Chapter 5

Households

5.1 Overview

This chapter describes the representative households in the DREAM model. We start in
section 5.2 by explaining the construction of households as well as the general assumptions
made in relation to households concerning timeline, composition, etc. In section 5.3 we present
the specification of households’ preferences concerning period utility (preferences over the
consumption bundle and disutility from work) and the intertemporal aspects of consumption,
savings and bequest decisions. As a prerequisite for deriving the optimal intertemporal choices,
in section 5.4 the composition of household income in DREAM and the accumulation of
household wealth is described in detail. Section 5.5 finds the solution to the consumption
and saving problem of households, while section 5.6 deals with labour supply. Section 5.7
describes the behaviour of old (i.e. non-planning) households, and finally in section 5.8 we
describe how households split the overall value of consumption in each period between the

different components of the consumption bundle.

5.2 Construction and assumptions

In DREAM the population is organized in representative households in the sense that each
household represents one specific generation, i.e. men and women who are born during the
same year and their children under 17 years of age. These households are the decision-making
units in relation to consumption, savings and investments in owner-occupied dwellings. The
representative nature of households does not mean, however, that individuals of a household
are assumed to be identical in every respect. Individuals of the same age are different in
two respects: gender and (ethnic) origin. While the gender distinction is obvious, the origin

distinction is a bit more involved.

The DREAM model uses DREAM’s populatjﬁn projection, which disaggregates the Danish
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population into the following groups based on people’s origins: Immigrants from so-called less
developed countries, immigrants from more developed countries, descendants of immigrants
from less developed countries, descendants of immigrants from more developed countries, and
the rest of the population'. Within any of DREAM’s representative households, the origin
and gender distribution of individuals matches that of the corresponding ”true” generation in
DREAMs population projection. In this way each household encompasses 10 representative
individuals: Males and females of the 5 origins. This formulation is made in order to enable
DREAM to capture differences in observed economic behaviour among the 10 population
groups mentioned above. For instance, DREAM uses RAS and Law Model data to model
the different population groups’ participation rates in various government transfer schemes.
DREAM, with the aid of its population projection, is thus able to take into account the effect
on government finances of a changing ethnic composition of the population?. Other examples
of different economic behaviour across both gender and origin are the supply of labour, where
differences in productivity and disutility of work results in differences in labour supply, and

the take-up rates of individual government consumption.

The life of a household begins when children aged 16 turn 17 and leave the parent household
to form a household of their own. A household exists until the end of the year in which its
members are 101 years, at which point it ceases to exist. However, even though the household
continues to exist, the inhabitants of the household pass away over time. Hence, the size
of a representative household initially increases as parents have children and more people
immigrate and then gradually falls as individuals pass away. It is assumed that surviving
individuals retain undivided possession of the assets of the household until and including the

age of 76 years.

The timeline of the representative households in DREAM is divided into two phases of life.
From the household is formed and until the end of the period in which its members are 76
years old, the household supplies labour®, enjoys consumption and makes savings decisions.
During this phase of life, a household is said to be a planning household due to the forward-
looking (life cycle) behaviour underlying its decisions. Although the household exists through
the age of 101 years, it ceases to exist as a planning household at the end of the period when
it is 76 years old, at which point it is dissolved as an economic entity and the remaining
assets are given to the heirs as a bequest. From this point onwards, the household no longer
makes intertemporal economic decisions. Rather, it simply consumes all income (pensions and
government transfers) in each period. One can think of a person in a nursery home for elderly

people.

'More developed countries are USA, Canada, Japan, Australia, New Zealand and all European countries
excluding Turkey, Cyprus and some former Soviet republics, cf. Koch et al. (2004).

2For a detailed description of DREAMs population projection see Koch, Stephensen and Schou (2004).

3Though labour supply is very low from the age of 62 and onwards.
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Many variables in the following will be expressed in units per adult in the household. Some
variables are instead expressed per adult-equivalent due to the fact that we do not assign
separate values to adults and children for the same variable, e.g. consumption. For instance,
in the case of income mentioned above, this is given per adult and not per adult-equivalent
since income is only received by adults. Consumption, however, is given per adult-equivalent
since children consume as well as adults. The measure of adult-equivalents is obtained by
summing over all individuals of the household, while assigning the weight % to children, since

it is assumed that children do not require the same amount of consumption as adults.

5.3 Preferences

5.3.1 Period utility

A household in DREAM obtains utility from consumption of goods and from leaving a bequest
to its heirs, while it incurs disutility from time spent working. By C’(ﬁ we denote the overall
utility in units per adult-equivalent obtained from consumption of goods by household a in
period t. This overall utility is given by a nested CES subutility function defined over the
different components of household consumption and presented in subsection 5.3.2 below. Z, ;
denotes disutility from work of household a in period t. It is an average over disutilities of
it is given in units

work of individual representative members of the household and, like C’iﬁ,

per adult-equivalent.

By combining utility from consumption and disutility of work, we obtain the period utility per
adult-equivalent wu,; of household a in period ¢, which is defined as being additively separable
in O(f,lt and Z,; :

Uqt = OH

a,t

— Za.. (5.1)

Average disutility of work per adult-equivalent Z,; is given by

o = S S (s (75 ) () (22,0 o 1750
S " (5.2)
where Li s.a,¢ 18 labour supply per adult-equivalent of origin o and sex s. In section 5.6 y will be
shown to be the elasticity of labour supply wrt. the after-tax real wage, while ¢, , is a level
parameter in disutility of work. The reason that the above expression for disutility of work
looks rather lengthy is simply due to the representative nature of households encompassing
representative individuals of different genders and origins. The actual disutility of work per

adult of origin o and sex s is represented by the term

1ty
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LabFull

o i enters in (5.3) because

which can be seen to be increasing and convex in labour supply. 7
Li s, 15 labour supply conditional on the individual being in the labour force. r2%®F is the
fraction of individuals of origin o and sex s who are in the labour force measured as full time
employed people. As for adj°%s it is an exogenous parameter with the initial value of one

that can be used to model an institutionally agreed decrease or increase in working hours.

Since individual disutility of work is disaggregated according to origin and sex, finding Z, ; is

a matter of finding the average disutility of work across origin and gender. This explains why

Ind
o0,s,a,t
AdultEq
Na,t

enters (5.2): Multiplying by the number of individuals of origin o and sex s NI

0,s,a,t
gives total disutility of adult individuals of origin o and sex s, and dividing this by the total

AdultEq
Na t

number of adult-equivalents in the household and summing over gender and origin

consequently gives average disutility of work per adult-equivalent.

5.3.2 CES subutility

As mentioned, the utility value of consumption CY, used in (5.1) comes from maximization
of a CES utility function defined over the different components of household demand. While
the actual derivation of demand for each component is deferred until section 5.8, the CES
utility function is presented here for completeness. Figure 1 presents the nest tree of the CES

function and will be explained after a few remarks on the notation.

In figure 1 we have suppressed the subscripts a and ¢ and introduced 3 new subscripts indicating
the type of consumption, producing sector and country of origin. This means that C’fm’a,t
denotes consumption (expenditure) of type e, delivered from production sector k in country
¢, and consumed by household a in period t. Superscripts 1 and 2 are used to distinguish
between intermediate goods and final goods, respectively. Consider first the set E indicating

the type of consumption and defined as:
E={D,R,G,P,H/N}. (5.4)

Starting from the left, the elements in E represent the following types of consumption: con-
sumption of dwellings (D), i.e. household demand for residential buildings and land, housing
repair consumption (R), government sector goods consumption (G), private manufactoring
goods consumption (P), housing consumption (H - aggregates over D and R as is evident from

figure 1) and non-housing consumption (N - the aggregate of G and P).
Turning towards the delivering production sector we define the set K:
K ={C,P,G,D},

where the elements denote private construction sector, private manufacturing sector, govern-

ment sector and dwelling sector respectively.
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Figure 5.1: Consumption nest structure
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Set C' denotes country of origin and contains 2 elements
C={D,F},
denoting domestic and foreign respectively.

Consider the nest structure in figure 1. Households substitute between consumption related to
housing CH and consumption related to all other goods, here labeled non-housing goods C.
Non-housing consumption is an aggregate of consumption of privately produced goods and
consumption of goods from the government producer, where private consumption consists of
intermediate goods produced in the private manufactoring sector C g ’; and government goods
consumption consist of intermediate goods from the producer of government services Cg é
While goods from the government producer are solely domestically produced C’g é D, goods
produced in the manufacturing sector originate from the foreign sector C’gﬁ  as well as the

; H2
domestic sector Cpp p-

Utility from housing consumption is an aggregate of utility from ownership of dwellings on
the one hand (C#) and utility from consumption related to housing repair (C%) on the other.
Housing repair consumption consists of goods produced in the private construction sector,
which are supplied by domestic producers only (C g, é p)- The remaining part of the diagram
shows how utility from owning real estate is found by combining the building capital K5
and land capital K14 helonging to the household. Finally, household demand for dwelling

IH’B IH’L

capital gives rise to investments in buildings and land

5.3.3 Lifetime utility for planning households

After having defined the period utility function wu, ;(CZ,

wit> Zay) and described the preferences

underlying its two arguments, we will now characterize lifetime utility of households.

Consider a specific generation or representative household aged a at a given point in time t.
This means that the household members are born in the year t — a. At the beginning of year
t, where the household turns a years, the rest-of-life discounted utility for the representative
household in question, U,_1_1, is given by

7 v—1

Us-1t-1= Z (Wig—ars) © Uafl,iN;iiuggq , (5.5)
where u; o is period utility per adult-equivalent from (5.1) and v, ; is a discounting factor
discounting from period i to period a — 1 as defined in (5.6). (Remember that individuals
are born at the beginning of a period whereas all other stock variables including utility are

ultimo-dated. This is why we approximate life-time utility for generation a at time ¢ with
Uafl,tfl-)
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(5.5) demonstrates that we specify rest of life utility as a CES function over period utilities
per adult-equivalent u; ¢+, with intertemporal distribution parameters [Ua_l,i Nﬁd_“éfiq} and
v denoting the intertemporal elasticity of substitution. The multiplication by Nﬁcﬁ‘éﬁq in the
utility function means that the criterion applied in the objective (5.5) is the Benthamite one
of maximizing total household utility also known as classical utilitarianism. An important
implication of this criterion is that period utility per adult-equivalent in any period is given
more intertemporal weight the higher the number of adult-equivalents in the household at the
time. In this way, rather old households with few members do not weigh as heavily as younger

households with more members.

5.3.4 Bequest motive

The modelling of the bequest decision may in general take two very different routes. First,
bequests may be altruistic. This implies that the present household takes the utility of
future generations directly into account by including the utility functions of these generations
in the object function of the household’s maximization problem. This leads to a model of
”dynasties” where each dynasty maximizes utility over an infinite horizon. Assuming that
no new dynasties enter the economy, this implies that the overlapping generation structure
collapses and the model converts into a Ramsey type model. In this type of model the
gradual dynamic transition of the economy, which is due to the entry of new households in the

overlapping generations model, is replaced by intergenerational transfers within each dynasty.

Although intergenerational transfers do play a role in most families, it appears that such
transfers are less perfect than is the case given by the altruistic assumption. Therefore we
have in this model chosen to model a ”joy of giving” motive for bequest. In this case the
parent household obtains utility simply by leaving a gift to its heirs. The effect on the utility of
the heirs does not directly enter into the bequest decision of the parent household. Therefore
e.g. the number of heirs does not affect the bequest decision. This implies that the overlapping
generation structure of the model is maintained although some intergenerational transfers take

place.

Technically, the bequest motive is implemented by modelling the bequest as an extra fictitious
period of consumption after the household has ceased to exist as a planning household at the
age of 76. This can be seen explicitly from (5.5). Thus the assumption is that the parent
household obtains utility from leaving the bequest as if it was an extra year’s consumption.
Since this fictitious period of consumption enters the life time utility function (5.5), the house-
hold has an incentive to save resources to finance the extra ”consumption”, and these savings

will eventually amount to the bequest A"P? given to the heirs.

However, the household may attach a different intertemporal weight to the utility of the
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bequest u77,;_q177 compared to the consumption of previous years, which can be seen from the

specification of the discounting factor v,_1 ;:

1 \ietl
Vaori = & (1—+9) , (5.6)
(&, = lfori=a,... 76,

¢, = Efori=T1,

where 6 is the rate of time preference. The value of ¢ determines the relative importance
of utility from leaving a bequest compared to utility from previous years of consumption. A
value of 1 means that the household considers utility from leaving an extra unit of bequest
a perfect substitute for an extra unit of own consumption disregarding changes in household
size and impatience. ¢ is calibrated to match the observed profile of household wealth across

households (generations) in the calibration year. Currently £ = 120, 6.

5.4 Income and budget

The specification of disposable household income is very detailed in DREAM. Besides wage
and capital income, the household receives bequests, several kinds of funded pension benefits
and more than 20 different government transfers and pays several kinds of taxes. The following
subsections describe these income components in detail; the subdivision into various groups
is mainly motivated by the differentiated treatment in the Danish tax system of various kinds

of income. Afterwards, the evolution over time of household wealth is explained.

5.4.1 Non-capital income

The Danish income tax system is a hybrid between a dual and a global income tax system
(the difference being whether capital and non-capital (mainly labour) income are taxed in the
same way or with different rates). For various technical and data reasons, DREAMSs treatment
of personal income follows a more consistently dual system, so that in DREAM taxation of
capital income (in DREAM defined to include interest income, capital gains on shares and
dividend income) is calculated separately and independently from non-capital income (labeled

"personal income” as in the official Danish tax rules) at flat proportional rates.

In this subsection we focus on the modelling of personal non-capital income. Hence, consider
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the following expression for personal non-capital income denoted Y,
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Broadly speaking, personal income can be divided into wage income, government transfers

and funded pension receipts.

Wage income

Payroll

The first two lines of the above equation represent wage income net of payroll taxes t; ,

contributions to SP q(if , contributions to ATP ¢’

ZF

sion schemes ¢7; ,;

and contributions to labour market pen-

and private pension schemes ¢#,. L . is individual labour supply of a

person of given origin, gender and age. The parameter p,, ; ,, captures time-dependent differ-

ences in productivity between workers of different origin, sex and age. W, is an endogenous

term representing changes in the general wage level as the result of changes in demand and

supply on the labour market.
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Government transfers

The third line above represents receipts of unemployment benefits by an individual. Note here
that this builds on an assumption of underemployment where each individual shares origin-
, gender- and age-specific unemployment equally and consequently is partly employed and

below the full employment level Lé‘i“jt (to be

G,H,Unemp
). of

partly unemployed. Any labour supply L?

0,8,a,t

defined later) thus constitues a certain amount of unemployment (Lé‘é“[ft L3 0t

is the level of unemployment benefits for a full-time unemployed person.

The remaining part of the above expression for personal income reflects pensions and gov-
ernment transfers. As can be seen, the expressions for transfers are for the most part made

up of 2 components: The rate of the population group receiving the particular transfer, e.g.

GHMB

maternity benefits 75 times the amount to each receipient o,

sat?

Transfers include financial aid to students (SU) oi"** | leave allowance (orlovsydelse) oS "4,

G HMB G HSB , bridging be-

nefit schemes (overgangsydelse) of ’H’B , post-employment wage benefits (efterlgn) oF W,

anticipatory pensions (fgrtidspension) tG AP - old-age pensions (folkepensmn)ogali OAP, cash

G,H,AB

maternity leave (barselsorlov) o; , sickness benefits (sygedagpenge) o,

benefits (kontanthjeelp) of 7“4 activation benefits (aktiveringsydelse) o , introduction

benefits to immigrants (introduktionsydelse) tG I and finally non-income-compensating

G,H AgeDep

age-dependent government transfers o, ;

Pension receipts

ATP

cat » Tetirement

The last two lines of (5.7) represent pension receipts: ATP pension receipts b

pensions from the pension fund b%_,, SP receipts b5F,, civil servants’ pension (tjenestemand-

s,a,t? s,a,t?

spension) of at , disablement pension (invalidepension) bs ... and spouse pension (segtefaellepen-

sion) b9

s,a,t*

For a detailed description of the modelling of pensions in DREAM please refer to

chapter 6 of this documentation.

As can be seen the above expression is pre-tax personal income related to wage income,
government transfers and pension payouts. In a moment we will convert this income into an
after-tax disposable income, but before we do that it is essential to understand how taxation

of personal income is modelled in DREAM.

Progressive taxes

While payment of bottom-bracket taxes and local-government (i.e., municipal, county and
church) taxes are modelled in the standard way of multiplying personal income by a rate, con-

structing the payment of middle-bracket and top-bracket taxes for our representative agents
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is somewhat complicated. These taxes are progressive, and we are obviously unable to repres-
ent the heterogeneity in income of tax-payers for a given age and gender in the model itself.
Instead, these taxes are represented in DREAM as a polynominal approximation of a tax
function which is calculated in a pre-model using micro-data for a representative sample of

Danish tax-payers.

The pre-model calculates a polynomial approximation (using a 6th-degree polynomium) of
average tax payments as a function of average income. These polynomial approximations are
used inside the main model to determine these tax payments as a function of average income,

which is equal to the income of our representative individuals:

TRygar™ = 17| Koy (Yooad™ — K10 + kPG00 — kM (5.8)
+k%id4(n{£:iim o ki\ﬂd)él + k(]}\j{fid&’;(}i){iiirs o ki\ﬂd)i":
+k%id2(nﬁ:iirs . ki\ﬂd)2 + k%idl(}i)ﬁ:iirs o ki\ﬂd)l + k%idﬂ 7
TRIZN = 40 | K — k) + ke (V0 — Ky (5.9)
ot Vosad” =kt ") + ko (Vosad” = k")’
ot Vosad " =kt ")+ kod” (Vosad” = k) + ke |,
where tM and ] are the respective tax rates, and k-parameters like kM and k:f;f‘;p 0 are
determined in the micro-data pre-model. The variables kM and k! are determined in the

calibration process when the total middle-bracket and top-bracket tax revenues are equated
to the actual revenue in the base-year. If the approximation were perfect and the micro-data
and macro tax revenues were perfectly consistent, these variables would both be zero, but in
practice they deviate somewhat from this. One reason is that the tax system does not take
into account the middle-bracket and top-bracket tax payments from capital income, as capital
income taxation in DREAM is treated completely separable from taxation of personal income

(cf. above).

Returning to the derivation of household disposable income we will now use the tax variables
derived above to subtract taxes from personal income derived in (5.7). This is explained in
detail on the following pages, but the short version is that in (5.10) we subtract taxes and
contributions to social benefit schemes and add transfers and pensions which are either not

taxed as personal income or not taxed at all. Note also that (5.10) involves a summation over

YH,DispGender

st is distributed over gender, age and time.

the origin of each individual so that
In (5.13) we aggregate further to get disposable income distributed over age and time only,
giving us disposable income per adult of household a. At this point we will also include a

number of lumpsum transfers to and from the government and the foreign sector.

So consider the following gender-distributed expression for disposable income per adult:
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First we subtract contributions to the post employment wage scheme:

PEWq, PEW . PEW Maz
Tsat kg wy Unemp,”**, (5.11)

and the unemployment benefit scheme

U U U
Toat ki " Pw; "M nempit (5.12)
. H,P . .
from personal income Y;S’ﬂjm. Following the actual rules in place, annual post employment

wage scheme contributions are modelled as 7 times maximum daily unemployment benefits

wlEY UnempM?®. Since not all individuals contribute to the scheme we multiply by the gender-

PEWq
s,a,t

and age-specific rate of the population that participates (7‘
KPEW

). Finally, the multiplicative
factor is calibrated such that aggregate contributions in the model match the observed

contributions in the calibration year. The treatment of unemployment benefits is similar.

. . . H,P .
Taxes are levied on the taxable part of personal income, i.e. Y, net of various tax al-

lowances: the basic lump-sum personal tax allowance allow!™, the term allow;'***** which
represents those assessment-oriented allowances that are not explicitly modelled in DREAM,
allowances for payments to unemployment benefit and post-employment wage arrangements,
the effective earned income tax credit, and finally the correction term k;7°%e¢ which is cal-
ibrated in order to reconcile the tax base of DREAM with actual source tax receipts in the
calibration year. The expression starting in line 3 represents county, municipal and church
taxes while the following term represents taxation of bottom-bracket income at rate t2°, the

tax base of which is broader than the local-government taxes. The remaining part of the
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expression represents both taxes and transfers. First, we subtract taxes applicable to middle-
and top-bracket incomes té\? idvt and t2% ,. Then we add age-dependent and non-age-dependent

s,a 0,s,a,t*
G,H,NonAgeDep

G,H,AgeDepNoT. :
gEFEPTOTEE and o, as well as receipts from

non-taxable government transfers o, ;

private pension schemes bff % and LD pensions bf,? (lenmodtagernes dyrtidsfond) net of taxes
(these pension benefits are treated as once-and-for-all payments and consequently do not enter

(taxable) personal income, but are taxed with the specific tax rate for capital pensions).

The final line in (5.10) is the inheritance per adult-equivalent, which consists of two main
components; Aﬁ]feq is the bequest per adult-equivalent left ultimo period t-1 by the households
that turn 77 in period t. Since this bequest is received by individuals as inheritance one period

. : . : . H,B
later in period t, it earns one period of interest. Furthermore, A;7

is the bequest left per
adult-equivalent of the old generation, whereas we wish to operate with the inheritance per
adult of the receiving generation. Hence, we correct for the difference between the number of
adult-equivalents belonging to the old generation Nﬁi‘ft_]ﬁq and the number of adults N, ;}fu“
belonging to the generation for which we are specifying disposable income. The parameter
Distgjf;;u,t contains the distribution of heirs over all potentially receiving generations (those
that are from 22 to 51 years old), ensuring that the correct share of the total bequest is

inherited by the different generations. Finally, inheritance is taxed as represented by the
Beq
factor (1 —t, )

What remains now is to include a number of lump-sum transfers to and from the households
and to aggregate over gender, giving us household disposable income per adult, which will be

the relevant measure of per period non-capital income in the asset accumulation equation. We

get:
H,Disp H,DispGender
Yo = E Y ar (5.13)
s€{m,f}
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1 H,G,LumpPayroll H,G,LumpDwe H,SP,LumpSP
- NAdult Oo,s,a,t _I_ ant + 087a7t
ot 0 se{m,f} se{m.f}
G,H,LumpInt H,G,LumpGrOS G,H,LumpG1I
+o; P+ o P + o, L
H,Weight 5C,H yAdultEq ~H
FH . t POHNA cH. . ) .
where 0,," are net transfers from foreigners and - ]CV’fAdult’t <t is the vehicle excise
) a,t
duty rate (veegtafgift) modelled as a fraction of total household consumption expenditures
AdultEq
(Note here the difference between adults and adult-equivalents: The fraction W enters
a,t

because consumption is given per adult-equivalent including children, while Yﬂ’ms” is defined
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per adult, cf. the discussion in section 5.2). The remaining elements are lump-sum transfers
to and from the government, many of which are included for calibration purposes to replicate
features of the Danish economy, e.g. the revenue side of the government sector. These are

described in more detail in chapter 7 on the government sector.

5.4.2 Capital income and asset accumulation

Having derived household disposable non-capital income per adult in each period, we will now
specify how household wealth develops between periods. This involves deriving the savings
identity or asset accumulation equation. Specifying the dynamics of household wealth will en-
able us to state the dynamic consolidated budget of the household and so obtain the relevant
constraint for the intertemporal optimization problem of the household. To ease understand-
ing, we first describe asset accumulation in a simple situation with only financial assets. Then
we include trade in residential assets as well, and finally we introduce the treatment of unex-

pected capital gains in the event of surprise shocks.

Asset accumulation with financial assets (only)

Consider first the following asset accumulation equation in a situation where household wealth

consists of financial assets only, i.e. holdings of bonds and shares:

AdultEq Adult
H,Fin,Ind H H,Fin,Ind* "'a—1t—1 H,Disp a,t . C.H ~H
Aa t o (1 2 ) Aa—l,t—l AdultEq a,t AdultEq f)t Ca,t’ (514)
Na,t Na t

where Agfm’]"d represents household financial assets per adult-equivalent. (5.14) states that
accumulation of financial assets is simply given as the previous period’s financial assets plus
an after-tax rate of return plus the current period’s disposable income derived in (5.13) minus

the period’s consumption expenditure.

As can be seen from (5.14), this formulation makes no explicit distinction between holdings
of bonds and shares, just as dividends do not explicitly enter (5.14). The different after-tax
yields for these different sources of capital income are instead modelled in the variable i
representing the effective rate of return. This is a weighted average of the different after-tax
yields with the weights determined by the relative magnitude of bonds vs. shares in the

composition of household financial wealth.

Household capital income arises from three sources: Capital gains on shares, dividend payouts
from firms and finally interest income from holdings of bonds. They are represented by the

following expressions:
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So (V=) (Vi = Vi) (5.15)
i{C,P}

represents after-tax capital gains, where tfl Gain is the rate applied to capital gains on shares
and Vj; — Vj,_; is the increase in the value of the representative firm in sector j. Note that
these are expected capital gains, foreseen by all agents of the economy. Unanticipated capital

gains occurring because of a surprise shock to the economy are treated later on.
3 (1 . tf’Di“) DIV, (5.16)

je{C,P}

represents after-tax dividend income from holdings of shares, where ;""" is the tax rate

applied to dividend income, and DIV}, is dividend payout from the representative firm in

sector j.

(1 - tf”’f’“) i (5.17)

represents after-tax interest income from holdings of bonds, where tf It i the tax rate applied
to interest income and 4, is the bond interest rate. The tax rates ¢ /P and t#'™ are all
calculated in various pre-models computing average capital tax rates from the rather complex

Danish capital income tax system.

Since i/ is an after-tax rate of return, we convert the incomes from (5.15) and (5.16) into rates

of return from holding shares by dividing both by total firm value ). c,py Vit-1- Average

after-tax returns on households’ financial assets can then be expressed as in (5.18) where the

Assets

weight w is applied to after-tax capital income from holding shares, while the weight

1 — wA*°* is applied to after-tax bond interest income:

wAssets

i = s 2| (1) 0= Vi) (5.18)
je{C,P} Jit—1 je{c,pr}

+ (1 . th,Div) DI‘/j,t :| + (1 . wAssets) (1 . tfl,]nt) it-

The value of wAssets

is exogenously fixed and presently set to 1/3. Hence, the households do
not optimally choose the portfolio composition of their financial wealth. As explained in the
preceding chapter, optimization by households as well as institutional investors would create
corner solutions when the tax system discriminates between capital income for different types

of investors.

An important implication of the tax structure in DREAM is the identical taxation of positive
and negative capital income of household a in period ¢. Af_’?ff_’ind are net financial assets and
actually negative for a number of representative households in the model, partly because they
smoothe consumption over the life-cycle, and partly because they also own real estate, which

we shall introduce in a moment, but the same tax rate always applies.
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Introduction of residential capital

We now introduce residential capital as well. In DREAM all dwellings are owner-occupied.
Households in DREAM demand and own residential capital assets which are systematically
divided into holdings of land and holdings of buildings (because of the different tax treatment
and supply conditions of these two assets). In order to treat household income and expenditure
streams consistently, DREAM computes also the imputed income and expenditure consisting
of the returns to residential capital. That is, the household acts as its own landlord and pays
an imputed rent beside the actual expenses in its capacity as a consumer and at the same

time receives this payment in its capacity as the letter of a capital good.

To proceed we first subdivide total consumption expenditure into three sub-categories:
CH~H _ pCH~H C.H ~H C.H ~H
E)t Ca,t - PN,t C1N,a,t + PR,t CR,a,t + PH,t CH,a,t? (519)

The first term on the right-hand side is non-housing-related consumption expenditure. The
second term is expenditure for housing repairs (a rather modest amount). The third term is
the value of the actual consumption of land and residential buildings during one period. By
definition it is equal to the user-cost times the stock of each of the two residential assets owned
by the household in question:

AdultEq AdultEq

C.H ~H _ pK,H,BUser 1-H,B a—1,t—1 K,H,L,User y-H,L,Ind~"a—1,t—1
Na,t Na,t

,H,B,U K,H,LU
_Pj . ser and _Pjt ser

The usercost expressions are the sum of actual and imputed costs

caused by the ownership of one of the respective asset units during one period. These costs

are:

1) Taxes (the tax on owner-occupied dwellings levied on both land and buildings and the land

tax levied on land only).
2) depreciation (in the case of residential buildings).
3) a foreseen capital gain (which enters the user-cost expression negatively).

4) an opportunity cost in the form of lost interest, which in theoretical economic models is

usually set equal to the returns to financial assets.

In a market equilibrium with perfect competition a person renting a dwelling would pay a rent

which is exactly equal to the sum of these 4 elements.

When calibrating DREAM, the above four elements can be calculated directly. At the same

time, the figures for total consumption expenditures are taken independently from the National
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Accounts so that (5.20) does not hold immediately. Because of this the correction factor kY *e"

is introduced so that the user-cost expressions are as follows:

K,H,B,User Duwe User | -H\ pK,HB JH,B K,H,B K,HB\ .
Pj,t = (tt + k5T 44 )Pj,t—l + 6j,tpj,t - <Pgt - Pj,t—l ) ,j =D, (5.21)

K,H,L,User we H,Land ser . K,H,L K,H,L K,H,L .
pX = (tPre e e fl) P — (PR - PEA)j =D, (5.22)

Hence, the variable kUV*¢" is a fictitious additional imputed dwelling income (which may be
negative, depending on the actual calibration). It should be interpreted as a supplement to the
financial rate of return i generated by residential assets in the same way as the risk premium
creates a difference between the returns to bonds and shares. There are various reasons why
dwelling-owners would require another rate of returns to residential than to financial assets for
being indifferent between the two. These include another risk profile for residential assets, a

liquidity premium or some additional non-pecuniary pleasures of owning one’s own dwelling,.

The imputed income of dwelling-owners is equal to the share of dwelling expenditures which

is not used for actual tax payments:

AdultEq AdultEq
H,Dwe _ pC,H ~H Dwe pK,H,B 1-H,B a—1,t—1 Dwe H,Land K,H,L -H,L,Ind* " a—1,t—1
Ya,t - Pt CH,a,t_tt Pj,t—l Ka—l,t—l AdultEq_ tt + tt ) Pj,t—l Ka—l,t—l AdultEq*
Na,t Na,t

(5.23)
This expression is hence also equal to the returns to the residential assets including the ex-

pected capital gain and a compensation for the depreciation of the building.

We now want to rewrite the financial accumulation equation (5.14), taking into account the

fact that the household also is a dwelling-owner. This influences the equation in three ways:

1) Some of the expenditure is now imputed, though this does not formally affect the equation

as dwelling consumption is still a subset of total consumption expenditure RtC’HC’(ﬁ.

2) The dwelling-owner receives the imputed income Yﬂ’Dwe.

3) The financial wealth is now also affected by the acqusition or sale of real property. The
value of the (possibly negative) gross investment in buildings and land, respectively, during the
period must be added. Note that this last term is a matter solely of the portfolio distribution

between real and financial assets and does not in itself affect total wealth of the household.

The result is

AdultEq Adult
H,Fin,Ind CH H,Fin,Ind* "a—1,t—1 H,Disp a,t . C.H ~H
Aa,t o (1 T ) Aaflytfl AdultEq + Y;l,t NAdultEq “Pt Ctl,t (524)
a,t a,t
H,Dwe I,P,B tH,B K,H,L tH,L
+Ya,t - jjj,t I R ‘Pj,t Ia,t ’

where [ f;gB represents the acquisition of new buildings by the household and 1, fiL correspond-

ingly the net acquisition of land. Of course, either may be negative.
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Parallelly, an equation for the accumulation of residential capital of the household can be

stated as:

NAdultEq NAdultEq
KHp-H _  pKHLyp-HLInd' a—1t—1 K,H,B 7-H,B a—l,t—1
BT K, = B K g T (L= OB K ey (9429)
Nat Nat
NAdultEg
K,H,L K.H,L\ y-H,LInd- a=1t-1
+ (Pjt P ) K21 NAduliEq
a,t
AdultEq
K.H.B K,H,B B HB  la-lit-1
+ (Pjt Py ) (1 5)Ka—1,t—1NAdultEq
a,t

1,P,B yH,B K,H,L yH,L
+‘Pj,t I,t +‘Pj,t Ia,t )

which states that the residential value of household a at the end of period t is equal to the
residential value at the end of period t-1 net of depreciation (the first line) plus price rises
during period t (lines 2 and 3) plus net investment (the last line). In (5.25) we use the fact
that definitionally

K,H K,H,L ;-H,LInd K,H,B -H,B
Pt tht = Pj,t Ka,t " + Pj,t Ka,t . (526)
Total household wealth Ag 1 ig equal to the sum of financial and residential wealth:
H,Ind H,Fin,Ind K,H H,Fin,Ind K,H,L ;-H,L,Ind K,H,B j-H,B
Aa,t "= Aa,t e + Pt Kzft - Aa,t e + Pj,t Ka,t " + Pj,t Ka,t . (527)

Using this, we can arrive at a comprehensive accumulation equation by summing (5.24) and

(5.25) on the left- and right-hand sides:

Adult Eq AdultEq Adult

H,Ind H,Ind a—1,t—1 -H rH,Fin,Ind~*"a—1,t—1 H,Disp a,t _ pCH~H
Aavt o A(I—Lt—l NAdultEq T A(I—Lt—l NAdultEq a,t NAdultEq “Pt Cat (528)
a,t a,t a,t
NAdultEq
H,Dwe K,H,B 1-H,B a—1,t—1
+Ya,t B 5Pj,t—1 Kafl,tfl N AdultEq
a,t
AdultEq AdultEq
K,H,L K,H,L H,L,Ind""a—1,t—1 K,H,B _ pK,H,B - H,B a—1,t—1
+ (Pjvt Pj,t_l ) Kaflvtfl AdultEq + <Pj,t Pj,t—l ) (]' 5)Ka*1,t*1 AdultEq*
Na,t Na,t

Finally, inserting the user-cost expressions (5.21) and (5.22) into (5.20), the result into (5.23)
and the new result into (5.28) and then using again (5.27) and rearranging, we arrive at
AdultEq Adult
H,Ind . H,Ind a—1,t—1 H,Dis a,t C,H
A‘lat - (1 + Zfl) A(I—Lt—l NAdultEq + Y:Lt pNAdultE'q B “Pt Cift (529)
at a,t
AdultEq
User K,H,B y~H,B K,H,L 1-H,L,Ind a—1,t—1
thy <Pj,t—1 Ko T + Py Kafl,H) N AdlIEg
a,t
Compared to the structure of (5.14), the only non-standard term in (5.29) is the last one,

which represents the supplementary rate of returns to dwelling-owners.
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Extraordinary capital gains in the event of a surprise shock

As described in the introduction, a shock to the economy announced in period t+1 will result
in an extra round of trade in assets and consequently generally affect asset prices already at
the end of period t. All generations consequently experience a capital gain on their residential

buildings and land, and all planning generations have a capital gain on their shares.

The capital gains on shares for planning generations is the following:

AH,FinIndNoshock
a

Ga’inShmeShOCk _ 2 : (‘/j,t _ ‘/jNoShock) wAssetsNtftdultEq (530)

a,t
je{C,P}

<Z N;}gultEq Agl,FinIndNoshock + Z N;’léiultEq AH,BeqNoShock)
acA acAXOPU

NfgultEqAéi,FinIndNoshock + (N;l:lultEqul,BeqNoShock)

Z NoShock
Je{C.P} Vit

a€AXOPXU a€AX0PU

for a shock announced in period t+1. All variables with the name ”NoShock” have the value of
the variable in question right before the shock is announced. The first factor of the expression

(Zje ©.p) (Vie— VYN "Sh"c’“)> is the total change in the stock market value in the economy.

H,FinIndNoshock
Ag

AdultE 3
wAssetsNat“ q oShock) is the share of
ot

The expression in the remaining first line ( S S—
the total stock market which the household owned before the shock. The fraction below is a
scaling factor which ensures that the planning generations together are awarded exactly the
capital gain corresponding to the value of shares of all households: The numerator is the total
financial wealth of all generations, and the denominator is the financial wealth of the planning

generations (including the bequest).
For nonplanning generations (including the premature generation) we have:

ShareShock =0

Gaing

For residential assets it becomes necessary to introduce different prices of buildings and land

before and after the shock. We have

K,H,B K,H,B,Gain I,P,B
PD,t = (PD,t + PD,t ) ) (5-31)

K,H,B,Gain -
Ppym7 7" ig the difference between

where PL]‘)’f’B is the price index of building investment.
the price of the traded buildings before and after the shock and consequently equal to zero
in all periods which are not associated with a surprise shock (arbitrage will normally ensure
that the price on existing buildings must equal the price on new buildings, i.e. the investment

price index).
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Concerning land, there is naturally no production of "new” land, but we can correspondingly

write
K,H,L K,H,L,Gain K,H,L,NoShock
PD,t = (PD,t + PD,t ) ) (5-32)
where Pg %H’L’Gam likewise only deviates from zero right in the period right before a shock to

the economy.

The residential capital gain of each household is then equal to

NAdultE'q
K,H,L,Gain H,L,Ind"‘a—1,t—1 H,L,NoShock
Ly KoV~ Auiisg T Lo (5.33)
Na,t

AdultEq
a,t

NAdultEq
K,H,B i H,B —1,t—1 H,B,NoShock
+P~t’ ,B,Gain (1 o 5)K 7,1 o a + I ; oShoc )
]7 a b N a7

Taxation of extraordinary capital gains on shares

Finally, also extraordinary capital gains on shares should be taxed (whereas extraordinary
capital gains on residential assets are untaxed like ordinary residential capital gains), and this
taxation must be included explicitly in the accumulation equation as it is not captured by the
tax on ordinary capital gains on shares in the expression (5.15). The tax is paid in the period

after the capital gain has materialized and looks as follows:

thaznTax _ dTGaanm (5 34)

< Z ]\]—AalithtElq14H7 }{‘inlndNoshock + Z NA:lulltEqAH,BeqNoShock>

a—1,t— a— at—
% acAXO0 ac APU
AdultEq AdultEq 4 H,FinIndNoShock
Nat Z (Nafl,tfl Aa 1 )
i acAPXO0
AH,FinIndNoshock

H,Gain : __ 1/ NoShock Assets nrAdultEq a—1 ; ,

R Ry E (Vi1 Vi ) w Noiio1 5 V7 NoShock vf 1st shock period.
je{C.P} je{C.p}y Tit-1

Starting with the bottom line, the part 5" icc.P) (Vi1 — v NoShoek) ig the aggregate

economy-wide taxation of the surprise jump in firm value, while the remaining expression is a
H,FinIndNoshock

AssetsNAdUltEq Al

a,t

>ieqe,py Vit—1
is the share of aggregate firm value that household a owns, which is used to attribute the cor-

matter of distributing this aggregate value between households. Hence, w

rect share of the aggregate taxation to household a. The top line in the expression finds the
share of aggregate wealth that belongs to the planning generations and is used to scale the

tax payment by each planning household.

Including the terms originating from surprise shocks (5.30), (5.33) and (5.34) in (5.29) we
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finally arrive at

NAdultEq Adult
H,Ind -H H,Ind a—1,t—1 H,Disp a,t _ pCH~H
Aa,t - (]' +u ) Aaflvtfl AdultEq + Yavt AdultEq Pt Cﬂvt (535)
Na t Na t
NAdultEq
User K,H,B ;-H,B K,H,L y-H,L,Ind a—1,t—1
thy Z (P].,H K1 + By Ka—l,t—l) N AduliEg
j€{D} at
+Gaz~niizar65hock o JaG’;zmTaw

it a-1t—1 N AduliBg + Lot

NAdultEq
+PK,H,L,Gain KH,L,Ind a—1,t—1 H,L,NoShock
a,t

Jst AdultEq + at
a,t

AdultEq
_{_PK,H,B,G’am ((1 o 6)Kfﬁit—1 a—1,t—1 IH,B,NOShock) :
which is the household asset accumulation equation actually used in DREAM. The whole ex-
pression consequently states the average household member’s assets at the end of the period as
last period’s assets including interest plus non-capital income minus consumption expenditures

during the period.

By now we have specified households’ preferences, households’ non-capital income, capital
income and the dynamic accumulation of wealth. With that we are ready to start solving for

the optimal behaviour of households.

We begin by noting that the entire problem can be decomposed into an optimal labour supply
decision and an optimal consumption/saving decision. From (5.1) it can be seen that, if we
ignore intertemporal effects in labour supply, then any choice of labour supply in any period
must be such that the marginal unit of labour supply incurs as many units of disutility of
work as it earns utility from consumption. If this were not the case, period utility u,; could

be increased by either increasing or lowering the supply of labour in the given period.

Furthermore we may define
Adult

H,Disp,Net __ ~-H,Disp a,t C.H

Y:z,t - Ya,t NAdultEq - *Pt Za,t7 (536)
a,t

NAdultEq

.H ,Net\ -H a—1,t—1
(1+i"V) = (1+ i) ] (5.37)

a,t

Gainiftwck _ Gains,ftLareShock _ J[f;lmTaz (538)

+P

AdultEq
K,H,L,Gain KH,L,Ind a—1,t—1 H,L,NoShock
j’t

ailvtil AdultEq _I_ a‘vt
Na,t

AdultEq + a,t
a,t

AdultEq
; 11
_l_P‘I?H,B,G(un (1 o 6)KH_7?t_1 a ]H,B,NoShock
Js a—l1, N

. . . . ) N . H,Disp,Net
which gives us period disposable income net of disutility of work per adult-equivalent Y, """

household average yield on financial assets net of changes in household size and the sum of

wealth changes associated with surprise shocks.
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We can then rewrite the asset accumulation equation by adding and subtracting PtC’HZan from
the right hand side of (5.35) and use (5.1), (5.36), (5.37) and (5.38) to get

A(Il-{ilnd _ (1 _i_ifl,Net) Af—’lﬁflq _i_Yﬂ,Disp,Net_ PtC’HUa,t (5.39)
NAdultEq
S (PRI PRI S
je{D} a,t
4 Gainghok,

It is clear that any optimal solution to the problem of the households must involve a choice

. : L H,Disp,Net
of labour supply that maximizes wage income net of disutility of work Y, ~**"¢

H,Disp,Net
Yo

in every

period. A higher value of
H,Disp,Net
Yo

expands the feasible set of period utility u,,, so it must
be optimal to maximize w.r.t. labour supply. We will describe labour supply in
details in section 5.6, but in the following section we focus on the consumption /saving decision,

taking as given the self-contained labour supply decision and hence non-capital income.

5.5 Consumption and saving

5.5.1 Consolidated budget

Based on (5.5) and (5.39), the strategy will be to state the intertemporal consumption/saving
problem as one of maximizing a simple standard CES function subject to a fixed budget with

general solution given in the appendix on CES functions.

In order to state the problem in this simple form, we first need to derive a fixed life-time
budget. To this end we rewrite the asset accumulation (5.39) to obtain the consolidated
budget or life-time budget constraint facing a given household when it plans consumption

over its remaining time horizon.
First define the following discounting factor which discounts from period i to period a:

1
R,; = H ————~—fori>a and R,,=1. (5.40)

.H,Net
s=a+1 1 + Zs,tfa+sfl

Le. the value of household wealth in period i discounted to period a — 1 is given by

Ra—l,iAﬁ{Z(ii- (541)

We can split the value of household wealth in period i discounted to period a — 1 into two

components: The value of household wealth in period a — 1 plus the present discounted flow
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of income net of consumption and disutility of work between period a — 1 and period 7. Using
(5.39),

Hind _  4HInd
Ro1iAii—ari = A1 (5.42)

q,t—a+q gt—a+q

i
: H,Disp,Net
—i—g Ra,Lq[ Gain>Mock 4 yHDispNe
q_a

User K,H,B H,B K,H,L H,L,Ind
+kt—a+q § : (‘Pj,tfaJrqfqu—l,t—a-l-q—l+*Pj,t7a+q71Kq—1,t—a+q—1)

je{D}
NAdultEq
% Q71,t7t1+Q*1 o PC,H
NAdliEq t—a+qlqt—atq
a,t—a+q

Now using the terminal condition that household wealth must be zero at the end of the period

before the household turns 78, we get
H,Ind H,Ind
Ra*1,77A77,t7a+77 = Aa71,t71 (5.43)
7, i,t—a+1

7

E - Shock H,Disp,Net
+ Raflﬂ; |: Gain thJri + Y P

i=a

7 Jt—a+i1—1"ri—1t—a+i—1

User K,H,B H,B K,H,L H,L,Ind
+k E (Pj,tfa+i71K'71,tfa+i71 + P; K; )

je{D}
AdultEq
Nifl,tfa+i71 PC,H
NAdliEq t—a+iWit—a+ti
a,t—a+1

Denoting the present value of disposable income, capital gains on buildings, taxation of surprise

capital gains and the National Account calibration term as respectively

a i,t—a+1 )

77
Disp o H,Disp,Net
NPV, 7,y = ZRaqu
i=a

a i,t—a+1)

7
NPVEW = Y Re1:Gaini]°h
i=a

AdultEq

77 N
kUser __ User K,H,B H,B K,H,L H,L,Ind i—1,t—a+i—1
NPVa—l,t—l - E Ra—l,ikt—a-&-i (Pj,tfa+i71Ki71,tfa+i71 + Pj,tfa+iflKi71,tfa+ifl) NAdultEq
i=a a,t—a+i

we can write the consolidated budget constraint as

77

> RoriPl g tiimass = AT+ NPV,2YY  + NPVESY  + NPV (5.44)
Recall that we are looking to specify the consumption/saving choice as maximization of a
CES function subject to a given budget. Here the budget is given by the right-hand side of

(5.44), and we note that initial assets Af’lﬁfl_l and human capital net of disutility of work

,J €
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N PVaD_ifﬁ’_l are both exogenous to the optimal consumption decision. Furthermore, although

the present discounted value of unforeseen capital gains net of taxes NV P%G_‘ii,?_l does depend
on the consumption /saving choices made by the households, it is by definition unforeseen and

therefore has an ex ante value of zero.

However, the NA calibration term N PVZ‘ZUfffl cannot be said to be neither unforeseen nor in-
dependent of the choice of an optimal consumption path, since it is related to the households’
ownership of residential buildings and land, which is modelled as part of household consump-
tion. It is therefore assumed that households, when optimizing with respect to consumption,

ignore this effect of its consumption choice on the life-time budget.

5.5.2 The Keynes-Ramsey rule

We can now state the maximization problem of the household

v

v—1

7
v—1
— — AdultEq
max Ua—l,t—l = [E (ui,t_aﬂ) v U(l—l,iNi,t—a+i (545)

7
{Uit—atitilq

i=a

77
st Y RoriPogtieari = ALY + NPVY + NPVIST,. (5.46)
i=a
Thus we have now rewritten the problem as one of maximizing a CES function over the

7
sequence of utilities {uu,aﬂ}.w with prices {Raq’iﬂc_’ﬁri}' and distribution parameters
1=qa

1=a

{va_l,i Ni‘i@éﬁq}? subject to a given lifetime budget Zza Ra_l,iﬂgﬁrium_aﬂ = Af,’]f:”il +
N PVaDjlS SN PZ\_/:kﬂffﬁl. The advantage of this formulation is that we can now use the general
solution to a standard constrained CES maximization problem to solve the intertemporal
decision problem of households. Thus referring to the appendix on maximizing CES functions

the solution is easily found as

NAdultEq

C,H v L H,ind Disp kU ser
v Rafl,ipt—aﬂ Aa—l,t—l + NPVa—l,t—l + NPVa
WUit—at+i = | Va—1,iV; 1 q1i

—1,t—1
Pa—”{,et—l Pa—”;,et—l

Pff{,etfl is the standard CES price index which in our context is related to lifetime consumption

and given by (referring to the appendix again)

1
1-v

. 77 v 1—v
PIp, [z (v N (B8 ) ] | 5.48)

i=a

Given the expression in (5.47) for period utility we can derive the Keynes-Ramsey equation
representing the optimal path over time of period utility. Consider leading (5.47) one period
and dividing the result with (5.47):

AdultEq v C,H v
Uitlt—atitl (’Ual,m Ni+1,ta+i+l> (Ral,m R€a+i+1>

(5.49)

AdultE C.H
NSt Ry-1i PO

Ui t—a+i Va—1,i it—ati ot
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Note first that

AdultEq
Ro 1541 1 B 1 Nittt—atrit1
o .H,Net o - AdultEq
Ra1 L+ 400 ariv (1 + Zi+1,tfa+i+1) Nit—arti

and

Ua—1,i+1 §i+1

Vg1, 1+6
Inserting this in (5.49) gives

AdultEq v

Uit t—atit+l §i+1 Ni+1,tfa+i+1
- Adult B
AdultEq C,H -V
" 1 Nitti-ativt Playvin PN
H AdultEq C.H
(1 + Zi+1,t—a+i+1) Niy—qri Playi
C.H v
Uit1 t—ati+1 €i+1 H Ptfa+i
T S (1 + i ayin) Som : (5.50)
Ui t—ati + B

The above equation is the Keynes- Ramsey rule. Note in (5.50) the presence of the parameter
&;41 which reflects the preference for leaving a bequest. As stated in (5.6), £ equals 1 for
households that are younger than 76 and therefore not leaving a bequest. In this case, for

household a at time ¢, the Keynes-Ramsey rule looks like the following:

o 1+, pOT)”
Yaprprn (1435 L) La=17,..75. (5.51)
Ugq t 1 + 0 Pt—&jl

The Keynes-Ramsey rule shows the standard relationship where a high value of the interest
rate and low impatience leads to an increasing consumption profile for given relative prices,
while an increasing profile of relative prices tends to lower future consumption. The strength
of these effects is determined by the willingness to substitute intertemporally as represented

by the intertemporal elasticity of substitution v.

5.5.3 The Bequest decision

As explained in relation to (5.5), the modelling of the bequest decision is based on the assump-
tion that parent households obtain utility from leaving a bequest as if it was an extra year’s
consumption. This means that we find the optimal size of the bequest simply by letting the
Keynes-Ramsey rule run for one period after the household has ceased to exist as a planning
household. Hence, the equation that determines the size of the optimal bequest in the model
looks similar to (5.51).

L) Al (g PG
( ) L= : ,a = T6.

14+if) et (5.52)
C.H ( t+1 C.H
Py vy 1+96 Ct+1
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Comparing (5.51) and (5.52), note first that we have now included the preference for bequest
¢ from (5.6). Furthermore, the left-hand side of the equation reflects the fact that although
the parent household obtains utility from the bequest in the period after it has turned 77, it
leaves the bequest at the end of the preceding period. Therefore the value of the bequest in
terms of utility in the following period is the size of the bequest left in the previous period

Aﬁfq plus the average yield it earns between the two periods i, , HAZ;Beq divided by the
o it AfPee : . .
price index Pgﬁl. Thus (1+ ”;tcfﬁl) L is the period a + 1 value in terms of utility of the
C,t+1

bequest.

We have now described the intertemporal decision problem of the households in the model.
Equations (5.50) and (5.1) together give the optimal intertemporal path of the overall utility
from consumption per adult-equivalent C’ft. However, we need to determine the household’s
disutility of work per adult-equivalent Z,;, which enters (5.1). Hence, in the following section

we specify labour supply.

5.6 Labour supply

5.6.1 Union model

Effective labour supply in DREAM is assumed to be affected by the presence of a trade union
which has the power to ration labour supply. This gives rise to aggregate unemployment in

the model.

Labour supply in DREAM is based on the assumption of worksharing or underemployment,
which means that workers take equal part in aggregate unemployment. Due to the fact that
people of the same origin, sex and age are identical, the lack of uncertainty in the model
requires that people of the same origin, sex and age work the same number of hours and are

unemployed for the same number of hours. Unemployment for a worker of origin o, sex s and

LMaz

age a is the difference between the worker’s actual labour supply Li s.a¢ and the value L7057,

taken to be the maximum number of working hours the worker would supply if the union did
not exist. Unemployment data is matched at the economy-wide level and at the level of groups

of individuals of the same origin, sex and age.

In the following we will formally derive the equations related to labour supply. First of

all we focus on the determinaton of L)%, We define full time employment as the num-

ber of hours which an employed individual would optimally choose to work if no union was
YH,Disp,
a,t

present when maximizing Net facing a given after-tax real wage and disutility of work

of the form (5.2). Because labour supply is disaggregated and differs according to origin, sex

and age, we maximize individual disaggregated non-capital income net of disutility of work
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H.Ds Net . . . . .. H.Di Net - . . . .
osat ¢ (which is equivalent to maximizing Y, 7" “since it is just a weighted average
H,Disp,Net . . . .
over Y, 0, """%). Furthermore, all other income but wage earnings is taken as given, and

contributions to various pension schemes ¢Zf, ¢Z", ¢} and ¢;{ are not taken into account

by the worker (it should be remembered that they represent savings which are given back
to the average worker). Note further that this decision is a marginal hours consideration by

an individual who is already employed and active in the labour force. Hence, adj®°*"* and

LabFull

To,s,a,t

will not affect the choice of hours to supply and only marginal tax considerations are

relevant.

This means that we can specify the problem in the following simple form:

(1 i adJLS) LMaz e max [ (1 ¢! Marg | TEITCtEITC (tC’ou y ¢Mun ttChu)) (1 - tfayroll)

0,8,a,t
L

0,5,a,t

Xpos atWt (1 + ad.]LS) LS

0,8,a,t
LMax

1 .
_PtaH ((UO,S,a,t) WLM‘“> (W) (1 + adthS) (Lis,a t)

When deriving the marginal tax ¢)'*? for each individual, which is used when determining
labour supply, we use the differentiable functions for TRM%Im and TR defined in (5.8)

0,8,a,t 0,8,a,t

and (5.9). The marginal tax rate t"*7 consequently is equal to the sum of the municipal,

county, church and bottom-bracket tax rates and an expression equal to the differential quo-
tient of (5.8) and (5.9) with respect to Y;/22e":

0,8,a,t

tMarg _ ttBot+tCou+tMun+tChu (554)

0,8,a,t

+tMid kMsz(yH Pers k:i\/[id)f)

0,s,a,t

k,Mzd5 (Y;fi firs k,Mid)4
+4kMZd4(Y;>Ii’,i1€trs _ k,imd)3
k,Mzd?;(y;Ii,firs o kMid)2
PR (VL — )
_|_k,Mzd1]
Top |:6kTop6(Y;Ii firs k,Top)5

Top5 H,Pers Top\4
k Y:) s,a,t kt

( )
AR (YA s
S Ky
UL~ K

k:Topl
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Note that the parameters for disutility of work used in (5.53) have different superscripts than
those used in (5.2). Hence, although disutility of work is still of the same functional form, we
allow for the parameters to take on different values than those given in (5.2). See text below
(5.57).

Differentiating (5.53) with respect to L;i s.ar and solving the first-order condition, we obtain

the maximum number of hours a worker would supply facing a given after-tax real wage:

]' ar ou un u
LY = | e (1 — ety + rPITOREITC (1 4 g gy M)) (5.55)

0,8,a,t
Cit

Max

X (1 - tf(lyTOll> po,s,a,tWt i|

Le. optimal maximum labour supply is a function of the after-tax real wage where 7, , is

a level parameter in disutility of work and v**4¢ determines the sensitivity of labour sup-

LM axr

osat 18 the optimal number of hours that an

ply with respect to the after-tax real wage.

individual of origin o and sex s would optimally supply facing a given after-tax real wage.

Hence, we interpret any supply of labour below L)%, to give rise to L)%, — LS, hours of
unemployment.
The reason that actual labor supply Li s.a burns out to be lower than our definition of full time

Maz

0,5,a

employment L, is the presence of a trade union which has the power to ration labour supply

below L)’ . Due to the availability requirements of the Danish unemployment benefit scheme,

an individual worker has no power to ration his labour supply and demand unemployment
benefits for the time during which he is unemployed. The union, however, has the power to set
a lower rate of employment, still taking into account that its members receive unemployment
benefits. We assume that the union maximizes the sum of its members’ utilities and that all
members enter with the same weight. This specificaton implies that the union simply chooses
individual labour supply to maximize individual disposable income net of disutility of work.

Hence, we can state the problem as in (5.53) noting that the union takes into account that

Max LS

osat — Lo .y hours of unemployment benefits. This

any labour supply below LM ai earns L

0,8,a
affects the marginal comparison of benefits and costs of one hour’s extra work and results in

Maz
0,8,a,t"

a labor supply lower than L

Formally we have:
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(14 adjts) IS, —arg max [ (1 _ My 4 pBITCYEITC (4Cou | yMun ttChu))5.56)
o0,s,a,t
X (1 - tPtlyTOll) po,s,a,tVVt (1 + adthS) Lisﬂ,t
1 EER
() ) (0

+ (1 N tMa,rg ) OtG,H,Unemp (LMax . LS

0,s,a,t 0,8,a,t o,s,a,t) :| ’

which is (5.53) augmented to include income from unemployment benefits, where oSV

is the rate of unemployment benefits. Note that the disutility parameters used by the union

are different from the ones used in (5.53) by the individual worker.

Differentiating with respect to L3, ,, and solving the first order condition yields the labor

supply equation in DREAM:

1
(L+adj/*) LS, 0y = Cosas [ oo (1 — ), p PITOLBITC (yFou g Mun tfh“))5.57)
t

Payroll 1 Marg G,H,Unemp v
X (1 - tt ) po,s,a,tVVt - PC7H (1 - to,s,a,t Oy
t

1 Y
C S,Numerator
0,8,a,t C.H *~o,s,a,t )
P

where
L = (1= o+ PO (47 4 1) ) (L= t) 0 W
o (1 . t(])\{gzt) OtG,H,Unemp.
yEMaz and ~ are set to the following values: % = 0.08 and v = 0.1. This means that
actual labour supply L;i s.a,t 1S more sensitive to changes in the after-tax real wage than is the

case for the maximum hours of labour supply Lﬂfs‘ftf’t. The result is that the model features

decreasing unemployment as a response to an increasing real wage.

The level parameters in disutility of work 7, , for L} and ¢,,, for LS, ,, are calibrated

0,s,a, 0,s,a 0,8,a

to match Danish unemployment data.

5.7 Non-planning households

The above exposition is related to the planning households of the model meaning households

that have not yet turned 77 years. Once a household is 77 years old, it no longer makes
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consumption and savings decisions in an intertemporal manner. Rather, in each period a
non-planning household simply consumes all of its after-tax income (pension receipts and
transfers) according to an intratemporal utility function which is identical to the one specified
for planning households presented in the following section. Recall from section 5.2 that a
household leaves all of its assets as a bequest (including residential assets) to its heirs at
the end of the period before it turns 77 years and becomes a non-planning household. This
formulation is made in order to avoid very large assets holdings per adult-equivalent of very
old households with few members. It means that the household acts completely as if the
last planning period is the last period during which it exists at all. But immediately after
having been dissolved as an economic entity, the household realizes that it will exist as a non-
planning household during the following period. At this point the household invests in next
year’s dwelling by borrowing and hence ends its last planning period with negative financial
assets equivalent to the value of the real estate purchased. This means that at the beginning
of the first period as a non-planning household, the household carries negative financial assets
from last period which it must finance, along with its other consumption, out of the sum of
current period income of pensions and transfers and the ultimo realization value of its real
estate. Hence, at the end of the period the household sells its dwelling and brings its net
financial assets to 0 as if this was the last period it existed (again). This cycle continues every
period until the household ceases to exist at the end of the year in which its members are 101

years old.

Consider the asset accumulation equation derived earlier in (5.35). The above description

implies that for a non-planning household total assets carried from last period Af_’lff_lare

0 (the negative financial assets equal the value of real estate) just as ultimo period assets
Af,;]"dare 0. Then, as long as no unexpected shocks occur, we can rewrite (5.35) in the form

applicable to non-planning households as

N Adult Ad;th‘lq
C,H ~H __ ~ HDisp ‘‘a,t User K,H,B 1-H,B K,H,L 1-H,L,Ind a—1,t—
b Ca,t - Ya,t NAdultEq + Ky E : (Pj,t—l Ka*Lt*l + Pj,t—l Kaﬂ,H) NAdultE‘q’
a,t je{D} a,t
(5.58)

I.e. the household simply consumes all its income in each period. nﬁ’m‘”’ includes pensions
and transfers received by the household, cf. (5.7), (5.10) and (5.13), while the last term

represents supplementary rental income from owning residential estate as described earlier.

In the case of a surprise shock, the above description is slightly modified. In this case, the
non-planning household experiences a (possibly negative) capital gain on its residential assets
and consequently generally ends up with non-zero total assets in the corresponding period. It
is then assumed that the household during the following period consumes this capital gain as
well as the ordinary income of that period. Note that non-planning generations do not receive

a capital gain from their holdings of shares - these are solely allocated between planning
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Figure 5.2:

generations.

5.8 Consumption split

This section describes the intratemporal decision problem of households, which is about di-
viding total consumption per adult-equivalent into its components in any given period. This
is done by minimizing the cost of obtaining a given level of utility from consumption C(ﬁt
subject to the households’ CES preferences and the prices on individual goods available for
consumption. The figure below shows the CES nest representing households’ intratemporal
preferences for individual components of consumption. The reader may want to go back and

read the material on page 80, on which we shall draw heavily in the following.

We will now formally state the optimization problem of a single representative household
a in period t. At the top nest the household chooses between the aggregates housing and
non-housing each period to minimize the cost of obtaining the level of total household con-

sumption per adult-equivalent C’g a4+ Hence, the consumers face the following problem where
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consumption is per adult-equivalent unless stated otherwise:

min > pgter,, (5.59)
”tee{HN}
=
«C—1
Ucfl
+C
st Clu=| Y. wl™cCl) , (5.60)

ec{H,N}

where C’ea1t is household a’s demand for the housing aggregate and non-housing aggregate
with price indexes Pe(’;H. pt are distribution parameters in the CES function while o is
the elasticity of substitution between the housing and non-housing aggregates and C’ga,t is

considered given.

As shown in an appendix, the solution to the above problem results in the following demands

for housing and non-housing respectively:

H a¢ Pe(,jiH ’ H
Ceat (:U’e ) PC7H Ca,t y €= {H7 N} ) (561)
t

and the overall consumption price index is given by:

POF= | 0 My (pgth (5.62)

ec{H,N}
Now as mentioned above, the housing and non-housing aggregates are further decomposed
through additional cost minimization problems. Looking at the composition of the non-housing
aggregate first, we have the following problem of minimizing the cost of obtaining C’eHat

choosing between consumption of private goods and government goods C’ ot according to:

min  »_ PGECH, (5.63)
<C£“’t) ec{P,G}
RE
o 71 ‘71\]71
st. O oy = Z pS(CcH ) : (5.64)

ec{P,G}

where C’If,{ o 18 given from above and Pgt’H, e € {P,G} are the price indexes for private and

government intermediate goods respectively.

This gives rise to the following demands:

H a§ PSH
Ce a,t (:u’e ) " PC7H C’Nat‘ h’ € {P’ G} ’ (565)
Nt



5.8. CONSUMPTION SPLIT 109

and the price index for non-housing consumption:

C
1—-0o%

<
POl = 30 (W)™ (PGT) . (5.66)

ec{P,G}

Similarly, we disaggregate the housing aggregate found in (5.61) into its two components

dwelling consumption and housing repair by solving the following problem:

min > rgten, (5.67)
e‘”ee{DR}
oh
0071 0%71
st.Cio=| > wdf(cCh) : (5.68)

ec{D,R}
where Cf] ., is the housing aggregate, and C!% , e € {D, R} represents consumption of dwell-

ings and housing repair. Again using the appendix we find the solution to the above problem:

H oG Pe?t’H H
Ce at (Me ) PC’H CH,a,t? €= {D7 R} ) (569)
t

for dwelling consumption and housing repair respectively and with housing price index given
by:

1

1*0’%

C,H o€ C,H 1—of
PH,t = Z (NgH) & (Pe,t )
ec{D,R}
Thus we have derived household a’s demand per adult-equivalent for the 4 types of consump-

H
tion C7, 4,

the total demand. At the same time we will now introduce the index k € {C, P,G, D} rep-

e € {D, R,G, P}, and we now want to aggregate this across households to obtain

resenting the delivering production sectors: construction, private, government and dwelling
respectively. In this presentation there will be a one to one correspondance between the sets
E and K (i.e.between consumption type and delivering sector) such that in what follows,
consumption variables are defined only for the pairs (e, k) = (P, P),(G,G),(D,D),(R,C).
However, DREAM can be adapted to a multisector version where a given value of the index e
may be associated with more than one value of the index £ indicating more than one delivering

sector.

Before proceeding with the aggregation we note that the price indices P%H used above are
equivalent to the prices derived in (5.76) below for e = {R, P,G} ,k = {C, P,G}

c, C.H1 C
Pt = P gy (5.70)

e

Note in relation to (5.70) above and (5.72) below that the one to one correspondance between
the sets e and k is captured in the distribution parameter pe(’:;cl, which takes on the value 1 or

0 in accordance with the previously defined (e, k) pairs.
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For estate consumption delivered by the dwelling sector (e, k) = (D, D), the price index PDC L is

given as the dwelling sector price index
CH,1
Ppy = Pg,D,t- (5.71)

where P ,, is composed of usercosts on buildings and land as can be seen from (5.88).

We now aggregate over households to obtain the total household demand for intermediate

goods. Omitting dwelling consumption for the moment, we get:

ec{R,P,G} ke {C P,G}. (5.72)

e, e,a,t’

C kt o Z NAdultEq C’H ICH
Having obtained total demand for intermediate goods we are ready to derive the total house-
hold consumption demand for final goods, which involves splitting intermediate goods into
domestic and foreign goods. For this reason we introduce the index ¢ € {D, F'} to distinguish

between domestic and foreign goods. We get

1}{1121’1 Z PeCkIZ?Cekct hE{H,G’P} jE{C,P,G} (573)
(Coet) ce(Diry
C1
Uhy-
0'0171 Ol 1
H, CH, e | " .
st Gl = | 22 Hage (Celied) ™ he{H G P}.je{C,GP}Y,  (574)
ce{D,F}
where C’ k . are consumption of foreign and domestic goods respectively with prices Pgﬁf

The solution gives rise to the following total demands for domestically and foreign produced

goods:
—oC1
H,2 CH,2\5C1 P}f’]’f@ " .
Ce,k:,c,t = (lu’h,j,c ) g W Chjt’ h e {HvGa P} J € {Cu Gv P} ce {DvF}u (575)
h,j:t

with corresponding price index for private manufactoring, private construction and government

intermediate goods:

1
—. 1
c1 | Yo%

1 —_oC1

POIL= ST (i)™ (PG2) T e (1.G.P) je{C.G.P). (576)
ce{D,F}

However, as mentioned earlier the governmental good and the goods supplied by the construc-

tion sector are assumed to be produced domestically only and hence a dummy ensures that if
(h,7) = (G,G) or (h,j) = (H,C) then (5.75) only applies for ¢ = {D} with

wop = L, (5.77)

C,H2 C,H,1
Pyjbe = Puji (5.78)
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implying
H2 _ ~HL1
Chipi=Chis (5.79)
The domestic consumer good price PEC ,ﬁf is related to the producer output price for h €

{H,G,P},je{C,G,P}, ce€{D} as specified in the following equation:

C,H2 G,H,Dwe H,Reg H\VAT H,DutyV H,DutyQ G,H,Spe EU,H,Spe Y
ek,et T (1 — Sept + te,t + te,t + te,t + te,k,c,t — Sept — Sept Pk,tv
(5.80)
G,H,Dwe _G,H,S EU,H,S : 1 . .
where 5.7 s and s. 77" are subsidies for household consumption, respectively

subsidies for dwelling purposes, product-specific subsidies from the government and product-

specific subsidies from the EU.

H,R H\VAT JH,DutyV H,Dut
tvegt7 t7Uyt7UyQ

P S steher  denote respectively the registration tax rate on household

vehicles, the value added tax rate on household demand, the product-specific value tax rate
on household demand and finally the product-specific quantity tax rate on household demand,

cf. chapter 7.

A similar relationship applies between the foreign producer price and domestic consumer
price except for an additional term representing the customs tax rate on household demand

for foreign goods. Hence for k = P, e = P, ¢ = F we have:

CH2 G,H,Dwe H,Reg H)\V AT H,DutyV H,DutyQ G,H,Spe EU,H,S
eket (1 — Sept + te,t + te,t + te,t + te,k,c,t — Sept — Sept K% 81)

et

X (1 + tH’Cus) PF.

Household investments in building and land

When aggregating over households in (5.72), we omit dwelling consumption, which is a capital
good of the household and treated somewhat differently. Therefore the remaining part of
the description of intratemporal consumption will deal with the disaggregation of household
demand for dwellings found in (5.69) with the purpose of deriving household investment in

buildings and land.

To begin with, we will now relabel utility from dwelling consumption per adult-equivalent to
K ft (as it has been denoted in previous sections), since in effect this is a capital good of the
household. Specifically, we have the following relationship in the model:
NAdultEq
KM =Ch i1 (ug’{’l%> : (5.82)
at

Since stock variables that are active in period t 4 1 are updated at the end of period ¢, the de-
manded dwelling capital stock in any given period is in place at the end of the previous period.
The fraction % is a correction factor taking into account that K, and Cf ., are

given per adult—evquivalent and thus corrects for changes in household size.
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Kﬁ consists of capital in the form of buildings and capital in the form of land, and the

household minimizes costs over these two capital types to obtain the index K ft :

K,H,B,User y~H,B K,H,L,User y~H,L,Ind
HBmI}I}LId Dt+1 K‘lt +PD¢+1 Kat (583)
K2 K
a,t "ra,t
SJKH
KH_ KH |\ oKH 1
H H,B( 1-H,B\ "+ H,L 7-H,LIndy~ 1)@
S.t. Ka,t — <M (Ka,t ) cKH +M (Ka,t ) ~KH , (5.84)

NAdultE'q
a,t+1 ’ (5 ) 85)

H _ H
Ka,t - CD,a+1,t+1 NAdultEq
a,t

giving rise to the following demands for residential building capital and land capital respect-

ively:
PK,H,B,User
H,B JH,B\oBH ~ kit+1 —oKH
Ko = (o) (—=——) K (5-86)
kE{D} k,it+1
PK,H,L,User
H,L,Ind H,INo&KH Lkt _oKH
Ko™t =Y (T (=) K (5.87)
kG{D} kt+1
with the price index of dwelling services given by:
oKH H,B,User\1—ogKH LNoKH H,LUser\1—gEH\ —L—
PRy = ((uP)7 (P e et g (w7 (P ey oo Ty iR (5.88)

K,H,B,User K,H,L,User
Pkt Pkt

where and are user-costs involved in possessing each type of residential

capital as defined in (5.21) and (5.22).

Now given the above demands for residential housing capital in the form of buildings and land

we can derive the residual investments in buildings and land capital per adult-equivalent:

NAdultEq
H,B PB H,B a—1,;—1 H,B
Ka,t - § (1 - 6k,t ) Ka—l,t—l NAdultEq + Ia,t ) (589)
ke{D} a,t
AdultEq
H,L,Ind H,L,Ind —1,t—1 H,L
FHLInd _ peHLInd Lo (5.90)

ailytil AdultE tl,t :
Na,t e

Investments per adult-equivalent Ift’B and I(fgL’I"d are given by the difference between the
demanded capital stock and the existing stock net of depreciation and change in the number

of adult-equivalents in the household since capital stocks are given per adult-equivalent.

Finally, we can now aggregate over households to find the total household gross investment in
buildings
IpP =" 1PN (5.91)

a
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5.9 Appendix: Equations describing household beha-
viour in growth- and inflation-corrected terms

In this section, the equations from the preceding sections which are actually used in the
computer version of the model are written in growth- and inflation-corrected terms. (5.2)

inserted into (5.1) yields

Ut = C%'[,a,t -
- f1ours Qa U -1 - 1ty 1
Z Z Nizﬁl,tadjg{ Tisf’tft . (CO,Sva,t) ! (1 1’7) (1 + adthS) (Lis,a,t) ! NAdultEq
o se{m,f} a,t

for 17<a < 77.

Equations concerning non-capital income are (5.7), (5.8), (5.9), (5.10) and (5.13):

H,Pers _ (1 . tfayroll . qSP>

0,s,a,t at

-Hours,,LabFull LS S ZF ZP ATP
Xadjt To,s,a,t (1 + ad.]t ) Lo,s,a,t [Ioo,s,a,tVVt (1 - qo,s,a,t - qs,a,t) - qa,t :|

-Hours,,LabFull G,H,Unemp q, AT P,Unemp ATP Mazx .LS S
+ad.]t To,s,a,t ( 0,8,a,t — Wy qa,t (Lo,s,a,t - (1 + ad.]t ) Lo,s,a,t)

S LabS G,H,S
+ (To,s,a,t + To,s,a,t) Oy

LA G,H,LA
+ro,s,a,t0t

MB _G,HMB
+ro,s,a,t0t

SB Lab,SB G,H,SB
+ (ro,s,a,t + ro,s,a,t ) Ot

BB G,H,BB
+ro,s,a,t0t
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ot (W + )
20 Nl ’
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0,8,a,t 0,8,a,t
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Top,Ind Top Top6 H,Pers Top Top5 H,Pers Top\5
TRo,s,a,t [k ( 0,8,a,t _k:t ) k: ( 0,8,a,t _kt )
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— (ttC'OU + tiWun + ttC'hu) ( Y;)s airs _ k,fource CLllO’LUPeTS allowAssess
PEW U U U
Tt FPEW  PEW UnempM e — Toat ki " wy "M U nemp )

EITC,E - H. LabFull ZF ZP ATP
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§ : Ind G,H,AgeDepNoTax G,H,NonAgeDe
+ n ( g P + oy g p)
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Be -H apu,t—1 . Heirs
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H,Disp 2 : H,DispGender
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Equations concerning capital income, asset accumulation and the optimal intertemporal al-
location for households (the Keynes-Ramsey rule), equations (5.18), (?7?), (?7), (??), (?7?),
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(5.51) and (5.52):

Assets
H = <
Zje{C,P} V},t—l / (1 + gt) (1 + gtp)
: Vit
> [ (1 . tH,Gazn) (V',t . VE )
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Pjyt = Pj,t + ‘Pj,t ) J = Da
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Equations describing labour supply are (5.54), (5.55) and (5.57):

t(])\ZI;ZQt = ¢Bot 4 ¢Cou 4 yMun | Chu
ypid [6 kMidﬁ (Y;)Ii firs e Midy
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Lo,s,a,t - (1 - tos ,a,t +r Ty t (t + tt + tt )) (1 - tt ) po,s,a,tWt

Marg G,H Unemp
- (1 - to,s,a,t) Ot

Equations describing the optimal composition of the consumption bundle are (5.61), (5.62),
(5.70), (5.71), (5.72), (5.75) and (5.76):
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In the computer code, (5.80) and (5.81) together form one equation

C.H2 G,H,Dwe H,Reg H\VAT H,DutyV H,DutyQ G,H,Spe EU,H,Spe Y o
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X (1 + tfgcus) PF, c=F.

The equations governing housing demand and residential investments are given by (5.82),
(5.86), (5.87), (5.88), (5.89),(5.90) and (5.91):
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Finally the household asset accumulation equation is given by (5.35):
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