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How well does a Keynesian-Neoclassical Synthesis Model perform?* 
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1. Introduction 

The correct interpretation of the relationship between real and nominal 
variables over the business cycle is one of the central macroeconomic chal-
lenges. For a long time there was nearly unanimous agreement on what had 
to be explained, namely a positive relationship between real output and 
prices at cyclical frequencies. The widespread acceptance of the Phillips 
curve as an empirical regularity signifies this common perception. In var-
ious papers Lucas (1972, 1976), for example, regarded this correlation as a 
central feature of modern business cycles. In a series of contributions, Kyd-
land (1989), Cooley and Ohanian (1991), Kydland and Prescott (1991) and 
Backus and Kehoe (1992) challenged this view by providing empirical evi-
dence that the correlation between prices and output over the business cycle 
is indeed strongly negative in industrial countries over the post-war period. 
Finally, Chada and Prasad (1994) reconciled both views. They find that 
detrended prices are strongly countercyclical, nevertheless there also exists 
a significant positive correlation between inflation and the cyclical output 
component. Cooley and Hansen (1994) added two additional stylised facts 
to this list, namely first the observation that prices are leading output and 
second a lead of GDP over inflation. Again, this is a surprisingly robust pat-
tern in the data to be found for many industrialised countries, especially 
over the flexible exchange rate period. There exists another important but 
puzzling relationship between nominal and real variables, namely a strong 
negative correlation between short term nominal interest rates and the 
lagged growth rate of real GDP. Fuhrer and Moore (1995) give a recent 
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58 Werner Roeger 

account of this relationship for the US. This leading indicator property of 
the short term interest rate is also often exploited for forecasting GDP. 

It is difficult to replicate these stylised facts with conventional equili-
brium business cycle models. As recently shown by Cooley and Hansen 
(1998) neither the conventional real business cycle (RBC) model nor exten-
sions of it, which allow for nominal wage contracting or limited information 
of economic agents, are able to generate a negative correlation of the price 
level and a positive correlation of inflation with real GDP. The paper there-
fore addresses the question, whether it is possible to account for these sty-
lised facts by allowing for both monetary and technology shocks and by 
adding additional frictions on the adjustment of prices. Allowing for tech-
nology shocks is mainly motivated by the ability of the standard RBC model 
to generate negative price output correlations. Adding nominal price rigid-
ities will strengthen the impact of monetary shocks on real variables in the 
model. Our assessment on the relative importance of these additional ele-
ments will be based on stochastic simulations of a model calibrated on West 
German data for the flexible exchange rate period and prior to German uni-
fication. 

The model used here departs from the standard RBC model in at least 
three important dimensions. First, to motivate price rigidities we assume 
that firms are monopolistically competitive and face convex price adjust-
ment costs. This is similar to Rotemberg (1982, 1996) and Hairault and Por-
tier (1992) who also assume quadratic costs of adjusting prices as a source 
of nominal rigidity. Secondly, in order to better fit basic labour market facts 
at business cycle frequencies, we depart from the hypothesis of a fully neo-
classical labour market and replace it by a search model along the lines in-
troduced by Pissarides (1990) and implemented already into an RBC model 
for the US by Merz (1995) and Andolfatto (1996). Both authors show that by 
introducing trading frictions into the labour market a number of labour 
market stylized facts can be better replicated than with the standard neo-
classical labour supply function. Among these stylised facts are the smaller 
cyclical variability of real wages relative to productivity and the fact that 
employment lags output. Such a departure from a the pure neoclassical spe-
cification of the labour market can also be motivated by the observation 
that only a very small segment of the labour market corresponds to the Wal-
rasian notion of a spot market, where market participants meet to negotiate 
a new labour contract with a market clearing price every day. In addition, 
labour services offered and demanded in each segment of this market are 
certainly not homogeneous. Many highly differentiated skills and abilities 
are traded in the labour market. Neither for firms nor workers is the type of 
work required or the quality of work offered completely transparent. Given 
the information sets of both firms and workers it seems very difficult to 
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Output, Prices and Interest Rates over the Business Cycle 59 

achieve an optimal match in very short periods of time. Thus trade in the 
labour market must be regarded as highly uncoordinated, time consuming 
and costly for both workers and firms. Our contribution, however, differs 
somewhat from existing models. Unlike in Merz and Andolfatto, intertem-
poral substitution of leisure does not play a role for labour supply decisions, 
instead we follow Pissarides and base wage behaviour on a concept of per-
manent income maximization, for given unemployment benefits as the re-
servation wage. Thus wages are set as a mark-up over benefits. This is a 
standard feature the search model shares with alternative labour market 
hypotheses, like union wage bargaining or efficiency wage models (see, for 
example, C. A. Pissarides (1998) for a recent exposition). We also extend 
that framework and introduce overlapping nominal wage contracts. There-
fore the modification to the standard RBC model suggested in this paper not 
only implies different behaviour of labour market participants, but the la-
bour market also exhibits nominal rigidities. Finally, we adopt an open 
economy framework. This is more appropriate, given the significant degree 
of openness of the German economy. The suggested framework may also 
prove suitable for data sets pertaining to other European countries. 

These features make this model much less Walrasian than other models 
presented so far in the dynamic general equilibrium tradition. Indeed, with 
these assumptions our model can be regarded as representing a modern ver-
sion of a "Keynesian-neoclassical synthesis". By exposing this model to the 
RBC testing procedure, this analysis also helps to bridge the gap between 
dynamic equilibrium macro models and more traditional dynamic macroe-
conomic models like, for example, the IMF's MULTIMOD or the European 
Commission's QUEST II model. 

The paper is organized as follows. In the next section the model is pre-
sented. Sections 3 and 4 discuss model solution and calibration. Section 5 
presents the major stylised facts for Germany. In section 6 simulation re-
sults are presented and a sensitivity analysis is conducted in order to see 
more clearly the contribution of individual model features for an under-
standing of important business cycle facts. The paper ends with some con-
cluding remarks. 

2. A Dynamic Small Open Economy Model 

The economy consists of a continuum of households indexed by z on the 
closed interval [0,1], as well as N identical firms and a government. Firms 
are owned by domestic households and produce goods which are imperfect 
substitutes both within and across countries. There exists perfect capital 
mobility between the domestic economy and the rest of the world but zero 
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60 Werner Roeger 

labour mobility. Households derive utility from consumption net of transac-
tion cost Cf 2. The intertemporal utility function maximised by individual 
households is time separable and logarithmic and is given by 

(1) EtjT(i + e)-hog(c*t+jj. 
j=0 

We follow Leeper and Sims (1994) and define gross private consumption 
Q,z as 

(2) {PCt/Pt)Ct,z = (.PCt/Pt)C*tiZ +u[Yt,z/{Mt,z/Pt)]vYt,z withi , > 0 . 

Here is the consumer price deflator which differs from Pt because 
households consume both domestic and foreign goods. It is assumed that 
transaction costs increase with the volume of transactions, here approxi-
mated by current factor income of the household (Y^z) and with velocity. 
According to this specification transaction costs approach zero as real 
money balances go to infinity. A non-monetary equilibrium does not exist in 
this economy, since transaction cost are unbounded as approaches zero. 

Unlike in conventional neoclassical growth models, there is no leisure 
term in the utility function. Instead it is assumed that households negotiate 
wages with firms by maximising the surplus of both parties from a success-
ful job match. Also, we assume that, because of important fixed costs asso-
ciated with going to work, households will not choose hours of work but can 
only supply a fixed number of hours per period which we normalize to one1. 
One very useful side effect of our specification in the context of open econo-
my models will be the absence of a wealth effect in the labour supply deci-
sion of households. As pointed out by Devereux et al. (1992) and Correia et 
al. (1995)2, such models of labour supply are better suited in an open econo-
my context to capture typical cross country correlation patterns. Maximiza-
tion is carried out subject to the following budget constraint in real terms 

(3) A M j = (1 + rt)Atj + (Y& - CtlZPc
t - Tt)Z - i, Mt,z)/Pt . 

Each individual household can be in two states at each particular date. 
Either he is currently employed or unemployed. Current net labour income 
of the individual household (Y^z) is equal to Wt if the household is employed 
and equal to Z* in the case of unemployment. The variable Tt represents a 

1 The analysis abstracts from any transition between in and out of the labour force. 
2 These authors arrive at a labour supply decision rule which neglects income ef-

fects by assuming a model with home production. 
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Output, Prices and Interest Rates over the Business Cycle 61 

lump sum tax to the government. The last term in the budget constraint is 
equal to the interest foregone - it is the nominal short term interest rate - of 
holding money instead of capital. It measures the implicit consumption of 
money services. Households can transfer income across periods by holding 
real wealth (At) in the form of shares in domestic firms (Vt) yielding a real 
return equal to rt government bonds (Bt) with a domestic nominal interest 
rate it it and net foreign assets (etFt) denominated in domestic currency, 
where et is the nominal exchange rate defined as the price in D-Mark of one 
unit of foreign currency, yielding a foreign nominal interest rate of i f as well 
as real money balances (Mt/Pt)• Thus, real wealth is given by 

(4) At)Z = VtyZ + Bt|Z + etFtiZ + Mt,z/Pt. 

Our formulation of the budget constraint assumes that households regard 
the three assets as perfect substitutes and capital is perfectly mobile inter-
nationally. Thus expected returns on government and foreign bonds are 
equalised period to period, according to the following interest arbitrage 
condition 

(5) it = if + Et[Aet+1/et] . 

Arbitrage between assets yielding a nominal return and equity requires 
that it is equal to rt plus expected inflation between period t + 1 and t 

(6) it = rt + Et[APt+1/Pt] . 

At each date the household decides about current consumption, the hold-
ing of wealth in the next period and real money balances, given his current 
and future expected wage and benefit income stream, lump sum taxes and 
interest rates and the current level of financial wealth. The optimal decision 
rules of the household can be obtained by maximising (1) subject to the con-
straints (2) and (3) with respect to consumption, wealth and real money bal-
ances, which gives the system of stochastic Euler equations (subject to the 
transversality condition) 

(7a) [ C ^ P ^ P ^ ] " 1 = [(1 + r t ) / ( l + [ C ? ^ + l f J B P ^ + 1 / i > w l ] - 1 } 

(7b) Mt+jiZ/Pt+j = M 1 / ^ 1 ) Y^H+j-VW for j = 0,1, . . . 

There is heterogeneity across individual households, since households can 
differ with respect to their initial endowment of real financial wealth, dif-
ferent un/employment histories and different current occupational status. 
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62 Werner Roeger 

Nevertheless, it is possible to derive an aggregate formulation of the con-
sumption rule (see the Appendix) which is given by 

(8 ) c;= 0 / ( 1 + 0) [At + Ht]Pt/Pct 

where Ht is the expected net present discounted income minus lumps sum 
taxes and transaction cost 

(9) Ht = Et 

00 
J 2 btj {{Lt+1 Wt+j + (1 - Lt+j)Zt+j - Tt+j - (1 + i>~1 )h+jMt_j)/Pt+jj 

Lj=0 

with btj = ^ ( l + n + f c ) " 1 

k=o 

Also simply summing over all households, aggregate money demand is gi-
ven by 

(10) M . / P ^ H V M y ^ V K D . 

Total consumption of goods and services can further be divided up into 
domestic and imported brands. It is assumed that preferences over various 
brands can be expressed as a CES utility function 

(11) <*=[*<& + ( ! + o c * 
l/p 

p< 1, a = 1/(1 — p) . 

The term or defines the elasticity of substitution between domestic and 
foreign goods. Correspondingly, the price index for consumption goods is a 
weighted average of a price index for domestic goods Pt and imports P™ 
and is given by 

d2) 

There are N(n = 1 , . . . ,N) firms in each region, supplying variants of 
domestic goods which are imperfect substitutes. Preferences of consumers 
over different brands of domestic and imported goods are given by the uti-
lity functions 

/ N \ VY 

(13) Cjt = f £ C U y < 1, r = 1/(1 - y ) , j = d,m. 
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Output, Prices and Interest Rates over the Business Cycle 63 

G o v e r n m e n t : 

The government pays unemployment benefits and purchases goods and 
services (Gt), where it is assumed that it allocates purchases over individual 
commodities by maximising the same CES subutility function as consumers 
do. It finances these expenditures by a lump sum tax and via money crea-
tion. Alternatively, it can issue debt. Thus the government budget constraint 
is given by 

(14) BM = (1 + rt)Bt + (1 - Lt)Zt/Pt + GtPct/Pt - Tt/Pt ~ (M, - M^/Pt . 

It is assumed in this analysis that Zt is set by a fixed replacement ratio Zq 
relative to the steady state wage level and Gt is set as a fixed ratio go rela-
tive to steady state GDP. Since the discounted value of current and future 
tax revenues must equal the discounted value of government spending plus 
the initial value of outstanding debt, a debt rule must be imposed in order 
to make the evolution of the government budget sustainable. This requires 
that Tt is adjusted proportionally to the gap between the debt to GDP ratio 
and its target level bo according to 

(15) ATt = <p(Bt/Yt - b0) . 

Money supply follows an autoregressive process 

(16) (Mt/Mt-i - 1) = Xm(Mt_!/Mt_2 - 1) + a? 

where e™ is a white noise shock with Et~\e™ — 0 and standard deviation <rm. 

F o r e i g n D e m a n d : 

The level of total demand in the rest of the world Df as well as the foreign 
price level Pf is exogenous. We further assume that foreign preferences im-
ply identical elasticities of substitution between foreign and imported 
goods. Therefore export demand Xt is given by 

where is the German DM export price. German exports face a downward 
sloping demand function as long as a < oo. 

F i r m s : 

There are N firms indexed by n. Each firm produces a commodity which 
is an imperfect substitute of goods produced by the other firms. The tech-
nology of firm n is given by a constant returns to scale production function 
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r t is an economy wide exogenous shock to technology. It follows a stochastic 
process of the form 

(19) iog(rt) = xyiog(rt-i) + 4 

where the are white noise with Et-\eyt = 0 and standard deviation ay. Ge-
nerally, will be contemporaneously correlated across countries. Capital 
stock changes according to the rate of fixed capital formation Jt and the rate 
of geometric depreciation 8 as 

(20) KtyU — Jt,n + (1 _ ti)Kt-ltn • 

Total investment expenditures are equal to investment purchases plus the 
cost of installation. The unit installation costs are assumed to be a linear 
function of the investment to capital ratio with a parameter <j>. Total invest-
ment expenditure is therefore given by 

(21) It,n = Jt,n{ 1 + 4>/2(Jt,n/Ktin)) • 

In order to facilitate aggregation we interpret It as the physical require-
ment of a composite investment good by firm n. This composite good is pro-
duced from quantities Inn> of the different domestic and foreign goods which 
are combined using the same nested CES technology as households and the 
government. This implies that in terms of its investment demand, firm n will 
substitute between the investment goods in exactly the same way as consu-
mers and the government. Workers are leaving firm n at rate s. In order to re-
cruit new workers the firm has to open up job vacancies (0*) and advertise 
actively. Recruitment costs for each vacancy are given by VCt and it is as-
sumed that they evolve proportional to wages at rate VCQ. Each firm can fill 
existing vacancies within one period. Employment thus changes according to 

(22) Lf = Of + (1 — s)Lt_i . 

To allow for some sluggishness in prices it is also assumed that the firm 
faces quadratic price adjustment costs per unit of output 

(23) ADJtin/Yt,n = 7/2Pt(Pt,n /Pt-1,» " I)2 • 

These costs are proportional to the aggregate price level. To allow for a 
simple closing of the model it is assumed that real vacancy costs and real 
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adjustment costs are paid by the firm via the purchase of a CES basket of 
domestic and imported goods which is identical to that of private house-
holds and the government. 

Preferences of domestic and foreign consumers and governments, and 
preferences of firms for investment goods imply imperfect substitutability 
between different brands, thus each firm has monopoly power in its market. 
We follow Dixit and Stiglitz (1977) and assume that firms are sufficiently 
small so as to take aggregate demand for domestic goods and the price level 
as given when setting prices for their own brand. Thus each firm faces the 
following demand function 

(PtYYt 
\PtJ N 

(24) Y?n = 

where Y?n is the total demand addressed to firm n and Yf is a total demand 
index defined as 

(25) Yf = 5 (Q + Gt + h) + VCtOt + ADJt + Xt . 

Firm n sets prices such that 

(26) Yt>„ = Yfn 

holds, i. e. output of brand n equals demand. Formally the decision problem 
of the firm can be characterised as follows. Each firm maximise the present 
value of its cash flow 

Vt,„ = Et 

(27) 

OO 

j=0 

—AD Jt+jn — Pt+jlt+jn | / Pt+j 

subject to the demand constraint (26), as well as to the capital accumulation 
(20) and the employment adjustment constraint (22) and for given technolo-
gy (18) and adjustment cost schedules for output prices (23) and capital (21). 
Define with A ,̂ Aj? and A[ the multipliers associated with these constraints. 
Differentiating the objective function with respect to Pt+i,m ^t+j.m Jt+j,n, 
Lt+j)U and Ot+j(j = 0,1.. .), and imposing symmetry for domestic firms gives 
the following system of stochastic Euler equations for country aggregates 
(subject to the transversality condition) 
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(28) Xyt+j = 1 - l / r { l + 7/(1 + rt+j)Et+j [Pt+j/Pt - l] - 7 (Pt/P t - i " 1) } 

(28c) - a)Yt+j/Kt+J = (rt+j + 6 ) - 0 / 2 P c t + j / P t + j ( J t + j / K t + j ) 2 -

-Et+j [A t + j+ 1 - At+j] 

(28c) (<t>Jt+j/Kt+j + 1 )PCt+j/Pt+j = A f+j 

(28d) A y t + j aY t + j /L t + j = (rt+j + S)A<+j + Wt+j/Pt+j - Et+j [\lt+j+1 - A[_;.] 

(28e) A[+ j = VCt+j/Pt+j . 

Equation (28a) gives the shadow value of output as a function of both the 
price elasticity of demand and the adjustment cost for prices3. Notice espe-
cially that in the absence of price adjustment costs, equation (28a) implies a 
constant mark up of prices over marginal cost, while for 7 > 0 the mark up 
depends both on current and expected price changes. What does this imply 
for the cyclical behaviour of mark ups? Suppose current inflation is high re-
lative to expected future inflation because of a cyclical peak in the current 
period. The optimal response of the individual firm, when confronted with 
this situation is to lower mark ups in order to avoid a costly increase in 
prices (relative to core inflation) that must be followed by a costly future de-
crease in prices. Price smoothing thus acts like a countercyclical mark up in 
this model. The Dixit Stiglitz model of monopolistic competition also im-
plies that firms set the same domestic currency price in the domestic as well 
as the export market (see Dornbusch (1987) for a discussion of pricing beha-
viour under alternative market structures). Again, imposing symmetry we 
have 

(29) P* = Pt 

We also assume that foreign firms follow a similar pricing rule concerning 
their exports to Germany This implies that German import prices are given 
by 

(30) Pf = etPf . 

Equation (28b) is the equation of motion of the marginal shadow value of 
capital Aj\ Equation (28c) is the first order condition for investment and it 
implies that the cost of a marginal unit of capital, including both its pur-

3 Second order terms are neglected in this formulation. 
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chase and adjustment costs, must equal the shadow value of capital A{F. The 
cost of capital includes both the pure rental price and adjustment costs. 
Equations (28d) and (28e) define the law of motion of the shadow value of 
labour and show that labour demand is a positive function of output and 
negative function of total labour costs. Because it is costly for firms to fill 
existing vacancies, total labour costs are the sum of pure wage costs and va-
cancy costs. Notice also, A[ can be interpreted as the present discounted val-
ue of expected profits from an occupied position. 

L a b o u r M a r k e t : 

The basic incentive for search activities in the labour market by both 
workers and firms are the profit opportunities in present value terms which 
are associated with a successful job match for both parties. In the case of 
households, this is given by the difference between the present value of la-
bour income a household can earn in the case of a successful current job 
match (Hi), versus the net present value of labour income in case of a failure 
(H^). Both terms can most conveniently be expressed as arbitrage equations. 
The return from the human capital of an employed worker consists of three 
components: the current net wage rate, the expected capital loss from a job 
separation given by s(Hl - Ht\ where s is an exogenous separation rate, and 
the expected capital gain from an expected change in Hl

t. 

Corresponding to this equation we can write an arbitrage equation for the 
human capital of an unemployed household as 

The return in this case consists of unemployment benefits, the expected 
capital gain from finding a job with probability p(.). Since the number of 
job matches is equal to the number of vacancies under the assumption that 
all vacancies can be filled within the current period (see eq. (22)), p(.) is gi-
ven by Ot/(l - Lt). The last term is a capital gain from any expected change 
of Hf itself. As already discussed above, for the firm, the return from a suc-
cessful job match is given by A J. 

Following Pissarides (1990) we assume that each firm employs many 
workers and is large enough to eliminate all uncertainty about the flow of 
labour. Both parties also know about the profit opportunities of the other 
players. Wages are determined by an implicit bargain at the individual level, 
i. e. the firm engages in Nash bargains with each individual worker by tak-

(31) rtHl
tìZ = Wt/Pt + s{Hl

tiZ - fl£) + Et [Ah{+1 J . 

(32) rtHtiZ = Zt/Pt+p(.)(HfiZ - + Et[AHJVi J . 
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ing the wage of all other employees as given. Thus wage contracts are set 
such as to maximise the product 

(33) Max(H l
t-H?f(\ l

tf-® . 

This agreement is based on the relative bargaining position of the two 
parties. The bargaining strength of workers is characterised by the para-
meter ((3 (0 < p < 1). As will be seen below, this parameter determines the 
fraction of the total return from a successful job match going to workers. In 
order to introduce nominal rigidities into the wage setting process we as-
sume that contracts last for 4 periods (quarters) and at each date, exactly 
one quarter of all workers signs a new contract with firms. This type of 
wage staggering has been suggested by Taylor (1980). In order to allow for 
the existence of different wage contracts at each date under symmetric tech-
nology, absence of skill differentials among workers and aggregate shocks 
to technology, it must be assumed that the labour market is spatially and/ 
or occupationally segregated and there exists no possibility for workers to 
switch region and / or occupation. We assume that at each date t firms bar-
gain with one quarter of the work force over a nominal wage contract 
which will remain fixed for one year. For the derivation of the wage con-
tracting rule it is useful to rewrite the arbitrage conditions (31) and (32) for 
workers and for firms (eq. (28d)) such that they cover the whole contract 
length as follows 

(34) 

(35) 

(1 + n)H{z = j^Et [btj ( w y p t + j + s(Hy+. z - Hl
t+jfZ))\-

j=0 
+Ei[(l + ri+4)-4HÎ+4)Z 

(1 + rt)Hk = £ Et [btj (zt+j/Pt+j + p(.) (Hl
t+j}Z - H ? ^ ) ) ] + 

j=o 

(36) 

(1 + rt)\{n = Y, Et [btj (A^)naYt+j(n/Li+j,n - W*+j/Pt+j - SA<+j)n)] + 
j=o 

+E f[(l+ ri+4r4A£+4,n] • 

Workers who are currently engaged in wage negotiations care about their 
wage contract and not the average wage rate Wt. Firms calculate the sha-
dow value of the worker by also taking into account the wage contract of 
that worker. Maximising (33) with respect to under the restriction that 
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Output, Prices and Interest Rates over the Business Cycle 69 

W(c remains fixed for the current and three consecutive periods, yields the 
familiar sharing rule for the division of the surplus where the fraction of the 
total surplus from a job match going to the worker depends on his bargain-
ing strength 

(37) HltiZ-H?iZ=ß(HltiZ-H?iZ + \ltin). 

Using this sharing rule and substituting (37), (38) and (39) gives the wage 
contract rule 

Wct=Et 

(38) 

£ btj( 1 - ß)Zt+i/Pt+j + ß{\yt+jaY{t + j/Lt+j+ 
j=0 

+VCt+j/Pt+jp(.)) /Et J2btjpt+j 
J L j = o 

Wage contracts in the current period are indexed to an average of the cur-
rent price level and expected price levels for three consecutive periods. They 
are further determined by labour productivity, unemployment benefits and 
labour market tightness in the current and three consecutive periods. The 
weights in which future expected variables enter the decision rule is given 
by btj. If wage contracts were signed for one period only we arrive at the 
wage equation as derived by Pissarides. This wage rule also exhibits the fea-
ture that the importance by which the marginal product of labour and la-
bour market tightness influence the level of current wage contracts, de-
pends positively on the bargaining power of workers. As the bargaining 
strength of workers diminishes, firms can tie wages more narrowly to the 
reservation wage. The average nominal wage rate in period t is thus given by 
the average value of all wage contracts signed in the current and the pre-
vious three periods 

(39) W t = \ ± W l r 

E q u i l i b r i u m : 

A monopolistically competitive equilibrium of this economy is given by a 
set of first order conditions of household z for consumption (7a) and real 
balances (7b) as well as an investment rule (28b, 28c), a labour demand rule 
(28d, 28e) and pricing rules for domestic (28a, 29) and foreign firms (30). 
Pt, Pf, Pf1, z, rt, e, simultaneously clear the markets for domestic and 
imported goods, the money, capital and the foreign exchange market. Wt is 
determined by the wage contracting rule (38, 39) and firms set employment 
optimally for given current and past wage contracts as well as their own 
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product price according to their FOC for labour. Thus the labour market 
equilibrium can coexist with involuntary unemployment in this model. 

Prices, exchange rate and the interest rate also ensure that an intertem-
poral equilibrium condition between national saving and investment holds 
given a predetermined stock of net foreign assets. Using the budget con-
straint of private households and the government, together with the defini-
tion of the market value of the domestic corporate sector, yields the current 
account identity 

( 4 0 ) e t + 1 F t + 1 = ( 1 + rt)etFf + Y t - ( C t + It + Gt)Pct/Pt - ADJt - VCtOt 

which relates the accumulation of net foreign assets to national savings mi-
nus investment. The equilibrium of the system ensures that a no Ponzi game 
condition is fulfilled for net foreign assets. Define national saving as 

(41) St = Y t - (Ct + Gt)Pct/Pt ~ ADJt ~ VCtOt 

then the no Ponzi game condition says that the present value of investment 
is constrained by the present value of national saving and the historically 
given level of net foreign assets 

(42) Et £ ( l + r t + j) j I t + j 

j=o 
= Et £ ( 1 + r t + j ) j S t + j 

j=o 
+ e t F t . 

In contrast to a closed economy where savings and investment must be 
equalised period by period this condition shows that for an open economy 
with access to a world financial market savings and investment are only 
subject to an intertemporal solvency constraint. 

3. Solution Method 

T h e S o l u t i o n A l g o r i t h m : 

To solve this nonlinear forward looking model, we depart from the usual 
procedure of linearising around the steady state and then solving the linear 
approximation. Instead we use a method developed by Laffarque (1990) and 
Boucekkine (1995) to solve the nonlinear model by Newton Raphson. For 
this solution method to work, the model economy must converge to a steady 
state growth path. It is well known (see for example Matsuyama (1987)) that 
the neoclassical open economy growth model with finitely lived consumers 
attains a steady state for a constant exogenous level of employment. Given 
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Output, Prices and Interest Rates over the Business Cycle 71 

our assumptions on the labour market, it is easy to see that the steady state 
solution of our model can be obtained recursively, i. e. the level of employ-
ment in the steady state can be determined prior to solving for the remain-
ing variables. Given our assumption on the indexation of vacancy costs and 
unemployment benefits to the steady state level of wages with rate zo and 
VCQ respectively, a steady state unemployment rate can easily be obtained. 
Let X* be the steady state value of variable Xt. Setting P* equal to one, from 
(39) using the fact that Wc* = W* in the steady state and substituting the 
FOC for labour and vacancies (eq. (28d) and (28e)) into the wage contract 
and observing that p(.) = sL*/( 1 - L*) in the steady state yields 

The steady state level of employment only depends on the exogenous 
world interest rate (rw) and labour market parameters. This demonstrates 
that there will be a constant employment rate in the steady state and we can 
use the result in Matsuyama to show that there exists a stable steady state. 
Now let yt(n x 1) and Xt(k x 1) be vectors of endogenous and exogenous 
variables respectively. The model can be expressed compactly as 

( 4 4 ) ft{yt-1, yt, Etyt+i, xt) = 0 

where ft is a vector of nonlinear dynamic equations. The model is formula-
ted in such a way that the variables contained in x are either constants (i. e. 
world interest rate, world demand, competitors prices) or white noise 
shocks4. After the realisation of the random shocks at t the model is solved 
for T periods, where T is chosen large enough for the model to attain the 
steady state. We set T equal to 200 periods which corresponds to 50 years. 
To solve the model with starting date t, the system is stacked for the T peri-
ods as 

where zt+j = (Et(yt+j+1), Et(yt+j), Et(yt+j+1)). The system is then solved by 
Newton Raphson subject to the predetermined variable yt~\ and the termi-
nal condition yt+T+i, which is set equal to the steady state value y*. The 

4 We treat both TFP and money as endogenous variables by including their AR pro-
cesses as model equations. The white noise error terms eyt and e™ are treated as exo-
genous variables. 

(43) l = ( l - ß ) z 0 + ß l + (rw +S)VC0+VC0J^J 

(45) 
ft(zt, Xt) 

F(z,x\t)= ft+j(zt+j, Etxt+j) = 0 . 

. ft+TÌzt+Tì Etxt+r)_ 
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steady state solution itself is calculated by setting the elements of the vector 
x equal to their unconditional expectation. The solution at date t yields the 
realisation of yt under forward looking rational expectations. This solution 
is stored. New realisations of and are drawn for t + 1 and the solution pro-
cedure is repeated over the range i + l t o t + T + 1 , now with yt as the prede-
termined variable. This process is repeated 100 times in order to generate a 
time series for yt and xt of 100 observations. 

I m p u l s e R e s p o n s e s t o T e c h n o l o g y 
a n d M o n e t a r y S h o c k s : 

For an understanding of some basic properties of the model with respect 
to technology and monetary shocks it is useful to present impulse response 
functions. In order to highlight the effect of nominal rigidities for the ad-
justment process we present results both with and without nominal rigidity 
To make the impact of both shocks comparable to each other, a positive one 
standard deviation shock was given to the technology and the money inno-
vation respectively. Figure 1 shows the dynamic adjustment of TFP and 
money supply to a positive innovation in the first period. 

The technology shock has a persistent effect on output. As shown in Fig-
ure 2a, the shock is magnified and propagated over time, leading to a hump 
shaped adjustment of GDP. The inability of the standard RBC model to gen-
erate this adjustment pattern has recently been criticised by Cogley and Na-
son (1995)5. In the context of our model the presence of nominal rigidities 
seems to be the main reason for this adjustment pattern, since it is absent 
under the assumption of flexible prices and wages (see Figure 2b) and re-
sembles that of the standard RBC model. To understand more clearly the 
economic mechanism for the adjustment under nominal rigidities, it is in-
teresting to notice that employment declines initially with a positive shock 
to technology and only recovers after some quarters (it lags output in that 
sense). This is due to the price response of firms. Because prices adjust slug-
gishly to the fall in cost, this restricts the expansion of aggregate demand 
and firms initially react to the technological improvement with a reduction 
in employment. Only as prices adjust to the new cost conditions will de-
mand expand fully and firms hire new labour. Because the immediate price 
response under full price flexibility leads to a full demand expansion, firms 
start increasing employment immediately. Though even in this case the ad-
justment of employment is only completed after several quarters, the em-
ployment expansion is not strong enough to dominate the reversal of tech-
nology to its long run trend as dictated by the AR(1) process. Since prices 

5 Burnside and Eichenbaum (1996) have recently shown that the hump shaped ad-
justment pattern can also be generated by an RBC model with labour hoarding and 
fluctuations in capacity utilisation. 
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jump downwards immediately and return slowly to their long run equilbri-
um values. This price response allows for a strong initial adjustment of out-
put and labour demand rises. In both cases, the positive employment effect 
in the medium run is due to constant unemployment benefits. The technolo-
gical shock increases the surplus from a job match which is shared between 
workers and firms, this allows for a positive employment response. 

A shock to money growth leads to a permanent increase in the price level 
under both assumptions on the degree of nominal rigidity (see figure 3a and 
3b). With sluggish prices and wages the adjustment of the price level takes 
longer and associated with the money shock is a temporary increase in real 
output and employment. This effect is caused by a fall in real interest rates 
which is required to clear the money market under price rigidity This leads 
to a temporary increase in investment and consumption demand. Because 
nominal wages are also slow to adjust employment also increases. The ad-
justment pattern of inflation and output to a monetary shock is very similar 
thus we should expect a high contemporaneous correlation between these 
two variables if money were the dominant shock to the economy. 

4. Model Calibration 

The empirical objective of the paper is to replicate important stylised 
facts of the German economy over the flexible exchange rate period. Our 
data set therefore begins in 1974:1. In order to avoid considering shocks re-
lated to German unification the data set ends in 1988:IV. All parameter esti-
mates are as much as possible restricted to this sample period. To select 
parameter values we largely follow standard procedures, i. e. we base these 
values on evidence from growth observations and some microeconomic evi-
dence. In cases where this is not possible parameters are chosen in the 
neighbourhood of existing studies. The parameter 6 is set equal to .01 which 
implies a steady state annual rate of interest equal to 4%. The interest elas-
ticity of money demand is based on a regression of real money balances on 
GDP and a short term nominal interest rate6. We obtain a value of -.84 for 
Germany. In the model experiments we set the income elasticity equal to 
one, i. e. we attribute deviations of the estimated elasticity from this value 
to an exogenous trend of velocity. The output elasticity of labour is set equal 
to the average wage share divided by one minus the Lerner index. Recent 
estimates of the Lerner index by the OECD (see Oliveira Martins, Scarpetta 
and Pilat (1997)) suggest values for r of 6.66 for Germany. No information is 

6 The data on money, GDP, the GDP deflator and the short term nominal interest 
rate for Germany is obtained from Deutsche Bundesbank (1974:1- 1988:IV). As money 
stock variable M3 is used. 
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available on the size of price adjustment costs. These costs should, however, 
be small. We have selected a value of 10 for 7, i. e. a change of prices by 1% 
cause costs which amount to 0.1% of total output. The mark-up estimate 
together with the average wage share yield a value for the output elasticity 
of labour of .667 for Germany. 

Table 1 
Parameter Values 

Utility Function 

e 0.01 Rate of time preference 
0 1.00 Price elasticity of imports 
í 0.69 Share of domestic goods 
V 0.19 Transaction cost parameter 

Fiscal Policy and Money Supply 
<0 0.01 Parameter of debt rule 
bo 2.40 Debt target 
Xm 0.26 Parameter of money supply rule 
Vm 0.0063 Standard deviation of money shock 

Technology 

a 0.65 Output elasticity of labour 
6 0.02 Depreciation rate 
<¡> 8.00 Adjustment cost parameter (investment) 
7 10.00 Adjustment cost parameter (prices) 
r 6.66 Average mark-up 
Xy 0.96 Technology parameter 
<Jy 0.0117 Standard deviation of technology shock 

Labour Market 

s 0.015 Separation rate 
V 0.60 Elasticity of job matches w. r. to U 
ß 0.50 Bargaining strength of workers 
zo 0.40 Replacement ratio 
VCo 0.13 Vacancy cost parameter 

The depreciation rate is set to 2 % per quarter which corresponds to the 
mean rate in our data set over the sample period. The adjustment cost para-
meter is more difficult to pin down on the basis of information on first 

? From equation (28d) it is obvious that the wage share is not an exact measure of a 
in the presence of search costs. However, the bias implied by the presence of search 
costs is negligible. 
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moments only. It has, however, been noticed before (see, for example, Men-
doza (1991)) that the parameter 0 has a crucial effect on the volatility of in-
vestment. It is therefore set in such a way as to make investment about three 
times as volatile as GDP in Germany. 

With respect to the separation rate s we draw on information provided by 
Layard et al. (1990) from data on gross labour market flows. According to 
their figures the inflow rate into unemployment is about two per cent for 
Germany per quarter. Burda and Wyplosz (1994) have recently estimated an 
elasticity of matches with respect to unemployment (77) of about .6 for Ger-
many We assume in this analysis that firms can fill vacancies within one 
quarter. Though information on vacancies are notoriously unreliable, some 
studies indicate that this is a plausible simplification. A study by Ours and 
Ridder (1992), for example, reports average vacancy durations of 45 days for 
the Dutch economy. Similar estimates can be found for Germany (see Erd-
mann (1990)). The parameter 0 referred to as bargaining strength of workers 
is set to .5. This implies that all relevant differences between the two parties 
are captured by the two terms (Hlt - Hf) and \\ (see Binmore, Rubinstein 
and Wolinsky (1986) for a discussion of the symmetry axiom). 

The level of unemployment compensation determines the reservation 
wage. To capture both benefit duration and coverage, Layard et al. (1990) 
have calculated expenditures on benefits per unemployed person as a per 
cent of output per worker for major OECD countries for the year 1987. Ac-
cording to these figures the ratio for Germany is slightly below 20%. We 
therefore assume that unemployment benefits amount to roughly 40% of 
gross wages. Given the fact that all other parameters have been chosen, the 
parameter vc$ can be selected such that the model replicates the steady 
state unemployment rate. Finally we set the price elasticity of imports in 
both regions equal to one. A value in this neighbourhood can often be found 
in empirical studies on import and export equations. The share of imports 
in total GDP is set to .31, which is the mean value over the period 1975 to 
1998 for Germany. Both the domestic and the foreign price level as well as 
the nominal exchange rate is set equal to one in the steady state. 

Within an open economy framework it would be possible to subject the 
model to various international shocks such as fluctuations of competitors 
prices, world demand and foreign interest rates. To keep as close as possible 
to the existing literature we neglect the international shocks and concen-
trate entirely on stochastic shocks to technology and money. An analysis of 
the impact of foreign disturbances will be left for future research. The para-
meters of the technology process and of the money supply rule are deter-
mined by estimating equation (19) and (16) for Germany with OLS over the 
period 1974:1 to 1988:IV. For the Solow residual it was assumed that it fol-
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lows a stationary process around a deterministic trend. In the construction 
of the series we followed Hall (1988) and corrected the raw TFP series by 
the mark-up component. M3 was used as monetary variable for Germany. A 
debt target of 60% is assumed and the parameters of the debt rule are taken 
from the Commission's QUEST II model. 

5. The Stylised Facts of Business Cycles 

This section presents the salient features of the German business cycle. 
Since in models with sticky prices the exchange rate and monetary policy 
regime may have important consequences for macroeconomic aggregates, 
we restrict ourselves to the period after the break-down of the Bretton 
Woods system. Table 2 gives information on the relative volatility, measured 
by relative standard deviations, persistence, measured by first order auto-
correlations, and comovements, measured by cross correlations of major 
macroeconomic time series. Concerning volatility, it can be noted that pri-
vate consumption is less volatile8 and private investment is substantially 
more volatile than GDP. Consumption, investment and GDP are also highly 
persistent and the two GDP components are strongly positively correlated 
with GDP. The trade balance on the other hand behaves countercyclical. 
Danthine and Donaldson (1993) and Bakus and Kehoe (1994) find similar 
relationships in more comprehensive cross sections of OECD countries. 

The standard deviation of employment9 is about 68% of GDP. This is si-
milar in other European countries. Bakus et al. report a value of .85% for 
total Europe. In contrast to the US, the volatility of productivity exceeds 
the volatility of employment in Germany. The real wage rate on the other 
hand fluctuates substantially less than productivity. This is also true for the 
US. Employment lags output. A noteworthy additional feature is the nega-
tive correlation between productivity and employment in Germany which is 
also shared by many European countries. For the US this correlation is 
slightly positive. 

The main focus of this paper will be about the interactions between real 
variables and prices. We will concentrate our discussion on the following 
stylised facts: There is a negative correlation between output and prices. 

8 It is important to notice that the consumption series reported here includes dur-
ables and non durables, while we only model non durable consumption. Kydland et 
al. (1994) point out that the volatility of non durable consumption is substantially 
smaller than that of total consumption. For the US they report a relative volatility of 
.75 for total consumption, compared to .52 for non durables. 

9 We restrict ourselves to employment instead of hours. As noted by Burdett and 
Wright (1989), fluctuations in total hours worked are largely the result of fluctuations 
in employment. 
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Also, there is a pronounced phase shift in the sense that future output is mo-
re highly correlated with current prices than current output. The price level 
is about half as volatile as GDP and highly persistent, while inflation is ab-
out half as volatile as prices and much less persistent. Also inflation is pro-
cyclical and it lags behind output in the sense that current inflation is more 
strongly correlated with past output than with current output. As documen-
ted already in other studies, no strong conclusions can be drawn about the 
correlation between money and GDP. We also do not observe a strong corre-
lation between money (M3) and output for Germany. In contrast to this, an-
other widely observed correlation is that between short term nominal inter-
est rates and GDP growth. Here we note a strong negative correlation and it 
is also the case that short term nominal interest rates lead output growth. 

6. Simulation Results 

In this section we will ask the question how this model, whose parameters 
have been chosen to fit trend information and some microeconomic evi-
dence, is able to replicate the second moments of the German data described 
in the previous section, i. e. the volatility and comovement of macroeco-
nomic aggregates at business cycle frequencies. In assessing the following 
results it is important to keep in mind that the model parameters have not 
been selected with an eye towards optimising the fit of these second mo-
ments. The only exception is the selection of the adjustment cost parameter 
for capital. This is the standard RBC model evaluation procedure (see Kyd-
land and Prescott (1996) for a recent methodological exposition of this ap-
proach.). 

For that purpose stochastic simulations are generated and the reported 
results are average values of 100 simulations over 80 periods10. We first look 
at the model results, using the benchmark parameters contained in Table 1. 
With respect to GDP and its components the model replicates the basic sty-
lized facts. The relative variability of private consumption is smaller than 
that of output, while private investment is about three times as volatile as 
GDP. Both components are strongly positively correlated with GDP and ex-
ceed the observed correlation. Notice, however, by allowing for foreign price 
disturbances this correlation would be reduced. The trade balance is 
strongly countercyclical, as also found in the data. Again, allowing for for-
eign shocks would reduce this correlation in absolute value. The model also 
replicates some important labour market facts, like the positive correlation 
between employment and GDP over the business cycle, a standard deviation 

10 We do not use the first 20 generated observations. 

ZWS 119 (1999) 1 

OPEN ACCESS | Licensed under CC BY 4.0 | https://creativecommons.org/about/cclicenses/
DOI https://doi.org/10.3790/schm.119.1.57 | Generated on 2025-11-16 04:25:36



84 Werner Roeger 

PH 
Q O 
i 

b o U 

rH o co co t> 00 © (M oT 00 I> CTS O co co o 1-1 o CSI t> 00 CT> co CTS o rH © rH o rH CS) TH rH i—i o rH rH 1—1 i—( 
© o 3 d 1 3 o o. d 3 d i d d o, d 

co CSI I> 1-H co rH io co 00 1—1 (M 1—1 © o 
d 3 d 

O) 00 00 ^ H H N CO O CO £> CO CO rH <M 
CO O 00 O CO O ^ CO ^ rHrHrHrHrHCSlrH©THLO 

OCOCOIOtHTHI>T^O Oi 5Ot^COOOHMtOOJ ©CSJrHOrHCOrHO© 
o o o o o o o o o o o o o o o o o o o o o o 

(M rH 00 co IO CO 05 co rH CSI rH rH CSI o rH [ > t> OS 00 Oì CSI CO CSI co rH o 00 rH I> rfH co CO CO [ > o 05 00 o t> CTS rH rH rH o rH CSI rH rH rH t> © CO rH rH rH CO rH o © 
d d d d 1 3 d d «O d 3 d d d i d d d d 

rH co IO o CSI rH co rH CD co co CSI co CSI CO OJ co t> CO o 00 co co OS 00 o CSI ̂  £> 00 c- c- 00 TH o> rH o t> © t> o t> © co © co rH CO rH CO © co iH CSJ rH o rH rH 
d d o, d © d d d d d d d d d d d d d i i 

o s o 00 co ĉ  P CTS CSI p i> io o P CT» p CSI co CSI ci o © co rH 00 o o IO IO TH co ìH co IO C- IO IO rH o io o 
© o CTI © OS o © co rH io rH 00 o co rH ^ rH CO rH rH rH 
r-1 d d d d i d d d d d d CD d i <3 d 3 d i 

rt< IO t> rH T-H CO C- CO O CD CD C-O CO O o 
© d o d o © 

lO©OOOOOOCOrHC-CO 
©©rHCOiHCO©©rH 
o o o o o o o o o 

o CSI co rH 
CSI 

CSI rH 
00 o co 

CSI co rH 
co © CSI rH 

IO 
d d d i d d i 

, _ CTI 00 CO 00 IO 
rH rH 00 co c- rH co CTI 00 IO CO (M rH IO CSI CO 00 IO 

rH 00 o CO IO CS] 1 CTS CSI io rH 00 CO OS rH 
CTI 00 co CT) CSI o CSI I> t> 

CO 00 IO CO CSI co co 00 CS] 1 rH io rH rH IO rH rH IO rH rH rH rH 
CO 00 IO rH CSI rH co o 

d d d d d d d i 
© O, d <3 d d 1 O, d i 3 o d d i d 

o 
rH 

I> rH CO 
co co rH 

co IO CSI 
CSI IO rH 

00 co TtH rH 
co 
CSI 

o co ìH 
rH CO co rH 

CSI 00 rH 
co co rH 

CO t> csi 
rH I> rH 

CSI 00 co 
rH 

rH o co 
00 CSI rH CO CSI 

co OS O 
d d d d d d i d o d d d d ed o d d i 3 d i 3 d i 3 

Oì co rH CTI 00 i> CO 00 rH CTS co CTS rH co IO co CTS co CO IO CO co CSI CO CTI o io IO co CTS rH CO CTS D- ^ co r> co o o o rH rH rH O rH co rH CSI rH CSI rH © rH CSI iH co rH csi rH rH rH 
d d d d d d d i d d i d d d d d i d d i d i 3 d 1 O, 

IO CTS t> co rH o o co co o CSI o co CSI o CSI CO co co co 00 00 c- CTS ^ o co IO CSI ̂  CTS CSI CTS CTS co 00 o I> o o co q lO o co rH 00 o 00 q co q q IO q 
d d d d d d d d CD d d d d d d d d 

co CTS co 00 00 OS rH CSI o co C? IO P co ^ rH co CSI o" CSI CSI c- 00 co o co CO CTS co CTS CO CSI CSI co CSI ̂  o rH ^ IO ^ rH iq o CSI co o CSI 00 q CTS rH rH co rH CTS rH ^ o t> co 
d d d csi d csi d d d d d d 3 d d d d d 3 

ci o o 
« 
e I 

w 8 PL. 

(1) 
•g «ri 
FI A 

co 

tì 0) 
a 

I Oi lO W co " 
© © 

S ' " 
3 T3 
2 

PH 

fl 0 
cd 

1 o U 

Z W S 119 ( 1 9 9 9 ) 1 

OPEN ACCESS | Licensed under CC BY 4.0 | https://creativecommons.org/about/cclicenses/
DOI https://doi.org/10.3790/schm.119.1.57 | Generated on 2025-11-16 04:25:36



Output, Prices and Interest Rates over the Business Cycle 85 

of productivity exceeding that of real wages as well as a lead of output over 
employment. It also generates the observed negative correlation between 
employment and productivity. The standard deviation of employment, ho-
wever, seems too large compared to GDP. I suspect that allowing for more 
convex labour adjustment costs could improve the fit of the model along 
this dimension. 

Regarding the interactions between nominal and real variables, there is a 
pronounced negative correlation between detrended output and the price 
level. Prices are leading output, and the lead is about as pronounced in the 
model economy as in the data. Consistent with the observed data, the model 
economy generates a positive contemporaneous correlation between the rate 
of inflation and detrended GDP and inflation is lagging GDP. The model is 
also successful in replicating the stylised facts between the short term nom-
inal interest rate and the growth rate of GDP. Like in our data set, the 
money output correlation is weak. However, there are also dimensions in 
which the model is less successful. The relative standard deviation of prices 
as well as of inflation exceeds the observed volatility substantially. 

In attempting to interpret the contribution of crucial model hypotheses 
for the reported simulation results, it is useful to perform a sensitivity ana-
lysis. In particular, we want to explore the importance of our assumptions 
on wage and price setting behaviour and money demand and the role played 
by technology and monetary shocks respectively. To address these questions 
we have performed various simulation experiments by slightly perturbing 
the benchmark model. In the following five experiments we change exactly 
one assumption in each case. In our discussion we will concentrate entirely 
on the interactions between nominal and real variables. 

a) Only Technology Shocks 

As shown in Table 4, without stochastic shocks to money supply, various 
stylised facts cannot adequately be captured by the model economy. There is 
negative correlation between prices and output exceeding the observed cor-
relation. The model fails to generate a price level which is leading output in 
the sense defined above. In addition, the correlation between inflation and 
output is now negative. Interest rates do no longer lead output. Though the 
contemporaneous correlation between short term rates and output has the 
correct sign, interest rates do not lead output. 
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b) Only Money Shocks 

Results for this experiment are reported in Table 5. Without technology 
shocks the model fails to reproduce the negative correlation between the 
price level and output altogether. Although there is now a positive correla-
tion between inflation and GDP, this correlation is too strong. In addition, 
the money output correlation is too strong. Finally, the contemporaneous 
correlation between the short term nominal interest rate and output is posi-
tive. 

c) Flexible Wages and Prices: 

With this set of assumptions, the model comes close to the RBC model. 
Under full price and wage flexibility, we can see from the results in Table 6 
that the negative correlation between prices and output is too high. Prices 
do not lead output under this set of assumptions. The correlation between 
inflation and output has the wrong sign and the correlation of money and 
nominal interest rates with output becomes insignificant. 

aa) Inflexible Prices and Flexible Wages 

In order to assess the role of price and wage rigidity for fitting the cross 
correlation pattern between real and nominal variables we also performed 
an experiment with flexible wages and inflexible prices and allow for both 
real and monetary shocks. Comparing Table 6.1 to Table 3 one can see that 
wage rigidity is not crucial for generating the cross correlations we are in-
terested in. However, the absence of wage rigidity would make the model 
fail along another dimension, because it leads to an implausibly large stan-
dard deviation for real wages and not enough employment volatility. 

d) No Interest Elastic Money Demand 

The results reported in Table 7 are close to those of the benchmark model. 
Nevertheless, it is interesting to notice that now the contemporaneous cor-
relation between prices and output is stronger than that between lagged 
prices and output, i. e. the model fails to replicate the characteristic correla-
tion pattern between prices and output at various leads and lags. The corre-
lations between inflation and output are again closer to the benchmark 
model. Nominal interest rates still lead output. 
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These results allow us to draw the following tentative conclusions: The 
presence of money and technology shocks together with nominal rigidities 
seem to be essential for replicating major stylised facts between prices and 
output over the cycle. Ignoring one of these individual elements leads to a 
deterioration in the ability of the model to replicate the stylised facts along 
various dimensions. In addition, interest elastic money demand contributes 
towards an improvement of some dynamic cross correlation patterns be-
tween prices and output. Based on these simulation outcomes we can now 
attempt a more systematic interpretation of the role played by individual 
hypotheses. 

The negative correlation between prices and output can best be under-
stood by writing the money market equilibrium condition as a price level 
equation 

(46) In(Pt) = -In(Yt) + In(Mt) + l/(v + 1)1»(r, + Et[Pt+1/Pt}) . 

The different effects of money and technology shocks can be seen clearly 
from this formulation. A positive supply shock (see Table 4 and Figures la 
and lb) increases income and therefore the demand for real balances. If 
money is not strongly accommodating the income expansion, the price level 
tends to fall. Nominal interest rates also tend to fall in response to a supply 
increase. This gives an additional positive impulse on the demand for 
money. Thus the negative correlation between prices and output can be re-
plicated under the assumption that supply shocks are important and mone-
tary policy is non-accommodating. A monetary shock (see Table 5 and Fig-
ures 2a and 2b), on the other hand, leads to an increase in both GDP and the 
price level. The positive effect on the price level is reinforced by the fact that 
the highly persistent nature of the estimated money supply process makes 
nominal interest rates rise, i. e. the expected inflation effect on short term 
rates dominates the reduction in real rates. Thus it is difficult to generate 
the observed correlation between prices and output with money shocks only. 
A comparison of Table 4 and Table 5 shows, however, that the presence of 
monetary shocks, helps to reduce the extreme negative correlation between 
prices and output which emerges when only real shocks are present. 

The simultaneous presence of monetary and real shocks is also crucial for 
replicating the characteristic lead of the price level vis-à-vis output. Mone-
tary shocks, in the presence of nominal rigidities, lead to a relatively short 
lived output effect accompanied and followed by a permanent increase in 
the price level. Supply shocks on the other hand induce a more immediate 
and only temporary price response combined with a more permanent 
change in output. Combining the correlations between prices and output as 
exhibited in Table 4 and 5 yields the characteristic cross correlation pattern 
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that we observe in the benchmark model. In this regard it is also interesting 
to observe the role played by the interest elasticity of money demand which 
seems to be a necessary ingredient for prices to lead output. It can be envi-
saged that with interest elastic money demand prices become more forward 
looking. Thus the presence of both nominal and real shocks, nominal rigid-
ity and interest elastic money demand are needed to produce this pattern in 
the model economy. 

In contrast to this result, the phenomenon that output leads inflation can 
be generated under various hypotheses. In particular it can be observed in 
cases without nominal rigidity, thus a straightforward Keynesian interpre-
tation of this result would not be sufficient. Let us therefore look more clo-
sely at how this correlation pattern emerges in the case without nominal ri-
gidity. Consider a positive supply shock, then the economy adjusts in the fol-
lowing way. Output increases in the short run but there will be an early ten-
dency for output to revert back to trend. The price level is a close mirror 
image of this development it first falls and then starts to increase. Thus the 
supply shock gives rise to a positive correlation between inflation and 
lagged output, but a negative contemporaneous correlation. This pattern 
can also clearly be seen in Figures la and lb. To match the correlation pat-
tern more closely one therefore must allow for money shocks. 

In interpreting the correlation between short term nominal interest rates 
and inflation from the above experiments the results suggest that especially 
the assumption of nominal rigidities is crucial. Only in the absence of price 
sluggishness we do not observe a significant negative correlation between 
the two variables. The negative correlation is especially pronounced in the 
case of supply shocks. 

7. Conclusions 

The model presented in this paper seems able to account for a sizeable 
number of stylized facts. The results indicate that real as well as monetary 
shocks, together with some degree of nominal rigidity, are important ele-
ments for an understanding of the interaction between nominal and real 
variables over the business cycle. It is found that by allowing for technology 
and monetary shocks, the model can replicate the negative contempora-
neous correlation between prices and output as well as the positive contem-
poraneous correlation between inflation and output. The results generated 
by the model economy are also consistent with characteristic lead and lag 
relationships, such as the lead of prices and nominal short term interest 
rates relative to output and the lagged response of inflation to movements of 
GDP. The present analysis does, however, also suffer from important short-
comings. The model could especially be improved along at least two dimen-
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sions. First, the volatility of nominal variables is too high and employment 
is too volatile. It could be envisaged that some alternative money supply 
rules, e. g. by allowing for some targeting of inflation could improve the fit 
of the model. With respect to the labour market it seems likely that adding 
more friction to labour demand (e. g. in form of quadratic adjustment costs) 
could be helpful. 

Appendix 

Deriving the Aggregate Consumption Rule 

Using the first order conditions (7a), solving the budget constraint (3) for-
ward and imposing the transversality condition gives the following decision 
rule for consumption of household z 

(A.1) C*2 = 8/(1 4- 0)[At,z + Ht,z\Pt/PCt • 

The variable can be decomposed into the present value of current and 
future net income from employment or unemployment and the present 
value of lump sum taxes, transaction costs and foregone interest income 
from holding money Hfz 

(A.2) Ht = Hytz+H*z 

with 

(A3) H l z = E t 

(A.4) Ht,z=Et 

oo 
£ btj - W - (1 + vll)k+jMtHz)/Pt+j 
j=0 

oo ' 
J2h{-Tt+i,z ~ {l+v-^it+jMt+j^/Pt+j 
j=o 

For the derivation of an aggregate consumption rule we observe that the 
human capital of employed and unemployed households which we denote 
with Hlt and Hf respectively is given by the two arbitrage equations (31) and 
(32). Employment and unemployment (Ut) dynamics are given by (22) and by 

(A.5) AUt = sLt - p(.)Ut-1, where Ut = l-Lt. 

Since we make the assumption that each employed worker earns Wt and 
each unemployed worker receives Z*, we can define aggregate permanent 
income from wages and benefits as 
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(A.6) Hyt=HlzLt + H?iZUt. 

Taking first differences of this expression and substituting (31), (32), (22) 
and (A.5) yields aggregate permanent income from employment and unem-
ployment of the household sector 

Using (A.2) and simply summing over gives equation (8) and (9) in the 
text. 
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Zusammenfassung 

Dieser Artikel untersucht inwieweit ein dynamisches Gleichgewichtsmodell mit 
Suchkosten auf dem Arbeitsmarkt, Preisanpassungskosten und überlappenden 
Lohnkontrakten mit wichtigen stilisierten Fakten hinsichtlich des Zusammenhangs 
von Preisen, Zinssätzen und BIP für die deutsche Wirtschaft übereinstimmt. Läßt 
man technologische und monetäre Schocks zu, so zeigt sich, daß das Modell sowohl 
die beobachtete negative Korrelation zwischen Preisniveau und BIP als auch die 
positive Korrelation zwischen der Inflationsrate und dem BIP abbilden kann. Die 
Modellergebnisse sind ebenfalls konsistent mit charakteristischen Lead und Lag 
Mustern, wie z. B. dem Vorlauf der Preise und der nominalen kurzfristigen Zinssätze 
gegenüber dem BIP und der verzögerten Anpassung der Inflation. 

Abstract 

The paper addresses the question whether an open economy dynamic equilibrium 
model with search in the labour market, price adjustment costs and wage staggering 
is consistent with important stylised facts concerning the relationship between 
prices, interest rates and output for the German economy over the flexible exchange 
rate period. It is found that by allowing for technology and tnonetary shocks, the 
model can replicate the negative contemporaneous correlation between prices and 
output, as well as the positive contemporaneous correlation between inflation and 
output. The results generated by the model economy are also consistent with charac-
teristic lead and lag patterns, such as the lead of prices and nominal short term inter-
est rates relative to output and the lagged response of inflation to movements of GDP. 

JEL-Klassifikation: E30, E31, E32, E43 

Keywords: Business cycles; Nominal rigidity; Wage staggering; Labour 
market search; Technology shocks; Monetary shocks. 
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