

ovbu public transfers to foreigners

ovhs government debt

ovin other income

Ovvm net government’s wealth

pin indexation factor

pi
n average pension payments as a percentage of the last earned income,i = b, f ,a,d

pi
p pension premium,i = b, f ,a,d

pi
r acquired rights of pensioners and workers,i = b, f ,a,d

pi
t required actuarial reserves for workers which has to be accrued,i = f ,a

pi
u pension benefits,i = b, f ,a,d

pi
w required actuarial reserves for workers,i = f ,a

pd
w discounted value pension target

pcht public asset holdings of grounds leased to the private sector

pgef participation rate

prf profits of the domestic industry

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

economy

q points to a quote; suffix indicates the numerator of the quote

qb
asp target replacement rate private pensions

qka coverage of pension entitlements

qs
ka desired coverage of pension entitlements

qkao lower bound of the coverage of pension entitlements

qkab upper bound of the coverage of pension entitlements

qnp actual level private pensions

rb nominal interest rate

rbr real interest rate

r s
ee firms’ reserves
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r s
eg net discounted claim of government on firms

rgeb profit of government buildings

rh rate of return, households

rhr real rate of return, households

r inf profit of infrastructure

rp rate of return, pension funds

rpe effective rate of return of pension funds, nominal

rpr real rate of return of pension funds

rs rate of return on shares

rsch profit of schools

rutg public interest payments

sa total assets in the Netherlands

sae aggregate change of firms assets

si
ab change in pension fund assets through emigration,i = b, f ,a,d

sabh change in household’s assets through emigration

sac inflation correction

saf aggregate foreign asset holdings

sah aggregate individual asset holdings

si
am change assets pension funds through immigration,i = b, f ,a,d

samh change in households’ assets through immigration

sbe bonds issued by firms

sbf bonds owned by foreigners

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

sbh bonds owned by households

sbhn bonds owned by households; low interest rate

sbhr bonds owned by households; high interest rate

sbp bonds owned by pension funds

sgnr seigniorage

she revaluation of assets

sheh revaluation of assets owned by households

shef revaluation of assets owned by foreigners

shep revaluation of assets owned by pension funds

slo gross wages of employees

sse total shares issued by domestic private firms
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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

svp savings private pension funds

tah total individual payments on taxes and premiums

tax aggregate public revenue from taxes and premiums

tco consumption tax

τ
b
kd actuarial fair pension premium

τpe actual pension premium rate

τwp employer premiums

τ
i
plb pension premium in the average and final wage systems,i = b, f ,a,d

τ
i
plb1 basic pension premium in the average and final wage systems,i = b, f ,a,d

τ
i
plb2 catching up pension premium in the average and final wage systems,i = b, f ,a,d

τplg average pension premium

τpp public pension premium

u expected utility

uito aggregate government expenditure

ν fiscal depreciation of firms

vi
m total assets, pension funds,i = b, f ,a,d

vi
mb total assets, pension funds at the start of a year,i = b, f ,a,d

vmib government dividend income

vmid annual income of the Central Bank

vmip annual income from the lease of public grounds

vmir government interest income

vmit aggregate government capital income

vpdb profit tax

vrt1 EMU deficit, exclusive of depreciation

vrtk EMU deficit

waoz disability transfer

wklh public unemployment transfer

xah aggregate individual expenditure

59



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

zbh individual interest income

zbp interest income, pension funds

zbr 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 ∑
holds sector services taxes production firms sector

Goods −Conp −Intc −Cap Insu Ygp Yge −B 0

Depreciation Deto −Dtot −Ide 0

Net investments Ina Ngrv −Into −Ine 0

Transfers Yth −Yth 0

Labour income Ywa −Ywp −Ywe 0

Private pensions Pu −Pu 0

Non-labour income Yzh Yzp −Rutg Yzg −Yze Zbr 0

Income taxes −Lito Lito 0

Profit tax Vpdb −Vpdb 0

Private pension premiums −Pp Pp 0

Transfers to foreigners −Ovbu Ovbu 0

Savings(-)/shortage(+) −Svh −Svp Vrtk Sbe −Svf 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 Svh Svp −Vrtk −Sbe Svf 0

Asset changes by emigration −Sabh −Sabp Sab 0

Asset changes by immigration Samh Samp −Sam 0

Revaluation of assets Sheh Shep −Sbe Shef 0

Change of financial wealth −Sah Vb
m Vrtk Se −Saf 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 Sah −Vb
m −Vrtk −Se Saf 0

Change of shares −Ssh −Ssp −Facb Sse −Ssf 0

Change of bonds −Sbh −Sbp Sbg Ssb −Ssb 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 −Ss
bh −Ss

bp Ss
bg Ss

be −Ss
sb 0

Shares −Ss
sh −Ss

sp −Fs
acb Ss

se −Ss
sf 0

Capital goods Ks
a −Ks

gto −Ks
ae 0

Reserves/provisions government Rs
eg −Ks

h2 Ks
h 0

Reserves/provisions firms Rs
ee −Rs

ee 0

Total assets Ss
ah Vbs

m −Ss
a Os

vvm Ss
af 0

∑ 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) Children (j < jw) 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

Yo
th( j , t) =

1
bs

ah( j −1, t−1)

19

∑
τ =0

bff ( j − τ , t− τ )
bbh(t− τ )

bs
ah(τ −1, t−1)Yth(τ , t), j ∈ {16, ..,69} (7.1)

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

Yo
th( j , t) =

1
bs

ah( j −1, t−1)

19

∑
τ =0

bff ( j − τ , t− τ )

∑50+τ

i=max{16+τ , jw}bff (i− τ , t− τ )
bs

ah(τ −1, t−1)Yth(τ , t) (7.2)

j ∈ { jw, ..,69}
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This equation can be implemented by introducing

bh
ff (0, t) =

50

∑
i= jw

bff (i, t)

bh
ff (1, t) =

50

∑
i=19

bff (i, t−1) = bh
ff (0, t−1)+bff (19, t−1)

bh
ff (2, t) = bh

ff (1, t−1)+bff (18, t−2)

bh
ff (3, t) = bh

ff (2, t−1)+bff (17, t−3)

bh
ff (4, t) = bh

ff (3, t−1)+bff (16, t−4)

bh
ff (τ , t) = bh

ff (τ −1, t−1),τ ∈ {5, ..,19}

and

qbff ( j ,0, t) =
bff ( j , t)
bh

ff (0, t)
, j ∈ {16, ..,50} (7.3)

qbff ( j ,τ , t) = qbff ( j −1,τ −1, t−1),{( j ,τ )} ∈ {(17,1), ..,(69,19)} (7.4)

Using these additional variables we can calculate the imputed transfer income forj ∈ { jw, ..,69}
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