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1 INTRODUCTION AND AN QVERYIEW OF THD PAPER

In this paper a small intertemporal perfect foresight general equilibrium tax
model is formulated. The model iz an extension of the model used by Persson
and Svensson [1987] in the Swedish medium-term survey 1987. The main contri-
bution of this paper 1s the endogenous labour supply and the richer and
varléble tax structure. Numerical simulations are performed to investigate
possible consequences of » tax refors in line with the proposals of the
Swedish Income Tax Committes [1989].

Analysis of a large tax reform will probably require a general equilibrium
approach. Othérwise a number of important slde effects will be disregarded.
But most CGE models used for tax analysls are static. There is little doubt
that static models are useful for studying eg reallocation of capital'and
distributional effects of tax reforms - often in a rather disaggregated way.
ﬁut the static approach is by definition less sultable for discussing saving
and investment declisions. The comparative advantage of the medel in this
paper is a rich dypamic structure, which makes it possible to study the
following aspects of a tax reform:

. adjustment paths to a new steady stale
. effects on intergeneratlonal distribuiien
. pre-announcenent effects

1.1 AN OVERVIE¥ OF THE MODEL

The model is a highly aggregated dynamic general equilibrium model of a small
open economy. The behaviour is based on optimal choices by representative
agents with perfect foresight. It is a model in the classical tradition where
all markets clear in every period.

The overlapping generations of households (section 2.2) receive transfers
from the government, supply labour, consume goods, pay taxes and save. The
firms (section 2.3) have adjustment costs for capital, which give rise to
smooth transition paths for the capital stock, governed by a "q" investment
function. Apart from investing, the flrms hire labour and pay payroll taxes.
The government (sectlon 2.4) collects taxes on wage payments, ﬁage income,
capital income and consumption and it spends on consumption and transfers.
Assets (section 2.5) can be freely traded across the border at the given
world market interest rate. On the cother hand, migration is exogenoﬁs. Lists
of the model equations and variables are found in appendices 2A and ZE.



The framework for the analysis of the effects of different taw regines are

laid out in section 3, which diécusses how different taxes and transfers
‘affect the households.

The model presented In this paper is formulated to converge Lo = steady state
growth path if the paremeters (described in section 4) are kept constant long
enough. Thus, it is possible to compare stsady state solutions for different
tax regimes - which is exactly what ie done in many static models. It is of
interest to compare the steady state effecis of s tax reform with the results
from a full dynamic simulation in order to see whether the iatter has very

much more to say. The method for solving the model is deseribed in appendix
4A.

One of the first intertemporal perfect foresight CGE models used in tax
reform analysis was developed by Auerbach and Kotlikeff [1983}1. It is a model
of a closed economy and contains cne production secter {without installation
costs) and 55 overlapping generations with exogenous labour supply. In later
versions of the model’ the labour supply is endogenous. They simulated ia the
effects of switching from the US tax regime to a consumption tax regime.
Bovenberg [1985] developed and gimulated a small model of a closed economy
with infinitely lived households with exogenous labour supply and adjustment
costs for the capital stock. He studied the importance of ihe adjustment
costs for the welfare effects of a switch to a consumpiion tax regime,
Andersson and Norrman {1587] ig thé only example of a related model that has
been calibrated for Sweden. They modelled a semi-opsn economy with two pro-
ductions sectors and with adjustment costs for capital. One sector is "highly
taxed" {(nermal production) , while the other is "lightly taxed® (housing,
household activities and leisure), This formulation makes it possible to
study the effectz on the allecatlon of capital and labour of a new capliial
income tax structure. On the other hand, they model the househelds with
infinite length of life, which makes it impossible to draw any conclusions
about Intergenerational distribution.

'See eg Auverbach, Kotlikoff and Skinner [1983] and Auerbach and Kotlikoff
[19871.



1.2 AN OVERVIEW OF THE SINULATIONS

Section 5-8 are devoted to the following question: what can be learnt about a
balanced budget (through lump sum taxes) tax reform from a dynamic CGE model?
The answer is provided in the form of a number of simulations of stylized tax
reforms. The relation between the simulations is illustrated by the following
figure '

Senslivity
analysis
(section 7.4)

) Preannouncement
3 1@ {eCts
{section 7.3)

Combined Combined wage, |

Wage tax wage and capltal income ;
simulation | ———|{consumption »{& consumption !
{section 5) tax simulation tax simulation i
"~ {{section 7,1-2) (section 8.3] |

/ =

Consumption 1
tax simulation
(section 6)

Capital income
tax reform
{section 8.1-2)

The combined wage and consumption tax simulation in section 7.1~2 1g an
attempt to study the main part of the tax reform proposal of ithe Swedish
Income Tax Committee [1989]. From a practical point of view, this section ig
the most lmportant. The two preceding sections (the wage tax simulation in
section 5 and the consumption tax simulation in section 6) constitute the
runaway for the combined simulation.

Since the wage ‘tax simulation in section 5 turns out to be a simplified
approximation of the combined simulation, this section is used for establish-
ing and analyzing the most important results of these simulations. The work-
ing of the model is best understood by reading this section.

Section 7.3 studles the effects of pre-announcement of the combined wage and
consumption tax reform. This kind of analysis is a privilege of the dynamic
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modelling approach and ls an area thal has received little attention. In
section 7.4, the robustness of the results from the simulations in section

7.1~3 are illustrated by varyving certain key parameters.

The last section is an attempt to illustrate how the resulis in section 5-7
are altered when the capital income taxation is changed in styllzed way to
capture the proposal of the Swedish Income Tax Committee [1989]. Section 8.1-2
presents a stylized capital income tax reform simulation which might capture
some of the possible effects of the proposal, namely the overall increase in
capital Income tax rates. Fimally, in section 8.3 the combined wage and
consumption tax simulation from section 7.1-2 is brought together with the
capital income tax simulation In section 8.1-2 to form a siylized (otal

income tax reform simulation.



2 THE MODEL

This section describes the derivation of the model. The model equaticns and
variables are found in appendices 2A and 2B.

2.1 DESCRIPTION OF THE MODEL

2.1.1 The market structure
The following figure illustrates the interaction between the 4 (5} markets
and the 4 sectors in the model:

IThe rest]
House~- F Govern~l T?e rBStf
; holds L ment | oF the |
Sectors: ‘ & N world |
[ e |
l P N
Markets: Domestic Inter— inter~ ;
?::gﬁ:ic market for natlonal national
market shares goods | bond
market . market

. The households supply and the firms demand labour om the domestic labour
market. The government does not demand labour since all domestic produc—
tion is assumed to take place in the firms. The wage rate equates supply
and demand.

. The households supply and demand shares on the domestic market for
shares. Hence, the firms are assumed to be owned by the domestic house-
holds. Investments are made out of retained earnings and the remaining'
profits are dlstrlbuted to the shareholders

* ' The households and the govérnment demand goods, while the firms and "the
rest of the world® demand/supply goods from/to the goods parket at a
given world market price. There are no intermediate goods in the model.
Hence, the firms do only demand goods for investments. This market could
be divided into a market for the good produced abroad (with a given

7”pr1ce) and a market for the domegtically produced good. In that case, it
'ls convenlent to express all valﬁes in terms of the foreign good. For
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future reference, this is the chosen convention in the derivation of the
model, but in the simulations there is only one good whose pretax price
is normalized to unity.

. The households, the pgovernment and the rest of the world demand and
supply bonds on the internatlonal bond market at a given world market

interest rate, Since the firms finance investments out of retained

earnings and distribute the rest of the profits, the firms do not engage
themselves on the bond market.

2.1.2 The tax and transfer structure
The following figure illustrates the flows of taxes and transfers

wage income, capital income and
conesunmplion taxes

Lump sum transfers
l payroll taxes
F—
T Py e |
House- Govern- ihe reste
Firms of the
holds ment
Sectors: world |

The government receives wage lncome, capital Income and consumption taxes
from the households and payroll taxes from the firms. Fimally, it pays lump
sun transfers to the households. The rest of the world is not affected by

domestic taxes or transfers.

2.1.3 The dynamic structure We
The agents are assumed to have perfect foresight about almost alil variables-.
The only exception 1is that the individual household has an uncertain life
time. The dynamic aspects of the households stem from the fact that house~
holds generally live more than one period and are able to lend/borrow on a
capital market. Hence, the path of consumption can be separated from the path
of earnings. For the firms, the dynamics come from the combination of convex
adjustment costs for capital and less than total depreciation of the capital
stock. As a result, 1t ls profitable to lobk ahead and spread out investments

®The importance of the degree of foresight is studied in Ballard ahd Goulder
{1985]. T
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during long periodss. For both households and firms, the dynamic structure
can be described by the following picture :

Expectations ‘Expectations
about prices, about prices,
taxes and transfers taxes and transfers

+ 1 L3 . 1

Equilibrium [EquITIbrivm
in perlod t in period t+1 etc

Stocks ' Stocks : Stocks
in period t in period t+i in period t+2

The stock {of assets or capital) in pericd t is givén by hlstory. Together
with expectations about the fuiure, a temporary equilibrium is established,
The intertemporal eguilibrium is characterized by the fact that the
expectations are correct, i.e identical to the values in the sequence of
temporary equilibria.

2.2 HOUSEROLDS

The households are modelled by Yaari-Blanchard’s® approach to overlapping
generations. The model is an extension of a model used by Persson and Svens-
S0n [198f}. The main developments in this section are the endogenous labour
supply and the richer and variable tax structure.

2.2.1 The objective function )
The representative household in generation JB maXimizes the expected life
time utllity of consumption of goods and leisure

°In fact, there 1s a third source of dynamies since the government
consumption is assumed to be affected by the size of the government debt.

%See eg Blanchard [1985]

sThe subscript indicating generation j is dropped in order to simplify nota-
tion.
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. 1 s-t _
E [ﬁ?] U(Ces LamLa) (1)

s=t

where p is the time preference rate, and C,, i. and L, are the consumption of
goodsp. labour endowment and labour supply in perlod s, respectively.

The household has the probability m to survive into the next perlod, giving

an expected life time of 1/(1-w). With perfect foresight about all other
varigbles the expected 1life time utility simplifies to ‘

o

Z [1_';‘:—]t U(Car Lale) (1)

s=t

The utility function is assumed to have constant intertemporal elastlicity of
substitution (¢} '

_ u 1o )
U(CesLemLy) = T if owl (2a)
In(U,) otherwise

where U, is an (utility weighted) index of composite consumption in period s,
i.e of both goods (C,) and leisure (L,-L,). The index U, is the value of the
CES subutility function

|
1-1/7 ] 1-1/7

U, = [c."‘"'+ (A" (T,-L,)) (2b)

where 1 is the atemporal elasticity of substltution between consumption of
goods and leisure and 6 is the weight of lelsure. In order to get a constant

®In the case with several goods, C is a utility welghted index.
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labour supply in an economy with growth, it is necessary to assume either a.
separable subutility function’ {eg Cobb-Douglas) or a “productivity” growth
(A) in leisure which is equal to the growth rate of the wage rate. The second
approach is chosen here. '

The homothetic specification of the subutility function makes 1t possible to
interpret the normalized expenditure function as a price index of total
consumption

(2e)

.-
i-n ji-%
o’ }

] 1i-7 Hn
e =| (pe) +[ :

where p; is the price of consumption of goods8 and w, is the net of tax wage
rate,

By the properties of the expenditure function, we have

C,=38pg U, , L-Ly= ap, ¥,
ps v,

For the subutility function (2b) this gives

wh E
-1 & —
Co = (p2) Psls . L, = |ea® Pal,/oa" (2d-e)
1 : 1-n
1-7 ‘n 1-7 n
%) {] %) []
oA 6A

"See eg King, Plosser and Rebelo [1988]

®In the case with several goods p” is the normalized expenditure function for
the subutllity function over the goods. With only one good, the pretax
prices can be normalized to unity and szl + rate of consumption tax.
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2.2.2 The budget consiraint
The Dynamic budget constraint for a household is

Agyy = (1"’!‘141){&1 + Wiky ¥ Sy - P?Ut] - (3)
=

where A are private assets, r net of tax interest rate and S transfers from
the government. Thus, A.,, are defined as assets in period t+1 inclusive of
interest payments recelved in the beginning of t+i.

Note that the household has the return (1+r,)/m - 1 on their assets. This

is so because the households sign life insurance contracts. Thése contracts

stipulate that

. A household leaves all its assets to the insurance company in case of
death. 'Ihu;;e, the company receives (lwn}(ﬁﬁwﬁ.ﬁ&—p‘fm) in the beginn-
ing of period t+1, which Iimmedliately gives interest paymenis of the
amount ry. (1-n) (A +W; Ly #5, DU, ) ;

. A household recelves a "premium" ‘on the assets {zdded to the interest
rate) if it survives. The outlay of the insurance company is thus
n(A +W L +S,-pil,) times the “premium”. With zero profit this premium
turns out to be (1'4-1‘{,,){1-1:}#1!. Adding the “premium" to the gross
interest rate {(i+r .} gives {1+r,,,)/%, which is the effective discount
rate for a household. . )

Through iterated recursion on (3) we have

. £+ s
i -]q, Z Weligt S = pﬁ“o -
v = Atejs =
t4jel 1 ;g o,
s=t QK
T e V=
s=t+1

where o= {1+, )}/%w

Let j—» and postulate that assets grow at a slower rate than the interest

®For convenience it 1s assumed that the size of the generation in pericd t is
equal to one.
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rate in the 1imit'®, Then the first term on the RHS goes towards zero.

Furthermore, define human capital as the discounted sum of expected
income" (transfers plus the value of labour endowment)'!

10 —-—
w?L, + S,
H\. = ; o
= e
The intertemporal budget constraint is then
© ;
; p':ut = A& + Ht
1 -]
s=t @; T &

V=t

which says that the present value of composite consumption equals
wealth, l.e the sum of private assets and human capital.

2.2.3 The maximization problem
The household maximizes (1') subject to the constralnts (2a-c} and {6).

The first order conditions are

-0
- (s-t)o u
U, = 2, [Tf—p-] 1”: - ss=t, t4l, t42, .. .o
w L

and the budget constraint .(6).

"full

(5}

{6}

total

(7)

Ay is the Lagrange multipllier for the constraint (6). The F.0.C can be shown

to give the following function for the value of composite consumption

10This is usually called a "Neo Ponzi game" condition.

Hr¢ is possible to let the productivity and hence the wage rate of a worker
be age dependent, to mimic a freely chosen retirement. See eg Blanchard

[1985].
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P:'Ut =4, (A, + H,) (8)
where
ﬁt = - 1 (9)
Z {s-t}o [ u]l'“
[ n ] 1 P
1+ 1~0"
¢ 1 8 pl:
s=t — [T %
toy=e

2.2.4 Equivalent variation .
The 1ndirect utility function v{(+} corresponding to the maximization problem
in section 2.2.3 can be shown to be'?

& A, +H 1-1/00 =-v/0

v{{r,p", W },ALH) = ( *T"t'} B if o%1 (10
Pt

1-170

A monotonic transformation l_'multiply with 1-1/¢c and raise to the power of -
o/ (0-1)]) gives

c  n,® s A("Ht 5
V({T»P oW }teAtsHt] = Wﬂ‘—l) (10 }
P A
The expenditure function e(+) is the inverse of (10')
e({rn pc.wn}?. Ut] = p‘: At[-(o-d)Ul [ﬂ At"'Hg) (11}

Where U, is the value of v(-} in (10°). Assume that a new tax schedule is
implemented, giving wealth (A+H,) , prices {{r,p",w"}7) and utility U.’.
Equivalent variatlon is then

EVi= e({r,p", W I, U’) = e({r, 0", WU =

1z'l‘he case with o=1 is somewhat messier and will not be shown or used in the
paper. ] :
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Bt ATV (acH) - (AR (12)

[P‘l: At/(o‘—l)) 4

Rewriting the definition of equivalent variation yields

JEvt p: A:/‘ol—l) * (JA.":Hn) - 1 (12’)

(o=-1)~ '
sAasH, (P2 a7 A,

which is the equivalent variatlon as a percentage of total wealth for a
household in generatlion J. In the simulations this measure will be calculated
in the first simulation year (t=0) or the year of birth, whichever is last.
Note that, that the young generations (born t=0) do not have any private
assets (A) in thisc measure. Assuming that the economy was on a steady state
growth path before the reform, it is possible to determine the amount of
private assets in t=0 (jAq) for each old generation.

2.2.5 Aggregation of household behaviour

The population consists of an infinite number of cohorts, each of the same
initial size (l—ulla. In period s the size of the generation born in period t
is (1-m)n®t, Hence, the total population is 1. Since composite consumption
is linear in total wealth, aggregation is straightforward. A description can
be found in Blanchard [1985] (continuous time) and Person and Svensson [1987]
(discrete time).

One thing deserves to be mentioned, namely the difference between the rate
of return for households and generations; The rate of return for a household
is (14r,,)/m since the surviving members of a generation receive a
“premium". As pointed out in section 2.2.2, the total of these “preﬁiums“ is
equal to the value of the assets of the deceased members of the same genera-
tion. Thus, for the generation as a whole “premiums" and bequests to the
insurance company balance. Hence, the effective rate of return of assets is
1*risy on the aggregated level. In spite of this, (i+r,,, )/ is still the
correct discount factor in the definition of human capital. This is so be-
cause human capita; cannot be left as bequest to the insurance company.

Bt 1s pessible to let the size of different cohorts and hence the pepﬁlaticn
vary.
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2.2.6 VWhat are the characteristics of this model of households?

. The finite expected life time 1/(1-n) diminishes the scope for intertem-
peral substitution.

. The constant probability of survival (w) means that all generations have
the same expected remaining 1life time. Hence, tﬁe propensity to consume
out of wealth is the same for all generations. This makes aggregation
stralghtforward. )

. New generations are born each year and there are no bequests. Thus
generations currently alive can expect that future taxes to some extent
will be paild by others. This means that the "Ricardian equivalence"
result does not hold in the model except for the special case when m=l.

. The capital market {including the insurance companies) is perfect, which
greatly enhanées the possibility of intertemporal substitution.

2.3 FIRMS

The representative competitive firm maximizes the present value of the casn
flow under convex installation costs for capital, taking prices as given on

all markets. This glves a "g" -equation for investment.

The model 1s an extension of Persson and Svensson [1987]. The most important
developments are the variable after tax interest rates and the installation
cost function that is homogeneous of degree zero in investment and capltal
stock. The latter draws on Hayashl [1982].

2.3.1 The arbitrage condition
For a domestic investor the following arbitrage condition must be fulfilled

[1+(1-tf,.)r:,,](1-¢fJDt + (1=T5 J (Ve =Vi ) = ooy (1-15,, IV, (13)

The LHS is the net of (capital income} tax return of buying shares V, in
period t. This 1s the immediate after tax dividends (1-t*)D, which is invest-
ed in bonds, giving the return (l-rfn}r:n in period t+1 plus the after tax
capital gain in t+1 ((1-1-"',,](\[‘,1-‘\1,_))\ This must be equal to buying bonds
for the same amount (V,) and recelving after tax interest payments equal to
r:.;(1-1f+,)vt (the RHS).
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Agsuming that V grows at a slower rate than the interest rate in the limit,
repeated recursion on {13) gives

L
Pl -
Vo = ———— | (14)
B=t n 'bv
V=t

where Y= 1+r:,, and .= [14-(1--:3”)::,,]'(1—1-’:}

(1-75,,)

The value of the firm (V) is the net of tax present value of current and
future dividends (cash flow). '

2.3.2 The maximization problem
The dividends D), are

D= pFulKe, L) - P:it[i + I'{i,/K, )] - WLy (15}

where pm is the product price, F{K,L) the production function with capital
stock (K) and labour (hours) (L} as arguments, pl the price of investment
goods, 1 physical investment, T'(1/K) the convex installatlon cosi function
and finally w® is labour cost per hour. The formulation of ‘the installation
cost function makes overall production technelogy (i.e production function
and adjustment cost function taken together] 1linearly homogeneous in
(L,K.i]w. It does also reflect the fact that invesiments are financed out of
retained earnings.

The capital stock evolves according to
K;ﬂt 1; * (1—6)!(; {16)

¥as before, the price indices are used for future reference. In the ons good
case used in the paper all pretax prices are normalized to unity.

Brhis specification differs from Persson and Svensson [1987] who use

(1, )=yi,. Their formulation does effectlively mean that there is decreasing
oat

returns to scale in the overall production technology as pointed out by

Persson and Svensson [1987].
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where 8 1is the depreciation rate.

Maximizing (14) subject tec (15)-{16) gives.the following first order condit-

ions16 for s=t,t+l...»

ol om B (17a)
Pan 1 .
Fart [PaﬂFn!.K = Pavilenilaer,x + qt*‘tl.a)] " =0 {ered
8

~p’,[1 + Ty 1.1“.,‘] +q, =0 ' (17¢)

and equation (16)

The shadow price {(q,) of installed capital (the multiplier of the resiriction
(16)) is a parallel to Tobin’s marginal (and average) "q".

2.3.3 Solution usihg explicit functional forms
The installation ceost function 1is

7le
ri./K) = (18)
2K,
Together with the F.0.C this gives the investment function
1
iy = (qa/Pl = 1)& {19}
¥

and q evolves according to {17b)

A linearly homogeneous CES production function is assumed

®partial derivatives are denoted by subscripts.
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-

=1

w

1-1/8

Fo (K. L) = zdex! VB, (1—«)[1‘1.‘

1-1/8
] (20)

where z is total factor productivity, B8 the elasticity of substitution, « a
distribution parameter and A the labour augmenting technological growth.

Using (20) and (18) in {17b) gives together with (19) a description of in-
vestment behaviour. Employment 1s found by using (20) in (17a)'”. The aggrega-
tion of the representative competitive firms is straightferward.

2.3.4 A note on the recursivity of the model

The model has a perfectly elastic supply of capital at the given world market
interest rate (r'} and a linearly homogeneous overall production technology
in the long run'®, With the world market interest rate equal to an adjusted
value of marginal product of capitalm, the capital-labour ratio and thus the
gross wage are deflned implicitly in the long run. The long run effect of
domestic factors is only to determine the level of production through the

labour supply.

2.4 GOVERNHENT AND TAXES

The government spends money on consumptlon, transfers, interest payments on
the debt and it collects taxes.

The value of government consumption (p%G) is an exogenous fraction (£9) of
production net of installation costs (which corresponds to gross domestic
preoduct). In order to make the government obey an intertemporal budget const-
raint of the same type as for the households, the government consumption is

1"'Usin.g the equilibrium condition on the domestic labour market, equation
(17a) can be used to solve labour cost per hour (w°). I

¥rhe production function is homf{1) in (¥,L) and the installation cost func~
tion is hom(0) in (K,1).

®The exact expression s 1+r:+z =(P-+1F-+1.K = P:ninursn,z + (1-8)q)/q,
which is homogenecus of degree 0 in (K,L,1).



8

further assumed to be affected by the debt®™, Government consumption does not
give any utility to the households.

' b
P?Gt = &) [PtYr. = ped (17K, )] - £B (213
where p° is the price of government consumption,

Government transfers is assumed to be a fraction (£%) of net production as
well.

8 = E?[Pth -~ LT (1t/KI.)] (22}
Taxes are levied on wages with the wage income tax rate ¥ and pay rell tax

rate %, on private consumption of goods and capitai income with the tax

rates t°and 1.'1‘, respectively. The total tax revenues are

£ *
TAX, =(t} AT Wby + T Ty A+ TP Gy (23)
: 1+ Ty

where w 1s wage rate before taxes, making W= wll=t") (ef eq 2c), and W
w(1+t®) (cf eq 15). pi° is the the price of consumption goods before taxes,
making pi = (141{)p;. (cf eq 2c). As before r is the world market interest
rate, making r=(1-t)r (ef eq (3)).

Government debt evelves according to

Bear = (1+r:+|)[3g + p%Gg + 5y = TAX,_) {24)

2.5 NATIONAL ACCOUNTS,

Foreign assets are defined by
Fﬂtg A - Ve - B; [25)

The firms (V,) are assumed to be owned by the domestic households. Thus all
capital galns or losses’ (V,~V,.;) fall on A;. FA, and B are,predeterminéd
variables, le determinedﬂ in period t-1, _while V., and hence A, are a forward

20c.e Persson and Svensson [1987] for further details.
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looking variables that can jump in reaction to new information.

2.6 A NOTE ON THE MODEL VERSION USED IN THE SIMULATIONS

The prices p,p°® and p’ are the pretax price (in terms of the foreign goods)
of production, private consumption and government consumption , respectively,
In the simulatlons, there 1s only one good so the pretax prices can all be
normalized to unity. Furthermore, the government's budget is always kept
balanced and the government’s debt (B} is accordingly zerc. Instead, trans-
fers (S) are calculated endogencusly to keep the government’s budget balanc-
ed.
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3 HOW DO TAXES AFFECT HOUSEHOLD BEHAVIOUR?

This section describes how changes in the tax rates affect household beha-
viour.

3.1 INTERTEMPORAL SUBSTITUTION
From the FOC (7) we have the relation between composite consumption (U) in

o a e
U-H - 1‘*‘1‘,,1 R.'.:J.
o -

13

subsequent periods

There are a few points to be made about (26):
. if the net of tax Interest rate exceeds the time preference rate
(rg+1>p) and prices are constant then the path of composite consumptlion

is rising over time.

. An increase in Tt“ lowers ry., since r@ilvtk}r.. The effect is that
househclds substitute current for future composite consumption. Thus,
households choose to spend more today since 1t 1s less worthwhile to
save. Lower saving will of course lead to lower private assets in the
future. This effect is larger the higher elastlcity of intertemporal
substitution (o).

. An increase in the ideal price index (P") over time will give the same
type of effect as an increase in . This could be achieved by elther
ralsing the consumption tax rate (t°) or lowering the wage tax rate (v")
over time. The latter can be seen_by rewriting the definition of p“

1
1-7 e (1=T5) - p-m
pe =| ((1+7)p°7) + |——— (2¢’)

oA

Though the mechanism 1s different from the previous example, the ulti-
mate effect is to punish saving. The size of this effect is also govern—
ed by o. If 0<c<l (>1) the value of composite consumption will increase
(decrease) in response to an increase in p“.‘But as long as ¢>0 U, will
be substituted for Ug,,.
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3.2 ATEMPORAL SUBSTITUTION

From (2d-e)} we have that

& (1+t5)ps® 17
-‘ = -——..-—.—-..-._-......_._.........‘ Bls { 27 )
Lo-L, we (1=t ) /(8A%)

In steady state the price of consumption of goods ((1+¢°)p°‘} 1is conmstant,

while w(i-t") has a rate of growth equal to A (the rate of growth in produc-

tivity). It can be shown that the value of composite consumption (p'V) also

has the rate of growth A in steady state. According to {2d-e) consumption of
goods (C) will then grow at the rate A too, while lelsure (L-L) is constant.

We note from (27) that

an increase in consumption tax {z°) or in the wage income tax (") will
lower the ratio between consumption of goods ' and leisure. This effect is
stronger the greater the elasticity of substitution %» is. The .ratic of
the money value of consumptlon of goods and leisure will increase (de~
crease) if 0<y<l (>1) as a response to an increase in ©° or T". As long
as 7>0 there wiil be gubstitution of lelsure for consumpiion of goods.

3.3 EFFECTS ON THE BUDGET CONSTRAINT

Using (S) the budget constraint (6) can be written

w©
(I“t:)“zia*' Se - P‘:U-
A = (6"
n -]
ey 1%, m (i+r, )/m
v=t

A few points can be made

Changes in the level or path of transfers (S) (can alsc be thought of as
lump sum taxation) does not trigger off intertemperal substitution as
seen from (26). But the higher and the earller the transfers are, the
higher is the general level of p“U. This carries over to composite
consumption (U).
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The lower and the later the wage income tax (="} is (affecting the value
of the labour endowment E{l—r")wﬂ) and the ideal price index (p")), the
higher is the general level of composite consumption (U). The same is
true about the consumptlon tax (z°) (which only affects PY),

If private assets (A) are positive an increase in the ideal price Index
{p“) through raising the cohsumption tax rate (t°) has an element of
surprise wealth taxation. Consider an unexpected increase in % 1t is
obvious that for old generations it would have been preferable to spend
more before the increase in t©° and thus to have accumulated less assets.
Instead, doing the best they can given a high A, means spending to a
higher cost (=tax receipts for the government). A similar argument holds
for an increase in capital income tax rate ().

Lowering the wage tax rate (t") has twe effects. First, 1t creates a
lump sum Increase in the value of labour endowment, which 1s equal for
all currently alive households. Second, it reduces the subsidy of lei-
sure. The latter effect does as well as the increase in <° have an
element of surprise wealth taxatlon, since lelsure increases with iLotal
. assets {A+H). If the decrease in t" had been known in advance, intertem-
poral substitutlon would have led to a relatlively lower accumulation of
assets.
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4 PARAMETERIZATION

This section describes the parameterization of the model and the resulting
reference case. The method for sclving the model is described in appendlx 4A.

A number of parameters must be chosen In order to solve the model. Swedish
empirical studies of relevance are extremely scarce. Even though internation-
al studies can be used to some extent, this still leaves us with very little
evidence on a number of key parameters. In general, values for such parame-
ters have been chosen so that they will be in line with related models while
still making the model solution resemble Swedish data during the 1980's.

4.1 PRODUCTION PARAMETERS

1. The elasticity of substitution 8 (eg Zdn). This is perhaps one of the
most investigated structural barameters in economics. Unfortunately, there is
also a lot of disagreement. In general, cross section studies arrive at
values neafrl, while time series studles produce estimates around 0.5, Mansur
and Whalley [1986] summarize “central tendency values" from the literature.
The cverall tendency points towards a value around 0.8. 8=0.8

2. The distribution parameter a (eq 20) is calibrated to gi#e a labour
share (inclusive of payroll taxes) of GDP (net production) equal to 68%
which is in line with Swedish data during the 1980°s. «=0.33

3. The labour augmenting lechnological growth A (eq 20) is chosen to match
the rate of productivity growth in the Swedish private sector during the
1980°s which 1is around 1.6% . A=1.015

4. The depreciation rate 8 (eq 16) is constructed by calculating an adjust-
ed welghted average of Hansson's [1989] depreciation rates for machlnery and
buildings respectively, with the shares of the total capital stock as
welghts. The adjustment amounts to disregarding part of the stock of build-

The equation numbers refer to the most important appearances of the paranet-
er in question. -
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ings since the imputed rent of private dwellings probably are underestimated
in the National Accounts. The ldea is to keep the NA definitions and adjust
the composition of the capital stock accordingly. This amounts to glve machi-
nery a greater weight and the effect is a higher depreclation rate. §=0.1

5. The world market real Interest rate r‘ (eq 3813) 1s notoriously hard to
estimate due to the problem of measuring inflation expectations. Similar
models do often produce a value around 5-74 (see eg Auerbach and Kotlikoff
(1987] and King, Plosser and Rebelo [19881). r =0.067

6. The adjustment cost parameler ¥ (eq 18). Given the other parameters, ¥
is calibrated to glve an investment share of 18%, which is in line with
Swedlsh experience during the 1980’s. This gives a y around 10, which is
lower than the estimates by Abel and Blanchard [1986]. =10

7. Total factor productivity z (eg 20). z=1

4.2 HOUSEHOLD PREFERENCE PARAMETERS

8. The intertemporal elasticity of substitution o (eg 2a). Hall [1988]
concludes that o might be zero and probably not above 0.2, while Grossman and
Schiller [1981] tend to favour a value around 0.25. Altonij [1986]1 investiga-
ted the intertemporal elasticity of labour supply for married men and conclu-
ded that it 1s between 0 and 0.35. Blundell {1988] summarizes studies of
micro data and states that o is probably less than 0.5, 0=0.333

9, The probablility of survival n (eq 1’) is chosen to give an expecied
remaining life time that is a reasonable average for the entire adult popula-
tion. This expected remaining life time is assumed to be 33 years. m=0.97

10. The atemporal elasticity of substitution (eq 2b) beitween goods and
leisure n. Manklw, Rotemberg and Summers [1985] cannot arrive at reasonable
estimates which is interpreted as violating the new classical model of labour
supply. Wales and Woodland [1979] on the other hand get an estimate of
7=0.83, which is also the result of Ghez and Becker [1975]. 3=0.8

11. The leisure preference rate 8 (eq 2b) 1s calibrated to give an average
labour supply of about half of the labour endowment. 9=2.5

12. The time preference rate p (eq 1). There are few direct cbservations of
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the pure time preference rate. It is calibrated to give a reasonable consump-
tion profile and aggregated savings ratio. To achieve this in spite of.the
low intertemporal elasticity of substitution (o) and a growth {(A) in real
wages, p has to be very low in relation to the after tax interest rate (r).
p=-0.01

4.3 GOVERNMENT PARAMETERS

The tax rates have been calculated by Stefan Ackerby, BJdrn Ohlsson, Thomas
Olofsson and Paul Stderlind. In short, the effective tax rates are Ealcuiated
by relating tax revenues to tax bases that are in accordance with the defin-
itlons of the model. The tax rates reflect the situation 1989,

13. The tax rate on labour Income t"(eq 23) and transfer share of GDP £® feq
22). The income weighted average of the marginal tax rates and the average
tax rates have been estimated to be 52, 3% and 36.5%, respectively. To capture
the difference between marginal and average tax rates a combinatiom of the
marginal tax rate {t") and transfer share of GDP {(€°) 1s used. v"=0.5 and
£%=0. 09,

14. The capital income tax T (eq 13523). The taxation of capital income is
very heterogeneous. In fact the total capital income tax revenues are negati-
ve, while certain assets are very heavily taxed. This modei is obviously too
aggregated to capture the effects of the capital income tax system at pre-
sent. Nevertheless, it can provide some ideas about how the general level of
capital income taxation affects savings. The choice of = is more or less
arﬁitrary.‘tk=0.z

1S. The consumption tax rate t° (eq 23) is computed by relating VAT and
other taxes on goods minus a range of subsidles to total private consumption.
<

T =0.22

16. The payroll taxes ©° (eq 23) is that part of the actual payroll taxes
that have little or no relation to individual benefits for the employee. This
part can be regarded as pure taxes. 1 = 0.24

17. Government consumption £° (eq 21). Given all the other parameters
affecting the government revenues and outlays, €% 1s calibrated to give w
balanced budget. £%=0, 43
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18. The reaction parameter $,b (eq 21). Thls 1s chosen large encugh tc gnar-
antee that the government obeys an intertemporal budget constraint. &b=0¢1 :

4.4 THE REFERENCE CASE

The parameters in section 4.1-3 give rise to a steady state growth path
solution, which will be the reference case in all tax reform simulations. The
results of the simulatlons will be reported as percentage differences from

this reference case.

In the reference case the labour supply (L) 1s approximately half of the
labour endowment(L). The average tax rate on labour income
™= - 8

wL

is about 0.34 which squares with Swedish data for the 1980's.

The households hold private assets (A) that are 3.6 times gross earnings
(WL+S), the public debt (B) is zero and foreign debt (-FA) is 1/5 of GDP
[pY-iI‘(ifK)). The first magnitude is indeed very hard to observe due to very
poor statistics on private wealth but the figure seems to be lIn line with
Stdersten’s [1989] assessment. The financial assets of the consolidated
public sector has been around zero and the foreign debt 20-25% of GDP during
the last years of the 80's. '

The investment share of GDP (1/(1:‘1-11"(1/1())] is around 18% and the labour
share ((1+7*)WL/(pY-1T(1/K))) 1is roughly 68%, which also fits Swedish data
for the 1980's. The government consumption share of GDP (£3) is 43% which of
course is too high and correspondingly the private consumption of goods is
tbo low. The reason is that an essential part of the transfers to the house-
holds has been defined as government consumption. The key point is that all
fees and transfers that do not have a direct individual relationship is
regarded as taxes and government consumption respectively. This is done in
order to avoid blurring the picture with a whole range of transfers that
‘cannot be correctly allocated due to the simplified household sector.
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S A BALANCED BUDGET WAGE TAX REFORM .

age tax
simulation
{gection §5)

This chapter is devoted to studying the dynémlc éffgcts of a wage tax reform.

S.1 DESCRIPTION OF THE WAGE TAX REFORM

The tax reform amounts to lowering the tax rate on wage income (t¥) from 50
to 35 percent. In the simulation, transfers (S) are endogenously calculated
in response to an éxogenous change in =¥ to-kéep the government budget balan-
ced. This could be thought of as changing the intercept (-S) and the slope
™) in the linear tax schedule: taxes = -§ + WL

This approach takes into account all indirect (general equilibrium) effects
of the change in ¥, This is a difference to the Income Tax Committee E1989i,
which disregard indirect effects altogether.

Government consumption (G) 1is kept unchanged between the reference case and
the tax reform simulation. Thls does effectively mean that the government
consumption share of GDP (£]) (see equatlon 21) 1is endogenocus in the tax
reform simulation. This approach has been chosen in order to be able to make
clear cut welfare comparisons.

5.2 STEADY STATE EFFECTS OF THE WAGE TAX REFORM

The model is constructed to converge to a new steady state growth path after
the reform. On this new path the rate of growth ls once again equal to the
underlying productivity growth rate (A). The ultimate effect of the tax
reform, after all dynamic adjustment has taken place, 1is shown by the change
in the steady sta@e solution. Such comparisons have many similarities with .
results from static CGE models. '

The most immediate effect of lowering the wage tax rate (t") is to ralse the
relative price of leisure (L-L). Thus, consumption of goods (¢) is substitut-
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ed for lelsure. Recalling equation (27) and noting > that p" =1, we have

. -1
C‘ = —— 1 +1:l BRB
LoLe [(1—tf)w,/(ah*)] (277)

As noted in sectlon 3.2 the magnitude of thils substitution is governed by the
size of the atemporal elasticlity of substitution between consumption of goods
and leisure (n). It is obvious that 7 is one of the most crucial parameters
in these simulations. Some attempts to estimate w (or something like it} are
discussed in section 4.2. Even 1f the size of -1 is crucial in determining the
overall magnltude of the response to a tax reform, this question is not the
key point in this papeT. Rather, this study tries to emphasize intertemporal
aspécts of tax reforms. It will later be shown {see section 7.4) that many of
the qualitative results on adjustment paths are not affected by reasonable

variations in . 1=0.8 is used in the following simulatlons.

The percentage change from the reference case for 14 varlables i found in
table S5.1. The substitutien of consumption of goods for leisure is ebvlous,
since consumption of goods Increases by 16.4% while labour supply lncreages
by 5.7% (decreasing jeisure with an egqual amount). This could be compared
with Blomqulst {198%] who estimates the effect of a decrease in marginal tax
rates on 10 percentage points (the decrease in the simulation in this chapter
is 15 percentage points) to a 3.1-5.2% increase in labour supply and with
Aaberge, Strdm and Wennemo [1989] who estimate the effects to be a 0.2%-1.0%

increase.

Furthermore, the human capital (H) and ideal price index (P"} increase by
18.8 and 10.8 percent, respectively. Thus, the real purchasing power of
expected life tlme resources is increased. As can be seen from equations
{2d-e} this income effect has the effect of reinforcing the increase in

consumption of goods and reducing the increase in labour suppiy. The lncrease
in human capital 1s compesed of a 30% increase in the value of lahour endow-

ment ((1=c")uL) and 52% decrease 1n lump sum transfers (S).

Private assets (A) and the value of composite consumption {p'U} increase in

22g0e gection 2.6 for details.
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proportion to the human capital. The reason is that this tax reform does not
alter the optimal consumption-earnings proflle, which is most easily seen
from equation (26).

It can also be noted that labour supply, gross production (Y), the capital
stock (K) and the value of the firms (V) all increase by the same 5.7 per-
cent, while the wage rate (w) 1s unchanged. This is an illustration of the.
recursivity of the long run behaviour of the model (see section 2.3.4).

Even though ¥ is lowered by 30% (15 percentage points) total tax revenues
(TAX) decrease by only 8.8 percent. Disregarding all side effects the
decrease would be 16.1 percent. The reform is thus'partly self-financing
through increased labour supply {wage and payroll tax base) and consumption
of goods (consumption tax base).

§.3 A FULL SCALE DYNAMIC SIMULATION

In this section a full scale dynamic éimulation is presented. It is assumeqd
that the agents in the economy are completely surprised by the implementation
of the tax reform in t=0, whilch is the first year of the simulation.

The caplital stock (K) and the foreign assets (FA) in t=0 are inherited from
the past, i.e the old steady state path of the reference case. All other
variables can change in t=0 in response to new tax rates in t=0 and to new
information abeut the future. This is eg the case for private assets (An
which can changé in t=0 due to unexpected capital gains (losses) on the stock
of shares (V). As pointed out in section 2.5 it is assumed that all shares
are owned by domestic households.

The model converges to a new steady state growth path since the tax rates (as
well as all other exogenous varlables) are kept constant after the tax re-
form. It seems that the majof part of the adjustment is completed after 100
years. Therefore, the solution for t=101 (and all years thereafter) is app-
roximated by the the new steady state growth path. The major reason to the
long -ad justment period is that the old generations are replaced falrly slowly
(the average length of life is 33 years) and hence the aggregate private
assets adjust slowly.

Table 5.2 provides a summary of the solution: the percentage change from the
reference case is reported for 14 important variables (columns) for selected
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years (rows). The last row reports the steady state changes and is of course
identical to table 5.1, In section 5.2 we noted that the last row have many
gimilarities of the results from a static CGE model. In a way, the compara-‘
tive advantage of this medel is exemplified by the other rows, which give a
picture of the adjustment path to the new steady state.

Diagram 5.1 displays the percentage change from the reference case for labour
supply (L) and consumption of goods (C) for each year. Labour supply in t=0
is slightly more than 7% higher than in the reference case - a number that
increases somewhat during the first 10 years and then starts to fall back to
a 5.7% change in the new steady state. Consumption of goods is about 12%
higher than in the reference case in t=0 and rises to a 16.4% change in the
new steady state. ’

The main lesson from this exercise is the paths of cocnsumptlion of goods and
labour supply f{or equivalently leisure). In diagram 5.2 lelisure (C-L), con~
sumption of goods (C) and the composite consumption (U} are shown. The compo-
site consumption is just the value of the subutility function (2b) which is

restated below for convenience

1
1.1/ ]"1-3/n

Y, = [c.‘”“"' + (A" (L,Ld)) (2b)

The change from the reference case in the composite consumption is around 4%
in t=0, which is split in a 7% decrease in leisure and a 12% 1ncrease in
consumption of goods (note that leisure has a greater weight in {2b) since
6=2.5). The change in composite consumption grows over time and reaches 7% in
the new steady state, with an almost unchanged split in leisure and goods.
Note that the substitution of consumption of goods for leisure is almost as
important in the short run as in the long run. It is only the.development of
the wage rate (w) (see diagram 5.4) that dampens the substitution somewhat
during the first 10-15 ye;;s.

What is the driving force behind this development of composite‘consumptlon?
The budget constraint (&) which is restated below

o

z pals = A +H {6}

25 ﬂ Ly
8=t a,_ N=t
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says that the present value of composite consumption should equal the sum of
private assets {A) and human capital (H). Diagram 5.3 reveals that human
capital in t=0 is 17.0% higher than in the reference case and this lncreéses
slowly to reach a 18.8% change in the new steady state.

The private assets do also change somewhat in t=0 due to capital gains on the
shares, but much less than the human capital. The important point 1s that
private assets grow slowly over time fafter a small stagnation during the
first 7 years which is due to intertemporal substitution when wages are
low™), After 25 years they are still only 7.2% higher than in the reference
case, while they are 18.8% higher in the new steady state. It ls preciqely
here the existence of different generation comes into play' The private
asgets in t=0 are owned by the old generations. They accumulated their assets
under a regime with higher wage tax rates. Accordingly, they spent more (than
currently young generatlons) time on lelisure and received less aiter tax for
each worked hour. As a consequence they saved less for future consumptien of
goods. These generations will eventually die off and be replaced by other
generations in the role as "old". These new generations will h#ve lived for a
longer and longer period of their life in the new tax regime. Hence, they
will have accumulated more and more assets This is the way aggregate assets,
consumptlon of goods and leisure increase over time. This adjusiment is
completed when the "old" in t=0 is totally replaced by generations born after
the tax reform.

It is also worth noting that it takes some 20 years before the increase in
private assets is greater than the 1ncre?§e in the value of firms. Since
foreign assets {FA) is the difference between private assets and the value of
firms (see equation 25)**, this means that during this period FA have been
lower than in the reference case.

The effects on the production side of the economy are summarized in diagram
S.4. The percentage change from the reference case in labour supply {L)
pretax wage rate (w), capital stock {K) and gross production (Y) are shown
The capital stock adjusts slowly due to adjustment costs, governed by the y

Brhe effects of intertemporal substitution is discussed in some detall in
sectlon 7.3.

The government debt is zero and FA is close to zero.
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parameterzs. Hence, the effect of the higher labour supply is to lower pretax
wages during the first 15 years. The increase in the capital stock is brought
about by expected high labour supply in the future. The "overshooting" in
labour supply is long enough to create a substantial "overshooting"” of the
capital stock too, esven if it turns up later and ls of a smaller magnitude.

The effects on the tax revenues can be traced from diagram 5.5 where the
percentage change from the reference case in total tax revenues'(TAX), the
sum of wage income and payrcll tax revenues ({z"+t®)uL) and the consumption
tax revenues (t°p°°C) are shown. Although ¥ is lowered by 30% {{r"+ru]
decrease by 25.4%J labour and payroll tax revenue decrease by merely 16.9% in
t=0. This is explained by the increase in labour supply. Moreover, total tax
revenue decreases by only 11.2% In t=0 since the increase ln consumption of
goods generates tax revenues (without any side effects the decrease would be
16.1%). The decrease in tax revenues is somewhat mitigated during the fdllon
ing 15 years when the wage rate and the labour supply catch up. After t=15
the fall in labour tax revenues are ofiset by the sliowly growing consumption

tax revenues,

The second comparative advantage of the dynamic CGE approach is the possibi-
lity to study the effect on intergenerational disgtrlbution. The effects on
the welfare for different generations are illustrated in diagram S5.6. The
diagram shows equivalent variation as a percentage of total wealth (private
assets+ human capltal for old generations in t=0, i.e generatlons j<0, but
only human capital for young generations, l.e generations J=0}. Generatlons
Jj220 would be willing to pay around 7.3% of thelr human capital in order to
have the new tax regime, while generation Jj=0 would be willling to pay ©
percent. Generations JsO are even less interested in the reform.

The old generations have accumulated private assets (A), which increase
somewhat in t=0 due to éapital gains on the stock of shares (V). But this
change is smaller than the change in human capital. In fact, the real purch-
asing power of private assets (A/b“) decreagses, We can confirm from equation
(12'), which is restated below

Some sensitivity analysls for changes in ¥ is carrled out in section 7.4.
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that young generations get a higher relative increase in the purchasing power
than old generations do. Another way of stating the same thing is to note
that for old generations part of composite consumption is financed out of
assets. The higher ‘price index (i.e the smaller subsidy of leisure) makes
this part shrink, which counteracts the utility gain from the increase in
human capital.

The wage tax simulation can be summarized by the follewing peints

. consumption of goods is substituted for leisure

. The Increase in human capitél make future old generations richer than
old generations in t=0, As a result the increase in labour supply will
eventually drop off somewhat.

. Young generatlions have relatively more to gain from the reform since

they are more dependent on labour incomes.
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6 A BALANCED BUDGET CONSUMPTION TAX REFORM

Consumption
tax simulation
(section 6}

Raising the consumption tax rate ls one possible way of financing a major tax
reform. Thls section tries to establish some results on higher consumpiion
tax rates per se, before carrying out a combined wage and consumption tax

reform simulation in section 7.

6.1 DESCRIPTION OF THE CONSUMPTION TAX REFORM

The coﬁsumption tax rate {t°) is raised from 22>to 26 percent in the flrsu
simulation year (t=0). As in the wage tax simulation in section 5, the go-
vernment budget is balanced by endogenous lump sum transfers (S), while
government consumption (G) 1is kept unchanged from the reference case. All
parameters (and hence the reference case} .are the same as in the wage tax
simulation.

6.2 A FULL SCALE DYNAMIC SIMULATION

The immediate effect of the increase in the consumption tax rate %) is to
raise the relative price of consumption of goods. Recalling equation (277)

c -" )
Cq - 1+t, on®
= " & (27
La~Ls (1-T5 Jwe/(8A7)

We see that lelsure will be substituted for consumptlon of goods. In the wage

tax reform simulation presented in section 5, this relative price was lower-—
ed. Hence, many of the ultimate effects in this section will be Jjust the
opposite to those in the wage tax simulation. )

Diagram 6.1 shows the percentage change from the reference case for composliie
. consumption (U}, consumption of goods {(C} and lelsure (L-L). In the first
simulation year (t=0) composite consumption is 0.8% lower than in the refe-

rence case. This decrease is somewhat mitigated over time.



goods. This substitution is reinforced over time due to the downward ad just-
ment of the wage raté (W) (see téble th). The wage rate Increases instanta-
nebhsly in t=0 due to the éomb;nathnlﬁf the'fall in labour supply and the
fixed capital stock (K). The slow adjustment of the capital stock (and hence
the wage rate) isg an effect of the ad justment costs for capital.

The path of composite cohsumptlon ls upward sloping because old generations
in t=0 have less private assets (Ao} than future old generations {see table
6.1). This is so due to two réésons- First, the fall in labour supply incurg
an unexpected capital loss on the sharéﬁ&lders in t=0 v fai;s instantaneousw_
ly in t=0 in résponse to new informafion. which can be seen in table 6.1).
Second, the increase in total tax revenues (see diaﬁram 6.3} Brought aboui by
the increase 1in the consumption tax rates is bélanced by higher lump sum
transfers (S), which increase the human capital {(H}). Without any change Iin
the consumption-earning profile, this means that future generations will have
accumulated more assets when they become 01d4°%, The change in both consumpt Lon
of goods and leisure will thus increase over time,

sumption tax revenues (t°p°°C) (diagram 6.2). Hence, the change from the
reference case in total tax revenues {TAX} decreases over time (diagram 6.3).

The welfare effects for different generations are illustrated in diagram 6. 4,
which shows equivalent variation as a percentage of life time resources. It
is obvious that all generations loose, but in varying degrees. Generatlions
J=20 would be willing to sacrifice 0.55% of their human caplital to avoid the
tax reform. Generations js 15 would be willing to pay an even greater share
of their total wealth, while the generatlon born in t=0 is only willing to
pay 0.37 percent of the human capital.

v -

A similar argument ig laid out in more detail in section 5.3.



<}

the value of firms and that their total wealth lncrease relatively less than
that of young generation.

The generations born around t=0 fare relatively petter off than future young
generations, due to the high wage rates and transfers durlng t=0-10. The
latter is due to both the high wage rates and the relatively high labour
supply of (mainly) the old generations.

The consumption tax simulation can be summarized in the following points

. Leisure is substituted for consumption of goods.

. The fall in labour supply ig reinforced over time since old generatlions
in the future have accumulated more private assets.

. The welfare is lowered for all generations, most for very old generation

and least for generations born around t=0.
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7 A BALANCED BUDGET COMBINED WAGE AND CONSUMPTION TAX REFORM
m— :

SomsIvity )
analysis
(section 7.4)

Preannouncement]
———————> leffects
(section 7.3)

[Combined )
Wage tax wage and
simulation | ——0u consumption
(section 5) tax simulation

(section 7.1-2)

Consumption

tax simulation
(section 6)

This section combines the two previous simulations in an attempt to illustra
te some of the possible effects of the tax reform proposal by the Swedish
Income Tax Committee [1989]. The assumptions and the results are reported in
section 7.1-2. In section 7.3 Pre-announcement effects are studied,'while

section 7.4 is devoted to testing the robustness of the results in section
7.1-3,

7.1 DESCRIPTION OF THE COMBINED WAGE AND CONSUMPTION TAX REFORM

The proposal of the Swedish Income Tax Committes includes among other things
a lowering of marginal and average wage lncome tax rates and a broadening of
the consumption tax base. It is estimated that the income weighted average of
the marginal and the average labour lncome tax rates will be lowéred froh

52.3 and 36.5 percent to 34.8 and 25.9 percent, respectively. Furtherm&re.
t the broadening of the consumption tax base is estimated to ratse the effecti-~
ve tax rate on private consumption from 22 to 26 percent.

‘The wage tax part of the reform proposal was studied in the wage tax simula-
tien in section S where.the wage tax rate (t") was lowered from 50 to 35
percent. If transfers (S) are combined with the marginal wage income tax
rate (r"), the average wage income tax is

(28)
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which was 0.34 in the reference case and 0.28 in the wage tax simulation (im
s toadye. stabe). . In. the, capkinsd. sinulation. 16, tucns oub.te be 0.26. The con-
sumption tax part was studied in the consumption tax simulatien in sectlon &
where the consumption ﬁax rate [tﬁ}.was raised from 22 to 26 percent. This

section combines the two parts. :

As before, the government consumptlon (G} 1s unchanged from the reference
case and the government budget kept'balanced by an endogenous decrease in the

lump sum transfers (S).

7.2 A FULL SCALE DYNAMIC SIMULATION

Sections S and 6 have made it clear that lowering the wage tax rate (") and
ralsing the consumption fax rate (t°) have the opposite effect on many
variables. The key point 1s that while the former lowers the relative price
of consumption of goods (i.e in relation to leisure), the latter raises 1L.
u111 the effects of the two parts of the combined wage and consumption tax
reform cancel each other? To some extent yes, but the relative magnitudes of
the two parts of the reform?7. suggest that the effects of the lower wage tax
rate will tend to dominate. .

In table 7.1 the percentage change from the reference case is shown for 14
variables for selected years. In'the new steady state, labour supply (L),
production (Y), capital stock {K) and the value of firms (V) are all 4.5%
higher than in the reference case {in the wage tax simulation the change was
5.7% and in the consumption tax simulation it was -1.1 percent). Consumption
of goods (c) 1ncreases by 14.8% {16.4% and ~-1.5%, respectively). Human capi-
‘tal (H), private assets (A) and ‘the value of compusite consumption (p™)
increase by 20.7% {18.8% and 1.5%, respectlvely). In the combined ‘simulation
the difference between the change in consumption of goods and leiaure (i.e a
measure of the degree of substitution) ls some 18 percentage pcints (22 and
-2.5, respectively).

1f turns out that the steady state effecis of the two parts of the combined

simulation are almost additive. As a consequence, the results are not too

e o o e s s s e £

TThe wage tax rate is lowered by . 15 percentage points {(30% change} and the
consumption tax rate ralsed by 4 percentage points (184 change]).
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different from those obtalned in the wage tax simulation in section 5. There-'
fore, most of this section is devoted to discussing some differences between
the adjustment paths in the combined simulation and the wage tax simulatior.

The relative degree of undershooting (i.e the difference from the new steady
state growth path) of composite consumption (U) is greater in the ¢combined
simulation. This is illustrated in diagram 7.1, which shows the percentage
difference from the new respective steady states (i.e the amount of under-
shootlng) for compoﬁite consumption. In t=0, the undershooting is 3.3% in the
combined simulation and 2.8% in the wage tax simulation. This carries over to
consumption of goods and lelsure. The degree of overshooting in labour supply
is shown in diagram 7.2.

The maln reason to this difference is the behaviour of private assets (A).

The change in private assets in t=0 is lower in the combined simulation than
in the wage tax simulation (4.7% and 5.3%, respectively) smince the value of
the firms (V) increases less (4.3% and 4.8%, respectively) {cf tables 7.1 and
5.2). Furthermore, the increase in human capital (H) is greater in the com-

bined simulation. Hence, the relative difference between the wealth of the
old generation in t=0 and the wealth of the old generation in the new steady
state is greater in the combined simulation.

In diagram 7.3 the relative degree of undershooting/overshooting is shown for
total tax revenues (TAX) as well as for the sum of labour and payrell tax
revenues ({t"+t“)wL). One can note that in both simulations labour and pay-
roll tax revenues show an initial undershooting (the low wage rate outweighs
the high labour supply) followed by an overshooting (normal wages but still
high labour supply). Furthermore, the relative degree of undershooting in
total tax revenues are almost identical in the two simulations. This is
accomplished by greater overshooting (or less undershooting) in labour and
payrell tax revenues in the combined simulatlon (see diagram 7.3), et vice
versa for consumption tax revenues. The driving force behind this development
is of course the paths for private assets and composite consumption as dis-
cussed above,

Finally, the welfare effects for different generations of the combined wage
and consumption tax reform are illustrated in dlagram 7.4, which shows egui-
valent variation ag a percentage of total wealth. As in the wage tax simula-
tion, current and future young generations galn most and the very old genera-~
tion least. Compared with the welfare effects on the wage tax simulation, the
gain 1s smaller, especially for the very old generations (cf diagrams 7.1 and
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5.6).

The combined wage and consumption tax simulation cén be summarized by the

following points ‘

. The effects of the lower wage tax rate dominate over the effects of the
higher consumption tax rate.

. Consumption of goods 1s substituted for lelsure. Hence, labour supply
and production increase.

. The increase in labour supply 1s initially very high, but falls back
over time as the old generations become richer. This effect is even
stronger than in the wage tax simulation.

¢ The young generations galn most from the reform.

7.3 PRE-ANNOUNCEMENT EFFECTS

The agents in an economy will surely take into account available information
about future tax reforms when planning consumption of goods and leisure. The
dynamic CGE approach makes it possible to study such effects within a theore-

tical consistent framework.

Even though binding pre-announcements of tax reforms are hard to find, It is
not unusual that major ingrediemts in future tax reforms are common knowled-
ge. In the simulatlons in this section it 1s assumed that the future tax
reform ls known for sure. Admittedly, this is a grandiose simplification
since it begs the questions about unce;ﬁginty and incentive compatibillty.
Nevertheless, the simulations might be illustrating.

Two new simulations are shortly presented in this section. They differ from
the comblned wage and consumption tax reform simulation in section 7.1-2 on
only one point, namely the year of announcement of the reform. As before, the
wage tax rate (") and the consumption tax rate {(t°) are changed in t=0, but
thig time the reform is assumed is assumed to be known in t=-3 and -10,

respectively. Hence, the reform 1s known 3 or 10 years in advance. 28

Technically. this means that the simulation starts in t=-3 {or =10} with
values for K-3 {K-10) and FA-3 (FA-10) glven from the reference case.
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7.3.1 Effectis on composite consumpiion
The effect on composite consumption {(U) of the pre-announcement is shown in
diagram 7.5, where the percentage changea from the reference case are dis-
played for 0, 3 and 10 years pre-announcement. There are two major differenc—
es between the curves. First, in the cases with pre-announcement the com-
posite consumption change already in the year of announcement. The reason ls
that the households are made aware of the future increase in the net of tax
income. This is reflected in the change of the human capital (H) displayed in
diagram 7.6. Remember that human capital is defined as the expected discount-
ed value of future net of tax income. As a consequence, the households ¥now

that they can afford to ralse the general level of composite consumption.

Second, with expected (known) future changes in the tax rates there is scope
for intertemporal substitution. The tax reform amounts to a 27% increase in
the relative price of leisure. After (atemporal) substitution of consumption
of goods for leisure has taken place, this gives an increase in the price
index for composite consumption (PY)

A

1
TS ) bl
BA

u B, ¢ L "
Ps = ([1""5:}133(:] £ {2’}
that is about barely half of that (see table 7.2).

The pre-announcement means that the households realize that the price of
composite consumption will increase in the future, Remember that the inter-
temporal substitution ls governed by

o -0
Var o [1*1‘,,1]. [psﬂ (26)
T I .
v, i Ps

We see that if pu is expected to Increase over time, households will substi-
tute current for future composite consumption. As noted in section 3.1 the
magnitude of this substitution is governed by the size of the intertemporal
elasticity of substitution {(¢). In diagram 7.5 the change from the reference
case 1s about 3.5 percentage points higher in t=-1 than in t=0, in the cases
with pre-announcement. This 1is about a third of the increase in p°



{0=0.333)%.

Since o<1 the value of composite consumption (p"U) will be relatlvely lower
before the tax reform. The change in pFU.incraases by almost 8 percentage
points after the implementation of the tax reform (see table 7.2].

it is also worth neting in diagram 7.5 that the change in composite consump-
tion increases slowly until the implementation of the tax reform {ie the
curves are upward sloping during the pre-announcement phase). The major
reason is that the nearer the implementatlon of the tax reform, the higher is
1ife time resources for new generatlons and the shorter is the time for
intertemporal substitutlon.

Moreover, the change in composite consumptlon from the reference case in the
year of implementation of the pre-announced tax reform {1=0) is small and
decreases with the length of preannouncement (2.2 and 0.4 percent in the case
with 3 and 10 years preannouncement, respectively)}. Since the elasticity of
intertemporal substitution (e} is finite, the amount of composite consumption
that 1s substituted between pericds with low and high prices {(p") increases
with the time available for substitution (i.e the length of the preannounce-

ment phase).

7.3.2 Effects on the rest of the model

Diagram 7.7 shows the development of private assets (A) with 0, 3 and 10
years of preannouncement, respectively. It is readily seen that the decumula-
tion of private assets. (A) during the preannouncement phase increases with
the length of preannouncement. This is of course explained by the intertempo-
ral substitution as discussed above, but also by the fact that net of tax
labour income is relatively low before the introduction of the new wage tax
rate. In the preannouncement cases the change from the reference case reaches
a minimum in the year of implementation of the reform (t=0). The small in-
creases of A, and A.; in the cases without and with 3 years preannouncement
are explalned by capital gains on the stock of share {caused by future in-
creases in the labour supply).

Diagram 7.8 and 7.9 show how the split of composite consumption in consump-

i

®The sensitivity of the results for changes in o is studied in section 7.4.
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tlon of goods (C) and leisure (i-L) evolves over time, in the case with 3 and
10 years preannouncement, respectively. In both cases, the tendency 1s clear:
consumption of goods and leisure increase almost proportionally during the
preannouncement phase, Hence labour supply is very low before the implementa-
tion of the reform, which 1s seen In diagram 7.10. This tends to raise the
wage rate and spark off some substitution of consumption of goeds for lei-
sure. After the reform, consumption of goods ls substituted for leisure in
much the same way as in the combined tax reform without preanncuncement, An
effect of the low composite consumption immedlately after the year of imp1e~
mentation of a pre-announced tax reforn is to create a considerable cvershoo-
ting in labour supply (L). The capital stock {K), as shown in dlagram 7. 1%,
will therefore also exhibit an overshooting that increases with the length of
preannouncement (the maximum change from the reference case case is 8, 7 and
6 percent In the case with 10, 3 and 0 years preannouncement, respectively).
It is also worth noting that the ad Justment costs for capital almost prevent
the capital stock from declining in during the preannouncement phase, in
spite of the low labour supply.

The preannouncement/postponement effects of the combined wage and consumption

tax reform can be summarized by the following points

. The households substitute current for future composite cunsumption. As a
consequence, labour supply is low and private assets are run down during‘
the preannouncement phése

. In the years following the implementation of the reform, labour supply
is very high.

7.4 SENSITIVITY ANALYSIS

The importance of certain parameter values have been pointed out several
‘times in the preceding sections. In this section some of the slmulations in
sectlon 7.1-3 are repeated with other values on selected parameters. This
exercise alms at illuminating certain key polnts and is in no way exhaustive,
There are at least two important limitations. First, only a small subset of
the parameters are studied. Second, the parameters are studied one at a time.
It should be noted that the reference cases used in these simulatigns are not
identical to the reference case in section 5-7.3 {and described in section
4.4}, Rather, they are unique for each subsection below. Nevertheless, the
differences are quite small.
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7.4.1 The adjustment cost parameter {y)
The adjustment cost parameter y makes rapld adjustments of the capital stock
costly. Rewriting equatlon (18) we have the adjusiment costs
g
?1t (18‘ }

L (L/5) =

2K,

which 1s convex in investment (i). A higher wvalue of ¥ will increase the
adjustment costs and lead to slower and smaller changes in the capital stock.

The combined wage and consumption tax simulation without preannouncement (see
section 7.1-2) is repeated with y=1 and ¥=50 {default ¥=10}. Diagram 7.12
shows the percentage change from the respective reference case in the capital
stock. It is obvious that a higher adjustment cost parameter deters from
rapid movements in the caplital stock. For y=1 the maximum value of the change
from the reference case is some 7.5% which 1s reached In t=10. For y=50 it 1s
4.8% which is reached much later (t=30). There are some differences even in
the long run, even if they are of a smaller magnitude (the increase from the

reference case is 4.8 and 4.0 percent, respectively]).

The flexibility of the production sector has important consequences for the
household’s ability to effectively substitute between consumption of goods
and leisure. Diagram 7.13 shows the change from the reference case In lahour
supply. Lower adjustment costs reinforce the initial overshooting in the
labour supply. The reason is that with lower adjustment costs, the decrease
in the wage rate 1s dampened.

7.4.2 The intertemporal elasticity of substitution (o)
Recalling equation (26}

o (u )"
Ut _ B+rg. Pa+i
=== e |Te (26
U, DPe

we see that the value of ¢ 1s cruclal for the magnitude of the preanncunce-
ment effects in section 7.3. In this section the combined wage and consump-
tion tax simulation with 10 years preannouncement {see section 7.3) is re-
peated using the values ¢=0.8 and o0=0.1 {¢=0.333}. The value of the time
preference rate {(p} is adjusted to keep the consumption-earnings profile in
the reference case unchanged from section 7.3 {(p=0.027 and p=-0.14, respecti~
vely {p=-0.01}).
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Dlagram 7.14 shows the change from the reference case in composite consump-—
tion (U). Remember (from section 7.3) that the implementation of the reform
in t=0 amounts to a 12% increase in the ideal price index (p"). With =0, 8,
the change from the reference case in composite consumption is 6.5% in t=-1
and -1.5% in t=0, 1.e a 8 percentage points difference which is aﬂMeasﬁre of
the intertemporal substitution. In the case with ¢=0.1, this intertemporal
substitution 1 only 1 percentage point (2.5% In t=-1 to 1.5% in t=0). The
intertemporal substitution is financed out of private assets (A). With g
higher o private assets are decumulated faster during the preannouncement
phase, which 1s shown in diagram 7.15. In fact, with ¢=0.8 private assets in
t=0 are 30% lower than in the reference case, while they are 15 and 8 percent
lower with ¢=0.33 and 0.1 respectively.

7.4.3 The probability of survival ()
The finite expected life time will make households (almost) disregard events
in the very far future. This is most clearly seen from the utility function

o0

=t

and the intertemporal budget constralnt

w0 ;
. w:lin"’ S, - pl:vl
Ag = (6')
=t 1+r n (1+r,)/n
vat

Note that future events are discounted by i.a m in both (1') and {(6").

In this section the combined wage and consumption tax reform with 10 years
prepnnouncement is repeated with other values on the probabllity te survive
into the next period (m}. The cases with n=0 99 and w=0.96 {n=0. 97} are
1nvestlgated. They correspond to an expected remaining life time of 100 and
20 {33} years, respectively. The value of the time preference rate (e} is
adjusted to keep the consumption-earnings profile in the reference _case
unchanged from section 7.3 (p=0.0036 and p=-0.026, respectively {p=-0.01}).

Diagram 7.16 shows the percentage change from the reference case in human
capltal (H). With a higher probability of survival, households have a greater
chance to benefit from the high net of tax wage rate after the tax reform.
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Hence, the change in human capital In t=-10 increases with the probability of
survival (the change from the reference case in t=~10 is 8, 10 and 12 percent
in the case with %=0.95, un=0.97 and w=0.99, respectively). After t=0 the
difference is negligible. As a result, the. change from the reference case in
composite consumption (U) in t=-10 increases with =, which 1s shown in dia-
gram 7.17.

With a constant populatlon, a higher m means a lower birth rate {1-n). Hence,
with a higher w the new born generations between t=-9 and t=0 (who have a
shorter time available for intertemperal substitution} constitute a smaller
share of total population (or wealth}). The consequence is to decrease the
steepness of the change in composite consumption between t==10 and t=-1 (see
diagram 7.17). Another aspect of the predominance of the o0ld generations is
that the upward adjustment of aggregate composite consumption after (=0 1s
slower with a higher w.

7.4.4 The atemporal elasticity of substitution (n)

In section 5.2, 1t was noted that the size of the {atemporall} elasticity of
substitution between consumption of goods and leisure is crucial for determi-
ning the overall magnitude of the effects of the wage tax reform. Hemember
that this substitutlon is governed by

< -n
c 1+T s
. - ' e ,
L,-L, [(14‘.’}»;,/(9;\’ )} (27)

In this section the combined wage and consumptlon tax simulation without

preannouncement (see section 7.1-2) is repeated with #=0.333 and w%n=1.6
{9=0.8}. The leisure preference rate 8 is adjusted to keep the reference case
approximately unchanged from section 7.1-2 (8=0.48 and 6=0.105 {6=2.5},

respectively).

Diagram 7.18 shows the percentage change from the reference case in labour
supply (L). The rate of change increases with the value of . With 7=0.333
the long run change is 0.9%, while %=1.6 gives a 11.1% change. In all cases
an initial overshooting in labour supply is followed by a prolonged downward
ad justment towards the new steady state growth path. There are a few diffe~
rences, though. First, with higher atemporal elasticity of substltutlon inl
the overshooting in relation to the new steady state reaches ils maximum
later (in t=15 for m=1.6 but in t=0 for wm=0.333). Second, the relative degree
of overshooting decreases with 7 (2 and 2.4 percent relative overshooting
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with 7=1.6 and 7=0.333, respectively). This is explained by the fact that the
comblnation of adJustment costs for capital and a high % will drive down the
wage rate to such an extent that the increase in labour supply ls dampened.

The effects of changing n on the tax revenues (excluding the lump sum tax)
are equally dramatic. With %=0.8 the initlal change in tax revenues is -8.6%
and in the long run -6.4% - far from a totally self financed tax reform. A
71=0.333 gives of course an even worse effect on the tax revenues, If n=1.6
the initlal change is -5.0% but in the long run the reform is more than self
financed, since tax revenues increase by some 0.5 percent.
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8 A BALANCED BUDGET CAPITAL INCOME TAX REFORM

Combined Combined wage,
Wage tax wage and ) capital income
simulation | ———|consumption »|& consumption
(section 5) tax simulation Y tax simulation

{section 7.1-2)! (gection 8.3)

Consumption

tax simulaticn
(sectlion 6}

Capital income
tax reform
(section 8,1-2)

The taxation of capital income in Sweden 1s very heterogeneous. In fact the
total capital income tax revenues are negative, at the same lime as certain
assets are very heavily taxed. Not surprisingly, one of the maln proposal of
the Swedish Income Tax Committee [1989] is to streamline the taxation of
capital income. This model is obviously too aggregated to capture the effects
of the capital income tax system at present. Nevertheless, it can provide
some ideas about how the general level of capital income taxstion affects
savings. Section 8. 1-2 presents a stylized capital income tax simulation and
section 8.3 brings together that simulation wilth the combined wage and
consumption tax simulation in section 7.1-2 in an attempt to illustrate the
entire tax reform proposal.

8.1 DESCRIPTION OF THE CAPITAL INCOME TAX REFORH

The Swedish Income Tax Committee [1989] estimates that the changes in the
capital income taxation will raise additlional capital income tax revenues
equal to 2% of GDP in the first year after the implementatién. In the model
this 1s achleved by increasing the capital income tax rate {Tk) with 10
percentage points, Consequently, in the simmlatlon in this sectlion the caplt-
al income tax rate (Tk] is raised from 20 to 30 percent30 in the first simula-
tion year (t=0), As in the the earlier simulatlons, the government budget is

®As noted 1n section 4.3 the level of 1" is more or less arbitrary,
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balanced by endogenous lump sum transfers (S), while government consumption
(G) 1s kept unchanged from the reference case. All parameters (and hence the
reference case) are the same as in the simulations in sections 5-7.3 (and
described in section 4.4).

8.2 A FULL SCALE DYNAMIC SIMULATION

Diagram 8.1 ghows the percentage change from the reference case in composite
consumption (U) and 1ts two components (consumption of goods (C) and leisure
(L-L)). Composite consumption 1s 1.9% higher than in the reference case in
t=0, but falls back to a 3.6 decrease in the new steady state. The relation
between consumption of goods and leisure is almost unchanged (except for the
first few years due to the development of the wage rate - see diagram 8.5),

The immediate effect of the increase in the capital income tax rate {rk) is
to raise the relative price of future composite consumption. Since r=(1~r“]r.
an increase in rk lowers r. Rewrlting equation (26)

-t
» k o
Ugy _ 140001 (1-%e01 )" |Paur (26")
v 1+p u
E ]

we see that the effect of ralsing ™ 1s that households substitute current
for future consumption. The size of this effect is governed by the elasticity
of 1ntertemporal substitution® (o). Another way to put the same thing is to
note that househclds choose to spend more today since 1t 1is less worthwhile
to save,

Diagram 8.2 shows the planned path of the present value of cumulated net
savings (1.e (1~t")L + § = pU) for a household born in t=0 (observe that
the diagram shows levels) in the reference case and the capital income tax
reform, respectively. Recall the intertemporal budget constraint

o
’ W:La"' 5 - P:U-
A = = (6")
w
= R
v=t

i

3’secticn 7.4 illustrates the importance of e¢.
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which states that this the present value of (cumulated) net savings should
equal A, (which is zero for a new born household in t) when s-—x, which seems
to be the case in diagram 8.2. It is obvious from the diagram 8.2 that the
increase in the capital Iincome tax rate amounts to reducing the life time
savings. This 1s explalned by the change in the slope of the consumption
path, as expressed in equation (26'). The latter 1is also illustrated In
diagrem 8.3, which shows the change from the reference case in planned compo-
site consumption far two generations(generation j==-30, i.e born in t=-30 and
generation j=0). The twe curves exhibit higher composite consumption than the
reference case in the ‘early stages of the life cycle, et vice versa for the
late stages. Hence, the increase in <* amounts to tilting the path of compo-
site consumption towards the early part of the life cycle.

As a result of the capital income tax reform the total tax revenues (TAX] are
some 2% higher than in the reference case {see table 8.1) and the transfers
(S} is accordingly higher. Together with the lower discounting of future full
income thls generates a 12% change from the reference case in human capital
(H), as seen 1n diagram 8.4. It should be noted that the increase in capital
jncome tax revenues 1is totally jevied on the old generations, while the
increased transfers are spread out on all. Since the private assets [A) In
t=0 is supplied inelastically, the increase in the capltal income tax rate
has an element of a surprise wealth taxation (=zee sectlion 3.3 for a dis-
cussion). This explains why generation j=-30 (born in t=-30) fare worse off
than generation J=0 in diagram 8.3. Dilagram 8.4 verify that the private

assets (A) are decumulated over time.

Diagram 8.5 shows the percentage change from the reference case for the
production sector. The driving force behind the development ls of course the
labour supply (L). The low inltial labour supply (mailnly by the old gemera-
tion) leads to a small decumulation of capital during the first 7 years. When
the old generatlons are replaced by new born generations the labour supply
increases. This sparks off an upward adjustment of the capltal siock (X},
which in the new steady state it 1s 3.7% higher than in the reference case.

The welfare effects for different generations are illustrated in dlagram 8.6,
which shows equivalent variation as a percentage of total wealth. The genera—
tions older than 17 years (j<-17) are the lusers, eg generation Jj=-30 (cf
diagram 8.3) would need & 1% increase in total wealth in order fto be as well
off as in the reference case. This is of course 2 reflection of the lump sum
element of the increase in the capital income tax rate as well as the unex-

pected capital loss on shares (V) (see table 8.1). The generation born in t=0
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(generation j=0) fare much better off, since they galn from the high trang-
fers (which are financed by the increase in the capital income tax
(r’tkA/(1+r})) and the relatively high wage rate (w). Generation Jj=1i-30 are
somewhat worse off (but they still gain) than generation j=0. There are two
reasons to that. First, they receive lower transfers since the capital income
tax revenues drop as the old have decumulated their assets. Second, the
wage rate falls as the 1labour supply increases rather rapldly. Finally,
generations J§>70 would be willing to pay around 1% of their human capital to
get the reform.

All in all, the very old generations bear the entire burden of the capital
income tax reform, since they supply capital inelastically. Young generations
are also affected by the lower return on savings, but since their supply of
capital is rather elastic, the positive effect of higher transfers (S) domi-
nates,

It might be hard to conceive that the welfare for all future generations can
increase at the same time as the aggregate composite consumption {U) is Iower
In every period (see diagram 8.1). From the function for life time utility

-]

a~t
L4 i s
E {W) u(C,, L,-L,) (1)

8=t

we see that this is quite possible if the path of composite consumption is
tllted towards the earlier periods in life {l.e closer to t).

The positive welfare effects in the new steady state of ralsing a distorting
capital income tax is of course non-standard. But, one should bear in mind
that the model depicts a small open economy with free access to the world
capital market. As a consequence, there is no (long run) adverse effect on
the real'wage. Moreover, there exists a range of other distorting taxes, ie

we are ln a second best situation.

The capital income tax simulation can be summarized by the following points

. An increase in the capital income tax rate will make households substi-
tute current for future composlite consumption. As a consequence, life
cycle savings decrease.

. Labour supply of the old generations is very low after the tax reform.
As these generations are replaced, iabour supply increase over time.

* The tax burden is shifted towards the old generations. Hence, they will
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loose substantlally on the reform, while all young generations gain.

8.4 A STYLIZED TOTAL TAX REFORM SIHULATION

This section brings together the capital income tax simulation in section
g.1-2 and the combined wage. and consumption tax simulatien in section 7.31~Z
in an attempt to illustrate the entire tax reform proposal. Hence, the wage
income tax rate {(t") is lowered from 50% to 35%, the consumption tax rate
raised from 22% to 26% and the capltal income tax rate ralsed from 20 teo 30
percent. As before, the government consumption (G) is unchanged from the
reference case and the government budget kept balanced by an endogenous

decrease in the lump sum transfers (S).

In table 8.2 the percentage change from the reference case is shown for 14
variables for selected years. In the new steady state, labour supply (L},
production (Y), capital stock (K} are all 8.7% higher than ln the reference
case (in the combined wage and consumption tax simulation the change was . 5%
and in the capital income tax simulation it was 3.7%). Consumption of goods
(C) increases by 9.8% (14.8% and -3.6%, respectlvely). This means that the

long run effects are not far from being addltive.

In the combined wage and consumption iax simulation in section 7.1-2, the
composite consumption showed an initial undershooting ({(see table 7.1}. This
was explained by the fact that the old generations in t=0 was relatively
poorer that the old generations in the future, which in turn was due to the
unfavourable tax regime in the past. This 1is reversed when the capital income
tax rate is increased, as seen from diagram 8.7. The diagram shows the change
from the reference case in composite consumption {U) and its two components
consumption of goods (C) and lelsure (L-L). The composite consumption lis 5.¥%
and 2.2% higher than in the reference case in t=0 and in the new steady
state, respectively - to compare with 3.6% and 6.8% in the combined wage and
consumption tax simulation. Hence, the tilting of the consumption path
(current composite consumption is substituted for future composite
consumption) caused by the lower get of tax interest rate (see section 8.2

makes the composite consumption show an initial overshooting.

In diagram 8.8 the labour supply (L) shows a relatively small immediate
increase (4.7% in t=0 to compare with 6.4% In the combined wage and consump-
tion tax simulation) and a gradual upward adjustment. Consequently, both the
change in production (Y} and in the capltal stock (K) adjust monotonically to



the new steady state.

The welfare effects are illustrated in diagram 8.9. The effects for the young
and future generations are very similar to those in the combined wage and
consumption tax simulation (cf diagram 7.4) . These are willing to pay some
7% of thelr human capital in order to get the reform implemented. In
contrast, the welfare gains of the old generations are effectively reduced by
the higher capital income taxation. In fact, generations born in t=-60 (or
earlier) are worse off than without any reform. ‘

In comparison with the combined wage and consumption tax simulation in

section 7.1-2, the addition of a higher caplital income tax rate means that

. Labour supply increases less in the short run, but more in the long run.
There is no overshooting in labour supply or caplital stock.

. The welfare gains of the old generations are reduced substantially.
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APPENDIX 2A: LIST OF MODEL EQUATIONS

The relevant and somewhat rewritten model equations are listed below.

2A.1 HOUSEHOLDS

Human capital

o

=t 1+,

wii, + S,
Bo= R~
I m (14, )/m
v=t )

Value of composite consumption

Propensity to consume

Pl = A (Ag+ Hy)

Consumpt ion of goods

Labour supply

) @ ][ ’

& 1~
—m[ E’E:t(’ 1 Ty }/ﬂ]

-0
G = (Pf) P?“t'

1-n
i-7 n
(pf] + [,.E,.L’_]

8A

(g}

{9°)

(2d)

{2e”)
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Ideal price index of composite consumption
1

1-n {1-7

1-1 n ;

P = (Pfj + "—*—--w‘t (2¢)
ex” |-

Difference equation private assets

Ay = Uﬂ'ui’[‘i\ + WL, + § - P‘:U‘] , (3')

where W" = w(1-—%) P = (1+5)p%°, ry = (l—rf)r: and equation {3) is re-

written according to the discussion in section 2.2.5,

2A.2 FIRMS

Value of firms
o

Pa [P:Fs (Ke L) - P:isfi ¥ rn(la/K-]) - wﬁLt]
Ve = o+ (1a")
B8
g=t n 1+4ry 4
V=t
Difference equation capital stock
KL"I‘= 1._ + (1"'6)K|_ {16)
Wage rate
W = pFy (17a)
Installation cost
i,
T X) = — (18)
2K,
Physical investment
1, = (q./p: - 1)K, (19)
'3

Difference equation Tobin's marginal q
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2 E
H i i
G = Pues [Pt.ﬂFtn.: + Pan%[x‘”] + q;_n(l-ﬁ)]

) g+1
Py (14ry +2)

Production

g-1
1-1/8

: " 1-1/8
Yt = Z o‘.]{; + (1"“—)[A Lt]

where w; = w,(1+t;) and = [1+(1*t¥,‘3f:11](1"1f)

(1"'1:]:01 )

2A.3 GOVERNMENT AND NATIONAL ACCOUNTS

Value of government consumption
piG, = Eg[Pth = ptitrt(it)] - &B
Government transfers '
S, = gf[ptvt - piitrt(it)]
Tax revenues

W a k _* ¢
TAX, =(7} +To)wile + Tf T AL+ TpL G
1+ 1y

Difference equation government debt
& 5
B,,, = (1rea) (B + plG + Sy - TAX,]

Foreign assels

FA= A; = Vg b B;

(17"}

(20}

(21)

(22}

(233

(24)

(25)
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APPENDIX 2B: LIST OF MODEL VARIABLES

2B.1 ENDOGENOUS MODEL VARIABLES

Variable

?'¢<>'U¢l""0bem

n [~}
WoW W

W00 -4.0
%

-
>

Explaination

Human capital

Composite consumption

Propensity to consume

Consumption of goods

Labour supply

Ideal price index of composite consumption
Private assets

Value of firms

Capital stock

Wage rate, wage rate net of wage lncome tax and wage rate
inclusive of payroll tax

Physical investment

Tobin's marginal q

Production

Government consumption

Government transfers

Tax revenues

Government debt

Foreign assets

2B.2 EXOGENOUS MODEi, VARIABLES

Variable
ch

<

P’
P

-

Explaination -

Relative price (net of tax) private consumptlon i
private consumptilon: p°®(1sc%)
government consumption

domestic production

Interest rate {net of tax): r=ra(1—rk}

Discount factor cash flow: ¢,= [1+(1—tfn)r:ﬂ](1-tf]

——————

(1-t%,,)

2B.3 PRODUCTION PARAMETERS

Variable

.

R W

N2 - o

Explaination

Elasticity of substitution
Distribution parameter

Labour augmenting technelogical growth
Depreciation rate

World market real interest rate
Adjustment cost parameter

Total facter productivity
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2B.4 HOUSEHOLD PREFERENCE PARAMETERS

Variable

DOI R

Explainatlion

Intertemporal elasticity of substitutlon
Probability of survival

Atemporal elasticity of substitution
Lelsure preference rate

Time preference rate

2B.5 GOVERNHMENT PARAMETERS

Vgriable

o e T
o xan

mam A
T @

Explaination

Tax rate on labour income

Transfer share of GDP

Capital income tax rate
Consumption tax rate

Payroll taxe rate

Covernment consumption share of GDP
Reaction parameter
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tions in this paper 1s written in the PC language GAUSS, using a GAUSS-
supplied Newton algorithm for solving the system of non-linear equations. The
program draws on a program developed by McKibben&McKibben [1987].

Define i) K, a vector of predetermined variables in t

i1) o, " Jump . N
iiiyaed,, ™ expected @’s in t+l

Moreover, let &, [Ktn.ﬂt;ﬂ(t,ﬁfﬂ)% be the system of non-linear difference
equations (ie the model) in period t.

The algorithm contains the following steps where t=0 ls assumed to be the
first simulation perlod:

) Calculate the steady state growth path solutien.
1)  Guess 0F s={1,2,...T} and assume that the value In t=T can be
approximated by the steady state value (thus T must be large},
2) Given Ko, i.e inherited values of the predetermined variables, solve
®o (K:.Q0iKq,07) = 0 solve for K,,Q; glven K, @F

& (K2, 0, ;KnQ;] =0 " Ko, @ YK, 03

1

ey (KTtQT-‘l;KT-'I -Q:J =0 * Ky Qpey " KT—&,“:

3) Update the guess of Oi s={1,2,...T}, using a weighted average of the
former guess and the solution for @, s={1,2,...T}. Iterate on 2) until
the difference between 0 and @, ls negligible.

4) Choose a new terminal period T' > T and repeat 1)-3). Compare this and
g the former solution for t=0-T., If the difference is small, accept the
solution, otherwise iterate on 1)-4),

There is no available proof of the uniqueness of this solution, but exper-
ience suggests that this is a problem of miﬁor importance. Although much
effort has been made in order to speed up the execution, it is still time
consuming. Solving the system of non-linear equations repeated times is the
most burdensome part of the algorithm.
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Table 5.1: % Changes from the reference case in steady state values

a)
Consump-  Labour Private Produc- Capital Tax
tion of supply agsets tion stock revenues
goods {C)} (L) {a) (Y} (K} {Tax)
16,4 5.9 18.8 S:7 5.7 -8.8
b)
Value of Human Propen-— Ideal Wage Value
composite capital sity to price rate of firms
consump—  (H) consume index (W} v)
tion(P'V) (a) (P%)
18.8 18.8 0.0 10.8 0.0 5.7

TABLE 5.2: % Changes from the reference case for selected years (L)
al Consump~  Labour Private Produc-— Capital Tax
tion of supply assets tion stock revenues
t goods (C) (L) (A) Y 9] {TAX)
4] 12.1 Tk 5.3 4.8 .0 ~311.2
yi 12.3 7.9 4.8 5.2 0.9 -10.9
3 12.8 7.5 4,2 5.8 2.4 ~10. 4
5 12.7 7.6 3.9 6.3 3.6 ~10.0
10 13.2 7.7 4.0 70 5.5 -9.4
25 14.3 7.4 T2 T3 7.1 -8.8
50 15.3 6.6 12.5 6.7 6.7 -g8.7
sS 16. 4 5.7 i8.8 5.7 5.7 -8.8
b) Value of Human Propen- Ideal Wage Value
composite capital sity to price rate of firms
consump- (H) consumne index (W) (v}
t tion(PU) (a) (F"}
0 14.2 17.0 -0.5 9.6 -2.7 4.8
1 14.4 17.2 -0, 4 9.7 ~2. 4 5.2
3 14.7 17.6 ~0.3 9.9 =19 5:8
5 14.9 17.9 -0.3 10. 1 =1.5 6.2
10 15.5 18.4 -0.1 10.4 ~0.8 6.9
25 16.6 18.8 0.0 10.7 -0, 1 7.2
50 by e 18.9 0.0 10.8 0.0 6.6
ss 18.8 18.8 0.0 10.8 0.0 ST



TABLE 6.1: % Changes from the reference case for selected vears (i)

a) Consump~  Labour Private Produc- Capital Tax
tion of supply assets tion stock revenues
t goods (C) (L) (A} (Y) (K} (TAX)
0 -1.7 -0,7 -0.6 -0.5 0.0 2:2
1 =17 -0.7 -0, 4 ~0.5 w1 2.1
3 ~1.7 -0.7 -0.2 -0.6 -0.3 2.1
5 i b -0.8 0.0 -0.7 -0.4 2.0
10 -1.7 -0.9 9:3 -0.8 ~0.6 1.9
25 -1.6 -1.0 0.9 ~-0.9 ~0.9 1.8
50 -1.6 -1.0 1.2 =1..0 #1.0 i.8
ss -1.5 -1.1 1.5 =1.1 =tk i.8
b) Value of Human Propen~ Ideal Wage Valye
composite capital sity to price rate of firms
consump~  (H) consume index (W) (v)
t tion(PU) (a) (P")
0 1.3 1.7 0.0 2.1 0:3 -0.5
1 1.3 ;o 0.0 2.1 g.2 -0.5
3 1.3 1.6 0.0 2:1 0.2 -0.6
5 1.3 1.6 G.0 2.1 0.2 -0.7
10 1.3 1.5 0.0 2.0 0.1 -0.8
25 1.4 1.5 g.0 2.0 0.0 -1.0
S0 1.4 1.5 0.0 2.0 Q.0 ~1.0
ss 1.5 1.5 0.0 2.0 0.0 e b ¢

TABLE 7.1: % Changes from the reference cage for selected years (it}

a) Consump~  Labour Private Produc~ Capital Tax
tion of supply assels ~tion stock revenues
t goeds (C) (L) (A) (Y) {x) (TAX)
1] 10.4 6.4 4.7 4.3 0.0 -8.6
1 10.5 6.5 4.4 4.6 0.8 -8.3
3 10.7 6.7 4.0 5.2 2.1 -7.9
5 11.0 6.8 3.9 5.6 3.2 -7.6
10 1.5 6.8 4.3 6.2 4.9 ~7.0
25 12.6 6.4 8.2 6.3 6.1 ~6.4
S0 13.6 5.6 13.9 5.6 5.6 6.3
ss 14.8 4.5 20.7 4.5 4.5 -6.4
b) Value of Human Propen- Ideal Wage Value
composite capital sity to price rate of firms
consump~  (H) consume index (W) {v)
t tion(P'W) (a) (P")
0 15.8 19.1 -0.4 11.8 -2.5 4.3
1 16.0 . 19.3 -0.4 i2.0 ~2.2 4.6
3 16.3 19.6 -0,3 12.2 L e 5.1
5 16.5 19.9 -0.2 12.3 ~-1.4 5.5
10 17. 1 20.3 ~0.1 12.6 0.7 6.1
25 18.3 20.8 0.0 12.9 =03, 1 6.2
50 19.5 20.8 0.0 13.0 .0 5.5
ss 20.7 20.7 0.0 13.0 Q.0 4.5



TABLE 7.2: % Changes from the reference case for selected years (i)

Composite
tiegd Conzumption
price W)
index
(")
Length of preanncuncement Length of preannouncement
(in years) {in years)
. 0 3 10 ) 3 10
-10 0.0 0.0 0.4 0.0 0.0 3.1
-3 0.0 0.7 0.6 0.0 5.6 3.6
0 11.8 12.0 11.9 3.6 2.2 0.4
5 12.3 12. 4 12. 4 3.7 2.6 1.0
10 12.6 12:7 12T 4.0 3.0 1.5
25 12.9 12.9 12.9 4.8 4.1 3.2
50 13.0 13.0 13.0 5.8 ‘ 5.4 4.9
s8 13.0 13.0 13.0 6.9 6.9 6.9
TABLE 8.1: ¥ Changes from reference for selected years {t)
a) Consump~  Labour Private Produc~ Capital Tax
tion of supply assets tion stock revenues
i goods (C) (L) (A) (Y} (K) (TAX)
0 2.2 -1.7 «1.5 -1.1 0.0 2.3
1 2.0 ~-1.6 2.2 -1.1 ~0.1 2.2
3 1.7 -1.4 -3.6 -1.0 -0.3 2.1
5 1.4 e ~5.1 -0.9 ~0.4 2.0
10 (s Py 4 -0.6 -8.6 ~-0.5 ~-0.3 1.9
25 -0.9 0.8 -17.3 0.8 0.6 1.9
50 2.3 2.3 -26.1 2.2 0 § 2.0
ss -3.6 a.7 -34.3 < 4 3.7 2:3
b) Value of  Human Propen- Ideal Wage Value
composite capital sity te price rate of firms
consump-  (H} consume index (W) (v)
t tion(P'U) (a) (P")
0 2.2 11.9 -6.6 8.3 0.7 -1.4
1 - | 11.9 -6.6 0.2 0.6 -1.3
3 s 8 11.8 -6.6 0.2 0.4 -1.3
5 1.4 11.8 -6.6 0.1 6.3 -1,2
10 0.7 14.7 -6.6 0.0 0.1 -0.8
25 -0.9 117 -6.7 0.0 -0.1 0.4
50 -2.3 11.9 -&. T 0.0 ~-0.1 Ry
sS -3.6 12.1 -6.7 0.0 0.0 3.0



TABLE 8.2: ¥%

a)

Changes from reference for selected years (t)

Consump-  Labour Private Produc- Caplital Tax
tion of supply assets tion stock revenues
t goods (C) (L) (A} Y} (X3 {TAX)
o 13.0 4.7 3.2 3.1 0.0 ~5.9
1 12.9 4.9 2.1 3.5 0.7 ~5.7
3 12.8 5.3 0.1 4.1 1.8 -5.5
5 12.6 5.6 -1.6 4.7 2.8 =53
i0 12.3 6.2 =5.0 5.6 4.5 -5.0
25 11.5 7.2 -11.2 Tl 6.8 -4.7
50 10.7 7.9 =16.1 7.9 7.9 ~4,7
SE 9.8 8.7 -21.3 8.7 8.7 -4.8
b) Value of  Human Propen- Ideal Wage Value
composite capital sity to price rate of firms
consump~  (H) consume index (W) (V)
t tion(P'W) (a) (P9
0 18.6 33,2 -7.0 12.1 =1.8 2.9
1 18.6 33.3 ~6,9 12.2 ~-1.6 3.2
3 18.4 33.5 ~-6.9 12.4 =13 3.8
5 i8.3 33.7 ~-6.8 12.5 =1:1 4.3
10 18.0 34.0 -6, 8 12.7 -0.6 5.2
25 17.3 34.3 6.7 12.9 0.2 6.5
50 16. 4 34.3 -6.7 i2.9 0.0 T3
ss 15.5 34.3 -6.7 13.0 0.0 8.4








