Chapter 8

Miscellaneous

8.1 The Foreign Sector

The domestic economy is integrated in the world economy through trade and capital flows.

We assume that domestic corporate and government bonds are perfect substitutes for foreign
bonds in a perfect world bond market. This means that the uncovered interest parity must
hold in the model: Given a fixed exchange rate, the domestic after-tax interest rate must equal
the foreign after-tax interest rate. Furthermore, residence-based taxation of interest income
implies that the domestic pre-tax interest rate is equal to the exogenous foreign pre-tax interest

rate.

The modelling of relations with the foreign sector includes three key equations describing ex-
ports, the trade balance and the current account. In addition to that, a number of equations
keep track of aggregate transfers to and from the foreign sector, which are used in the de-
termination of the current account. Note that imports are not modelled independently here
as they are already given from the solutions to the intratemporal optimization problems of

firms, households and the government sector.

As to the modelling of goods trading we make use of the Armington assumption!, in which
goods are assumed to be qualitatively different if they are produced in different countries.
This means that we specify domestic goods to be imperfect substitutes for foreign goods with
the result that domestic producers face a downward-sloping export demand function. This

implies that the economy has endogenous terms of trade with the rest of the world. As for

! Armington, P.S. (1969) 995
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imports, any import demanded at the world price P! is supplied.

[ As is well known from classical trade theory, the introduction of endogenous terms of trade
implies that there exists a positive optimal tariff. In the present version of the model, any
policy that introduces a marginal cut back on domestic production will generate a positive
terms of trade effect that ceteris paribus tends to increase the utility of the representative
consumer at the expense of consumers abroad. Thus the endogenous terms of trade introduces

the possibility of using "beggar thy neighbour policies” to increase domestic welfare. }

The foreign demand for domestically produced goods can be thought of as demand functions
derived from intertemporal optimization by foreigners. For simplicity, it is assumed that the
foreign demand functions are isoelastic and that the position of the demand curves are fixed
through time. (8.1) consequently determines exports as a function of the price of domestic

goods of sector k, P,},/ , (which is measured relative to the price of the foreign good):

€k
X X,DutyV X,DutyQ G,X,Spe EU,X,Exp EU,X,Spe Y
KXt = M |:<1+tt + 1 = S — 5 — 5 )Pk,t} , ke{C, PG},

(8.1)
where P,}:’/ . is the domestic good price, ¥ > 0 is a scale parameter, and €, = —5 is the price
elasticity of export demand. The term (1 + oDV th,;D“tyQ — g&XSpe _ JBUXEap _ (EUX.Sp e)

represents taxes and subsidies that affect the domestic price faced by foreigners. Thus tf( DutyV

and tf;D“tyQ represent product-specific value and quantity tax rates on exports respectively,

. GX,S . . EU,X,E
while s, denotes product-specific government subsidy rates on exports. s, """ repres-

ents the EU export subsidy rate, and stE U.X,Spe finally denotes the rate of other EU product-

specific subsidies on exports.

The trade balance is defined as the value of exports minus the value of imports:
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TB, — Z (1 4 X DuV tX DutyQ _ (GX,Spe _ (FUBap _ StEU,X,Spe> P;Zt X1.48.2a)
ke{C,P,G}

—PIx | Y Y YR, (8:2b)

ee{D,R,G,P} ke{C,P,G} cc{F}

+ > Y g (8.2¢)

ke{C,P,G} ce{F}

+ Y D> DY M, (8.2d)

j€{C,P,G} ke{C,P,G} cc{F}

+ Yy e (8.2¢)

j€{C,P,G} ke{C,P} ce{F}

+ Yy e (8.2f)

je{C,P,G} ke{P} cc{F}
+ > I } (8.2¢)
je{c,r}

Thus imports consist of goods for household consumption in (8.2b), goods for government
consumption (8.2¢), goods for material inputs into production (8.2d) and finally goods for
building and machinery investments (8.2e) and (8.2f). The term I captures inventory

investments.

Note that the above representation formally sums over imports of all non-dwelling sectors,
even though the standard version of DREAM treats imports as coming solely from the foreign

manufacturing sector.

The current account (8.3) is defined as the trade balance T'B; plus transfers from foreign-
ers to households Of H Y acazo NV Ad““, net transfers from foreigners to the government sector
ORf GNet and the two last tems which represent interest payments on foreign assets. i Al
represents the interest payments on total foreign assets when the interest rate is the ordin-
ary bond rate i;. The last term represents the supplement to the interest rate paid by the
government sector (the supplement originates from the calibration process and is explained in
chapter 7 on the government sector). As it is assumed that all of this supplement is paid to

foreign holders of government bonds, it enters the definition of the current account.

CA =TB,+ Y NXol™ 4+ ORJN 4, A | — i " Df . (8.3)

acAz0

OR,fJ GNet (8.3) is the net sum of all transfers between foreigners and the government sector
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and given by:

ORtF,G,Net — ORtEU,G + OR;F,G,RES + ORf‘,G,Cap o ORtG',F,RCS . ORtG,FI o ORtG’,GR (8.4)

G,F. G,EUGNI G,EU,R G,EUV AT EU,G G,EU,C
—ORGFew _ QRGFVCNT _ RGEURes _ o pGEUVAT | gpEUG _ () pGEUCus

Net transfers from foreigners to the government consist of transfers from the EU ORtE ve

remaining transfers from foreign countries OR , capital transfers from foreign coun-

F,G,Res
t

tries ORf Geap transfers from the government to foreign countries (mainly development aid)
ORtG FBes transfers to the Faroe Islands and Greenland ORtG F1and ORtG GR - capital transfers
from the government to foreigners ORS**?  GNI contributions to the EU ORZFVN other
contributions to the EU ORtG BURes AT contributions to the EU ORtG EUVAT total subsidies

from the EU S Rf U¢ and finally total customs tax revenues paid to the EU ORtG BUCus

Transfers and subsidies

A number of these transfer/subsidy variables are aggregates or calculated on the basis of other

variables. These will be explained in the following.

The GNI contribution ORZF*YN! 6 the EU in (8.4) is a fraction of Gross National Income

and given by

G,EUGNI G,EUGNI
ORt ’ ’ - Ot ’ ’ KGNI, (85)

where the rate otG HFUGNT g calibrated to match aggregate contributions. Y% is defined later

on page 236.

Total VAT contributions to the EU, ORT*YVAT defined in (8.6a) - (8.6f) below, is found as

G

a fraction o, HUVAT ot all VAT collected by the government. Thus (8.6b) gives the amount

of collected VAT from household consumption of domestic and foreign goods, where ti;cus
represent the customs tax rate on household demand. The following lines represent the collec-

tion of VAT on government demand (8.6¢), materials demand for inputs (8.6d) , investment

demand for machinery (8.6e) and finally investment demand for buildings (8.6f) .
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ORtG,EU,VAT _ OtG,EU,VAT (E
H,Cus
X Z Z Z <1+t )PFCkct+ ZPk:t kct (é
ec{D,R,P,G} ke{C,P,G} \ce{F} ce{D}
G,Cus
£ (1) g e Y PLCE, (
ke{C,P,G} \ce{F} ce{D}
X X () Mt Y Y PLMAG
je{C,P,G} \ke{C,P,G} cc{F} ke{C,P,G} ce{D}
IM Cus P,M,2 PM 2
D DI 1D DID DN (R i D frevl i DD I ¥ vl IN(
je{C,P,G} \ke{P}ce{F} ke{P} ce{D}
IB,Cus P,B,2 PB ,2 (
+ Z Z Z (1+t )PFIkct_I_ Z Z lzft ]k:ct ((
je{C,P,G,D} \ke{C,P} ce{F} ke{P} ce{D}

Total transfers from the EU SRFYC are given in (8.7a) - (8.7h). They are composed of

RE U,P,SetAside

subsidies related to rural set-aside schemes SR, and other subsidies related to rural

land SRiU’P’R"ml in (8.7a). Furthermore, a range of product-specific subsidies from the EU

apply to the different components of aggregate demand. These include subsidies on materials

EU Res EU,P,Spe

input in production at rate s; +s;; 7" in (8.7b) and (8.7c), subsidies on government

consumption at rate sP0<P¢ in (8.7d) , export subsidies at rate sp° P 4 gFUXE 4y (8 7e) |
subsidies on household consumption at rate sEUHSp “in (8.7f) and subsidies on investment
demand in machinery and buildings at rates sEU IM:5pe and sEUIB P in (8.7¢) and (8.7h),

respectively.
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SRfU,G _ Z (Sftl],P,SetAside _|_8jE7tU,P,Ruml> (8.72)
je{C,P}
EU,P,Res EU,P,Spe
+ 2 (Sj,t + 854 ”) (8.7b)
je{C,P,G}
M,Cus
<[ ¥ % (1+tjﬂt )QFM]%kvcﬁ SN P, (8.7¢)
ke{C,P,G} ce{F} ke{C,P,G} ce{D}
o [ SN (e i S Y e ] s
ke{C,P,G} ce{F} ke{C,P,G} ce{D}
+ (SFU,X,Ea:p_i_SfJU,X,Spe) Z P]tik,t (876)
ke{C,P,G}
£ S e | (et R Y R | e
ec{D,R,P,G} ke{C,P,G} ce{F} ce{D}

by e [ S5 (e B Y R fse)

je{C,P,G} ke{P} ce{F} ke{P} ce{D}
EU,IB,Spe IB,Cus P,B, P,
DI A B DD (1 i ) PIL+ D0 > PuLiE
j€{C,P,G,D} ke{C,P} ce{F} ke{C,P} ce{D}

ORtG FUCus io the total customs tax revenue paid to the EU by the government. As can be

seen from (8.8a) - (8.8f), this amounts to the revenue from all customs taxes collected by the
government. L.e. customs taxes on imports of household consumption goods in (8.8a), imports
for government sector consumption (8.8¢), imports of materials for input in production in
(8.8d), imports for investments in machinery and buildings in production in (8.8¢) and (8.8f),

imports of inventory investment goods in (8.8¢) and finally residual taxes to the EU in (8.8h).
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G,EU,C
ORGPVC = pf

> Z Z Z th;CUSCHQ

ec{D,R,P,G} ke{C,P,G} cc{F'}

+ Z Z t " Cr

ke{C,P,G} ce{F}

o DL D M,

je{C,P,G} ke{C,P,G} ce{F'}

IB,Cus 7P,B,2
D DD DD DL i v

je{C,P,G} ke{C,P} ce{F}

IM,Cus yP,M,2
D DD DI DR s it

j€{C,P,G} ke{P} ce{F}

+ Z t{I,C'ustI;I
jefC.p}

+OR§,EU,CU8,R@5 .

Total net transfers from foreigners to each adult-equivalent is given by (8.9).

FH,E F,HW
OF’H o ORt ro + ORt age
t o Z NAdult )

acAz0 * Va,t
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(8.8a)

(8.8b)
(8.8¢)
(8.8d)
(8.8¢)

(8.8f)

(8.9)

where OR}"™ % are total residual net transfers from foreigners and OR/"™"*¢ is the total

net wage earned abroad by domestic inhabitants.

8.2 Equilibrium conditions

Goods markets

(8.10) states the equilibrium conditions for the goods markets
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Y},t + Y;]}forthSea _ Z Z Z .. k: ot (810)

ke{C,P,G} k=] ec{D,R,P,G} ce{D}
Z k, ct
ce{D}
Y2 M
je{C,P,G} ce{D}

PB2
+ Z Lk

j€{C,P,G,D} ce{D}

> L

je{C,P,G} ce{D}

+ Xt +1},  je{C PG}

Supply in each non-dwelling production sector must equal the total demand for the sector’s
output. Thus the left hand side of (8.10) represents production in sector j, where Y;{}[O”hse“
is the additional resource rent from the North Sea, with ijfo’"thse“ > 0 for j € {P} only.
The right-hand side is the sum of demands from each of the components of aggregate demand:
Household consumption ct k 1> government sector consumption Ck > materials used for input
in production M? ket nvestments in buildings 15 kct , investments in machinery I}, f and

71,k,c,

finally demand from exports Xj ;. The last term 15 it ! represents inventory investments.

In the dwelling production sector, the equilibrium condition states that total supply must

equal the sum of demand of residential capital by all generations:
Yj?we:ZNfd?lttb;quu o J=D. (8.11)

Note that demand (and consequently, in equilibrium, supply) is modelled as the actual resid-
ential capital stock. It might be more natural to model demand as the flow of services from

this stock. However, these are proportional so that

Labour market

(8.12) is the equilibrium condition for the labour market and states that aggregate effective

labour supply (i.e. employment) must equal aggregate labour demand.
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§ D E § § Ind -Hours,, LabFull LS S
Lj,t - No,s,a,tadjt To,s,a,t (1 + ad.]t ) Lo,s,a,tpo,s,a,t(8’12)
je{C,P,G} ocoLab se{m,f} acAz0
Im
N OR?’S mp
W,
ORtC,S,Imp

The term in (8.12) is included to correct for the modelling of civil servants pension in

Wi
the National Accounts. The NA treats the civil servants pension scheme as a funded scheme in
the sense that the government sector is assumed to pay (to itself) contributions to the scheme
in anticipation of future pension payouts. In the NA these contributions appear as increases in
the total wage sum of the government sector. Because DREAM is calibrated to replicate the
government sector wage sum, this means that the wage sum in DREAM is also increased by
these fictitious contributions. This necessarily affects either the wage or the labour quantity
(or both). For technical reasons, it is the quantity, i.e. government sector labour demand
which is affected. In order to obtain the government sector labour demand net of this effect,
ORCS 1

we could subtract the real part of the increase in the wage sum — from government

labour demand. Equivalently, we may add it to labour supply as it is done in (8.12).
Financial assets

(8.13) is an equilibrium condition for the allocation of financial assets. It says that the supply
of financial assets from the foreign sector AL the government debt D and the sum of value
and equity of domestic firms » je{c,p} (Vjt + Df 1t) must equal the total demand for such assets

by private households and pension funds including ATP, SP and LD: AFZ 4 ALD 4 g7PTot 4

ATPTot
ANTRTot,

AP = A7 — N (Vie+ D) — DY + APP + AFPT 4 47RO (8.13)
jefC.pP}

Residential land market

(8.14) represents the equilibrium condition for the residential land market. The condition is

H,L,Ind
K. must be equal

that that the size of land demanded per adult equivalent by households
to the total supply of land in the economy, which is the exogenous variable Kgf Lot (which is

constant over time in the base-line projection).
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Z Kﬁ,L,Tot _ Z KﬁL,IndegultEq‘ (814)
ie{D} a

8.3 National Account Measures

In the following we will describe DREAM’s representation of three central figures in the
National Accounts: Gross Domestic Product at factor prices (BFI), Gross Domestic Product
at market prices (BNP) and Gross National Income (BNI). Apart from being of interest in
their own right, these measures are used in the model for various purposes. Thus a number
of transfers to and from the government as well as collective government consumption are
indexed to GDP (at market prices). Furthermore, Gross National Income is used to model

the GNI contributions made by the government to the EU (see page 228 of this chapter).

(8.15) defines the gross domestic product at factor prices V,¢PPF:

GDPF Y NorthSea
Y, = § Pl (Y + Y5 ) (8.15)
]E{C7P7G7D}
M Emp w D
- Y PEM - > () WLk,
je{C,P,G} Jje{C,P,G}
P,Weight 1-P,M P,Land »I,P,B 7.-P,B
- > (tj,t Kjio it b Kj,t—1>
je{C,P,G}
H,Land KH,L H,L,Ind ArAdultEq
_tt E :E)j,t—l § :Ka—l,t—lNa—l,t—l
je{D} a
4 Z <ng,P,SetAside +Sf§J,P,Rural)'
JE{C,P}

The starting point is the sum of the values of output of each sector j measured at basic prices:
P};(Y]t + Y;{}f"”hse“). From this, we subtract intermediate consumption Pj‘f M;+, which gives
GDP measured at basic prices (i.e. excluding production taxes and subsidies, but including
other taxes less subsidies on production - equal to the Danish term BVT). To get GDP at

factor prices, we consequently add other subsidies on production (rural subsidies from the EU

EU,P,Setaside
j7t

EU,P,Rural
j,t

+ s ) and subtract other taxes on production. These include firstly wage

S

sum taxes and other taxes related to labour in production paid by employers:

S (urr et wiLh,
jG{C,P,G}
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Secondly vehicle registration taxes and property taxes in the non-dwelling production sectors

P,Weight .-P,M |, ,P,Land I,P,B 1-P,B
) (tj,t Kio 07 i Kj,tfl)
JE{C PG}

and thirdly property taxes (grundskyld) paid by households

H,Land z : KH,L z : H,L AdultEq
tt ‘Pj,t—l ( Kal,thal,t1> .

Je{D} a

As DREAM follows the NA convention of modelling dwelling as a production sector, prop-
erty taxes paid by households are treated as a tax on production and must consequently be

subtracted here in line with other taxes on production.

(8.16) shows the expression for Gross Domestic Product evaluated at market prices (BNP).
As usual, the distinction between GDP at market prices and GDP at factor prices is that
all taxes less subsidies on production are included when evaluating output at market prices.
Hence, in (8.16) we again add the taxes on production which were subtracted in (8.15). In
addition, we add all product taxes which consist of VAT (TR} 4T), motor vehicle registration
duties (TR), excise duties (TRP"™), customs taxes and the residual term TRF* (for a
definition of these collecting terms, cf. chapter 7 on the government sector) and subtract all
subsidies (SR;). Note that customs taxes TR“ as defined on page 175 in chapter 7 is net

REEVCUs) - Ag this transfer does not

of the transfer of the customs tax revenue to EU (O
affect GDP, it is added in (8.16). In the same way, from SR; is subtracted the amount of

EU-subsidized subsidies SRFVC.

}/t'GDP — }/t'G’DPF (816)

Emp w D

+ > () wark,

je{C,PG}
PWeight 7.-P,M P,Land I,P,B 7.-P,B

+ >t K + 150 P Ky

Jje{C,P,G}
EU,P,SetAside EU,P,Rural

- Sit + S5

Jje{C,P}

+TRY A" + TR + TR + TR{™ + OR;P7“" + TR — SR, — SR{"C.

(8.17) defines gross national income as GDP corrected for receipts of interest on net foreign

. o : . . FHW
assets i, A | (which initially are negative), wage income received from abroad OR; e
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and the EU-related transfers SR/ U¢ and ORtG EUCus - The supplement to the interest rate
of government debt is supposed to be paid exclusively to foreign creditors. The calibration
correction factor k%Y M ensures that net interest payments on the foreign debt and GNI itself

are calibrated to the correct NA values.

8.4 Financial assets

The following equations are related to holdings of financial assets in households, the pension

fund and in private pensions.

Recall that the composition of household financial wealth is fixed exogenously such that firm

Assets

shares account for the fixed share w of household financial assets, while bonds account

Assets

for the remaining share. In the standard version, w is equal to 1/3.

H,Fin,Ind

For a given value of household financial wealth A, ; of household a, we then have the

following expression for the share of aggregate firm value owned per adult-equivalent by house-

hold a:
wH,Shares
a,t o Assets A H,Fin,Ind
kshares Z ‘th =w Aa,t ; (818)
je{C,P}
H,Shares . shares
where w, ; is the share of aggregate firm value owned by household a, and & is a

scale parameter. Similarly, since the bequest in any period consists of household assets (left
by the parent household), the share of aggregate firm value tied to the bequest is subject to

the same relationship:
Begq,Shares
t

w
S O Vi = wte A (8.19)

ie{C,P}
where w7 is the share of aggregate firm value tied to the bequest left by the repres-

entative parent household. Total financial wealth in the households is found by summing over

households, and noting that Ag;Fm’I"d and AP are given per adult-equivalent, we get:

H,F1i § H,Fin,Ind nrAdult,E § H,B Adult,E
At, ln: Aa’é m,In Na7tu ) (1_|_ At’ eqNa’tu ’ q.

a ac{Apu}
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Using (8.18) and (8.19), we can write total household financial wealth in period ¢ including

the bequest left in period ¢ as:

H,Shares nrAdult,Eq Beq,Shares rAdult,Eq
1 (Za wa,t N, + ZaE{Apu} Wy Na,t

H,Fin a,t )
At o Assets J.shares Z ‘/j’t (820)
je{C,P}

As a result of the exogenously fixed composition of household wealth, (8.20) expresses total
household financial assets as a function of aggregate firm value only with no explicit repres-

entation of bond holdings.

Total financial assets held in relation to pensions is given as the sum of financial assets held

by the Pension Fund and assets held in private pension arrangements:
AZ = APF 4+ APT (8.21)

Using (8.20) and (8.21), we can write the aggregate value of financial assets in the economy as
the sum of financial assets held by households and financial assets held by the Pension Fund

and in private pension arrangements:

A? = AT AZ. (8.22)

8.5 Steady state

We assume that the DREAM model is saddle-path stable and has a unique steady state?. We
will now explain the equations that bring the model to the steady state, namely the terminal
conditions. To understand the role and formulation of these terminal conditions, consider the

following abstract reduced-form representation of DREAM.

Suppose we have 3 vectors of unknown variables j; , s; and x; in each period ¢, where j; is an
n-vector, s; is an m vector and z; is a d vector, such that we have n + m + d variables each
period. Furthermore, suppose there exists an intial value for each of the variables in s;, m in

total.

The n + m + d variables are determined each period in a system of n + m + d equations

>For an earlier version of DREAM, numerical simulations have confirmed the belief that the system has a
unique steady state. See chapter 6 in Knudsen et al. (1998).
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Jerr = f (e, 81, 20) n equations, (8.23)
0 = h(js, S, xe) d equations, (8.24)
st = g(Je, Se—1,7¢) m equations. (8.25)

Thus, the DREAM model is a system of non-linear equations with a number of unknown
variables. As mentioned above, we assume that the system is saddle-path stable with a unique

steady state.

In principle, this steady state is reached after an infinite number of periods, given a set of
initial values on the unique saddle path. However, since the model simulates on a computer,
it cannot run for an infinite number of periods so in practice the simulation must stop at some
predefined date, which we will call period 7. The assumption is that 7" is sufficiently large for

the model to be very close to steady state in period 7T

The fact that we have to cut off the simulation after a finite number of periods 7" is the reason
why we include the terminal conditions below. To see this, note first that since we simulate the
model for T periods, t =1, ........ , T, we have a total of (n +m + d) T' equations over the entire
simulation. Obviously, to solve the model we need to have just as many unknown variables.
So counting the variables, we see from (8.25) that defining the m equations for ¢t =1, ........ T
means defining m(7T" + 1) variables of type s;, but as mentioned there exist m initial values s
(consider equation (8.25) for ¢ = 1) so the number of unknown variables of type s; equals mT.
From (8.24) we see that defining the d equations fort = 1, ........ , T" means defining dT" variables
of type x;. Finally, from (8.23) we have that defining the n equations for t =1, ........ , T means
defining n( 7'+ 1) variables of type j;. In total we have (n +m + d) T' 4+ n unknown variables,

but only (n +m + d) T equations.

Hence, we include n terminal conditions such that the number of variables equals the number

of equations.

In the context of the above reduced-form system, it should be noted that in DREAM the
n equations of the type (8.23) are not defined in the last solution period 7. In the above
framework, this just means that the n period T+ 1 variables of type j; are not defined either,

giving the same net result as above.
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Introducing an additional set of equations in the form of terminal conditions means putting
further restrictions on the variables of the model, which requires knowledge of plausible re-
strictions. This knowledge comes from the fact that we have assumed above that T is so large
that the model is in steady state (or very close to steady state). This assumption is utilized

in the terminal conditions since they impose a steady state on the variables in question.

The choice of which variables to subject to a terminal condition is free in a simultaneous

system. In DREAM a terminal condition is defined for the following variables:

The household real estate K%, household residential

a,t?
land K2

at’

Household residential buildings K,

ata

residential land price PK L household financial assets AH Fin.Ind o quests AP,

the shadow price of a marginal unit of machinery capital QM

the value of firms Vj Jticc.py’

je{c. Py’
K,P,B

the shadow price for a marginal unit of buildings capital @

ierory the shadow price of a
() >

K,P,M,Book

iero.m and finally the shadow price of a marginal

marginal unit of machinery book capital ()

K,P,B,Book
Jtje{c,py

unit of buildings book capital )

The terminal conditions for the stock variables K, ft and Kf,;B have the following functional

form:

KaT_(]'_I_g)KaT 1 (826)

Le. along the balanced growth path the economy is growing at the rate of exogenous techno-

logical progress g.

. . . . K,P,M K.P,B
The terminal conditions for the shadow prices on capital ijtje{C,P} and ijtje{C,P} have the
following functional form:

QM= (1 +g") Qi e {C. P (8.27)

Le. in steady state, shadow prices on capital grow at the rate of exogenous foreign inflation.

Shadow prices on the book value of capital are constant as is the amount of land per adult-

H,L,Ind : . .
K, 7. Hence, the terminal conditions of these variables are

equivalent of a certain age
given by

ij_‘P,M,Book _ fol"’]i1¥7BOOk7 ] c {C, P} . (828)

Terminal conditions for AH Finnd - pfhBea Vit and the price on land PﬁHL have the

je{C,P}
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following form:

Agf,lf‘in,lnd _ (1+g) (1+gP) Agfj?,fnd' (829)

The reason that the terminal condition for the price on land PﬁHL is of the form (8.29) is
that the productivity of land grows at the rate of exogenous technological progress, which is

propagated onto the price on land.

Given the dimensions of the sets over which the relevant variables are defined, these 11 equa-

tions represent 90 terminal conditions in total.

8.6 Appendix: Equations describing miscellaneous be-
haviour 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.

Foreign Sector

Exports (8.1), the trade balance (8.2a) and the current account (8.3):

y | ¢k

X, DutyV X,Dut G, X,S, EUX,E EU,X,S k,t
<1+tt7U/y _I_tvu:UQ_Stvvpe St 77wp_8 3<%, PEe

k.t - t )ﬁ ,kIE{C,P,G}.
t

Xkt = ,ukX
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X,Dut X,Dut X EUX,E EU,X
TB, = > (1Y Pl sk PO PUXS) PY X,
ke{C,P,G}

S D DD DD e

de{D,R,G,P} ke{C,P,G} ce{F}

+ Z Z Croon

ke{C,P,G} ce{F}

X > 2 M
j€{C,P,G} ke{C,P,G} ce{F'}

LD DR D
j€{C,P,G} ke{C,P} ce{F}

> 2 L

j€{C,P,G} ke{P} ce{F}

+ZIFI]

je{C,P}

AF DG
CA —TB + NAdult FH+ORFGNet+’i t—1 _Z-G,Add t—1
P, Wrg)rg)

Definitions of transfers (8.4), (8.5), (8.6a), (8.7a), (8.8a) and (8.9):

ORf‘,G,Net _ ORtEU,G + ORf‘,G,Res + ORtF,G,cap . ORtG,F,Res o ORtG,FI . ORtG,GR

F, E NI E X EU VAT EU,G G,EU,C
—ORGFewr _ QRGEVCENT _ o gGEURes _ o gGEUVAT | gpEUG _ o g&-EUCus

Y

E NI E NI
O‘RtG7 U,G :OtG, U,G }/;GNI
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G,EU,V AT G,EU,V AT
ORt — Ot

” > > > <1+tchs) PICiitee+ Y PliCllea

de{D,R,P,G} ke{C,P,G} \ce{F} ce{D}

X (e P+ Y P,

ke{C,P,G} \ce{F} ce{D}

+ Z Z Z(l—{—tMcus)PFMQkCt—i- Z Zpkt Jik,cit

je{C,P,G} \ke{C,P,G}cc{F} ke{C,P,G} ce{D}

P (S X (e e Y A

je{C,P,G} \ke{P}ce{F} ke{P} ce{D}

S X X () e Y B

je{C,P,G,D} \ke{C,P}ce{F} ke{P} ce{D}

EU,G Z EU,P,Set Asid EU,P,Rural
SRt y _ Sjt778 sze+8jt,,ura)

je{C,P}

EU,P,Res EU,P,Spe
+ Z (s it + 554 )
j€{C,P,G}

y Z Z <1+tMCus> PFMqut_i_ Z Z Plz,/th%k,c,t

ke{C,P,G} ce{F} ke{C,P,G} ce{D}

+SEUGSpe Z Z <1+tGC"S>PFCkCt+ Z Z ;ft chQt

ke{C,P,G} ce{F} ke{C,P,G} cc{D}

+< EUX,Eap | E‘UXSpe) Z P]Zth,t
ke{C,P,G}

n Z Z EUHSpe Z (1+t§ItC’us) PFCdkct+ Z Pkt dkct

de{D,R,P,G} ke{C,P,G} ce{F} ce{D}

b | 3D 3 (L) B 0 S AL

je{c, PG} ke{P} cc{F} ke{P} cc{D}

£ Xl 33 (el R X 3 AL

je{C,P,G,D} ke{C,P} ce{F} ke{C,P} ce{D}
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E
ORtG, U,Cus _ RF

E § : § : H,Cus ~H,2
X te,t Ce,k,c,t

ec{D,R,P,G} ke{C,P,G} cc{F'}

D DD DR ¢

ke{C,P,G} ce{F}
M,Cus
22 2t M
j€{C,P,G} ke{C,P,G} ce{F}

§ : 2 : 2 : IB,Cus 1P,B,2
_I— t]7t ijkyc7t

j€{C,P,G} ke{C,P} ce{F}

IM,Cus P,M,2
D DD DID DR s it

j€{C,P,G} ke{P} cc{F}
+ Z ttII,CustI;I
je{C,P}
+OR?7EU7CU87R887

F.HE F.HW
OF’H o ORt ro + ORt age
t o Z NAdult

acAz0 * Va,t

Equilibrium conditions

Equilibrium conditions for the goods markets (8.10) and (8.11), the labour market (8.12), the

financial market (8.13) and the market for residential land (8.14):
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NorthSea __
Y},t_l—y;',t - E § : E : ekct

ke{C,P,G,D} ee{D R,P,G} ce{D}
Z k, ct
ce{D}
DD M
je{C,P,G} ce{D}

PB2
+ Z e

j€{C,P,G,D} ce{D}

) L

j€{C,P,G} ce{D}

+Xk,t + IJI;I ) j < {Cv P7 G}

H
Dwe __ E Adult,Eq a 1,t—1 .
Y;',t Na 1,t—1 7J_D
1+ g

Z Lft - Z Z Z 0,8,a tadeom‘S gcslbftu” (1 + adjLS) Lfs a,tpo,s,a,t

je{C,P,G} ocoLab se{m,f} ac Az0
C,S,Im
ORt mp

T,

AP = AFZ — N (Vo + DL) — DE + AFP 4 ATPTo 4 ATRTE
JelC,P}

H,L,Tot H,L,Ind nrAdult Eq
§ : Kj,t - E Ka,t Na,t :

JE{D} a

National Account Measures

Gross domestic product at factor prices (8.15):
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Y't'GDPF — Z Z Plgt (Y},t + Y;‘],\tforthSea)
ke{C,P,G,D} je{C,P,G,D}
- X EM - ST (k) W
je{C,P,G} je{C,P,G}
PM I,P,B P.B
. Z tRWeight Kj,t—l + tRLand jjj,t—l Kj,t—l
ot I+g 7" (1+g)(1+g)

KH,L,IndNAdultEq

_tf,Land Z PﬁﬂL a—1,t—1 afl,t;pl

4 Z (SjEtU,P,SetAside _i_SjE‘tU,P,Ruml).

Jje{C,P}

Jje{C,P,G}

Next we have the expression for Gross Domestic Product (BNP) evaluated at market prices

(8.16):

GDP GDPF
Y Y

> () wrk,
je{C,P,G}

PM I,P,B P.B
P,Weight Kj,tfl P,Land E)j,tfl Kj,tfl
FA g T W g
je{C,PGY K
EU,P,SetAside EU,P,Rural
- Sjt + i
je{C,pP}

+Indirect Taxes + Customs Taxes — Subsidies,

where Indirect Taxes, Customs Taxes and Subsidies are given below:
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Indirect Taxes =

Z Z Z [ (tdtmg i tH VAT | tHDutyV I té—{é);;tyQ) (1 i tHCus) PFCdkct ]
de{D,R,P,G} ke{C,P,G} ce{F'}

Re HVAT |, ,HDutyV |, ,H,Dut H,2
YY) RO
de{D,R,P,G} ke{C,P,G} cc{D}
i Z Z [ (tf,Reg+tf,VAT+tGDutyv+tGDutyQ) (1+tGC’us) PFCkct }
ke{C,P,G} ce{F}
i Z Z [ (G’Req I tG VAT | tG DutyV | th:,CZutyQ) Plzftcgczt }
ke{C,P,G} ce{D}

+ Z Z Z |: (tRes MVAT + tM ,DutyV + t%??tyQ) (1 + tM Cus) PFM2kCt :|
je{C,P,G} ke{C,P,G} ce{F'}

+J€{;G} kE{;G} ce{zfa} | (AT Y ) PUM s
+ 16{;’6‘} lg?} ce{ZF} | (B AT P ) (1 ) BEISNE
+j€{;G} k;};} C;{;} [ ( 5o (IMVAT | IMDutyV tiz]\:.rclzutycg) Py P2 }
+je{c§c D} ke{;P} ce{ZF} [ ( e G A g*myQ) (1 e Cus) P }
e (BT e e gRnee) PLITEE ]

o HL Ind ppAdultEg

‘l‘tt H,Land Z KHL a— 1t 1-Ya—1,t—1
P (149001 + )

i Z |:<ttX,DutyV i tXDutyQ) P;};,/t kat]
ke{C,P,G}

+ Z Z Z |:<ttII,DutyV+t§IC?utyQ> PktIP]i|

ke{D,P,G,C} je{C,P} ce{D}

n Z Z [(ttII,DutyV i ti ?utyQ) (1 i tH Cus) PF IFI}

Fe{C,P} cc{F}
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Customs Taxes = P/ x [ Z Z Z tH CUSC’f ,fct

de{D,R,P,G} ke{C,P,G} ce{F}

+ Z Z ttGCukact

ke{C,P,G} ce{F}

C YOSy,

je{C,P,G} ke{C,P,G} ce{F'}

+ Z Z Z tIB C’usIJPchz

j€{C,P,G} ke{C,P} ce{F}

+ Z Z Z tIMC’us fk]\éff

je{C,P,G} ke{P} cc{F}

I11,Cus rF,l
+ Y e }

je{C,r}
Subsidies = Z (sng’Dwe + sng’Res — s]EtU Pltes sfgp’sp °+ s]EtU B ’Spe>
je{C,P,G}
Y S (e )+ Y Y R, ] ]
ke{C,P,G} ce{F} ke{C,P,G} ce{D}
I (SGGDwe G,G,spe n Sf}U,G,Spe)
G,Cus G, G’
D DD SN ((REED T AR Sl SR He'c
ke{C,P,G} ce{F} ke{C,P,G} ce{D}
+< GXSpe EU,X,E'acp _|_StEU,X,Spe Z Plz,/t Xy
ke{C,P,G}
i Z Z [ (SthHDwe +SG’HSpe _I_SCLZ’?,H,Spe)
de{D,R,P,G} ke{C,P,G}
H,Cus
X (e ez ) v Y rez, ]
ce{F} ce{D}
i Z [ (SJG,’tIMSpe_l_SJEfJIMSpe)
je{C,P,G}
IM,Cus F 7P,M,2 Y PM2
[ S ((egre) )+ S R |
ke{P} ce{F} ke{P} ce{D}
i Z [ (SJG IB, Dwe+SjG7£IB,Spe+S;EtIJIB Spe)
je{C,P,G,D}
IB,Cus F rP,B,2 Y PB2
<X S ((rwere) P+ > S ety |
ke{P,C} ce{F} ke{P,C} ce{D}

Finally gross national income is given by equation (8.17) :



248 CHAPTER 8. MISCELLANEOUS

}/;GNI — }/;GDP + ORtF,H,Wage + SRtEU,G ORG EU,Cus
Af‘fl _ Giadd Dﬁl
I+g)(1+gf) " (A+g)A+gl)

+kiY, N4,

Financial assets

Equation (8.18) gives an expression for the share of aggregate firm value owned by household

a, and equation (8.19) gives the share of aggregate firm value:

wHShares
_ Assets A H,Fin,Ind
kshares Z ‘/Jt = w Aa,t )
je{C,P}
wBeq ,Shares
o Assets A H,Beq
kshares Z ‘/Jt = w At '
je{C.P}

Total household finansial wealth, total finansial assets held in relation to pensions and the
aggregate value of financial assets in the economy are given in equation (8.20), (8.21) and

(8.22), respectively:

H Shares prAdult,Eq Beq,Shares Adult,Eq
H,Fin 1 (Z Wa, N + ZaE{Apu} Na,t
Ay = E , Vit

wAssets kshares .
je{C,P}

AL = AP AB,

H,Z H,Fi
At, - At7ln+AtZ.

Steady state

For the last solution period 7" we have the following 11 equation representing 90 terminal

conditions:
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