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The NIME Model - Specification and
Estimation of the Demand Equations of
the Household Sector

Eric Meyermans and Patrick VVan Brusselen

In 1999, the Belgian Federal Planning Bureau launched a research program to de-
velop an econometric model to analyse the effects of policy variants and other
exogenous economic shocks on the Belgian and European economies, taking ex-
plicitly into account the euro zone institutional framework and the international
economic environment. So far, the Bureau’s efforts have led to the construction of
afirst version of the New International Model for Europe (NIME), of which the dif-
ferent parts will be presented in several working papers.

The current version of NIME divides the world into six separate blocks: the EU
block consisting of the countries that joined EMU in January 1999 minus Belgium,
the NE block consisting of the Eu countries that did not join EMU, the United States,
Japan and the rest of the world. The model describing the Belgian economy
would consist of the short term or the medium term macroeconomic model cur-
rently in use at the Federal Planning Bureau.

The present working paper describes the household sector of NIME. We start by
deriving the long run equilibrium plans of the household sector on the basis of an
intertemporal optimization problem. The obtained set of demand equations ex-
plains the demand for goods, services and assets as a function of the nominal
interest rate, the real interest rate, the user cost of residential buildings, and the
available means. In the empirical section, we also assume that rigidities prevent
households from adjusting their expenditures immediately to their long run equi-
librium plans. An error correction mechanism and a partial adjustment scheme
are used to capture these rigidities. Finally, estimation results for the household
sector of the EU, NE, us and Jp blocks are shown.







Introduction

In the past, the Belgian Federal Planning Bureau (FPB) made intensive use of the
HERMES-Link system of macrosectoral econometric models, developed in the
eighties by a consortium of European research centres, under the auspices of the
European Commission 1 However, this system, composed of eight large sectoral
national models and four bilateral trade flow models, had gradually become out-
dated since it was much too large to be overhauled by the FPB on its own.
Therefore, it was decided in 1999 to develop a new, easier to maintain, interna-
tional macroeconomic model, that would be more in line with recent
developments in econometric theory and practice, as well as with the present
goals of the Bureau. So far, the FpB’s efforts have led to the construction of a first
version of New International Model for Europe (NIME), of which the different
parts will be presented in several working papers 2.

The NIME model is an econometric model to analyse the effects of policy variants
and other exogenous economic shocks on the Belgian and European economies,
taking explicitly into account the euro zone institutional framework and the in-
ternational economic environment. Similar to other major international
macroeconomic models (see, for example, Laxton et al. (1998)), the current ver-
sion of NIME divides the world into six separate blocks: the Eu block consisting of
the countries that joined EMU in January 1999 3 minus Belgium, the NE block con-
sisting of the EU countries that did not join EMU in January 1999 4 the United
States, Japan and the rest of the world. The sixth block, describing the Belgian
economy, would consist of the short term or the medium term macroeconomic
model currently in use at the FPB (see, for example, Bossier et al. (2000)). These six
country blocks are to be linked to each other through trade and financial flows.

In each country block, except for the rest of the world” block, we distinguish a
household sector, an enterprise sector, a fiscal sector, and a monetary sector °. A
set of behavioural relations and accounting identities is specified for each of these
sectors. The long run behavioural relations are derived from an explicit optimiza-
tion problem, while error correction mechanisms and partial adjustment schemes
are used to capture sluggish adjustment to these long run plans.

1. For a description of the HERMES-Link model, see Commission of the European Communities
(1993).

2. Comments on these working papers are welcome and should be mailed to Eric Meyermans at
em@plan.be or Patrick Van Brusselen at pvb@plan.be .

3. The ten Eu block countries are : Austria, Finland, France, Germany, Ireland, Italy, Luxembourg,
the Netherlands, Portugal, and Spain.

4. The four NE block countries are : Denmark, Greece, Sweden, and the United Kingdom.

5. The “rest of the world” block will consist of only a very limited number of equations describing
international trade.




This paper presents the household sector of the NIME model. The other parts of
the model will be presented in future working papers. In the second section of
this paper, we derive the long run equilibrium plans of the household sector on
the basis of an intertemporal optimization problem. The obtained set of demand
equations explains the demand for goods, services and assets as a function of the
nominal interest rate, the real interest rate, the user cost of residential buildings,
and the available means.

In the third section we present some empirical results. In the empirical section we
assume that rigidities prevent households from adjusting their expenditures im-
mediately to their long run equilibrium plans. An error correction mechanism
and a partial adjustment scheme are used to capture these sluggish adjustment
processes. Estimation results for the Eu, NE, us and Jp blocks are shown.




Specification of a Set of Demand
Equations for the Household Sector

The NIME model consists of six blocks. For each block, we assume that there exists
asingle representative agent for the whole household sector. First, we specify the
intertemporal utility function and the intertemporal budget constraint of this rep-
resentative economic agent. Next, we derive a set of differentiable demand
equations by assuming that the household sector maximizes its intertemporal
utility, subject to the intertemporal budget constraint and a set of predetermined
prices. This set of equations explains the demand for goods and services as a func-
tion of, i.a., the available means, the nominal interest rate, the user cost of
residential buildings, and the real interest rate L

A. The intertemporal allocation problem of the household sector

In the first subsection we determine the available means of the household sector.
The available means of the household sector consists of assets inherited from the
past, the return on these assets, and labour income. In the second subsection we
specify a differentiable intertemporal utility function for the household sector.
This function is defined over a field of contemporaneous and future goods and
services. In the third subsection we formulate the optimization problem that de-
fines how the household sector allocates its available means between the
consumption of goods, residential buildings, money, and other assets.

. The intertemporal budget constraint

The total available means of the household sector in period t is equal to 2:

(1) WHU, = CIRO¢; (1-p;,) PCIR; + INVHO1 (1-p;,1) PINVH,
+ Mg + CAOUy (1+LIC, ;) + WRP; NP, + WRG, NG + UB (LS; - (NP; +NGy))
+ TRANS_00, + NOIH, - DTH, - DTC;

1. See, for example, Laxton et al. (1998), Powell and Murphy (1997), Roeger and in ‘t Veld (1997), or
Brayton and Tinsley (eds.) (1996), for the treatment of the household sector in other macroeco-
nomic models.

2. For notational convenience, we do not use labels to indicate a block. It is assumed that the struc-
ture of the different blocks is similar. Mutatis mutandis, the analytical results obtained in this sec-
tion apply to all blocks.




with:

CAOQOU; : net other assets, in current prices,

CIRO; : stock of residential buildings, in constant prices,

DTC;: taxes on asset income, in current prices,

DTH;: taxes on labour income, in current prices,

INVHO,: stock of inventories, in constant prices,

LIC;: domestic interest rate,

LS;: total labour supply,

M : nominal money stock,

NG; : employment in the public sector,

NOIH; : net other income of households, in current prices,

NP; : employment in private sector,

PCIR;: price of residential buildings,

PINVH;: price of household inventories,

TRANS_00; : other net transfers of government to households, in current prices,
UB;: unemployment benefits, in current prices,

WHU; : total available means of household sector, in current prices,
WRG; : wage in the public sector, in current prices,

WRP; : wage in the private sector, in current prices,

Piro - rate of depreciation of the stock of residential buildings,
Pinvh rate of depreciation of inventories.

In other words, equation (1) states that the total available means of the house-
holds are equal to the stock of assets inherited from the past, plus the income
generated by these assets and by the supply of labour. Households also receive
transfers from the government, and they pay direct taxes on labour and asset in-
come. Labour is employed either in the private or in the public sector, where it
earns a private sector or a public sector wage, respectively. If one is unemployed
one receives an unemployment benefit L

The household sector spends its available means on the consumption of com-
modities, money, residential buildings and other assets, i.e. the expenditures of
the household sector in period t are equal to:

@) EXHU, = CPO; PCH; + M, + CIRO; PCIR; + INVHO PINVH, + CAOU;

with:

CPO;: consumption of goods and services (other than monetary services and
services generated by residential buildings), in constant prices,

EXHUy: total expenditures of the household sector, in current prices,

PCHy;: consumer price index.

In each time period t the budget constraint has to be met, i.e.:

(3a)  EXHUy=WHU,.

1. Itshould be noted that, in this paper, income from labour is assumed to be predetermined. The
detail of the sources of labour income is used here to facilitate future reference, when we present
a paper analysing the labour market in NIME.




Inserting equation (1) and equation (2) into equation (3.a) yields:

(3.b) CIRO 1 (1-p;,5) PCIR+ INVHO 1 (1-piyp) PINVH, + My

+ CAOUy; (1 + LIC,) + WRP; NP, +WRG, NG, + UB, (LS, - (NP, + NGy))
+ TRANS_00, + NOIH, - DTH; - DTC; = CPO; PCH, + M; + CIRO, PCIR;
+ INVHO, PINVH, + CAOU;

or, on rearranging terms:

(3.¢) (CIRO; - CIRO1 (1—p;,,) ) PCIR; + (CAOU; - CAOUy.1)+ (My-My.1)
+ PINVH, (INVHO - INVHO 4 (1-p; ) + CPO, PCH, = WRP; NP,

+ WRG; NG; + UB, (LS; - (NP; + NGy)) + TRANS_00; + NOIH, - DTH, - DTC,
+ CAOU,; LICy4

which is the intertemporal budget constraint of the household sector.

Equation (3.c) indicates that the change in the money stock, in the stock of resi-
dential buildings, and in the other assets, plus contemporaneous consumption
has to be equal to net labour income plus income from the assets.

. The intertemporal utility function

In period t the representative economic agent will continue to live during T-t pe-
riods, i.e. his planning horizon reaches until period T. In period T he consumes
his last bundle of commodities and services, and he leaves a bequest, Z.

For each period in time the economic agent can formulate the utility which some
convex combination of commodities and services render, and these combinations
can be compared with each other in utility terms. Formally speaking, the inter-
temporal utility calculus of the household sector is described by a well behaved,
twice differentiable continuous intertemporal utility function which is strongly
quasi-concave and runs as follows:

4) V((CPO;, MS;, WS;, Ly), ..., (CPOy, MS,, WS, Ly), ... ,
(CPO+, MSt, WSy, L), Z7)

with:

L leisure,!

MS;: monetary services,

T: planning horizon,

WS;: services generated by residential buildings,

1. Notethat L;= A-LS;, with A defined as total available time. In other words, the labour supply
and leisure are each others’ mirror image.




and where Z+ is the expected future purchasing power in period T+1, generated
by the portfolio of assets held at the end of the planning horizon, i.e.:

Zy = (Mg + CIRO(1-p,,,) PCIRp,; + INVHOT (1-p, ) PINVHT,
+ CAOUy (L + LICy) + ZY141) 7 PCHpyy

with ZY+,, defined as the non-asset income accruing in period T+1.

Monetary services and services generated by residential buildings cannot be ob-
served directly. We assume that monetary services, MS, are a function of the
available stock of real currency balances conditional on the amount of purchases
of consumer goods (see, for example, Patinkin (1989)), i.e.:

(Sa) |\/|St =MS (Mt/PCHt, CPOt)

with MS(.) a continuous, twice differentiable function.

We also assume that the services generated by residential buildings are a function
of the available stock of residential buildings, i.e.:

(50) WS, = WS (CIROy)

with WS(.) a continuous, twice differentiable function.

Inserting equations (5.a) and (5.b) into equation (4) yields the intertemporal, con-
tinuous, twice differentiable utility function:

(6) U ((CPOy, M{/PCH,, CIROy, L) , ..., (CPOy, M/PCH,, CIRO, Ly),
... (CPO1, M1/PCHr, CIROT, Ly), Z7) .

A special case is obtained if we assume that t = T, so that the utility function (6)

can be rewritten as :

@) U (CPO,, M{/PCH,, CIROy, Ly, Zy) .

1. Note that a similar result can be obtained by recursive programming when T >t. Making use of
recursive programming we derive from equation (6) the direct-indirect utility function:
U (CPOt, Mt/PCHEt, CIROL, Lt, Zt ; PCHt+1, ..., PCHT ; PCIRt+1, ..., PCIRT; LICt+1, ..., LICT;
ZYt+1, ..., ZYT). The difference between this equation and equation (7) is that in the former equa-
tion, the utility of a bundle of commodities consumed at moment t is conditional on future prices
and income, which is not the case for equation (7). In empirical terms, this implies that if we fol-
low the strategy outlined in the main text, then we do not have to compile a databank consisting
of future prices and non-asset income.




Further a priori structure can be given to utility function (7) by assuming separa-
bility between the decision to consume goods and services, on the one hand, and
the decision to take leisure, on the other hand:

8) U (U1(CPO,, M/PCH,, CIROy, Z,), U2(Ly) ) .

In other words, the sub-utility of a convex combination of commodities and serv-
ices does not depend on the amount of leisure, and vice-versa. The preference
ordering specified in equation (8) allows us to study the decisions related to the
consumption of goods and services separately from the decisions related to the
supply of labour. Let us now investigate how the household sector allocates its

available means over goods and services 1

. The intertemporal optimization problem

Equation (8) describes the intertemporal utility function of the household sector,
while equation (3.c) describes the intertemporal budget constraint. Under sepa-
rability, the optimization problem for the expenditures of the household sector
can now be written as %

) MAX U1 (CPOy, My/PCHy, CIROy, Zy)
CPO, M, CIRO, CAOU,, INVHO, vt v vt

subject to:

CIROy; (1-p;,,) PCIR+ INVHO; (1-p; 1) PINVH; + M4
+ CAOUy (1+LIC, ;) + WRP; NP, +WRG, NG + UB, (LS, - (NP, + NG))
+ TRANS_00, + NOIH, - DTH; - DTC; = CPO; PCH, + M; + CIRO PCIR;
+ INVHO, PINVH, + CAOU;

with Z, defined as:

Zy = (Mg+CIRO(1~p;, ) PCIRp1+ INVHO; (1-p; ) PINVH
+ CAOU; (1+LICy) + ZY441)/PCHy,; .

The first order conditions for an optimum of this problem are derived in Appen-
dix A. These first order conditions can be summarized by defining the following
vector of goods, Yy and prices, m:

M,

10. Y, = (CPO;, ——, CIROy, Z
(10.a) ¢ = ( t PCHt' t Zt)

1. See Deaton and Muellbauer (1987) for more details regarding separability.
2. Here we assume that the prices are predetermined.




10

and

LiC PCIR , ,(1-p: )
——'_ PCHy, PCIR, - R+2(1=Pirg).
(1+LIC) 1+LIC,

(10b) M, = (PCH,

PCH,,
1+—LICt) = (PCH, PM,, USERIR,, PZ)

i.e. the vector Y consists of goods, real money balances, residential buildings, and
net other assets, while the vector of prices consists of the corresponding prices
and opportunity costs. Here, the price of one unit of CPO; is equal to PCH;.

The interpretation of the opportunity cost of money is as follows. In order to hold
one unit of real money balances, M;/PCH;, one has to spend PCH; units of the
currency. By holding PCH; units of money instead of an interest-bearing financial
asset, one foregoes a yield equal to LIC; PCH;. The present value of this is:

LIC,
1+LIC,

(11.a) PM;= PCH, .

The interpretation of the user cost of residential buildings is as follows. Buying
one unit of housing in period t costs PCIR;. Using this house during the period t
will depreciate its value by p;., percent, so that one will get a price equal to
PCIR , 1(1_piro) when one sells that house in period t+1.

PCIRH 1(1_piro)
1+LICt

The present value in period t of the latter is equal to

In other words, the user cost of owning the house during one period is equal to:

PCIR 1(1_piro)

USERIR; = PCIR; -

1+LICt
which can also be rewritten as:
(1+LIC,) g&”%l )
t 0 PCIRt 0 piro
11.b USERIR; = PCIR;.
(11.b) t T+ Lic, t

Finally, bonds 1 are a means to transfer purchasing power from one period to the
other. These bonds have an interest rate equal to LIC;. The expected purchasing
power in period t+1 of one unit bought in period t is equal to (1+LIC;)/PCHy,;.
If one wants to obtain one real unit of purchasing power in the next period, by
holding bonds, one has to pay today the unit price:

_PCH, 4

11, Pz, = .
(11.) T TrLIC,

1. “Bonds” refers here to all other assets of the household sector.




B. A set of demand equations

We proceed here by postulating a set of demand equations which can be used to
estimate the interaction between the quantities, prices, and the available means.

1. Household demand

Consider the following set of log-linear demand equations which relates the de-

manded quantities of goods and services, Y;, to the prices I, and to the
available means:
(12) In(Yy) =y_10+y_IbIn(SCALE;) +y_I1 In(PCHy) + y_I2 In(PMy)

+y 13In(USERIRy) +y_14In(PZy) +y_I5 H,

for Y= CPOy, M{/P;, CIROy, Zy, and with y =cp, m, cir, z .

The scale variable, SCALE, is a measure of total real purchasing power of the
household sector. In the empirical section, this variable is approximated by real
household disposable income. The variable H; is short for every other relevant ex-

planatory variable which may affect the allocation decisions of the household

sector 1.

Imposing the homogeneity condition:

yIll+y I12+y I3+y 14=0,
equation (12) can be rewritten as:

(13) In(Y) =y 10 +y_Ib In(SCALEy) +y_I2 In(PM, /7 PCHy)
+y 13 In(USERIR, / PCHy) + y_14 In(PZ, / PCHy) +y_I5 H,

for Y; = CPO, M/Py, CIROy, Z;,  and with 'y =cp, m, cir, z .

Furthermore, using equations (11.a) to (11.c), we obtain:

LIC, )

(1+LIC)

(1+LIC)PCIR -PCIR , 1(1-p;,,)
(1+LIC,) PCH, )

(1+ LICt) PCH,
-y l4iIn( ) +y_I5H;
PCH 44

(14) In(Yy) =y_I0+y_IbIn(SCALE;) +y_I2 In(

+y 131In(

for Y, = CPOy, M/Py, CIROy, Z;, and with'y =cp, m, cir,z.

1. For example, in the empirical section we include a dummy for German re-unification.

11
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In other words, system (14) determines the demanded quantities of a particular
good as a function of the available means, the nominal interest rate, the user cost
of residential buildings, and the real interest rate. The theory of rational consumer
behaviour indicates that the own price effects should be negative, i.e.:

cp_ll, m_I2, cir I3, z 14 <O.

. Demand and the interest rate

In specification (14), there are three channels through which the interest rate af-
fects demand.

First, there is the liquidity effect, measured by the term:

(15.2)  y_12In(LIC/(1+LICy)) fory =cp, m, cir,z.

When the nominal interest rate increases, the opportunity cost of money will in-
crease and the demand for money will fall. The impact on the demand for the
other goods and services is less clear a priori; it is an empirical issue to determine
the exact sign of the elasticity. To know the semi-elasticity of the nominal interest
rate one has to calculate %:

(15b) y 12/ (LIC; (1+LICY) .

Second, there is the intertemporal substitution effect, measured by the term:

(150) -y 14In( (PCH; (1+LICy))/PCHy,1 ) .

When the real interest rate increases, we expect that, ceteris paribus, the house-
hold sector will reduce its contemporaneous consumption and save more by
holding interest-bearing assets. As a consequence we expect a negative relation
between the real interest rate and contemporaneous consumption. The semi-elas-
ticity of the interest rate through intertemporal substitution is found to be 2.

._yl4
5d) - LiC,

Third, there is the impact of the interest rate on the user cost of residential build-
ings, measured by the term:

PCIR PCIR, 1(1-Piro)
PCH ~ PCH(1+LIC)

(15e) y_I131n( ) -

1. Here use has been made of the fact that:
din(LIC/(1+LIC)) =dIn(LIC) - dIn(1+LIC) =d LIC / LIC - d (1+LIC) / (1+LIC) =
1/(LIC (1+LIC)) d LIC.

2. Here it should be remembered that din(1+LIC) = 1/(1+LIC) d LIC.




An increase in the nominal interest rate increases the user cost of residential
buildings, and will decrease the demand for residential buildings. Itis not a priori
clear how the change in the user cost will affect the demand for consumption
goods and the demand for money; they may be substitutes or complements.

The semi-elasticity of the interest rate through the user cost is found to be:

(15.f) y 13 S_y13
H4LIC Ry 0 el
0 t PClRt ( _piro)g

where use has been made of equation (11.b) and the previous footnote.

Collecting terms, i.e. equations (15.b), (15.d) and (15.), the overall semi-interest
rate elasticity can be written as:

y 12 oy la
(159 (LIC,(1+LICy)) 1+LIC,
+ y 13 ___y 13
R1 (1+LICy)
OL+LIC, - PCIR, (1-pj0)0

13
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The Empirical Results

In this section we show some empirical results for the Eu, NE, Us, and JP country
blocks. First, we describe the data and we review briefly the main empirical reg-
ularities of the data. Next, we specify the short run dynamics and we discuss how
we estimated the system under the assumption of rational expectations. Finally,
some point estimates are given.

A. The data: sources and empirical regularities

We start by recalling the composition of the two aggregate country blocks, EU and
NE. The ten EU block countries are Austria, Finland, France, Germany, Ireland, It-
aly, Luxembourg, the Netherlands, Portugal, and Spain. The four NE block
countries are Denmark, Greece, Sweden, and the United Kingdom.

The data sources are described in Appendix B. Annual data are used and the sam-
ple size ranges from 1970 until 1996. The major data source is the National
Accounts as published by the oECD, and, partly, available in the AMECO databank.
Appendix C describes the trend and cyclical behaviour of some key variables of
the household sector.

B. Towards empirical application

In the previous section we derived the long run demand equations of the house-
hold sector. However, here we assume that short run rigidities prevent immediate
adjustment to this long run equilibrium. Datamining showed that the best fit was
obtained if we assumed that the dynamics of private consumption and the de-
mand for money are generated by an error correction mechanism, and that the
dynamics of the expenditures on residential buildings are generated by a partial
adjustment scheme.

. An Error Correction Mechanism

Following the results of the above mentioned datamining, we postulate that an
error correction mechanism captures the adjustment of private consumption and
money demand towards its long run equilibrium. This error correction mecha-
nism is of the form:

(16) AlnY, = y_sl(InY,_4-InY;_1) +y_skAln X +u;

15



with Y; = CPOy, M{/Py, and y = cp, m, and with the variable u a stochastic variable.
The variable X is short for any other variable that may affect the adjustment proc-
ess. The superscript indicates the long run equilibrium value. Stability of the
system requires that-1<y sl <0.

2. Partial adjustment !

The dynamics of the expenditures on residential buildings are best captured by a
partial adjustment scheme.

Gross capital formation of residential buildings, GIROy, is defined as:

(17) GIRO; = (CIRO; - CIRO.) + CIRO¢; Py

with CIRO; defined as the stock of residential buildings at moment t, in constant
prices.

We assume that there exist rigidities which prevent the contemporaneous stock
of residential buildings, CIROy, from adjusting itself immediately to its desired
level. This adjustment mechanism reads as follows:

(18) CIRO; - CIROy; = gir_sl (CIROL, - CIRO.;)

with CIROL; defined as the desired stock of residential buildings at moment t, in
constant prices.

For the parameter that measures the speed of adjustment, it holds that:
O<girsl<1.

Inserting equation (18) into equation (17), yields:

(19.2)  GIRO;=gir_sl (CIROL- CIROy.) + CIRO¢ pj/y -

Mutatis mutandis, this equation holds also for period t-1:

(19.b) GIRO¢.; =gir_sl (CIROL - CIROy.,) + CIRO; p;;( -

On subtracting (1-p;.,) times equation (19.b) from equation (19.a), we obtain:

(19.¢) GIRO¢ - (1 —pj,o) GIROyy =gir_sl (CIROL; - (1-p;,,) CIROLyy)
- gir_sl (CIRO¢ 1 - (1-p;;) CIRO¢) + Py, (CIROy 1 - (1-p;j,) CIRO))

1. See, for example, Deaton and Muellbauer (1987, section 13.2) for a similar approach for durable consumption goods.
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On rearranging terms and using the definition of GIROy, equation (19.c) is rewrit-
ten as:

(20) GIRO; =gir_sl (CIROL;- (1-p;,,) CIROL¢;)+ (1- gir_sl) GIROy .

Equation (20) explains contemporaneous gross fixed capital formation as a func-
tion of the change in the desired capital stock, and the lagged gross fixed capital
formation.

Here we assume that the long run stock of residential buildings is described as L

(1) CIROL; =gir_I0 +gir_Ib [DIH; / PCH,] + gir_I1 IN[USERIR,/PCH;]

with: gir_I11<0 and gir_b>0.
Inserting equation (21) into equation (20), yields:

(22) GIRO; = gir_l0 gir_sl Piro * gir_sl gir_Ib {[DIH; 7 PCH]
- (1-pj;o) [DIH ;7 PCH 4]} + gir_sl gir_I1{ In[USERIR/PCH]
- (1-pjo) IN[USERIR 1/PCHy 1] } + (1- gir_sl ) GIROy ; .

We estimated equation (22) with ordinary least squares. The elasticities are de-
fined as follows 2.

The short run income elasticity of gross fixed capital formation:

DIH

23. ir_sl gir_Ib —_—).
(23.9) gir_sl gir_| mean(PCH GIRO)
The long run income elasticity:

: DIH
(23.b) gir_Ib p;q mean(PCH GIRO)'

The short run elasticity of the user cost:

(23.c) gir_sl gir_I1 mean(

1,
GIRO’"

The long run elasticity of the user cost:

1
GIRO

(23.d)  gir_I1 p;,, mean( ).

1. Implicitly we assume that the cross-elasticities of the other prices are equal to zero.
2. The long run elasticities are obtained by evaluating equation (22) for GIRO; = GIRO¢.1 = GIRO

and DIH; = DIH;.q = DIH.
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3. Estimation

Before we show the estimates, the following remarks have to be made.

First, it should be noted that the behavioural equations include the expected val-
ue of the future consumer price index, PCH,,,, and the expected value of the
future price of residential buildings, PCIR,,;. Since these variables cannot be ob-
served directly, we need an additional assumption regarding the formation of
expectations. Here, we assume rational expectations. In Appendix D it is de-
scribed how this assumption has been implemented during estimation.

Second, in the empirical application all expenditures are defined as expenditures
per capita, i.e., we divide the expenditures by total population, NPO.

Third, the interest rate LIC is a weighted average of the long run interest rate and
the short run interest rate. The weight is equal to 0.5.

Fourth, the scale variable, SCALE, is measured by contemporaneous real dispos-
able income. We impose a unit elasticity for the scale in the short and long run
equation for money demand. No other restrictions are imposed during
estimation.

Fifth, all equations are estimated with the Federal Planning Bureau’s 10DE

software .

Sixth, we estimated the error correction mechanism using the Two-Step Engle-
Granger method (see Engle and Granger (1991)) and we added some dummies to
the equations. In the first stage we estimated the long run equilibrium equation:

Y, SCALE
(24) In( )= (y_l0 + DUM7281y 1d0) +y_Ib In(

NPG, NPG, )

LIC
+(y_12+DUM7281y 1d2) |n(m)

t
(1+LIC)PCIR ~PCIR + 1(1—pir0))

+ (y_I3 + DUM7281 y_Id3) In( (I+LIC) PCH,
t

(1+LIC,) PCH,
- (y_l4 + DUM7281y_Id4) In( )

PEHt+1

+y | 05 DUMGE, +y | 06 UKBUILD,

for Y, = CPO,, M(/P;, y = cp, m, and with the - symbol indicating a “rational
expectations” value (see Appendix D).

1. See www.plan.be for more details regarding this software.




Several dummies were added to the original specification. DUMGE is a dummy
to capture the effect of German re-unification, while UKBUILD is a dummy to
capture the shift in the UK money data which was due to the inclusion of deposits
of the building societies in the monetary aggregates as of 1987. The dummy
DUMT7281 is equal to one for the period ranging from 1972 until 1981, and equal
to zero after 1981. The period until 1981 was a period of high inflation, and of sig-
nificant inflation differences between countries of the EU and NE blocks. The
dummies in equation (24) capture a structural break in aggregate household be-
haviour once the period of high inflation ended (see also Appendix C).

In the second step we estimated the short run adjustment mechanism:

Y, SCALE

=y sb Al
NPOt) y_sb Aln( NPO,

25) Aln(

)

LIC, LIC,
+y s2 Aln(1+ LICt) +y sd2 A (DUM7281 In(l+ LICt))
(1+ LICt)PCIR[—PaRt+1(l—pirO))

+y_s3Al
y-s3 Aln( (1+LIC,) PCH,

(1+LIC)PCIR ~PCIR + 1(1-p;,,)
(1+LIC) PCH,

+y_sd3 A (DUM7281 In(

(1+LIC,) PCH, (1+LIC) PCHt))

-y _s4 Aln(

— )-y_sd4 A (DUM7281 In( —
PCHt+1 PCHi +1

+y s5 A DUMGE, +y _s6 AUKBUILD,

Yt—l
+ y_SI ECMt_l + y_S7 A In(w )
t—1

for Y, = CPO,, M/P,,y = cp, m, and where ECM, is the error correction term de-
rived from equation (24).

. The empirical results

Tables 1 and 2 show estimates of the long run price and scale elasticities for pri-
vate consumption and money demand for the Eu, NE, us and Jp blocks. Tables 3
and 4 show the estimates of the (semi-)elasticities for the error correction mecha-
nism. Table 5 shows the estimates for gross fixed capital formation. Here we show
only the most relevant estimation results. See Appendix E for a more detailed de-
scription of the estimation results.
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TABLE 1 - Long Run (Semi-)Elasticities for Private Consumption

EU NE us JP
cp_l0 (constant) -0.54 0.01 -0.45 -0.70
cp_Ib (scale) 1.14 1.02 1.12 1.08
cp_I1 (opportunity cost M) -0.03 0.09 -0.04 -0.01
cp_I3 (user cost res. bldg) -0.01 -0.04 0.03 0.04
- cp_l4 (real interest rate) -0.12 -0.56 -0.38 -0.77
Implicit interest semi-elasticity? -0.60 -0.35 -0.46 -0.38
Diagnostic statistics
R2-adjusted 1.00 0.99 1.00 0.99
Durbin Watson 2.16 1.70 1.92 0.95
Log Likelihood 90.73 79.67 86.10 64.40
Dickey Fuller -5.11 -4.19 -4.84 -2.80
Augmented Dickey Fuller -4.99 -4.10 -4.74 -2.73

a. See equation (15.9).

TABLE 2 - Long Run (Semi-)Elasticities for Money Demand

EU NE us JP
m_l0 (constant) -0.90 -1.61 -1.66 -1.03
m_lb (scale) 1.00 1.00 1.00 1.00
m_I2 (opportunity cost M) -0.01 -0.18 -0.04 -0.02
m_I3 (user cost res. bldg) 0.02 -0.02 -0.07 -0.09
- m_l4 (real interest rate) -0.88 -0.57 -2.16 -1.74
Implicit interest semi-elasticity® -0.43 -2.23 -3.50 -3.06
Diagnostic statistics
R2-adjusted 0.97 0.96 0.72 0.96
Durbin Watson 1.56 1.45 0.69 1.23
Log Likelihood 68.81 39.28 42.35 52.71
Dickey Fuller -3.76 -3.61 -2.63 -2.82
Augmented Dickey Fuller -3.67 -3.53 -2.57 -2.72

a. See equation (15.9).
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TABLE 3 - Short Run (Semi-)Elasticities for Private Consumption

EU NE us JP
cp_sb (scale) 0.93 0.94 1.01 1.08
(0.11) (0.12) (0.07) (0.12)
cp_s2 (opportunity cost M) 0.01 0.10 -0.02 0.04
(0.03) (0.04) (0.02) (0.02)
cp_s3 (user cost res. bldg) -0.01 -0.02 0.02 -0.03
(0.01) (0.02) (0.01) (0.02)
- cp_s4 (real interest rate) -0.40 -0.98 -0.45 -0.47
(0.39) (0.27) (0.21) (0.43)
cp_sl (ECM[-1]) -0.91 -0.95 -0.97 -0.52
(0.26) (0.32) (0.22) (0.18)
cp_s7 (lagged dependent) 0.22 0.09 0.00 0.00
(0.10) (0.14) -.- -.-
Implicit interest semi-elasticity® -0.62 -0.28 -0.33 -0.24
Diagnostic statistics
R2-adjusted 0.84 0.87 0.84 0.54
Durbin Watson 1.92 1.48 1.45 1.26
Log Likelihood 93.54 87.99 85.13 72.33
a. See equation (15.9).
TABLE 4 -  Short Run (Semi-)Elasticities for Money Demand
EU NE us JP
m_sb (scale) 1.00 1.00 1.00 1.00
m_s2 (opportunity cost M) -0.06 -0.14 -0.16 -0.04
(0.09) (0.12) (0.10) (0.04)
m_s3 (user cost res. bldg) 0.03 0.01 0.03 -0.06
(0.02) (0.02) (0.06) (0.03)
- m_s4 (real interest rate) -0.38 -0.43 -1.38 -1.22
(1.13) (0.69) (0.98) (0.42)
m_sl (ECM[-1]) -0.80 -0.46 -0.36 -0.62
(0.31) (0.26) (0.17) (0.24)
Implicit interest semi-elasticity® -0.08 -1.35 -2.77 -2.49
Diagnostic statistics
R2-adjusted 0.80 0.50 0.62 0.74
Durbin Watson 1.66 1.44 0.86 1.58
Log Likelihood 67.96 42.36 51.08 55.03

a. See equation (15.9).
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TABLE 5 -  Elasticities for Gross Fixed Capital Formation Residential Buildings

EU NE us JP

Short Run elasticities?

Scale 1.09 2.20 4.77 2.86
User cost of res. building -0.26 -0.69 -0.42 -0.90
Long Run elasticities?

Scale 0.33 0.27 0.27 0.32
User cost of res. building -0.08 -0.08 -0.02 -0.10
Partial adjustment coef. 0.03 0.19 0.47 0.29
Diagnostic statistics

R2-adjusted 0.75 0.70 0.55 0.73
Durbin Watson 1.34 1.03 1.85 1.77
Log Likelihood 60.69 9.11 27.36 -90.61

a. See equations (23.a) and (23.c).
b. See equations (23.b) and (23.d).

The tables show also some diagnostic statistics. First, there is the traditional ad-
justed R-squared and the Durbin Watson (see Johnston (1984)), while the Dickey
Fuller (DF) statistic refers to the order of integration of the error term of the long
run equations (see Charemza and Deadman, (1993)) 1.

Let us now have a look at the results. First, we start with the error correction
mechanisms for private consumption and money demand. The diagnostic statis-
tics are fairly good. In most cases the adjusted R-squared is high indicating that a
fair amount of variation in the data has been explained. The Durbin Watson sta-
tistics are also fairly good. The DF statistics indicate that we can reject the null-
hypothesis of no-cointegration at a fair level of confidence.

We obtain that for private consumption the long run scale elasticity is larger than
one for all blocks, and larger than the short run scale elasticities.

As indicated earlier, all own price effects should be negative. The a priori sign of
the cross-price elasticities is less evident. Comparing the results across the differ-
ent blocks, we see that most parameters have the same sign. For example, the
elasticity of the real interest rate is negative in all private consumption and money
demand equations. The elasticity of the opportunity cost of holding money, i.e.
the nominal interest rate, is negative in all the money demand equations. Finally,
note that the sign of the elasticity of the user cost of residential buildings in pri-
vate consumption and in the money demand function differs across countries.

1. Here, the null-hypothesis of no cointegration is tested against the alternative hypothesis of
cointegration. The area of rejection of the null-hypothesis is the area for which the DF test statistic
without intercept is smaller than -1.99 (the test is indecisive for values between -1.99 and -1.84) at
the 5 percent confidence level, and the area for which the DF test statistic with intercept is smaller
than -2.33 (the test is indecisive for values between -2.33 and -2.11) at the 5 percent confidence
level.
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The row “Implicit interest semi-elasticity” measures the total impact of a change
in the interest rate, as defined in equation (15.9). Indeed, recall that the interest
rate affects demand through three channels: the liquidity effect, the intertemporal
substitution effect, and the user cost effect. The numbers presented in this row
summarize the total impact of a 100 points increase in the interest rate. We see that
an interest rate increase, decreases the demand for goods, money and residential
buildings in the short run as well as in the long run. These results indicate, for ex-
ample, that if the interest rate increases by 100 base points, private consumption
in the Eu block will decrease by 0.6 percent, ceteris paribus. Likewise, we see a 0.5
percent drop in us private consumption, when the us interest rate increases 100
base points. Not surprisingly, the demand for money generally has the largest
overall semi-elasticity.

All error correction terms are between 0 and -1, indicating convergences to a
steady state. A low value indicates that adjustment to a shock occurs slowly. The
partial adjustment coefficient of the demand for residential buildings indicates a
slow adjustment process.

The point estimates for gross fixed capital formation of residential buildings
show that in the short run there are considerable differences in the elasticities. The
high income elasticity of the us reflects the finding (see Appendix C) that the
gross fixed capital formation series is a rather volatile one. However, in the long
run the scale elasticities seem to be similar across blocks.
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1V

Conclusion

This paper presented some results for the household sector of the NIME model.

In the first section, we derived the long run expenditure plans of the household
sector, and we showed how private consumption goods, the demand for money,
and household gross fixed capital formation are determined by the available
means, the nominal interest rate, the real interest rate, and the opportunity cost of
residential buildings.

In the empirical section of the paper we made the additional assumptions that ri-
gidities prevent the household sector from adjusting its expenditures
immediately to its long run equilibrium plan, and that the adjustment process to
the long run equilibrium can be captured by an error correction model and a par-
tial adjustment process. We presented results for private consumption, money
demand, and investment in residential buildings. More precisely, we showed es-
timates for the long and short run responses of private consumption, money
demand, and investment, to changes in income, the nominal and real interest
rates, and the user cost of residential buildings. There we obtained, for example,
that if the interest rate increases by 100 base points, private consumption in the
EU block will decrease by 0.6 percent, ceteris paribus. Similar results were ob-
tained for the other blocks.

In future papers we will describe the rest of the NIME model. There is also the pos-
sibility of future improvement in the fit of the household equations, for example,
by using a more refined scale concept, and by deriving explicitly the short run ad-
justment schemes.
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Appendix A: The Optimization Problem
of the Household Sector

The household sector maximizes its intertemporal utility function, equation (8),
subject to its intertemporal budget constraint, equation (3.c), i.e.:

MAX
(A1) U1 (CPO;, M{/PCH, CIROy, Z))
CPO, M,, CIRO, CAOU, INVHO,

subject to:

CIROy1 (1-p;;o) PCIRy+ INVHO; (1-p; 1) PINVH,

+ Mg + CAOUy (1+LIC 1) + WRP, NP, +WRG; NG + UB; (LS; - (NP; +NGy))
+ TRANS_00; + NOIH; - DTH, - DTC;

= CPO, PCH, + M, + CIRO, PCIR, + INVHO, PINVH, + CAOUj

with

Zy= (Mg+CIRO(1-p;, ) PCIRp 1+ INVHO; (1- ;) PINVH
+ CAOU; (1+LICy) + ZY141)/PCHyy 1 .

See sections I1.A.1 and 11.A.2 of the main text for more details.
The Lagrangian function of this problem reads as:

(A2)  L=U1L(CPOy M/PCHy, CIRO, Zy)
- A ((Mg-Mgy) + (CIRO; - CIROy; (1-p;,)) PCIRy
+ (INVHOy - INVHO, 3 (1-p;,,)) PINVH, + (CAOU, - CAOUy 1)
- (WRP; NP; + WRG, NG; +UB; (LS; - (NP, + NG,))
+(TRANS_00; + NOIH;- DTH;- DTC) + CAOU,; LIC; ; - CPO;PCHy)).
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The first order conditions for an optimum of (A.2) are L

(A3.a) LcPo;=UICPO - A PCHy=0

1 1
A3.b) Lmi=UlMy/PCHy) —— +Ulzy ——— - A =0
( ) t (Mg t) PCH, Zt PCH,, ,
(1-p...)PCI
(A3.c) LCIRO = ULCIRO, + Ulz )" CIR PCIR, =0
PCH, .4
1+LIC,
(A3.d) Lcaou;=Ulz —— -\ =
PCH, ;4
PINVH,, ;
(A3E) LINVHt: Uth (1_pinvh) W -A P|NVHt: 0
+1

(A.3f) (M¢- Mgy) + (CIRO; - CIROy; (1-p;,)) PCIR
+ (INVHO; - INVHO 3 (1-p; ) PINVH, + (CAOU; - CAOUy 1)
- (WRP; NP; + WRG; NG, + UB; (LS - (NP, + NGy))

+(TRANS_00; + NOIH, - DTH, - DTCy) + CAOU,; LIC; ; - CPO;PCH;) =0.

Using condition (A.3.d), we can rewrite conditions (A.3.b) and (A.3.c) as:
(Ada) LM=UMPCHy) - A

PClRH 1(1_piro)

A.db LCIRO; = UCIROt- A (PCIR; - =0
( ) t t ( t 1+ LICt )
or
5 U = A H ¢ PCH
Ab5.a M/P
( ) (M/Po 1+LIC t

PCIR ; 1(1-pj)
1+LIC,

(A5b) Uciro;= A (PCIR;- ).

Note also that from (A.3.d) and (A.3.e) it follows that:

PINVH, 1 _ 1+LIC,

(A.6) =
PINVH, ~ 1-p, .+

i.e. equation (A.6) defines a restriction on the path of the price of inventories.

0

1. Notation: Ul =__
X 0x

UL(.....).




We now proceed to define the vectors Y and I1,:

. Mt
Yy = (CPOy, ==, CIRO, Zy)

PCH,
and
LIC PCIR , ,(1-p, ) PCH
M', = (PCH, ———— PCHy, PCIR - R+ 2 2Pirg) P4y
(1+LIC) 1+LIC, 1+LIC,

so that the previous marginal equilibrium conditions can be written as:

(A7) Uv=An,.

In other words, the marginal utility of the goods Y is proportional to the prices M.
Note also that:

(A8) MM, Yy=PCH, CPO+ PCH,LIC,/(1+LIC;) M/PCH,
+ (PCIR; - (1-p;, ;) PCIRy1/(1+LICy) CIROy
+ PCHyy/(1+LIC) (M + CIRO; (1-p;,) PCIRpy
+ INVHO, (1-p; ) PINVH
+ CAOU; (1+LICy) + ZY441 ) 7 PCHyy g
= PCH, CPO, + M, + PCIR; CIRO; + CAOU + ZY{,1/(1+LICy)
= EXHU, + ZY41/(1+LIC) = WHU, + ZY,,/(1+LIC) = PERM,

with PERM the permanent income, i.e. assets inherited from the past, plus con-
temporaneous income, plus discounted future non-asset income. Note that use
has been made of condition (A.6).
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VI

Appendix B: The Data

A. Household expenditure and revenue

We use annual data, ranging from 1970 until 1996. The main source of the data on
household expenditure and income is the AMECO databank, which uses the Na-
tional Accounts, as published, for example, by the oech (Table 8. Accounts for
Households) and EUROSTAT.

. Financial data

M: Money is M1, i.e., line 34, Money, of International Financial Statistics, of Inter-
national Monetary Fund.

LIC: a weighted average of the nominal long run interest rate, AMECO series
XXOL1ILN, and the nominal short run interest rate, AMECO series XXOL1ISN. The
weight is equal to0 0.5, i.e. XX_LIC = 0.5 XXO1ILN + 0.5 XXO1ISN.

. Missing observations

Missing observations have been interpolated. See Barten (1984).

. The definition of the aggregates of the country blocks

The two aggregate country blocks, EU and NE, are composed as follows. The ten
EU block countries are Austria, Finland, France, Germany, Ireland, Italy, Luxem-
bourg, the Netherlands, Portugal, and Spain. The four NE block countries are
Denmark, Greece, Sweden, and the United Kingdom.

For notational convenience we introduce here the label XX, with XX = EU, NE,
us, JP.
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1. The unit of account and exchange rates

For the blocks consisting of more than one country, a new currency unit has been
defined. For the EU block this currency unit is the euro 1 For the NE block the unit
is a weighted average of the currencies of Denmark, Greece, Sweden, and the
United Kingdom.

. Aggregation of the expenditures

For block XX we define the expenditures in current prices as:

(B.1) XX ZU = gx i ZU PPP_XX_i
mi frxx

where:

XX_ZU: expenditures in current prices for Z in block XX, denominated in the
currency of block XX,

i_ZU: expenditures in current prices for Z in country i, denominated in local cur-
rency,

PPP_XX_i: the purchasing power parity exchange rate, number of units of the
currency of block XX, per unit of the currency of country i.

We define the expenditures in constant prices as:
(B.2) XX _ZO = gx i_ZO PPP_XX_i 999
0i TxX

where:

XX_ZO: expenditures in constant prices for Z in block XX, denominated in the
currency of block XX,

i_ZO: expenditures in constant prices for Z in country i, denominated in the
local currency;,

PPP_XX_i;gq9: the purchasing power parity exchange rate, number of units of the
currency of block XX, per unit of the currency of country i.

. Prices

The corresponding prices are defined as:

XX ZU

(B3) XX PZ= .
XX_ZO0

1. The ecu before 1999.




4. The aggregate interest rate

For each block XX we define the short and long run interest rates as:

(B.4a) XX SI= gx i_SI w,
Oi X

and

(B.4b) XX LI =

gx i_Ll o
0i Trxx

with the weights, w, , defined as:

W =i_GDPU/ ( z i_ GDPU) Oi O XX
Oj O XX

with i_GDPU: gross domestic product in current prices.
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VI

Appendix C: Empirical Regularities of
Some Key Variables

This appendix describes some empirical regularities of the household sector of
the NIME model. First we look at the trend behaviour of some key variables, next
we show how variables deviate together from their trend, and we also describe the
persistence of the deviations from trend.

Table C1 highlights the importance of the household sector in the economy by
showing the (average) share in Gross Domestic Product (GDP) of private con-
sumption and of gross fixed capital formation of residential buildings. The first
column lists the name of the variable for which the ratio is calculated. The second
column shows the average ratio for the period ranging from 1971 until 1996,
while the third column presents the standard deviation of this ratio. The next
three columns show the average ratio for the periods 1971-1980, 1981-1990, and
1991-1996.

The evidence in table C1 indicates that in all blocks the share of private consump-
tion increased slightly during the course of time, while the share of gross fixed
capital formation in residential buildings declined. The share of private con-
sumption in GDP is, on average, at about 60 percent in the Eu, Jp and NE blocks,
and about 65 percent in the us. In the us the share of private consumption rose
more than in the other blocks, i.e., from 63 percent in 1971-1980 to 68 percent in
1991-1996.

Table C1 shows also that real per capita GDP and real per capita household dispos-
able income, measured in PPP-euro terms, was highest in the us throughout the
sample period, and that GDP per capita in Japan was lowest in 1971-1980, but sec-
ond highest in 1991-1996.
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TABLE C1 - Average share of GDP of key variables

1971-1996  Standard ~ 1971-1980 1981-1990 1991-1996
deviation

Private consumption
EU block 0.594 0.008 0.588 0.596 0.598
NE block 0.607 0.013 0.599 0.605 0.625
US block 0.650 0.021 0.630 0.653 0.679
JP block 0.579 0.019 0.563 0.588 0.589
Gross fixed capital formation of residential buildings
EU block 0.059 0.009 0.069 0.055 0.049
NE block 0.040 0.006 0.046 0.039 0.032
US block 0.046 0.007 0.051 0.044 0.039
JP block 0.063 0.011 0.075 0.056 0.054
Pro memori
GDP per capita in 1990 prices (thousands of PPP-euro)
EU block 12.647 1.855 10.843 13.160 14.799
NE block 12.268 1.701 10.645 12.704 14.246
US block 18.481 2.195 16.441 18.936 21.122
JP block 13.332 3.056 10.337 13.894 17.388
Disposable household income per capita in 1990 prices (thousands of PPP-euro)
EU block 8.594 1.152 7.525 8.823 9.995
NE block 7.804 1.229 6.670 7.937 9.470
US block 13.311 1.722 11.608 13.806 15.324
JP block 9.398 1.773 7.787 9.593 11.756
Share of household savings in disposable income
EU block 0.140 0.025 0.166 0.128 0.116
NE block 0.068 0.022 0.081 0.050 0.078
US block 0.091 0.017 0.103 0.090 0.070
JP block 0.168 0.035 0.205 0.150 0.135

A. Trend Behaviour

Tables C2 and C3 describe the trend behaviour of some expenditure items and
prices, respectively. The structure of these tables is as follows. The first column
shows the name of the variable. The second column shows the average growth
rate of the variable over the whole sample period. The third column presents the
standard deviation of the growth rate. The next three columns show the growth
rates for the periods 1971-1980, 1981-1990, and 1991-1996. The sixth column
shows the autocorrelation coefficient RHO, while the seventh and eight column
present the Dickey Fuller and Augmented Dickey Fuller test statistic,

respectively L.
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The evidence in table C2 indicates that the average growth rate of private con-
sumption was larger than the average growth rate of Gbp in all country blocks.
Except for the NE block, the growth of private consumption was highest in 1971-
1980, and lowest in 1991-1996. In the NE block the highest growth rate was record-
ed in 1981-1990.

The average growth rate of gross fixed capital formation in residential buildings
was highest in the us, and lowest in the NE block. This growth rate was even neg-
ative in the NE and Jp blocks during the period 1991-1996. Of special interest is to
note the rather high standard deviation of the growth of gross capital formation
in the us. The growth rates of real money balances differ quite strongly across
blocks: declining in the EU block, starting from a negative average value in the NE
and us blocks, increasing during the eighties and then slowing down in the NE
block in the nineties.

Table C3 provides some evidence on prices. The highest average price increases
are recorded in the NE block, and the lowest in Japan. Clearly, during the 1971-
1980 period there was a much higher inflation rate than during the 1991-1996 pe-
riod. Note that the NE block had the highest average increase and the highest
standard deviation for the GDP deflator, i.e., 8.3 percent and 5.1 percent, respec-
tively. The interest rates were lowest during the 1990-1996 period.

1. For convenience, we summarize here briefly some general notions on unit roots. For a thorough
introduction to unit roots, see Maddala and Kim (1999), or Charemza and Deadman (1993). The
Dickey Fuller test is defined as follows. The starting point is equation (C.1):

(C.1) Xy =RHO X1 + uy;.

Subtracting X;.; from both sides of equation (C.1), we obtain:

(C2) dX;=BX;q+uwithB=RHO-1.

Under the assumption that u, is white noise, one proceeds by estimating B in equation (C.2), and
testing Hp : B=0, i.e. RHO =1 or a unit root; i.e., X integrated of order 1; against H; :B<0,i.e,,
X integrated of order zero. Lower and upper critical values are provided for the Dickey Fuller
(DF) test statistics in, for example, Charemza and Deadman (1993). If the computed Student t-
statistic is smaller than the lower critical value for a particular number of observations then the
null hypothesis is rejected. If the t-statistic is greater than the upper critical value then the null
hypothesis cannot be rejected. If the t-statistic is between the upper and lower critical values then
the test is indecisive. In our exercise the lower and upper critical values for the DF statistic are, at
the 1 percent level of significance -2.80, and -2.48, respectively, and, at the 5 percent level of sig-
nificance, -1.99 and -1.84, respectively.

The Dickey Fuller test is based on the assumption that ut is white noise. When this assumption is
not met, one calculates the Augmented Dickey Fuller (ADF) test statistic, by estimating

(C.3)d Xy =B Xpq + Z Ok d Xeg + Uy
k=1, n
with n chosen in such a way that u; is white noise. The ADF test statistic reported in tables 2 until

5 also includes a constant (drift). For the ADF statistic with k = 3 and with a drift, the lower and
upper critical values at the 1 percent level of significance, are -4.88 and -4.53, respectively, and at
the 5 percent level of significance, -3.96 and -3.82, respectively.
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TABLE C2 - Trend behaviour of key variables in constant prices

Average growth rate RHO  Dickey Fuller Augmented
1971-1996 Standard 1971-1980 1981-1990 1991-1996 Dickey Fuller
deviation
Private consumption
EU block 2.828 1.696 3.652 2.427 2.188 1.026 7.475 0.117
NE block 2.381 2.126 2.320 3.052 1.020 1.023 6.045 0.934
US block 2.949 1.683 3.115 3.100 2.315 1.028 9.971 1.677
JP block 3.740 2.172 4.734 3.724 1.949 1.033 9.098 0.490
Gross fixed capital formation for residential buildings
EU block 0.526 3.309 0.822 0.226 0.528 1.004 0.653 -1.514
NE block -0.182 7.326 0.018 1.452 -3.854 0.993 -0.263 -2.553
US block 3.270 15.240 3.401 2.782 3.460 1.012 0.409 -1.188
JP block 2.734 8.121 2.969 3.658 -1.656 1.020 0.873 -0.914
Real M1
EU block 3.252 5.762 4.958 2.525 1.100 1.026 3.006 0.408
NE block 3.471 6.319 -0.189 7.184 2.768 1.040 3.906 1.571
US block 1.319 4.870 -0.151 2.211 2.865 1.012 1.302 0.291
JP block 4.404 6.692 3.812 3.511 6.340 1.046 4.502 4.112
Disposable income
EU block 2.499 1.976 3.215 2.175 2.008 1.023 5.692 -0.287
NE block 2.344 2.299 2.405 2.453 1.917 1.023 5.834 1.210
US block 2.768 1.703 3.140 2.739 2.151 1.026 8.765 1.331
JP block 3.579 2.405 4.814 3.029 2.315 1.031 7.742 0.356
Pro memori
GDP
EU block 2.621 1.655 3.254 2.416 1.954 1.024 7.760 0.527
NE block 2.118 1.931 2.202 2.431 1.290 1.020 5.926 1.149
US block 2.643 2.088 2.839 2.625 2.101 1.026 7.297 1.778
JP block 3.698 2.191 4.495 4.004 1.449 1.032 7.879 0.074
Household saving
EU block 0.669 6.524 1.120 0.739 0.743 1.002 0.192 -2.109
NE block 5.827 30.343 4.661 0.591 19.908 1.007 -0.558 -3.010
US block 1.302 11.329 3.812 -0.235 0.655 0.999 -0.417 -1.339
JP block 2.939 7.771 5.553 -0.724 4.840 1.019 0.902 -3.231
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TABLE C3 - Trend behaviour of prices of key variables

Average growth rate RHO  Dickey Fuller Augmented
1971-1996 Standard 1971-1980 1981-1990 1991-1996 Dickey Fuller
deviation
Price level of private consumption
EU block 6.297 3.605 9.338 5.113 3.138 1.044 7.979 -1.025
NE block 8.157 4806 12.623 6.265 4.138 1.052 8.446 -0.916
US block 5.219 2.422 7.145 4.790 2.870 1.041 9.856 -1.281
JP block 4.446 4784 8.924 2.052 1.144 1.027 4.254 -5.823

Price level of gross fixed capital formation for residential buildings

EU block 7.490 5.953  13.277 5.091 1.859 1.041 5.176 -2.022
NE block 9.341 6.899  16.395 5.011 5.665 1.056 6.855 0.266
US block 5.669 3.342 9.138 4.055 2.582 1.040 8.466 -0.507
JP block 4.562 6.349 9.624 1.458 1.482 1.028 3.522 -2.485

Nominal short run interest rate (percent)

EU block 9.550 2.433 9.231 10.788 8.242 0.974 -0.690 -1.993
NE block 10.480 2.651  10.219 12.106 8.614 0.981 -0.548 -1.226
US block 6.974 2.552 6.871 8.508 4.705 0.970 -0.640 -1.701
JP block 6.173 2.932 8.006 5.955 3.128 0.914 -1.319 -0.701

Nominal long run interest rate (percent)

EU block 10.182 1.903 10.044 11.306 8.781 0.990 -0.463 -1.556
NE block 11.559 1.931 12.219 12.105 9.960 0.994 -0.401 -0.870
US block 8.251 2.077 7.293 10.152 6.958 0.992 -0.350 -1.881
JP block 6.527 1.703 7.685 6.562 4.430 0.974 -1.093 0.182
Pro memori

Implicit GDP deflator

EU block 6.370 3.304 9.448 5.299 3.012 1.044 8.675 -1.116
NE block 8.318 5.110 13.096 6.429 3.654 1.051 8.111 -0.985
US block 5.234 2.567 7.361 4.758 2.693 1.039 8.872 -1.575
JP block 3.936 4.593 7.894 1.930 0.910 1.024 3.884 -5.844
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B. Cyclical behaviour

Tables C4 and C5 describe the cyclical behaviour of key variables. Here, we meas-
ure the cyclical component of a variable as the difference between the original
series and its trend. The latter is obtained using the Hodrick-Prescott (HP) filter 1

The structure of tables C4 and C5 is as follows. The first column lists the name of
the series for which the cyclical component is examined. The second column
shows the standard error of the cyclical component of the variable divided by the
standard error of the cyclical component of GbpP 2, The third column shows the au-
tocorrelation coefficient 2 that measures the persistence in the deviation from the
trend. The sixth column shows the correlation between the contemporaneous cy-
clical component of Gbp and the contemporaneous cyclical component of the
other series. Columns five and four show the correlation between contemporane-
ous GDP and the variable lagged one and two periods, respectively, while
columns seven and eight show the results for one and two leads, respectively.
These coefficients illustrate co-movements, and not necessarily a causal link.

Let us now have a closer look at each of these tables. Private consumption is quite
stable. It deviates less from its trend than GDP (see column 2), except for the EU
and NE blocks. Gross fixed capital formation in residential buildings is much
more volatile than GDP (see column 2). Money (M1) also fluctuates more around
its trend than GDP. Almost all components of aggregate demand are procyclical.
Finally, note that the variability of the short term interest rates is much higher
than the variability of the long term rates.

1. i.e., 10DE-procedure: $wstrend with the smoothing parameter lambda equal to 100. For a thor-
ough discussion of these filters see Canova (1998a) and (1998b), and Burnside (1998).

2. i.e, stderr(1971Y1, 1996Y1, In(X/HPX)) / stderr(1971Y1, 1996Y1, In(GDP/HPGDP)), with X the
original series and HPX the HP-trend of variable X.

3. Foravariable X the autocorrelation coefficient, RHO, is obtained estimating In(Xt/HPXt) =
RHO In(Xt-1/HPXt-1) + ut, with u a random component.




TABLE C4 - Cyclical behaviour of key variables

sp? RHOP Cross-correlation of GDP with X©

X[t-2] X[t-1] X[t] X[t+1] X[t+2]
Private consumption
EU block 1.149 0.745 0.113 0.569 0.908 0.712 0.346
NE block 1.110 0.693 -0.036 0.571 0.943 0.784 0.393
US block 0.859 0.586 0.124 0.728 0.924 0.338 -0.247
JP block 0.841 0.465 -0.092 0.490 0.906 0.519 0.117
Gross fixed capital formation for residential buildings
EU block 1.669 0.569 -0.110 0.419 0.773 0.666 0.316
NE block 2.281 0.586 0.219 0.744 0.889 0.501 0.043
US block 7.360 0.499 0.296 0.803 0.781 0.006 -0.515
JP block 3.218 0.663 0.432 0.671 0.540 0.005 -0.240
Real M1
EU block 2.440 0.677 0.432 0.857 0.715 0.381 -0.006
NE block 3.134 0.769 0.227 0.742 0.852 0.684 0.348
US block 2.366 0.576 0.295 0.532 0.456 0.111 -0.272
JP block 1.867 0.223 0.011 0.438 0.453 -0.170 -0.413
Pro memori
Household savings
EU block 3.593 0.514 -0.287 0.262 0.602 0.721 0.576
NE block 14.523 0.666 -0.559 -0.734 -0.642 -0.336 0.033
US block 4.200 0.334 -0.479 -0.737 -0.343 -0.028 0.189
JP block 3.225 0.683 -0.407 -0.510 -0.235 0.102 0.241
Nominal M1
EU block 1.712 0.672 0.090 0.664 0.719 0.573 0.274
NE block 2.448 0.749 0.109 0.595 0.683 0.668 0.500
US block 1.850 0.534 0.203 0.325 0.263 0.054 -0.217
JP block 1.816 0.603 -0.178 0.030 0.096 -0.125 -0.179
GDP
EU block 1.740 0.621 0.074 0.584 1.000 0.631 0.188
NE block 2.317 0.672 0.082 0.653 1.000 0.713 0.181
US block 2.149 0.504 -0.157 0.515 1.000 0.528 -0.104
JP block 2.030 0.546 -0.070 0.566 1.000 0.617 0.133

a. For all variables except GDP, SD is defined as:
SD = sterr(1971Y1,1996Y1,In(X/HPX)) / sterr(1971Y1,1996Y1,In(GDP/HPGDP)), with X the original series, and HPX the HP-trend of
X. For GDP, SD is defined as SD = sterr(1971Y1,1996Y1,In(GDP/HPGDP))

b. For a variable X the autocorrelation coefficient, RHO, is obtained estimating In(X/HPX)t = RHO In(X/HPX)t-1 + ut, with u a random
component.

c. i.e., corr(In(X/HPX)[t+y], In(GDP/HPGDP)[t]) withy =-2,-1, 0, 1, 2
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TABLE C5 - Cyclical behaviour of prices of key variables

sp? RHOP Cross-correlation of GDP with X©
X[t-2] X[t-1] Xt X[t+1]  X[t+2]
Price level of private consumption
EU block 1.302 0.663 -0.604 -0.620 -0.343 0.041 0.345
NE block 0.920 0.660 -0.300 -0.618 -0.691 -0.401 0.129
US block 0.995 0.746 -0.344 -0.714 -0.641 -0.179 0.264
JP block 1.104 0.532 -0.246 -0.448 -0.462 0.035 0.284

Price level of gross fixed capital formation for residential buildings

EU block 1.810 0.595 -0.251 -0.102 0.220 0.564 0.609
NE block 1.801 0.786 -0.628 -0.587 -0.329 0.051 0.239
US block 1.377 0.812 -0.522 -0.448 -0.103 0.283 0.386
JP block 1.422 0.612 -0.444 -0.478 0.029 0.576 0.555

Consumer price inflation

EU block 2.110 0.490 -0.295 -0.091 0.333 0.474 0.385
NE block 2.733 0.433 -0.335 -0.377 -0.073 0.513 0.703
US block 1.423 0.519 -0.619 -0.500 0.116 0.705 0.724
JP block 4.972 0.818 -0.221 -0.190 0.029 0.321 0.184

Nominal short term interest rate

EU block 1.827 0.529 -0.450 -0.205 0.477 0.644 0.525
NE block 1.881 0.515 -0.693 -0.487 0.213 0.714 0.732
US block 1.837 0.595 -0.817 -0.576 0.170 0.483 0.455
JP block 2.180 0.407 -0.260 -0.099 0.306 0.768 0.549

Nominal long term interest rate

EU block 1.235 0.636 -0.434 -0.202 0.235 0.463 0.474
NE block 1.094 0.434 -0.577 -0.589 -0.145 0.477 0.768
US block 1.086 0.524 -0.574 -0.655 -0.316 -0.022 0.207
JP block 0.946 0.510 -0.305 0.029 0.338 0.558 0.478
Pro memori

Implicit GDP deflator

EU block 1.999 0.651 -0.560 -0.506 -0.208 0.178 0.434
NE block 3.638 0.663 -0.397 -0.604 -0.595 -0.272 0.279
US block 1.998 0.780 -0.281 -0.664 -0.640 -0.290 0.145
JP block 2.668 0.502 -0.254 -0.435 -0.351 0.231 0.316

a. For all variables except GDP, SD is defined as:
SD = sterr(1971Y1,1996Y1,In(X/HPX)) / sterr(1971Y1,1996Y1,In(GDP/HPGDP)) with X the original series, and HPX the HP-trend of
X. For GDP, SD is defined as SD = sterr(1971Y1,1996Y1,In(GDP/HPGDP))

b. For a variable X the autocorrelation coefficient, RHO, is obtained estimating In(X/HPX)t = RHO In(X/HPX)t-1 + ut, with u a random
component.

c. i.e., corr(In(X/HPX)[t+y], In(GDP/HPGDP)[t]) withy = -2, -1, 0, 1, 2
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VIl Appendix D: Estimation under the
Assumption of Rational Expectations

In this appendix we discuss the introduction of the assumption of rational expec-
tations during estimation; see Cuthberston et al. (1992) for more details on the
estimation under the assumption of rational expectations.

A. An outline of the problem

Consider the following simple model:

(D.1) Ye=a+bX;+c¢Ey(Xe) + U

with Ey(.) the expectations operator, conditional on all relevant information. Y,
and X, are non-stochastic variables, and u, is a stochastic variable with zero mean
and constant variance.

In other words, E;(X.,,) is the expected value at t of the variable X in period t+1.
However, E;(X+1) cannot be observed. To circumvent this problem we proceed as
follows. Under rational expectations we have that:

(D.2) Xis1 = Ef(Xts1) + Vi

with v, a stochastic variable with zero mean and constant variance, and where the
variable v, may be interpreted as “news”. Equation (D.2) can be rewritten as:

(D.3) Et(Xt41) = Xew1 - Verr -
Inserting (D.3) in (D.1) yields:
(D.4) Yi=a+bX;+c Xy + W
with

(D.5) Wi = Ug - C Vi
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All the right hand side variables of equation (D.4) are observable. However, it
should be noted that w; is correlated with X,;. This implies that equation (D.4)
has to be estimated with instrumental variables (or another consistent estimator).

. A practical solution

We propose the following practical solution. First, we regress:
n
(D.6) In(Xi1) =h+ Z a; In(Ziy) + s¢
i
with Zi,, i=1, ..., n a set of instrumental variables, and s, a stochastic component

not correlated with Z. Estimation of (D.6) yields the point estimates h and ai for
the parameters h and a;.

Next, we calculate the fitted value of X4, i.e.:

n
(D7) In(X;4+1)=h+ ai In(Ziy) .
2

Finally, we insert the fitted value of X, in equation (D.4), yielding:

(D.8)  Yy=a+bX,+cIn(X;4q1)+W;.

Since no right hand side variable is correlated with the stochastic component w;,
equation (D.8) can be estimated with ordinary least squares.

Our equations include the expected price of consumption and residential build-
ings. The set of instruments that we selected to solve the errors in variables
problem are lagged prices, indirect taxes, and the output gap. The fitted values
were inserted into equations (24) and (25).




IX Appendix E: The Point Estimates:
Some Further Detalils

This appendix shows some more detailed estimation results of the expenditure
items reported in the main text.

A. Detailed estimation results

TABLE E1 - Long Run Point Estimates for Private Consumption

EU NE us JP

cp_lo -0.54 0.01 -0.45 -0.70
cp_lb 1.14 1.02 1.12 1.08
cp_I2 -0.03 0.09 -0.04 -0.01
cp_I3 -0.01 -0.04 0.03 0.04
-cp_la -0.12 -0.56 -0.38 -0.77
Dummies 1972-1981

Constant 0.08 -0.13 0.00 -0.33

Nominal interest rate 0.03 -0.08 0.00 -0.03

User cost of res. building 0.01 0.04 0.00 -0.06

Real interest rate 0.27 0.53 0.00 117
German re-unification 0.00 0.01 0.00 0.00
UK building society 0.00 -0.03 0.00 0.00
Diagnostic statistics
R2-adjusted 1.00 0.99 1.00 0.99
Durbin Watson 2.16 1.70 1.92 0.95
Log Likelihood 90.73 79.67 86.10 64.40
Dickey Fuller -5.11 -4.19 -4.84 -2.80
Augmented Dickey Fuller -4.99 -4.10 -4.74 -2.73

45



TABLE E2 - Long Run Point Estimates for Money Demand

EU NE us JP

m_I0 -0.90 -1.61 -1.66 -1.03
m_lb 1.00 1.00 1.00 1.00
m_[2 -0.01 -0.18 -0.04 -0.02
m_I3 0.02 -0.02 -0.07 -0.09
-m_l4 -0.88 -0.57 -2.16 -1.74
Dummies 1972-1981

Constant 0.06 0.00 0.00 0.00

Nominal interest rate 0.02 0.00 0.00 0.00

User cost of res. building -0.01 0.00 0.00 0.00

Real interest rate -0.98 0.00 0.00 0.00
German re-unification 0.04 0.02 0.02 -0.06
UK building society -0.04 -0.31 0.04 0.00
Diagnostic statistics
R2-adjusted 0.97 0.96 0.72 0.96
Durbin Watson 1.56 1.45 0.69 1.23
Log Likelihood 68.81 39.28 42.35 52.71
Dickey Fuller -3.76 -3.61 -2.63 -2.82
Augmented Dickey Fuller -3.67 -3.53 -2.57 -2.72
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TABLE E3 - Short Run Point Estimates for Private Consumption

EU NE us JP
cp_sb 0.93 0.94 1.01 1.08
(0.12) (0.12) (0.07) (0.12)
cp_s2 0.01 0.10 -0.02 0.04
(0.03) (0.04) (0.02) (0.02)
cp_s3 -0.01 -0.02 0.02 -0.03
(0.01) (0.02) (0.01) (0.02)
cp_s4 -0.40 -0.98 -0.45 -0.47
(0.39) 0.27) (0.21) (0.43)
cp_sl -0.91 -0.95 -0.97 -0.52
(0.26) (0.31) (0.22) (0.18)
cp_s6 0.22 0.09 0.00 0.00
(0.10) (0.14)
Dummies 1972-1981
Constant 0.05 -0.33 0.00 -0.05
(0.11) (0.13) (0.02)
Nominal interest rate 0.00 -0.15 0.00 0.00
(0.04) (0.05)
User cost of res. building 0.02 0.02 0.00 0.00
(0.01) (0.02)
Real interest rate 0.11 0.89 0.00 0.39
(0.47) (0.33) (0.46)
German re-unification 0.00 0.01 0.00 0.00
(0.01) (0.01)
U.K. Building society 0.00 -0.03 0.00 0.00
-.- (0.01) --
Diagnostic statistics
R2-adjusted 0.84 0.87 0.84 0.54
Durbin Watson 1.92 1.48 1.45 1.26
Log Likelihood 93.54 87.99 85.13 72.33
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TABLE E4 - Short Run Point Estimates for Money Demand

EU NE us JP
m_sb 1.00 1.00 1.00 1.00
m_s2 -0.06 -0.14 -0.16 -0.04
(0.09) (0.12) (0.10) (0.04)
m_s3 0.03 0.01 0.03 -0.06
(0.02) (0.02) (0.06) (0.03)
-m_s4 -0.38 -0.43 -1.38 -1.22
(1.13) (0.69) (0.98) (0.42)
m_sl -0.80 -0.46 -0.36 -0.62
(0.31) (0.26) (0.17) (0.24)
Dummies 1972-1981
Constant 0.13 0.00 0.00 -0.02
(0.31) -.- -- (0.03)
Nominal interest rate 0.05 0.00 0.00 0.00
(0.10) .- --
User cost of res. building -0.02 0.00 0.00 0.00
(0.02) -.- -.-
Real interest rate -1.45 0.00 0.00 0.00
(1.32) .- --
German re-unification 0.04 0.00 0.00 -0.04
(0.04) (0.05) (0.03) (0.03)
U.K. Building society -0.03 -0.21 0.03 0.00
(0.02) (0.05) (0.03) (0.03)
Diagnostic statistics
R2-adjusted 0.80 0.50 0.62 0.74
Durbin Watson 1.66 1.44 0.86 1.58
Log Likelihood 67.96 42.36 51.08 55.03
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TABLE E5 - Point Estimates for Gross Fixed Capital Formation of Residential Buildings

EU NE us JP
Short Run elasticities
Scale 1.09 2.20 477 2.86
User cost of res. building -0.26 -0.69 -0.42 -0.90
Long Run elasticities
Scale 0.33 0.27 0.27 0.32
User cost of res. building -0.08 -0.08 -0.02 -0.10
Coefficients
Adjustment coefficient 0.03 0.19 0.47 0.29
(0.02) (0.13) (0.15) (0.13)
Rate of depreciation 0.01 0.02 0.03 0.03
Constant 0.00 62.63 19.76 2655.83
(49.39) (5.91) (1260.73)
Scale 2.80 0.78 0.63 0.87
(0.62) (0.57) (0.25) (0.38)
User cost -5.92 -10.94 -0.80 -542.55
(14.54) (15.52) (3.91) (678.75)
Dummies
German re-unification 0.78 0.00 0.00 0.00
(1.15) --
Constant 0.46 0.00 0.00 0.00
(0.84) -
User cost 12.73 0.00 0.00 0.00
(22.28)
Diagnostic statistics
R2-adjusted 0.75 0.70 0.55 0.73
Durbin Watson 1.34 1.03 1.85 1.77
Log Likelihood 60.69 9.11 27.36 -90.61
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