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Preface

The world economy is facing one of the most severe crises in modern history. Projections for 2009 point to
the worst contraction in global GDP since the Second World War. Meanwhile, international trade and foreign
direct investment, among the most powerful engines of economic growth and development, are expected to
contract following two decades of rapid expansion. For many developing countries, this is further aggravated
by the fall in export prices and shrinking migrants’ remittances.

The economic crisis is already causing massive job losses. In developed countries, this means higher
unemployment – so far mitigated somewhat by recourse to shorter hours and labour hoarding. In developing
countries, the crisis is leading to losses of formal jobs, affecting women disproportionately. Workers go back
to rural areas or take informal jobs, entailing lower pay and worse working conditions. Everywhere, youth
leaving school face significant difficulties entering the labour market. A jobs crisis of colossal proportions is
in the making.

Experience from earlier crises shows that it takes longer for the labour market to recover than it does
for economic output, i.e. the labour recession tends to last much longer than the economic recession. Ev-
idence also suggests that polices can significantly attenuate both the depth and length of the labour market
recession. Fiscal stimulus packages can be instrumental in this respect. But, within fiscal stimulus packages,
what measures are most effective in supporting labour market performance? What is the right timing of the
measures and does international coordination of crisis responses make a big difference? This paper helps
address these crucial questions. It also represents the first step by the International Institute for Labour Stud-
ies towards building a model that will shed light on the effects of different policy options on decent work
objectives. Further analysis is needed to enrich the model and in particular include labour supply effects, as
well as job quality and income distribution dynamics. Moreover, the model needs to capture key features of
labour markets in developing countries. Nevertheless, the outcomes of this initial effort are most stimulating
already. The two authors are to be commended for such a timely, policy-relevant initiative.

Raymond Torres
Director
International Institute for Labour Studies





Non-technical summary

This paper presents Global Economic Linkages (GEL), a model developed by the International Institute for
Labour Studies to assess the labour market effects of policies and international shocks. Compared with
global business cycle approaches, GEL examines in detail the employment and income dynamics in an open-
economy context. It sheds light on how these dynamics are shaped by i) the degree of international policy
coordination and ii) the speed of domestic policy reactions to international shocks.

The model is based on a matching framework whereby labour market search frictions generate equilib-
rium unemployment. Wages are determined through firm-level negotiations. In steady state, production,
consumption and wages are the result of the simultaneous equilibrium on both labour and financial mar-
kets. Fiscal and social policies influence the level of economic activity. Indeed GEL uses an overlapping-
generations framework: government bonds represent net wealth that affects the household’s propensity to
consume. Debt-financed tax cuts or increases in government spending, therefore, increase aggregate demand
and do not fully crowd out private spending. On the other hand, some of these measures may also worsen ex-
ternal competitiveness through wage or price inflation. So the net impact on output and employment depends
on the relative strength of demand versus competitiveness effects.

Based on GEL, the paper analyses the employment and income effects of different fiscal and labour
market policies. Specifically, the following simulation results emerge:

• A permanent increase in public debt generally has a positive impact on employment. In other analyses,
higher public debt is either detrimental (reflecting crowding-out effects) or neutral, in the presence
of “Ricardian equivalence” – i.e. households save more and reduce private consumption, offsetting
the effects of higher government-induced demand. By contrast, in this model, there is no Ricardian
equivalence: higher public debt actually increases the propensity to consume, generating a wealth
effect. Despite the fact that an increase in aggregate demand is leaked through imports, this effect is
also operative in our open-economy framework, impacting on the level of economic activity. Also,
higher interest rates resulting from increased public debt only partly offset the positive wealth effects
on output and employment. The greater the size of the country or its debt burden, the lower the
negative effect of higher interest rates on output and employment, vis-à-vis the positive wealth effect.
By contrast, in small or lightly-indebted countries, the wealth effect is smaller than in larger or more
indebted countries, while the negative effects of higher interest rates are larger. Altogether, in small or
lightly-indebted countries, there is a risk that a permanent increase in public debt causes lower output
and employment.

• A cut in sales taxes supports employment in large or highly-indebted countries. This happens because
lower sales taxes raise households’ purchasing power and consumption, and because lower taxes widen
budget deficits and increase recourse to debt, thereby causing a positive wealth effect. The opposite
happens in the case of small or lightly-indebted countries. In this case, lower sales taxes yields only
limited wealth effects and makes imports cheaper. So imports increase, while exports remain constant,
exerting downward pressure on output. This mechanism is strong in small open economies due to the
importance of the external sector.

• A cut in labour income taxes has a positive effect on employment whatever the size of the country or
its debt burden. Lower labour taxes help reduce labour costs, hence boosting labour demand and also
improving exports (as domestic production becomes more competitive). Aggregate demand increases
further as a result of the wealth effect arising from the fact that lower wage taxes raise public debt.

• A cut in corporate income taxes has a positive effect on employment in large or highly-indebted coun-
tries. Such a measure makes output more profitable, thus supporting production and labour demand.
Part of the tax reduction is passed onto prices, improving the competitiveness of the economy. And,
as happens with other tax cuts, this one also exerts a wealth effect. At the same time, in line with
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higher after-tax profits, wages increase as well. As a consequence, in small or lightly-indebted coun-
tries, the favourable employment effects arising from the wealth effect are (partly) outweighed by the
deterioration of external competitiveness arising from higher wages.

• Reducing corporate income taxes has a positive effect on employment in a large and/or highly indebted
country. Alleviating profit taxes increases the optimal level of production and therefore the optimal
level of labour demand. Part of the tax reduction is passed onto prices, improving the competitiveness
of the economy. An additional positive effect is the impact of lower taxes on public debt and the wealth
effect. In a small country, the stimulating effect on wages compensates the improvements in after-tax
profits and somewhat deteriorates the external position of the country.

• An increase in autonomous public spending has a positive impact on employment in large or highly-
indebted countries, similar to an increase in net public debt through the wealth effect. The effect may
be even larger when such spending is used for direct job creation. On the other hand, in a small or
lightly-indebted country, higher public spending may be detrimental to employment. This reflects the
limited wealth effects and the fact that public spending will be partly leaked through imports.

• Higher unemployment benefits can have a positive effect on employment in large or highly-indebted
countries. This is because of the wealth effect (as in the case of other deficit-raising policies), but
also because unemployment benefits sustain consumption of unemployed workers. By contrast, higher
unemployment benefits affect employment in small or lightly-indebted countries. In this model, higher
benefits exert upward pressure on wages, undermining external competitiveness.

• Effective active labour market policies support job-search and improve the matching process, thus
helping jobseekers obtain employment. In small countries, overall employment levels improve pro-
vided that the competitiveness effect from higher wages are not overcompensating the increase in
economic activity. In large countries, in contrast, employment effects improve when wages raise in
line with higher matching rates to generate sufficient aggregate demand.

• Strengthening active labour market policies to improve the matching process on the labour market
increases the rate of outflows from the unemployment pool. Provided that the international interest rate
remains unaffected (i.e. with an unchanged debt-to-GDP ratio), employment rates improve for levels
of wage bargaining power or replacement rates that are not too high. For extreme values of either one
of these two institutional characteristics, wages increase sufficiently strongly to overcompensate for
the increase in outflows and to reduce employment rates.

• Hiring subsidies, i.e. one-off payments for successful matches, boost labour demand and lead to lower
unemployment in both large and small countries.

• Direct job creation obviously supports employment, in particular for large countries. When the coun-
try is small, the increase in wage and price inflation resulting from lower unemployment and higher
activity levels is partly offsetting the beneficial effect of this measure.

• Wage moderation in one country only has an ambiguous effect on employment. Wage moderation
reduces workers’ income and weakens demand, with large negative effects on output and employment
in large counties. However, wage moderation carried out in one country only also improves external
competitiveness, which in small open economies, may outweigh the negative demand effects.

• The impact of different policies on wages depends on the policy-impact on both employment and the
unemployment benefit replacement rate (i.e. the reservation wage). Those policies that increase the
employment rate and that raise alternative income (i.e. unemployment benefits) also improve wages.

Based on a calibration of GEL on two large economic regions (the US and the euro area), it was possible
to examine how the labour market effects of fiscal stimulus packages depend on the timing of the measures.
The paper compares different options, including implementing the entire fiscal stimulus package immediately
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after an adverse shock (so-called “full front-loading”), delaying the response for up to three quarters after
the crisis (“full back-loading”) and various intermediate approaches. It emerges that full front-loading is not
the best response, mainly because it does not leave enough time for firms, workers and households to adjust
to the stimulus measures. Full back-loading is not the answer either: in such a setting, stimulus measures
come too late and entail prolonged unemployment. Instead, a middle-of-the-road approach, with the bulk of
government action not too far after the shock, seems optimal.

The paper also considers the case for international policy coordination in response to shocks. In particular,
GEL is used to simulate the impact of an asymmetric shock that spreads globally via net asset flows and
global aggregate demand effects. The analysis here assumes the willingness to cooperate between countries
but considers different timing patterns of coordinate action. It shows that international policy coordination
and a doing-more-doing-quite-early approach are instrumental in reducing the adverse effects of shocks on
unemployment.

Keywords: Search and matching frictions, new open economy macroeconomic dynamics, equilibrium
unemployment, macroeconomic and social policies, global linkages, timing of policies, international policy
coordination

JEL-Classification: C61, E24, E32, J63





Introduction1

Labour market issues are often neglected in research on international linkages, such as in the International
Real Business Cycle (IRBC) tradition2 or in the New Keynesian New Open Economy Macroeconomics
(NOEM) tradition.3,4 Typically, labour markets are competitive and both workers and firms are price-takers,
even though imperfections5 are added that influence the transmission of shocks across countries and their
pass-through in the domestic economy.6

The hypothesis of competitive labour markets sits uneasily in standard models, especially in the NOEM
literature where firms usually use their monopoly power to set prices and earn rents. These rents would
normally be shared with their stakeholders. More importantly, the instantaneous adjustment of the labour
market implies that output is less persistent than what is observed empirically. Also, in such a setting terms
of trade adjustments occur uniquely through (relative) variations in total factor productivity or lagged price
adjustments: competitiveness effects through wage dynamics do not play a role in these models. Finally,
standard models lack a proper policy perspective as fiscal and structural policies are either absent or - in the
case of fiscal policies - implemented as lump-sum interventions, an assumption that is at variance with actual
practice of fiscal policies.

Partly for these reasons and because the current standard in economic modelling abstracts from essen-
tial labour market issues such as the dynamics of different labour market segments, the application of these
models to questions of relevance for the International Labour Organization has, so far, remained limited.
The following paper introduces the Global Economic Linkages model (GEL), a model platform developed
at the International Institute for Labour Studies that aims at extending existing global business cycle models
to understand labour market dynamics resulting from international shocks. The paper offers an extension to
open economy models in the New Keynesian tradition by including labour market search frictions and wage
bargaining. It discusses labour market implications of macroeconomic and social policies in a two-country
perpetual youth model in the tradition of overlapping generations. This modelling approach implies that pub-
lic spending does not lead to full crowding-out of private domestic demand. The model also includes a rich
set of policy instruments. In particular, the paper considers the effects of (i) higher public consumption, (ii) a
reduction in labour income, sales and corporate income taxes, (iii) an increase in unemployment replacement
rates, and (iv) an increase in spending on active labour market policies.

The paper has three main purposes (see the following box for a brief explanation of the model and its
value-added vis-à-vis earlier models):

• First, it examines the effects of these different policy instruments on employment and wages, both in
steady state and over the adjustment path following a shock;

• Second, it looks at the extent to which international policy coordination and the timing of policies is
relevant for the dynamics of employment and wages;

1The views in this paper are those of the authors and do not engage the International Institute for Labour Studies or the International
Labour Organization. The authors would like to thank Raymond Torres for helpful discussions and comments. All remaining errors are
ours. Corresponding author: Ekkehard Ernst (ernste@ilo.org).

2See, e.g., Backus et al. (1992)
3See, e.g., Obstfeld and Rogoff (1995); Lane (2001).
4See Weiß (2001) for an important exception, dealing with search unemployment in an open economy context, albeit without sticky

prices.
5E.g. credit constraints (e.g. through limited participation), home biases (i.e. imperfect substitutability in international financial

markets) or imperfect competition on product markets in NOEM models.
6Recent developments in the NOEM literature allow for nominal rigidities in the wage setting process (e.g. Hau (2000); Smets and

Wouters (2003); Coenen et al. (2008)) following similar assumptions about the wage setting process as in the standard Calvo-pricing
literature. In the absence of minimax rules or market disequilibrium, however, such models assume rather counter-factually that there
are periods of over-employment as households accept all employment opportunities at the ongoing wages.
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Box 1 The GEL model: A brief overview of for the hasty reader

The GEL model is set up as a 2-country open economy model with labour market frictions, international
trade and capital flows but no international migration.
Perpetual youth model.
In order to introduce household heterogeneity, the GEL model assumes constant probability of death for each
household, similar to the tradition of overlapping-generations models. This introduces a wedge between the
discount rate of individual households in comparison to the collective time preference rate of society. A main
implication of this wedge is the existence of a wealth effect in aggregate consumption. As a consequence,
debt-financed government spending is not completely crowding out private expenditure as individual house-
holds do not expect to fully pay back the increase in public debt.
Public finances and labour market policies.
Public authorities have the possibility to stimulate the economy through debt-financed public spending (no
distinction is made between public consumption and investment), reductions in taxation (income or con-
sumption) and increases in unemployment benefits (through changes in the replacement rates). Moreover,
they can affect the labour market matching process by introducing hiring subsidies or by implementing active
labour market policies that help improving the rate at which unemployed apply for open vacancies.
Labour market matching.
Unemployment arises from costly job search and matching. In order to expend their workforce, firms need
to open vacancies, which will only be filled with a certain probability, depending on the number of unem-
ployed workers. This generates a rent (a quasi-rent resulting from the matching process), which will be
shared through wage negotiations between firms and workers. The matching process generates additional
persistence of output and employment with respect to shocks, matching the reaction of the model economy
better with observed patterns of economic dynamics.
Imperfect competition and price setting.
Intermediate goods producers face monopolistic competition through product differentiation and a “taste for
variety” by retailers. As a consequence, they face a downward-sloping demand curve, which gives them
price-setting power. The mark-up will be determined by the price-elasticity of the demand and the marginal
costs of production, in part influenced by labour market conditions. Prices can be (re-)set optimally only
with a certain probability (“Calvo-pricing”). As a consequence, prices react sluggishly to changes in demand
conditions, leading to deviations of actual output from potential output in the wake of a shock.
Home bias on international capital markets.
International financial markets are not fully integrated. In particular, equity shares from domestic producers
cannot be traded internationally. Only government bonds can be bought foreign clients.

• Finally, it considers how different initial conditions of the economy impact on the effectiveness of the
different policy instruments considered in this paper.

Labour market dynamics are modelled following the widely-used matching framework of Pissarides
(1990) whereby search frictions lead to equilibrium unemployment. The matching rent that arises from
this costly search process will be shared through wage bargaining at the firm level. In steady state and ab-
sent any shocks, the labor market equilibrium determines the real side of the model, including production,
consumption and wages. Labour market policies such as unemployment benefit replacement rates or active
labour market policies impact on reservation wages and the effectiveness of the matching process, thereby
determining the long-run behaviour of the model. Moreover, employment dynamics are driven by aggregate
demand both in the domestic and the foreign country. As a consequence and due to the perpetual youth set-
up, private consumption and hence economic activity is partly driven by debt-financed tax cuts or increases
in public expenditure.

In this open-economy framework, economic activity and employment is determined by two opposing
forces: (a) the competitiveness effect associated with shifts in unit labour costs, and (b) the wealth effect of
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changes in public debt resulting in variations of aggregate demand. The latter results from the non-ricardian
equivalence assumption whereby individual households discount the stream of future income and liabilities
by a different rate than society at large. In such a setting, government spending and a permanent rise in
the public debt rate can have a positive impact on economic growth and employment. In the open-economy
context of this model, however, these effects have to be set against the loss in competitiveness that results
from (i) higher prices when aggregate demand exceeds potential and (ii) the distorting nature of taxation.

Compared with earlier studies, the GEL model offers two extensions: First, our model focuses more
specifically on the dynamics of the labour market in an open economy framework than earlier approaches.
In contrast to the baseline New Keynesian model, for instance, which includes staggered wages (see Erceg
et al. (2000); Smets and Wouters (2003)) ours allows for equilibrium unemployment and output persistence
due to employment adjustment lags. In particular, the actual number of jobs follows warranted employment
only with a lag as the adjustment process through labour market matching and job destruction takes time.
The second extension stems from the implementation of long-run non-neutral fiscal policies due to the use
of a perpetual youth model. In contrast to existing approach along these lines, such as Botman et al. (2006),
Laxton and Pesenti (2003) and Di Giorgio and Nistico (2007), we introduce a wide range of tax and spending
types and include social security as a separate sector.

The paper is organized as follows: In the next section, a short literature review is provided to discuss
existing approaches for analysing international linkages and business cycles. This is followed by the discus-
sion of the model in three steps: First, household and aggregate consumption is derived at given prices; then
capital and labour market dynamics in the intermediate goods sector are determined; finally, optimal price
setting and inflation dynamics in the retail sector are analysed. The paper continues by presenting the long-
run steady state solution to the model and uses comparative statics to analyse the effects of policy changes
on employment and wages. Finally, the model is calibrated to reflect the global interaction between the US
and the euro area, presenting both the steady states and the dynamic behaviour. Different timing patterns
of macroeconomic policies are analysed and their impact on shock mitigation is discussed. A final section
concludes.

Literature review

International business cycle models have been developed as closed-economy models were unable to take
spillovers of international shocks properly into account. Integrating international trade and capital flows in
dynamic macro-economic models opens up for new types of shocks, additional transmission mechanisms
and essential second-round effects arising from differences in the adjustment mechanisms across countries.
In addition, questions related to the effectiveness of stabilization policies make it necessary to include the
exchange rate mechanism into the model. Finally and related, issues of the international coordination and
the appropriate timing of policy interventions can solely be dealt with in such a framework. In the following,
a rapid overview of the two main strands in the international business cycle literature is provided, discussing
their most salient features regarding the international transmission of shocks, indicating their commonalities
and differences and examining the role of stabilization policies. This section concludes with an indication of
how the model presented in this papers counts on extending these existing approaches.

Broadly speaking, international business cycle theories have evolved along two macroeconomic tradi-
tions: The International Real Business Cycle (IRBC) school is based on the New Classical Macroeconomic
paradigm with its focus on competitive markets and unfettered adjustment of prices and quantities to shocks,
as popularised by Kydland and Prescott (1982). In contrast, the New Open Economy Macroeconomics
(NOEM) literature takes its inspiration from the New Keynesian school, considering nominal rigidities as
an important factor in understanding the cyclical behaviour of an economy. Both approaches aim at under-
standing the international spillovers of shocks and the possible co-movement of macroeconomic aggregates -
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such as consumption, investment and net exports - both within and across countries. And, as indicated in the
introduction, none of them takes a particular interest in labour market implications of business cycles shocks.

IRBC models try to understand international business cycle developments and the co-movement of pro-
duction, employment and consumption in different countries as the result of an interplay between technolog-
ical shocks and capital accumulation dynamics. Early models of this approach, however, produced results
strikingly at variance with empirical regularities (see Backus et al. (1992, 1993)). In the presence of perfect
international capital markets and full capital mobility, households can fully insure against country-specific
shocks and are able to smooth consumption over time disregarding their labour market situation. As a re-
sult, consumption is highly correlated across countries whereas production follows country-specific cycles,
in contrast to what is observed in the data. Later developments have introduced various forms of incomplete
financial markets and allow for capital adjustment costs, thereby de-linking consumption across countries
and making production less reactive to idiosyncratic shocks (see Baxter and Crucini (1995)). The overall
thrust, however, of the original RBC approach remains: Business cycles are an efficient reaction to supply
shocks and need not be smoothened out, hence the role for monetary policy remains limited and its overall
goal should be limited to guaranteeing a stable (and low) inflation rate that avoids sectoral mis-allocations
(Chari et al. (2009)).

In contrast, models in the NOEM tradition aim at replicating business cycle dynamics by introducing
nominal (and real) rigidities. Imperfect competition makes up for downward sloping demand curves; pricing
rigidities produce sluggish adjustment of the actual price to variations in aggregate demand. This assumption
gives an essential role to monetary policy for macroeconomic stabilization. In the seminal paper by Obstfeld
and Rogoff (1995) monetary is not neutral even in the long-run. An increase in domestic money supply
generates a permanent increase in output, employment and consumption alongside a permanent trade deficit
as prices do not adjust instantaneously causing the real exchange rate to adjust with a lag. Much in line with
stylized facts about global imbalances observed over the last decade, a monetary expansion in this model
causes the current account to open up and the economy to run above potential. The degree to which output,
employment and consumption increase following this depreciation depends on the degree of pricing power of
domestic producers as much as on the size of the home country. In contrast to the current situation, however,
this is a permanent phenomenon in steady state and does not yield any aggregate instability in the long-run.

Both approaches concentrate their analysis on the transmission mechanism of monetary policy and the
importance of the exchange-rate pass-through to understand the economic dynamics resulting from mone-
tary expansion or tightening. Fiscal policies, on the other hand, have not been studied extensively in these
frameworks. Most available studies in the vein of the NOEM and almost the entire IRBC literature adopt
the assumption of Ricardian equivalence whereby private spending is fully crowded out by debt-financed
increases in public expenditures. In this assumption, fiscal policy cannot boost aggregate demand and only
creates distortions. As a consequence, the analysis is limited to second-best considerations (i.e. how to
reduce the inefficiencies of government action) and balanced-budget interventions.

Some studies have attempted to introduce non-Ricardian agents with perfect capital markets (Cavallo
and Ghironi (2002); Ganelli (2005)), thereby generating wealth effects in consumption and economic ac-
tivity. As a consequence, debt-financed fiscal measures have a direct impact on the real economy, which
depends, however, on the precise nature of the intervention. For instance, debt-financed tax cuts may lead to
short-run exchange rate appreciations with long-run reversals. However, the presence of perfect international
capital markets limits somewhat the extent to which fiscal policies affect domestic economic activity. Going
one step further, Di Giorgio and Nistico (2007) introduce a home bias in financial markets, thereby mak-
ing capital flows less mobile across countries and restoring some of the effectiveness of fiscal policies. In
addition, the two-country set-up raises the issue of international coordination of stabilization policies. In par-
ticular, a coordination game between the authorities of the two countries has implications for the efficiency of
stabilization policies, depending on the type of Nash equilibrium that arises in the game (Dejeufosse (2008)).

In the tradition of the NOEM approach, nominal rigidities have also be introduced on labour markets in
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form of staggered wages (Erceg et al. (2000); Smets and Wouters (2003, 2006); Coenen et al. (2008)). This
assumption basically extends the Calvo price assumption to wage contracts. Similar to Calvo, only a part of
existing wage contracts can be renegotiated in each period. Labour demand only influences wages for new
labour contract, while wages of past labour contracts are left unchanged and can change only with a certain
probability. Most of the results from Calvo pricing carry over, with unemployment arising in a downturn
when wages do not adjust fast enough to the new price level. At steady state, however, unemployment
does not exist and hence long-term implications of policy changes and their pass-through to wages and
employment cannot be studied in such a context, whether open economy or not.

The model presented in this paper takes elements from both approaches: In common with the IRBC
literature, capital accumulation plays an important role in explaining output persistence, and employment
and wage dynamics. Following the NOEM approach, nominal rigidities explain short-run deviations of
output from its (second-best) level. Complementing both approaches, labour market frictions generate search
unemployment even in steady state. In addition, the wedge created by the matching process on the labour
market magnifies the impact of shocks on unemployment dynamics. As regards policies, the model here
follows recent developments in the NOEM literature regarding the introduction of fiscal policies; monetary
policy, on the other hand, does not play an important role here.

Household maximization and wealth effects

The optimal program of individual households

Our model follows the tradition of perpetual youth models introduced by Blanchard (1985) and Yaari (1965)
and applied to an international economy context by Frenkel and Razin (1987). In these models, the time
preference rate of the society differs from the one of an individual cohort as the latter takes its (constant)
probability of dying, γ < 1, into account when discounting future income streams. Relative country size is
given by n ∈ (0,1)and is considered to be exogenous. With slight variations, the notation in this first section
follows Smets and Wouters (2006) and Di Giorgio and Nistico (2007).

Household hold their wealth in two different assets: equity shares or government bonds (both foreign and
domestic). There is imperfect substitutability as only government bonds are assumed to be internationally
tradable. The economy’s capital account writes as:

Assets Liabilities
Q: Equity shares W: Households’ wealth
B: Government bonds

Moreover, the budget constraint of cohort j in country i ∈ {H,F} writes as:

(1+ τ i
c)P

i
t C

i
t ( j)+

Et

{
F i

t,t+1Qi
t ( j)

}
+

Bi
H,t ( j)+ εtBi

F,t ( j)

≤


1
1−γ

{
(1+ rH

t−1)B
i
H,t−1 ( j)+

ε i
t (1+ rF

t−1)B
i
F,t−1 ( j)+Qi

t−1 ( j)+

(1− τ i
w)
[
(W i

t Ni
t ( j)+W i

U,t(1−Ni
t ( j))

]
+(1− τ i

p)P
i
t Di

t ( j)
} (1)

where τ i
c: consumption tax rate in country i, τ i

ϖ : income tax rate, F i
t,t+1: the discount factor of firm equity,

Bi
H,t−1: bond holdings of government H in country i, Bi

F,t−1: bond holdings of government F in country i,
Ci

t : private consumption, Pi
t : the consumer price index (CPI) in country i, W i

t : the (nominal) wage rate, W i
U,t :

unemployment replacement income, Di
t : profit income, and ε i

t : the nominal exchange rate.
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In addition, households face an employment constraint, which depends on the number of jobs created by
firms:

Ni
t+1 =

(
1−σ

i
N
)

Ni
t +m

(
θ

i
t
)

(2)

where σ i
N : the (country-specific) rate of job destruction, assumed to be exogenously given, θ i

t = V i
t

U i
t

the (ag-
gregate) labour market tightness, measuring the relation between total number of vacancies to number of
unemployed, and m

(
θ i

t
)

the matching rate with which firms with vacancies and job seekers match. More-
over, households are assumed to either work or be unemployed; non-participation on labour markets is not
considered here.

On the basis of these constraints, households in both countries maximise their intertemporal consumption
stream, taking the labour market conditions (both wages and employment) as exogenous:

maxE0

∞

∑
t=0

β
t(1− γ)tU i (Ci

t ( j)
)

s.t. (1) and (2)

In order to solve this problem, the Lagrangian for households of country i and cohort j is set up:

max
Ci

t ,Q
i
t ,B

i
H,t ,B

i
F,t

L = E0

∞

∑
t=0

β
t(1− γ)t {U i (Ci

t ( j)
)
+λ

i
t ( j)·(

1+ τ
i
c
)

Pi
t C

i
t( j)+Et

[
F i

t,t+1Qi
t ( j)

]
+Bi

H,t ( j)+ ε
i
t B

i
F,t ( j)

− 1
1− γ

[
(1+ rH

t−1)B
i
H,t−1 ( j)+ ε

i
t (1+ rF

t−1)B
i
F,t−1 ( j)+Qi

t−1 ( j)
]

−(1− τ
i
w)
[
(W i

t Ni
t ( j)+W i

U,t(1−Ni
t ( j))

]
− (1− τ

i
p)P

i
t Di

t ( j)
}

with the first order conditions:

∂L

∂Ci
t( j)

= 0⇔−λ
i
t ( j)(1+ τ

i
c)P

i
t =

∂U i
(
Ci

t ( j)
)

∂Ci
t ( j)

(3)

∂L

∂Qi
t( j)

= 0⇔F i
t,t+1 = β

t λ i
t+1 ( j)
λ i

t ( j)
(4)

∂L

∂Bi
F,t( j)

= 0⇔ εtλ
i
t ( j) = β

tEtεt+1λ
i
t+1 ( j)(1+ rF

t ) (5)

∂L

∂Bi
H,t( j)

= 0⇔ λ
i
t ( j) = β

tEtλ
i
t+1 ( j)

(
1+ rH

t
)

(6)

Combining (5) and (6), the uncovered interest rate parity condition (UIP) derives:(
1+ rH

t
)

=
εt+1

εt

(
1+ rF

t
)
.

Moreover, firm’s equity is discounted at:

F H
t,t+1 =

1
1+ rH

t
and F F

t,t+1 =
1

1+ rF
t

. (7)
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At time t−1 households in both countries have access to a total of financial wealth given by the following
expressions:

Ω
H
t−1 ( j) =

1
1− γ

[
(1+ rH

t−1)B
H
H,t−1 ( j)+ εt(1+ rF

t−1)B
H
F,t−1 ( j)+QH

t−1 ( j)
]

(8)

Ω
F
t−1 ( j) =

1
1− γ

[
(1+ rH

t−1)B
F
H,t−1 ( j)/εt +(1+ rF

t−1)B
F
F,t−1 ( j)+QF

t−1 ( j)
]

(9)

Plugging the UIP condition into (8) and (9), we get the equilibrium conditions in asset markets:

EtF
H
t,t+1(1− γ)ΩH

t ( j) = BH
H,t ( j)+ εtBH

F,t ( j)+Et
{
F H

t,t+1QH
t ( j)

}
(10)

EtF
F
t,t+1(1− γ)ΩF

t ( j) =
BF

H,t ( j)
εt

+BF
F,t ( j)+Et

{
F F

t,t+1QF
t ( j)

}
(11)

Aggregation across cohorts and wealth effects

In order to determine the macroeconomic dynamics, we need to aggregate the equilibrium conditions across
cohorts.7 From the budget constraint (1) and equations (10) and (11) we can rewrite the budget constraint for
cohort j living in country i as a stochastic difference equation in nominal financial wealth:(

1+ τ
i
c
)

Pi
t C

i
t ( j)+EtF

i
t,t+1 (1− γ)Ω

i
t ( j) = Ω

i
t−1 ( j)+Y di

t ( j) (12)

with after-tax nominal disposable income Y di
t ( j)=

(
1− τ i

w
)[

W i
t Ni

t ( j)+W i
U,t
(
1−Ni

t ( j)
)]

+
(
1− τ i

p
)

Pi
t Di

t ( j)

and profit income: Di
t ( j) = ω i

k,t (h)yi
t (h)− W i

t (h)
Pi

t
Ni

t (h)−ζ i W i
t (h)
Pi

t
V i

t (h)− Ii
t (h) .

Equation (12) can be solved forward to express personal nominal consumption as a function of wealth
as: (

1+ τ
i
c
)

Pi
t C

i
t ( j) = ξ

(
Ω

i
t−1 ( j)+H i

t ( j)
)

(13)

with ξ = 1−β (1− γ) being the propensity to consume out of total wealth. H i
t ( j) is the expected net present

value of future disposable income (which is equivalent to non-tradable wealth):

H i
t ( j) = Et

{
∞

∑
k=0

F i
t,t+k (1− γ)kY di

t+k ( j)

}
(14)

Tradable wealth evolves according to developments in equity shares (see below) and government bonds
in both countries. The latter depends on past debt, interest payments and the primary deficit8:

Bi,t = (1+ ri
t−1)Bi,t−1 +Zi

t (15)

7The assumption of constant probability of death allows for a particularly tractable approach to aggregation across cohorts.
8Government bonds are internationally tradable. For sake of simplicity and in the absence of stochastic returns, for instance differ-

ences in sovereign bond default rates, we assume that bonds are held in both countries according to their relative country weight:

BH,t =
nBH

H,t +(1−n)BF
H,t

n

BF,t =
nBH

F,t +(1−n)BF
F,t

1−n
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The primary deficit is the result of autonomous public spending (at factor prices), Gi
t , spending on social

security9 minus income from consumption taxes and income taxes:

Zi
t = Pi

i,tG
i
t +W i

U,t
(
1−Ni

t
)
− τ

i
cPi

t C
i
t − τ

i
w
[
W i

t Ni
t +W i

U,t
(
1−Ni

t
)]
− τ

i
PPi

t Di
t (16)

where Pi
i,t is the producer price index (PPI) of goods produced at home, which in our model is the relevant

deflator for government spending.

Then, the following macroeconomic condition can be shown to hold:

Proposition 1. Aggregate private consumption in country i evolves according to the following dynamic path
(the modified Euler equation):

(1+ τ
i
c)P

i
t C

i
t = ψEtF

i
t,t+1Ω

i
t +

1
β

EtF
i
t,t+1

(
1+ τ

i
c
)

Pi
t+1Ci

t+1

where ψ = γ
1−β (1−γ)

β (1−γ) .

Proof. Equations (12) and (13) are linear in cohort-specific variables. Aggregation across cohorts, therefore,
yields (notice the drop in the cohort index j and in the cohort-specific time preference rate (1− γ):10(

1+ τ
i
c
)

Pi
t C

i
t +EtF

i
t,t+1Ω

i
t = Ω

i
t−1 +Y di

t (17)(
1+ τ

i
c
)

Pi
t C

i
t = ξ

(
Ω

i
t−1 +H i

t
)

(18)

Aggregating equation (14) across cohorts and rewriting it in recursive form allows to derive:

H i
t = Et

{
∞

∑
k=0

F i
t,t+k (1− γ)kY di

t+k

}

⇔ H i
t = Y di

t +Et

{
∞

∑
k=1

F i
t,t+k (1− γ)kY di

t+k

}
⇔ H i

t = Y di
t +F i

t,t+1 (1− γ)H i
t+1

Moreover, equation (18) at time t +1 writes as:(
1+ τ

i
c
)

Pi
t+1Ci

t+1 = ξ
(
Ω

i
t +H i

t+1
)

⇔F i
t,t+1 (1− γ)

{(
1+ τ

i
c
)

Pi
t+1Ci

t+1−ξ Ω
i
t
}

= ξF i
t,t+1 (1− γ)H i

t+1

Plugging in the recursive formula for H i
t one obtains:

F i
t,t+1 (1− γ)

{(
1+ τ

i
c
)

Pi
t+1Ci

t+1−ξ Ω
i
t
}

= ξF i
t,t+1 (1− γ)H i

t+1

⇔F i
t,t+1 (1− γ)

{(
1+ τ

i
c
)

Pi
t+1Ci

t+1−ξ Ω
i
t
}

= ξ
(
H i

t −Y di
t
)

(19)

9In the context of this model, social security only covers unemployment benefits. Moreover, social security is supposed to be entirely
tax-financed and without a separate account. In future developments of the model, we expect to modify these assumptions.

10The aggregator function for cohort-specific variable Xt ( j) writes:

Xt ≡
t

∑
j=−∞

γ (1− γ)t− j Xt ( j)

with γ (1− γ)t− j the average size of cohort j at time t.
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Combining equations (17) and (18) to eliminate Ωi
t−1 and using (19) gives:(

1+ τ
i
c
)

Pi
t C

i
t +EtF

i
t,t+1Ω

i
t = Ω

i
t−1 +Y di

t(
1+ τ

i
c
)

Pi
t C

i
t +EtF

i
t,t+1Ω

i
t =

(
1+ τ i

c
)

Pi
t C

i
t

ξ
−H i

t +Y di
t

⇔ (1−ξ )
(
1+ τ

i
c
)

Pi
t C

i
t −ξ EtF

i
t,t+1Ω

i
t = ξ

(
H i

t −Y di
t
)

⇔ (1−ξ )
(
1+ τ

i
c
)

Pi
t C

i
t −ξ EtF

i
t,t+1Ω

i
t = F i

t,t+1 (1− γ)
{(

1+ τ
i
c
)

Pi
t+1Ci

t+1−ξ Ω
i
t
}

⇔
(
1+ τ

i
c
)

Pi
t C

i
t =

1− γ

1−ξ
F i

t,t+1
(
1+ τ

i
c
)

Pi
t+1Ci

t+1 +
γξ

1−ξ
F i

t,t+1Ω
i
t .

Noting that 1−γ

1−ξ
= β and writing ψ ≡ γξ

1−ξ
= γ

1−β (1−γ)
β (1−γ) yields the equation in the proposition.

In contrast to the standard Euler equation that results from infinite-horizon, representative agent models,
the optimal consumption path on the macroeconomic level does also depend on the evolution of tradable
wealth, with ψ the propensity to consume out of the accumulated wealth stock. The difference reflects the
fact the individual cohorts and the society at large are discounting future income streams at a different rate,
as individual cohorts do take into account their mortality rate γ .

Production

The economy comprises two sectors: a retail industry that transforms differentiated intermediate products
from both countries into final goods and an intermediate goods sector that uses capital and labour in the
production process. The intermediate goods sector is supposed to be of mass 1.

Optimal labour and capital demand decisions

In each of the two countries there is an infinite number of producers of intermediate goods with mass one.
Using capital and labour as factor inputs, each firm h produces a differentiated intermediate good according
to the production function yi

t (h) = f i
(
Ki

t (h) ,Ai
t (h)Ni

t (h)
)
, i ∈ {H,F}, which is homogeneous of degree 1.

Labour productivity Ai
t (h) is constant (and equal to unity in steady state) but subject to shocks.

Firms need to hire employees on the labour market, but face search frictions. Hence, before hiring, they
need to open job vacancies, V i

t , which is costly and proportional to the ongoing wage, i.e. ζ iW i
t (h). Each

period, there is an exogenous number of jobs that gets destroyed at rate σ i
N and new jobs are created at rate

m
(
θ i

t
)

= q
(
θ i

t
)
V i

t (h). The employment level hence varies according to the following law of motion:

Ni
t+1 (h) = (1−σ

i
N)Ni

t (h)+qi (
θ

i
t
)
V i

t (h) (20)

The capital stock evolves according to the invested amount and depreciates at rate δ :

Ki
t+1 (h) =

(
1−δ

i)Ki
t (h)+ Ii

t (h) (21)

Finally, the proceeds from selling the good allows the firm to earn the (relative) price ω i
k,t (h) =

Pi
k,t (h)

Pi
k,t

in country k where Pi
k,t (h) is the firm’s own price, set according to a Calvo price-setting scheme (discussed

below) and Pi
k,t the producer price index in country i. Firms are then maximizing their discounted after-tax
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net cash flow arising from selling their proceeds and remunerating labour, subject to the corporate tax rate,
τP:

max
It ,Kt+1,Vt ,Nt+1

∞

∑
t=0

(
1

1+ ri,t

)t
[
(1− τP)

(
ω

i
k,t (h)yi

t (h)−W i
t (h)
Pi

k,t
Ni

t (h)−ζ
i W

i
t (h)
Pi

k,t
V i

t (h)

)
− Ii

t (h)

]
s.t. (20) and (21)

In order to solve this problem, the following Lagrangian needs to be set up (where the firm index h has
been dropped for notational convenience):

L =
∞

∑
t=0

(
F i

t,t+1
)t
{

(1− τP)

(
ω

i
k,t f i (Ki

t ,A
i
tN

i
t
)
− W i

t

Pi
k,t

Ni
t −ζ

i · W i
t

Pi
k,t

V i
t

)
− Ii

t +

µ
i
t
[
Ni

t+1− (1−σN)Ni
t −qi (

θ
i
t
)
V i

t
]
+

ν
i
t
[
Ki

t+1−
(
1−δ

i)Ki
t − Ii

t
]}

with the first order conditions:

∂L

∂Vt
= 0⇔−(1− τP)ζ

i · W i
t

Pi
k,t
−µ

i
t q

i (
θ

i
t
)

= 0 (22)

∂L

∂Nt+1
= 0⇔ µ

i
t +F i

t,t+1

[
(1− τP)

(
ω

i
k,t+1MLPi

t+1−
W i

t+1

Pi
k,t+1

)
−µ

i
t+1 (1−σN)

]
= 0 (23)

∂L

∂ It
= 0⇔−1 = ν

i
t (24)

∂L

∂Kt+1
= 0⇔ ν

i
t +F i

t,t+1
[
(1− τP)ω

i
k,t+1MKPi

t+1−ν
i
t+1
(
1−δ

i)]= 0 (25)

where MLPi
t = ∂ f i

t
∂Ni

t
and MKPi

t = ∂ f i
t

∂Ki
t

are the firm-specific marginal productivities of labour and capital re-
spectively.

Rearranging (22) to obtain µ i
t = (1−τP)ζ ·W i

t
qt

and inserting it into (23) we get:

F
i

t,t+1

[
ω

i
k,t+1MLPi

t+1−
W i

t+1

Pi
k,t+1

+ζ ·
W i

t+1

Pi
k,t+1

· (1−σN)
qi
(
θ i

t+1

)]=
ζ

qi
(
θ i

t
) · W i

t

Pi
k,t

. (26)

Similarly, combining (24) and (25) we obtain:

−1+F i
t,t+1

[
(1− τP)ω

i
k,t+1MKPi

t +(1−δ )
]

= 0

⇔ ω
i
k,t+1 (1− τP)MKPi

t =
1

F i
t,t+1
− (1−δ ) (27)

Wages, employment and capital stock

Wages are negotiated at the firm level. Workers enjoy bargaining power ρ . Along the lines of Eriksson
(1997), we set up a reduced-form bargaining process: Workers have a fall-back option provided by the social
security system, which pays a replacement income in form of unemployment benefits, R0. Hence, wages will
be determined as a weighted average of after-tax marginal productivity, (1− τP)ω i

k,tMLPi
t (h), and the gain
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of filling a vacancy on the one hand, θ i
t ζ0, and unemployment benefits, R0, on the other. Moreover, workers

negotiate nominal wages on the basis of the consumer price index. Finally, when negotiating wages, workers
take the income tax rate into account, hence they are bargaining over their after-tax wage income:

W ni
t (h) = ρ

(
(1− τP)ω

i
k,tMLPi

t (h)+θ
i
t ζ0
)
+(1−ρ)R0

Unemployment benefits are assumed to be adjusted in line with real wages in order to capture increases
in productivity. This will affect the increase in the reservation wage and the vacancy costs, hence R0 = Ri ·W i

t
(0≤ Ri < 1), ζ0 = ζ i ·W i

t . Using W i
t = (1+ τw)W ni

t to describe the difference between gross and net wages,
we can reformulate the wage rate as:

W ni
t (h) = ρ

(
(1− τP)ω

i
k,tMLPi

t (h)+θ
i
t ζ

i ·W i
t (h)

)
+(1−ρ)Ri ·W ni

t

⇔ W ni
t (h) =

(1− τP)ρω i
k,tMLPi

t (h)

1− (1+ τw)ρθ i
t ζ − (1−ρ)Ri

Individual firms, therefore, face a gross wage bill of:

W i
t (h)Ni

t (h) = (1+ τw)W ni
t (h)Ni

t (h) =
(1+ τw)(1− τP)ρω i

k,tMLPi
t (h)

1− (1+ τw)ρθ i
t ζ − (1−ρ)Ri Ni

t (h) .

Noting that ω i
k,t+1 =

´
ω i

k,t+1 (h)dh =
´ pi

k,t (h)

Pi
k,t

dh =
Pi

k,t
Pi

k,t
= 1, the average wage writes as:

W i
t =
ˆ

W i
t (h)dh =

(1− τP)ρMLPi
t

1− (1+ τw)ρθ i
t ζ i− (1−ρ)Ri (28)

Aggregating (26) across individual producers in country i and plugging in the average wage (28), the
aggregate employment dynamics follows (see Annex A for details):

F
i

t,t+1
MLPi

t+1
MLPi

t

[
1
ρ

+ 1
1−ρθ i

t+1ζ−(1−ρ)Ri

[
ζ (1−σ i

N)
qi(θ i

t+1)
−1
]]

= ζ

(1−ρθ i
t ζ−(1−ρ)Ri)qi(θ i

t )
. (29)

Finally, using (7), the aggregate capital stock can be derived from (27) as:

(1− τP)MKPi
t =

1
F i

t,t+1
−
(
1−δ

i)⇔MKPi
t =

ri
t +δ i

(1− τP)
. (30)

Consumption and prices

Retail sector

Retailers compose final goods out of a mix of domestic and foreign intermediate goods. As individual
households and aggregate consumption follow similar laws, in the following we skip the household index:

Ci
t =

[
n

1
η

(
Ci

H,t
) η−1

η +(1−n)
1
η

(
Ci

F,t
) η−1

η

] η

η−1
(31)

where i ∈ {H,F} and η ∈ (0,∞) is the elasticity of substitution between home and foreign goods. C
i

H,t is

the quantity of goods produced in country H and consumed in country i while C
i

F,t is the quantity of goods
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produced in country F and consumed in country i. Typical expenditure minimization leads to the following
aggregate price level (see annex B):

Pi
t =

[
n
(
Pi

H,t
)1−η +(1−n)

(
Pi

F,t
)1−η

] 1
1−η

(32)

where Pi
t is the CPI in country i whereas Pi

k,t represents the producer price index in country i of goods
produced in country k. Total demand for goods produced in country i is determined by:

ADi
t = ADi

i,t +ADi
k,t =

(
Pi

k,t

Pi
t

)−η

CW
t + Ii

t +Gi
t , i,k ∈ {H,F} , i 6= k (33)

where CW
t ≡ nCH

t +(1−n)CF
t is aggregate world private consumption (see (43) and (44)), Ii

t country-specific
investment and Gi

t country-specific autonomous government spending (to be determined below).

Defining the terms of trade as the price of foreign produced goods in home country prices, ToTt =
Pi

F,t
Pi

H,t
,

and using the standard definition for CPI inflation, π = log
(

Pi
t

Pi
t−1

)
we can approximate consumer price

inflation as:

π
H
t ≡ log

(
PH

t

PH
t−1

)
= πH,t +(1−n)4ToTt +O

(
ToT 2

t
)

π
F
t ≡ log

(
PF

t

PF
t−1

)
= πF,t −n4ToTt +O

(
ToT 2

t
)

where πi,t stands for producer price inflation in country i and O
(
ToT 2

t
)

designs second order terms of the
approximation.

Intermediate goods sector

Producers of intermediate goods transform primary goods into intermediate goods according to the following
production function:ξ

Y i
k,t =

[ˆ
yi

k,t(h)
ξ−1

ξ dh
] ξ

ξ−1

where i,k∈{H,F}, h the identifier of the primary good and ξ ∈ (0,∞) is the elasticity of substitution between
the differentiated goods. Optimization in the intermediate goods sector leads to the PPI, i.e. the price level
for goods from country k that are consumed in country i:

Pi
k,t =

[ˆ (
Pi

k,t (h)
)1−ξ

dh
] 1

1−ξ

(34)

Given total demand for country i’s production, ADi
t as determined by (33), demand for primary good h is

given by:

yi
k,t (h) =

(
Pi

k,t (h)

Pi
k,t

)−ξ

ADi
t
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which implies the country-specific resource constraint:

ˆ
yi

k,t (h)dh =
ˆ (Pi

k,t (h)

Pi
k,t

)−ξ

ADi
tdh =

(
Pi

k,t
)ξ

ADi
t

ˆ (
Pi

k,t (h)
)−ξ

dh =

(
Pi

k,t

Pi
k,t

)−ξ

ADi
t (35)

where Pi
k,t ≡

(´ (
Pi

k,t (h)
)−ξ

dh
)− 1

ξ

is the domestic production deflator (DPD) and
Pi

k,t
Pi

k,t
measures the relative

price dispersion among country-specific intermediate goods producers. As only ϑ% of all firms can update
their prices at each point in time, this price aggregate evolves at the symmetric equilibrium according to:

Pi
k,t =

(
ϑ

(
P̂i

i,t

)−ξ

+(1−ϑ)
(

π
ssPi

k,t−1

)−ξ
)− 1

ξ

(36)

Along the same lines, the PPI of equation (34) evolves according to:

Pi
k,t =

(
ϑ

(
P̂i

i,t

)1−ξ

+(1−ϑ)
(
π

ssPi
k,t−1

)1−ξ

) 1
1−ξ

(37)

In order to determine the optimal price of the intermediate good,P̂i
i,t , its producer considers an intertem-

poral problem of updating its price at time t and then having to wait for 1
1−ϑ

before getting the chance of
updating this price again (“Calvo pricing”). The following proposition shows the optimal evolution of this
price:

Proposition 2 (Optimal price setting). When the intermediate goods producer has the possibility to optimally
update its price, it sets it to:

P̂i
i,t

Pi
k,t

=
ξ

ξ −1
·

Pi
N

Pi
D

where

Pi
D,t =

(
P̂i

i,t

Pi
k,t

)−ξ

Y i
k,t +F i

t,t+1 (1−ϑ)π
ss
i Pi

D,t+1

Pi
N,t =

(1− τP)ρY i
k,t

1− (1+ τw)ρθ i
t ζ − (1−ρ)Ri

(
P̂i

i,t

Pi
k,t

)−ξ

·1+
ζ

qi
(
θ i

t
)
(1−σN)−

(
4P̂i

i,t+1

4Pi
k,t+1

)−ξ 4Y
i

k,t+1

4MLPi
t+1

+F i
t,t+1 (1−ϑ)π

ss
i Pi

N,t+1

and MLPi
t denotes the marginal productivity of labour in country i at time t.

Proof. See Annex A on page 27
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Aggregate demand

Autonomous government spending is used to consume exclusively own-country goods (“buy America”
clause). Total spending, Gi

t is distributed across sectors according to relative prices:

Gi
t (h) =

(
Pi

i,t (h)

Pi
i,t

)−ξ

Gi
t .

Similarly, investment is country-specific and firms do not buy capital goods from the foreign country. Hence,
investment spending is distributed across sectors according to relative prices:

Ii
t (h) =

(
Pi

i,t (h)

Pi
i,t

)−ξ

Ii
t .

Each individual good producer hence faces the total demand:

yi
k (h) =

(
Pi

k (h)
Pi

k

)−ξ

ADi
t = Ci

i,t (h)+Ci
k,t (h)+ Ii

t (h)+Gi
t (h) .

Long-run equilibrium

Steady state equations

The steady state is determined by the simultaneous equilibrium on the goods market(s), the labour market(s)
and the international financial market. The following three propositions summarise these equilibria.

Proposition 3 (Steady state prices). In steady state, the inflation rate is determined by labour market condi-
tions

π
ss
k =

(
1−ϑ

ϑ

) 1
ξ−1 ξ

ξ −1
· ρ

1−ρθ SS
k ζ − (1−ρ)Rk

(
1+

ζ

q
(
θ SS

k

))
and relative prices are given by:

Pi,SS
i,t

Pi,SS
i,t

=
(

1−ϑ

ϑ

) 1
ξ (1−ξ )

.

Proposition 4 (The real economy). The real economy is determined by the equilibrium on labour and capital
markets.

1− (1+ τw)ρθ
i
ζ − (1−ρ)R+(1+ τw)(1− τP)ρ

ζ
(
1−σ i

N
)

q
(

θ
i
) −1

 =
ζ ρ (1+ τw)(1− τP)

F i
t,t+1q

(
θ

i
)

MKPi =
ri +δ i

(1− τP)

Proposition 5 (The international economy). In steady state, the world interest rate rss = rH,ss = rF,ssis given
by:

β (1+ rss) = 1+ χ (38)

with

χ =
ψB/CW

1−ψB/CW
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Policy analysis at the steady state

Lemma 6. Let Ξ ≡ 1
1+r

[
(1+τw)(1−τp)ρ

(
q
(

θ
i
)
−ζ (1−σN)

)
−
(

1−(1+τw)ρθ
i
ζ−(1−ρ)R

)
q
(

θ
i
)]

+ ζ ρ(1+τw)(1−τp) be the
implicit function of the labour market equilibrium as given by proposition 38. Then, there is always a level
of public debt B large enough to ensure that ∂Ξ

∂θ
< 0. Moreover, the smaller the country size, n, the larger the

level of debt B that is required to insure that ∂Ξ

∂θ
< 0.

Proof. Using (7) and rearranging (29), we get:

q(θ
i)

1+r

[(
1−(1+τw)ρθ

i
ζ−(1−ρ)R

)
+(1+τw)(1−τp)ρ

[
ζ(1−σN)

q(θ
i)
−1

]]
= ζ ρ(1+τw)(1−τp)

1
1+r

[
(1+τw)(1−τp)ρ

(
q
(

θ
i
)
−ζ (1−σN)

)
−
(

1−(1+τw)ρθ
i
ζ−(1−ρ)R

)
q
(

θ
i
)]

= −ζ ρ(1+τw)(1−τp)
1

1+r Γ

(
θ

i
)

= −ζ ρ(1+τw)(1−τp)
Ξ = 0

where Γ

(
θ

i
)
≡ (1+ τw)(1− τp)ρ

(
q
(

θ
i
)
−ζ (1−σN)

)
−
(

1− (1+ τw)ρθ
i
ζ − (1−ρ)R

)
q
(

θ
i
)

. In steady
state, replacing r by (36), yields:

β

1+ψ
Γ(θ i) = ζ ρ (1+ τw)(1− τp)⇔ βϒ

(
B,θ

i
)

Γ(θ i) = ζ ρ (1+ τw)(1− τp)

where ϒ

(
B,θ

i
)
≡
(

1− σB
(1+τc)CW )

)
=
(

1− σB
(1+τc)[YW (Θ)−GW ] )

)
and Θ ≡

(
θ

H
,θ

F
)

. Hence, ϒ(B,θ) de-

pends on the labour market conditions in both countries to the extent that world consumption is limited by
world production. In order to prove the lemma we, hence, need to establish the sign of:

∂Ξ

∂θ
= β

(
∂ϒ

∂θ i Γ
(
θ

i)+ϒ
(
B,θ i) ∂Γ

∂θ i

)
.

First note that
∂ϒ

∂θ i =
σB ∂YW (Θ)

∂θ i

(1+ τc)2 [YW (Θ)−GW ]2
> 0

as ∂YW (Θ)
∂θ i = ni ∂Ni

∂θ i =
σ

(
q
(

θ
i
)
+θq′

(
θ

i
))

(
q
(

θ
i
)
+σ

)2 > 0 with nH = n and nF = 1− n. We also know that ∂Γ

∂θ i is positive

as:

∂Γ

∂θ i = (1+ τw)ρζ q
(

θ
i
)

+q′
(

θ
i
)(

(1+ τw)ρ

(
ζ θ

i +1− τp

)
−1+(1−ρ)R

)
= (1+ τw)ρζ

(
q
(

θ
i
)

+θ
i
q′
(

θ
i
))

−q′
(

θ
i
)

(1− (1−ρ)R− (1+ τw)(1− τp)ρ) > 0

Moreover, we note that in steady state ϒ(B,θ)= 1
1+r is positive while Γ(θ)=−(1+ r)ζ ρ (1+ τw)(1− τp)

is negative. Hence:
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∂Ξ

∂θ
= β

 	
∂ϒ

∂θ i Γ
(
θ

i)+ ⊕

ϒ
(
B,θ i) ∂Γ

∂θ i


= β

 σB ·ni ∂Ni

∂θ i

(1+ τc)2 [YW (Θ)−GW ]2
Γ

(
θ

i
)

+
(

1− σB
(1+ τc) [YW (Θ)−GW ]

)
)

∂Γ

(
θ

i
)

∂θ
i

≶ 0

and hence:∃B > 0

∣∣∣∣∣∣ σB ·ni ∂Ni

∂θ i

(1+ τc)2 [YW (Θ)−GW ]2
Γ

(
θ

i
)

=
(

1− σB
(1+ τc) [YW (Θ)−GW ]

)
)

∂Γ

(
θ

i
)

∂θ
i

 .

Hence, ∂Ξ

∂θ
will be negative for B > B while this term is positive otherwise. Moreover, the threshold

level B will depend on the relative country size ni: The larger the relative size of the country, the lower the
threshold level.

With this lemma, we can now prove the following proposition:

Proposition 7 (Fiscal policies). The impact of fiscal policies depends on the size of the country and the size
of the initial debt level. For large countries or countries with a large initial debt level, an increase in public
debt, B, an increase in autonomous public spending, G, a reduction in sales taxes, τc, and a reduction in
corporate taxes, τP, lead to a rise in the employment rate. For small countries the opposite effect prevails.

Proof. See Annex B on page 33

Proposition 8 (Labour market policies). Wage and hiring subsidies (τw and ζ respectively) and direct job
creation have an unambiguously positive effect on the employment rate. Other labour market policies are,
however, affected by the size of the country. Active labour market policies that aim at improving the matching
efficiency raise the employment rate provided that wage bargaining power or replacement rates that are not
too high. Finally, wage moderation policies have an ambiguous effect on employment rates.

Proof. See Annex B on page 36

The following table recalls the impact of different policies depending on the size or the initial debt level
of the country in which the policy is implemented and discusses the different transmission mechanisms by
which the policies affect the employment rate. As shown in the table, the impact of different parameters on
the employment rate mainly depends on two factors: The relative size of the economy and the strength of the
competitiveness effect.
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Table 1: Summary of comparative statics
Large country / Large debt Small country / Small debt

Policy Employment rate Transmission mechanism Employment rate Transmission mechanism

B + Wealth effect - Competitiveness effect

τc - Consumption and
wealth effect

+ Competitiveness effect

τw - Labor costs - Labor costs
τp - Labor demand + Labor costs
G + Wealth effect - Import demand effect
R + Wealth effect - Wage effect

q0 +/- Matching effect/
Wage effect - Wage effect

ζ + Labor demand + Labor demand
ρ +/- +/-

Note: The table summarises the effects of a permanent increase in government debt (B), sales taxes (τc),
wage income taxes (τw), corporate income taxes (τp), autonomous government spending (G), the unemploy-
ment benefit replacement rate (R), active labour market policies (q0), hiring subsidies (ζ ) and trade union
bargaining power (ρ) on the employment rate in the home country (i.e. where the policy is implemented).
The table distinguishes the cases between small and large countries or countries with little or large initial
stocks of public debt.

Model calibration: Steady state and transitional dynamics

Functional specification

The model has been calibrated so as to match labour market situations and public debt levels in the US and
the euro area in 2007. In this regard, the parameters for the labour market matching function have been set
using standard values discussed in the literature (see Pissarides and Petrongolo (2001) for a survey). The
parameter values for the capital-labour elasticity, α , and the capital depreciation rate, δ , have been taken
from Ernst et al. (2006), while the parameters on vacancy costs, ζ , and employment destruction, σ , are taken
from Merz (1995). The remaining parameters are taken from Di Giorgio and Nistico (2007). The following
table summarises the different parameters and functions that have been used to calibrate the model.
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Table 2: Calibration of parameter values

Description Parameter/Function Parameter values

USA Euro area

Utility function U i(Ci
t ( j))=logCi

t ( j) - -

Time preference rate β β H=0.99 β F =0.99

Mortality rate γ γH=0.05 γF =0.05

Relative country size n n=0.54 1−n=0.46

Production function F=Kα
t (At Nt )1−α

αH=0.36 αF =0.36

Depreciation δ δ H=0.05 δ F =0.05

Job separation σ σH=0.1 σF =0.1

Vacancy cost ζ ζ H=0.05 ζ F =0.05

Wage bargaining power ρ ρH=0.4 ρF =0.6

Unemployment insurance
(Replacement rate) R RH=0.61 RF =0.7

Sales taxes τc τH
c =0.05 τF

c =0.2

Income taxes τw τH
w =0.29 τH

w =0.41

Corporate profit taxes τP τH
P =0.4 τF

P =0.27

Job creation rate q(θt )=q0θ
−q1
t

q0=0.1575

q1=0.8

q0=0.1775

q1=0.8

Calvo price-updating probability ϑ ϑ H=0.25 ϑ F =0.25

Elasticitiy of substitution
(Home vs. foreign goods) η ηH=1.5 ηF =1.5

Elasticitiy of substitution
(btw. differentiated goods) ξ εH=11 εF =11

Note: The model is calibrated assuming that the US is the home country and the euro area
the foreign country.

Steady state effects

In order to analyse the long-term effects of different policy options, the model was calibrated to replicate
steady state employment and public debt ratios as observed in the US (larger country) and the euro area
(smaller country), with implications for the net foreign asset position and the current account balance in
both regions (negative in the US and positive in the euro area). This calibrated version was used to assess
the quantitative implications on the labour market of different policy options to stimulate the economy. The
summary below shows the impact on employment, wages and the real exchange rate and gives a ranking of
different policies regarding their employment impact. The simulations for the US are based on a stimulus
package representing 5.7% of GDP (ex-ante), roughly the amount announced for the fiscal packages of the
Obama administration. For the euro area, the simulations are based on a stimulus package worth 2% of GDP
(ex-ante), as announced by the European Commission.
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Table 3: Calibrated policy effects

US

Employment rate Wage level Real exchange rate Ranking*

Baseline scenario 71.7 100 100 -

Debt-financed spending
increase 72.2=̂0.5pp 6.4% 3.8% 6
Increase in public
employment 80.7=̂9.0pp 5.0% 1.5% 1

Raise unemployment
benefits 68.1=̂−3.6pp 15.5% -8.5% 7

Increase wage
subsidies 72.9=̂1.2pp 21.0% 2.4% 3

Lower sales taxes/
Consumer credit 72.3=̂0.6pp 7.4% 27.9% 5

Increase hiring
subsidies 72.6=̂0.9pp -5.8% 5.5% 4
Wage moderation
(2% decline ex ante) 73.0=̂1.3pp 2.7% 4.6% 2

Euro area

Employment rate Wage level Real exchange rate Ranking*

Baseline scenario 65.6 100 100 -

Debt-financed spending
increase 65.6=̂ < 0.1pp <0.0% -1.1% 6
Increase in public
employment 71.8=̂6.2pp -0.1% 0.5% 2

Raise unemployment
benefits 58.6=̂−7.0pp 6.1% 12.3% 7

Increase wage
subsidies 67.6=̂2.0pp 3.8% -1.6% 3

Lower sales taxes/
Consumer credit 65.7=̂0.1pp 0.1% -10.4% 5

Increase hiring
subsidies 74.3=̂8.7pp -13.1% -7.3% 1
Wage moderation
(2% decline ex ante) 67.1=̂1.5pp -2.4% -2.3% 4

∗ The ranking is based on employment effects of different packages.

Note: The table displays the result of different policy packages in the country where the package is imple-
mented. The differences between the euro area and the US result from different baseline levels of employ-
ment rates, differences in size (the US having a 17% higher GDP than the euro area) and differences in the
amount of government spending (5.7% of GDP in the US vs. only 2% of GDP for the euro area). Wage
moderation refers to a reduction of bargaining power (as measured by the parameter ρ) that leads to an ex
ante reduction of wages by 2%. The baseline levels of employment rates refer to observed values for 2007.

As shown in table 3, direct intervention on the labour market by creating public sector jobs or giving
employment guarantees is having the strongest impact on the employment rate. In the European case, hiring
subsidies also have a substantial impact on employment generation, partly because of the stronger wage
bargaining power that is dissipated with lower hiring costs.11 Other typical labour market interventions such
as wage subsidies or wage moderation policies also help improving the outlook for employment, albeit less
so than the other two. Finally, note that in steady state, raising unemployment benefits will yield a counter-
productive outcome as it strengthens bargaining power, thereby raising wages and lowering employment.

11Wages increase monotonically with hiring costs as the rent that results from costly vacancies is being shared between the firm and
the current employees.
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Box 2 Summary of the dynamic model
The dynamics of the model is described by the following equations:

UIP:F
i

t,t+1 = 1
1+ri

t

EULER: (1+ τ i
c)pi

tC
i
t = ψEtF i

t,t+1Ωi
t +

1
β

EtF i
t,t+1

(
1+ τ i

c
)

pi
t+1Ci

t+1

BUDGET:
(
1+ τ i

c
)

pi
tC

i
t +EtF i

t,t+1 (1− γ)Ωi
t = Ωi

t−1 +Y di
t

INCOME: Y di
t = W i

t Ni
t +W i

U,t
(
1−Ni

t
)
+Di

t

PROFITS: Di
t = Y i

t −W i
t Ni

t −ζ iW i
t V

i
t − Ii

t

LM:F
i

t,t+1
MLPi

t+1
MLPi

t

[
1
ρ

+ 1
1−ρθ i

t+1ζ−(1−ρ)Ri

[
ζ (1−σ i

N)
qi(θ i

t+1)
−1
]]

= ζ

(1−ρθ i
t ζ−(1−ρ)Ri)qi(θ i

t )

FM: MKPi
t = ri

t+δ i

(1−τP)

PPI: p̂i
i,t = ξ

ξ−1 ·
Pi

N
Pi

D

CPI: pi
t =
[
n+(1−n)S1−η

t

] 1
1−η

PPI: 1 =
(

ϑ

(
p̂i

i,t

)1−ξ

+(1−ϑ)
(

πss

πi,t

)1−ξ
) 1

1−ξ

DPD: pi
k,t =

(
ϑ

(
p̂i

i,t

)−ξ

+(1−ϑ)
(

πss

πi,t
pi

k,t−1

)−ξ
)− 1

ξ

ToT: St =
Pi

F,t
Pi

H,t



i ∈ {H,F}

where Pi
N,t and Pi

D,t are given by proposition 2. The model is closed by equations (15), (16), (20), (21) and
(35).

Dynamic model

In order to set up the dynamic model, let us stationarise the different prices that come with the model.
All prices are being expressed relative to the country-specific PPIs with the relative price level defined as:
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pi
t ≡

Pi
t

Pi
i,t

. Hence, from (32), relative CPI in country i writes as:

Pi
t =

[
n
(
Pi

H,t
)1−η +(1−n)

(
Pi

F,t
)1−η

] 1
1−η ⇒ pi

t =
[
n+(1−n)

(
Si

t
)1−η

] 1
1−η

where Si
t = ToT i

t ≡
Pi

F,t
Pi

H,t
are the terms of trade in country i.

Similarly, let us define pi
k,t ≡

Pi
k,t

Pi
k,t

and p̂i
k,t ≡

P̂i
k,t

Pi
k,t

. Then, following equation (36), the price aggregate Pi
k,t

can be expressed as:

pi
k,t =

(
ϑ
(

p̂i
i,t
)−ξ +(1−ϑ)

(
πss

πi,t
pi

k,t−1

)−ξ
)− 1

ξ

Finally, using (37), the dynamics of the PPI allow to derive the aggregate inflation rate:

1 =

(
ϑ
(

p̂i
i,t
)1−ξ +(1−ϑ)

(
πss

πi,t

)1−ξ
) 1

1−ξ

Box 2 on the previous page summarizes the dynamic model.

Reaction to a productivity shock

A productivity shock is implemented in the model for home country (US). Results for current account bal-
ances, the output gap, employment and inflation rates, and the terms of trade are shown in figure 1. The
following effects arise:

Figure 1: Productivity shock
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• Production declines in the home country, opening up the output gap and generating a current account
deficit as expected. The negative production shock spills over to the foreign country, adversely affect-
ing the output gap there.

• Employment declines as the shock lowers the marginal productivity of labour that are not fully com-
pensated by declining wages, leading to immediate reductions in the number of open vacancies.

• Automatic stabilisers help to stimulate consumption and aggregate demand. With lower tax revenues
and higher unemployment benefit spending, the primary budget deficit widens, feeding into public
debt.

• As a result of the positive output gap and with aggregate demand running above potential output, the
optimal price and consumer price index rises. In return, inflation stimulate production, investment and
output recovers.

The timing of policies and the case for shock management

On the basis of a dynamic analysis around the steady state, the paper displays the evolution of the employment
and unemployment rates in the two countries, calibrating the model parameter on typical values for the US
and the euro area. In particular, the analysis focuses on the timing of the government-led recovery, which was
assumed to extend to up to two quarters. Different options were compared, including full front-loading, full
back-loading and various intermediate solutions. Full front-loading means that the government intervenes
instantaneously whereas full back-loading refers to a situation where the government waits for six months
before taking any action.The total ex-ante cost of the reaction to the shock is similar across the different
options considered; solely the timing pattern of the reaction varies. The recovery paths for various options
are displayed below together with average recovery speed and length and the earliest turning point.
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DYNAMIC IMPACT OF POLICY ACTION ON EMPLOYMENT RATES (US)

77.0%

77.5%

78.0%

78.5%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Quarters after shock

E
m

p
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en

t 
ra

te
 (

in
 %

)

Full back-loading Middle-loading Full front-loading

Loading w eights 0-.7-.3 Loading w eights 0-.3-.7

Full back-
loading

Middle-
loading

Full front-
loading

Loading weights
0-0.7-0.3

Loading weights
0-0.3-0.7

Average quarterly
growth rate 0.4 0.4 0.9 0.3 0.4

Length of recovery
(quarters) 6 4 8 6 8

Turning point after
(numer of periods) 2 1 1 1 1

Maximum employment
loss

0.4pp 0.2pp 1pp 0.2pp 0.4pp

Note: The box summarizes the dynamic impact of various timing patterns of government spending on employment rates
in the US, taking international spillovers and exchange rate variations into account. The policy options consider that
policy makers have three different quarters to intervene: at shock impact, one quarter after, or two quarters after the
shock. Five different scenarios are considered: (i) full front-loading, i.e. at shock impact, (ii) unique intervention after
one quarter ("middle-loading"), (iii) full back-loading, i.e. intervention after two quarters, (iv) stretched intervention with
large reaction after one quarter (loading weights: 0-0.7-0.3), and (v) stretched intervention with large reaction after two
quarters (loading weights: 0-0.3-0.7). In the table are displayed average growth rates, average length of recovery, time
before the lower turning point and maximum fall in the employment rate.

As the figure and the data in the above box demonstrate, full front-loading is not optimal in terms of
mitigating the impact of an adverse shock, mainly due to the expectational nature of the model: When
governments use all their powder at or shortly after the impact of the shock, firms and households do not
have time to adjust to the new environment and the impact of the intervention is likely to disappear without
leaving any traces in the real economy. On the other hand, by spreading the efforts over a longer period,
government can help stabilise expectations early on, thus better mitigation the initial impact of the shock. At
the same time, fully back-loading gives away the initial mitigating effect of government action. In this sense,
a middle-of-the-road approach with strong weight of government action not too long after the impact of the
shock seems to be optimal.

International coordination of policies

The paper also considers the case for international coordination of efforts, considering that the initial impact
of the shock is asymmetric and then spreading to the rest of the world via net asset flows and aggregate
demand effects. The analysis here assumes the willingness to cooperate between countries but considers the
different timing patterns that may arise. As the box below summarizes, international coordination does pay
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off, for both domestic and foreign employment rates. Moreover, doing-more-doing-early is again a strategy
that pays off, even stretching part of the spending to the third quarter has some beneficial effects in terms of
expectation stabilization and prevents employment from both under- and overshooting.

DYNAMIC IMPACT OF INTERNATIONAL POLICY COORDINATION (US VS. EURO AREA)

Impact on US employment rates Impact on Euro area employment rates
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71.6%
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Streched US intervention, no euro area action
Stretched US and euro area intervention
International coordination, loading w eights (0-0.7-0.3)
International coordination, loading w eights (0-0.3-0.7)

64.6%

64.8%

65.0%

65.2%

65.4%

65.6%

65.8%
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Quarters after shock
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m
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t 
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te
 (

in
 %

)

Streched US intervention, no euro area action
Stretched US and euro area intervention
International coordination, loading w eights (0-0.7-0.3)
International coordination, loading w eights (0-0.3-0.7)

US
Stretched US
intervention,

no EU-15 action

Stretched US and
EU-15 intervention

International
coordination

Loading weights
0-0.7-0.3

International
coordination

Loading weights
0-0.3-0.7

Average quarterly
growth rate 0.2 0.2 0.2 0.3

Length of recovery
(quarters) 7 6 5 8

Turning poing after
(numer of periods) 1 1 1 2

Maximum employment
loss

0.1pp 0.1pp <0.1pp 0.1pp

Euro area
Average quarterly

growth rate 0.6 0.6 0.7 0.8

Length of recovery
(quarters) 8 8 7 8

Turning poing after
(numer of periods) 2 1 0 2

Maximum employment
loss

0.6pp 0.5pp 0.5pp 0.6pp

Note: The box summarizes the dynamic impact of various timing patterns of government spending on employment rates
in the US and the euro area, taking international spillovers and exchange rate variations into account. The policy options
consider that policy makers have three different quarters to intervene: at shock impact, one quarter after, or two quarters
after the shock. Moreover, different degrees of international coordination are considered. Four different scenarios are
displayed: (i) unilateral action in the US, stretched equally over the second and third quarter after the shock impact, (ii)
simultaneous US and euro area action, stretched equally over the second and third quarter after the shock impact, (iii)
international coordination, putting a large weight on action in the second quarter (loading weights: 0-0.7-0.3), and (iv)
international coordination, putting a large weight on the third quarter (loading weights: 0-0.3-0.7). The accompanying
table displays average growth rates, average length of recovery, time before the lower turning point and maximum fall in
the employment rate in the two regions.
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Conclusion

The paper introduces the Global Economic Linkages model, the new modelling platform of the International
Institute for Labour Studies. The model is intended to expand the policy analysis capacity of the Institute
and offers a complementary analytical tool to methodologies already existing in the International Labour
Organization. At the same time, by concentrating on labour markets and their evolution following interna-
tionally transmitted shocks, the paper also aims at contributing to the international research agenda on global
business cycle models.

The model adds labour market matching and equilibrium unemployment into a two-country perpetual
youth open-economy model with sticky prices. The set-up allows to understand and analyse the role of fiscal
and structural policies in reaction to an exogenous shock. In particular, the model discusses the impact of
labour market policies under different initial positions of the economy regarding the level of outstanding debt,
the current account position and the employment rate. Moreover, the paper analyses the case for international
policy coordination and evaluates the employment impact of different timing patterns.

The paper presents a first step in including labour market dynamics more fully into an international
economy context. The outcomes of the policy simulations based on the model come close to what is often
observed in the real world. This, the model opens up interesting analytical opportunities. To make further
progress, the wage dynamics have to better reflect the institutional reality in the countries considered. Also,
the government account would need to be specified in more detail, to take international differences in the
set-up of social security into account. Moreover, asset price dynamics and incomplete markets could be
introduced to allow for multiple interactions between financial markets and the international economy. As
an intermediate step, the model is currently being extended to allow for further household heterogeneity
and credit constraints. Finally, the model should be estimated to have a better guidance on the underlying
parameters and to make the model better fit for policy analysis.
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Annex

Annex A: Mathemathical details of intermediate goods producers

Employment dynamics and Calvo-pricing

Employment dynamics. Using (20) and (22), the law of motion of the labour market tightness, θ i
t , in

country i as given by equation (23) can be derived as follows:
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Optimal pricing with Calvo-pricing. In addition to determining the optimal mix of input factors, interme-

diate goods producer face a downward-sloping demand curve yi
i,t (h) =

(
pi

i,t (h)

Pi
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Y i
k,t which allows them

to select a profit-maximizing price p̂i
i,t . Due to Calvo price-setting rigidities, each intermediate producer

can adjust its price only with probability ϑ ; following standard assumption in the literature, it will have the
possibility to make up at least for inflation in those 1−ϑ cases where the price cannot be set optimally.

Noting that the production function is homogeneous of degree one and hence
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where πss
i =
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denotes the steady state producer price inflation. Then, the first-order condition at time t

writes as:
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Using (22) to substitute for the Lagrangian multiplier yields:
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This expression allows a recursive notation as in:

p̂i
i,t

Pi
k,t

=
ε

ε−1
·

Pi
N

Pi
D

with:

Pi
D =

∞

∑
τ=0

F i
t,t+1 (1−ϑ)τ (πss

i )τ

(
Pi

i,t

Pi
k,t+τ

)−ε

Y i
k,t+τ

⇔ Pi
D,t =

(
p̂i

i,t

Pi
k,t

)−ε

Y i
k,t +F i

t,t+1 (1−ϑ)π
ss
i Pi

D,t+1

and:

Pi
N =

∞

∑
τ=0

F i
t,t+1 (1−ϑ)τ

(1− τP)ρY i
k,t+τ

1− (1+ τw)ρθ i
t+τ ζ − (1−ρ)Ri

(
(πss

i )τ Pi
k,t

Pi
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ζ
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(
θ i

t+τ

) [(1−σN)−

(
4Pi

k,t+1

4Pi
k,t+1+τ

)−ε 4Y
i
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4MLPi
t+1+τ

]}

⇔ Pi
N,t =

(1− τP)ρY i
k,t

1− (1+ τw)ρθ i
t ζ − (1−ρ)Ri

(
p̂i

i,t

Pi
k,t
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ζ
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(
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t
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(
4p̂i
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4Pi
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4MLPi
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i Pi
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Steady state inflation

p̂i,SS
i,t

Pi,SS
k,t

=
ε

ε−1
· (1− τP)ρ

1− (1+ τw)ρθ SS
i ζ − (1−ρ)Ri

(
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ζ σ i
N
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(
θ SS

i
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(
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ssPi
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⇔
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ϑ
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π
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ϑ
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(
π

ssPi
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ε

⇔
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i,t
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=
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1−ϑ

ϑ

)− 1
ε

π
ss

Consumer prices

Domestic vs. foreign goods. Final consumption is a weighted average between consumption of do-
mestic and foreign goods:



32 GLOBAL ECONOMIC LINKAGES. A MODEL OF EMPLOYMENT AND INCOME DYNAMICS IN OPEN ECONOMIES

Ci
t =

[
n

1
η

(
Ci

H,t
) η−1

η +(1−n)
1
η

(
Ci

F,t
) η−1

η

] η

η−1
(39)

Expenditure minimization yields the following Lagrangian and first-order conditions::

L = Pi
t C

i
t +λ

[
Y −PHCH +PFCF]

∂L

∂CH = 0⇔ Pi
t
(
Ci

H,t
)− 1

η n
1
η

(
n

1
η

(
Ci

H,t
) η−1

η +(1−n)
1
η

(
Ci

F,t
) η−1

η

) 1
η−1

= λPH

∂L

∂CF = 0⇔ Pi
t
(
Ci

F,t
)
(1−n)

1
η

(
n

1
η

(
Ci

H,t
) η−1

η +(1−n)
1
η

(
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F,t
) η−1

η

) 1
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= λPF

Hence:

Ci
H,t = n

(
PH

t

Pt

)−η

Ci
t (40)

Ci
F,t = (1−n)

(
PF

t

Pt

)−η

Ci
t (41)

Plugging (40) and (41) into (39) allows to derive the aggregate price level:
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[
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1
η

(
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H,t
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η +(1−n)
1
η

(
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F,t
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η
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n
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(
n
(
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1
η

(
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(
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
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n
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[
n
(
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(
PF)1−η

] 1
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Differentiated domestic and foreign goods. Demand for differentiated intermediate goods produced
in country k follows:

Ci
k,t =

[ˆ
Ci

k,t(h)
ε−1

ε dh
] ε

ε−1
(42)

Expenditure minimization:

L = Pi
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i
t +λ

[ˆ
P(h)C (h)dh
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∂Ci
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= 0⇔ Pi
k
(
Ci

k,t (h)
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ε

(ˆ
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ε dh
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Hence:

Ci
k,t (h) =

(
Pi

k (h)
Pi

k
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C
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k,t
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H (h)
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H
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C
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F (h)
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F
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F
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and
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t (h) =

(
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H (h)
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H

)−ε (Pi
H
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)−η
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t

Moreover, plugging in (43) and (44) in (42) we obtain:
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k (h)
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C
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[ˆ (
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k (h)
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1
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k

)−ε
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k =

[ˆ (
Pi

k (h)
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] 1

1−ε

Annex B: Steady state effects of policies

Fiscal policies

In the following and for notational convenience we use:

Ξ = 1
1+r [(1+τw)(1−τp)ρ(q(θ)−ζ (1−σN))−(1−(1+τw)ρθζ−(1−ρ)R)q(θ)]+ ζ ρ(1+τw)(1−τp)

Γ = (1+τw)(1−τp)ρq(θ)−(1−(1+τw)ρθζ−(1−ρ)R)q(θ)−(1+τw)(1−τp)ρζ (1−σN)

Increase in public spending. Public debt has a positive effect on the labour market in countries with a
high level of public debt. In addition, this debt effect is enhanced by the size of the country. Applying the
implict function theorem to the case of public debt, we get:

dθ
∂Ξ

∂θ
+dB

∂Ξ

∂B
= 0⇔ dθ

dB
=−∂Ξ/∂B

∂Ξ/∂θ
≶ 0
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We can express the disaggregate level of debt and consumption as a function of their national and foreign
components.

β

(
1−

σ
(
nBH +(1−n)BF

)
(1+ τc)(nCH +(1−n)CF)

)
Γ(θ) = −ζ ρ (1+ τw)(1− τp)

The first derivative of Ξ with respect to B can be expressed as follow:

∂Ξ

∂B
= ϒ

′
BΓ > 0

∂Ξ

∂B is positive as ϒ′B and Γ are both negative:

ϒ
′
B =− σn

(1+ τc)C
< 0

dθ

dB > 0: public debt has a positive effect on the labour market if B is large and n is not too small
(

∂Ξ

∂θ
< 0
)

dθ

dB < 0: public debt has a negative effect on the labour market if B is not too large and n is small
(

∂Ξ

∂θ
> 0
)

Value added taxes: τc. Applying the implict function theorem to the case of consumption taxes, we get:

dθ
∂Ξ

∂θ
+dτc

∂Ξ

∂τc
= 0⇔ dθ

dτc
=−∂Ξ/∂τc

∂Ξ/∂θ
≶ 0

In order to study the impact of different taxes on the steady states, we reformulate public debt as a
function of spendings and taxes. The function Ξ can now be expressed as follow:

β

(
1−

σ
(
n
(
GH −T H

)
+(1−n)BF

)
(1+ τc)(nCH +(1−n)CF)

)
Γ(θ) = −ζ ρ (1+ τw)(1− τp)

Given that taxes T = τwWN +τpN
(
1−W

)
+τcC and spending G = g0 +RW

(
1−N

)
are both functions

of θ , the derivative of Ξ with respect to θ has changed. However, ∂Ξ

∂θ
< 0 holds true for similar conditions.

There is always a level of public spending g0large enough or a level of taxes τc, τw or τp low enough to
ensure that ∂Ξ

∂θ
< 0. The smaller the country size, n close to zero, the larger the level of debt B requires to

insure that ∂Ξ

∂θ
< 0.

ϒ
′
θ =

σn
(

n
(

GH
θ
−T H

θ

)
C +

(
GH −T H

)
CH

θ

)
(1+ τc)

(
nCH +(1−n)CH

)2 > 0

with:

T ′θ = τw
(
WN

)′
θ
+ τp

(
N
(
1−W

))′
θ
+ τcC′θ > 0

G′θ = R
(

W ′θ
(
1−N

)
−WN′θ

)
C′θ = N′θ > 0

W ′θ =
ρθ(

1−ρθζ − (1−ρ)R
)2 > 0
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Given that ϒ′
θ

is decreasing with taxes τiand that ϒ is increasing with taxes τi and spending g0, ∂F
∂θ

< 0
holds true for low value of taxes and high values of public spending.

Value added taxes have a negative impact on the labour market in countries with a high level of public
deficit. In addition, this debt effect is enhanced the larger the country. The first derivative of Ξ with respect
to VAT ∂Ξ/∂τc can be expressed as follow:

∂Ξ

∂τc
= Γ

(
1− σ (G−T )

(1+ τc)C

)′
τc

< 0

= Γ
σ

(1+ τc)
2 < 0

given that ϒ′τc is positive:

ϒ
′
τc =

(
1− σ (G−T )

(1+ τc)C

)′
τc

=
σn
[
(1+ τc)C +

(
GH −T H

)]
(1+ τc)2C

> 0

dθ

dτc
< 0: VAT has a negative effect on the labour market if public deficit and the country are large(

∂Ξ

∂θ
< 0
)

dθ

dτc
> 0: VAT debt has a positive effect on the labour market if public deficit and the country are small(

∂Ξ

∂θ
> 0
)

Corporate income taxes: τp. Dividend taxes have a negative impact on the labour market in countries
with a high level of public deficit. In addition, this effect is enhanced the larger the country. Applying the
implict function theorem to the case of dividend taxes, we get:

dθ
∂Ξ

∂θ
+dτp

∂Ξ

∂τp
= 0⇔ dθ

dτp
=−

∂Ξ/∂τp

∂Ξ/∂θ
≶ 0

which can be rearranged to:

β

(
1−

σ
(
n
(
GH −T H

)
+(1−n)BF

)
(1+ τc)C

)
Γ(θ)+ζ ρ (1+ τw)(1− τp) = 0

The first derivative of Ξ with respect to τp is:

∂Ξ

∂τp
= β

(
ϒ
′
τpΓ+ϒΓ

′
τp

)
−ζ ρ (1+ τw) < 0

∂Ξ

∂τp
is negative given that all elements are negative:

ϒ
′
τp =

σn
(1+ τc)C

N
(
1−W

)
> 0

Γ
′
τp = +(1+ τw)ρ

(
ζ (1−σN)−q

(
θ
))

< 0
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dθ

dτp
< 0: dividend taxes have a negative effect on the labour market if public deficits and the country size

are large
(

∂Ξ

∂θ
< 0
)

dθ

dτp
> 0: dividend taxes have a positive effect on the labour market if public deficits and the country size

are small
(

∂Ξ

∂θ
> 0
)

.

Autonomous government spending: G. Public spending has a positive impact on the labour market in
countries with a high level of public deficit. In addition, this effect is enhanced the larger the country.
Applying the implict function theorem to the case of public spending, we get:

dθ
∂Ξ

∂θ
+dτp

∂Ξ

∂G
= 0⇔ dθ

dG
=−∂Ξ/∂G

∂Ξ/∂θ
≶ 0

The function Ξ can now be expressed as follows:

β

(
1−

σ
(
n
(
GH −T H

)
+(1−n)BF

)
(1+ τc)n

(
Y −G0

) )
Γ(θ)+ζ ρ (1+ τw)(1− τp) = 0

The first derivative of Ξ with respect to G is:

∂Ξ

∂G
= βϒ

′
GΓ > 0

∂Ξ

∂G is positive given that both ϒ′G and Γ are negative:

ϒ
′
G = − σn

(1+ τc)C
< 0

dθ

dG > 0: public spending have a positive effect on the labour market if public deficits and the country size

are large
(

∂Ξ

∂θ
< 0
)

dθ

dG < 0: public spending have a negative effect on the labour market if public deficits and the country

size are small
(

∂Ξ

∂θ
> 0
)

Labour market policies

Wage subsidies τw. Wage taxes have always a negative impact on the labour market. Applying the implict
function theorem to the case of wage taxes, we get:

dθ
∂Ξ

∂θ
+dτw

∂Ξ

∂τw
= 0⇔ dθ

dτw
=−∂Ξ/∂τw

∂Ξ/∂θ
< 0

The function F can now be expressed as follow:

β

(
1−

σ
(
n
(
GH −T H

)
+(1−n)BF

)
(1+ τc)(nCH +(1−n)CF)

)
Γ(θ)+ζ ρ (1+ τw)(1− τp) = 0
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The first derivative of Ξ with respect to τw is:

∂Ξ

∂τw
= β

(
ϒ
′
τwΓ+ϒΓ

′
τw

)
+ζ ρ (1− τp) < 0

∂Ξ

∂τw
has an undeterminate sign to the extend that ϒ′τw , Γ′τw and ϒ are positive and Γis negative:

ϒ
′
τw =

σnWN
(1+ τc)C

> 0

Γ
′
τw = ρζ θq

(
θ
)
+(1− τp)ρ

(
q
(
θ
)
−ζ (1−σN)

)
> 0

Given that ϒis decreasing with n and public deficit, ∂Ξ

∂τw
< 0 holds true. However, if n is small and

∂Ξ

∂τw
> 0, the sign of ∂Ξ

∂θ
will also change such that the overall sign of dθ

dτw
stays negative:

n ∂F
∂τw

∂F
∂θ

dθ

dτw

large - - -

small + + -

dθ

dτw
< 0 Taxes on labour income always have a negative effect on the labour market.

Unemployment benefit replace rate: R. The replacement factor has a positive impact on the labour market
in countries with a high level of public deficit. In addition, this effect is enhanced the larger the country.
Applying the implict function theorem to the case of the replacement factor, we get:

dθ
∂Ξ

∂θ
+dR

∂Ξ

∂R
= 0⇔ dθ

dR
=−∂Ξ/∂R

∂Ξ/∂θ
≶ 0

The function F can now be expressed as follows:

β

(
1−

σn
(
RW

(
1−N

)
−T

)
(1+ τc)nN

)
Γ(θ)+ζ ρ (1+ τw)(1− τp) = 0

The first derivative of F with respect to R is:

∂Ξ

∂R
= β

(
ϒ
′
RΓ+ϒΓ

′
R
)

> 0

∂Ξ

∂R is positive given that both ϒ′R and Γ are negative:

ϒ
′
R = −

σnW
(
1−N

)
(1+ τc)N

< 0

Γ
′
R = +(1+ρ)q

(
θ
)

> 0

dθ

dR > 0: Replacement wage has a positive effect on the labour market if public deficits and the country

size are large
(

∂Ξ

∂θ
< 0
)

dθ

dR < 0: Replacement wage has a negative effect on the labour market if public deficits and the country

size are small
(

∂Ξ

∂θ
> 0
)



38 GLOBAL ECONOMIC LINKAGES. A MODEL OF EMPLOYMENT AND INCOME DYNAMICS IN OPEN ECONOMIES

Active labour market policies: q0. The impact of active labour market policies depends both on the state
of the labour market and the size of the country: For low unemployment rates and high unemployment benefit
replacement rates, further rising matching rates decreases employment in small countries as the positive
wage effect dominates. In large countries, on the other hand, and when bargaining power and unemployment
benefit replacement rates are low or unemployment is high, active labour market policies may not excerce a
stimulating effect on the economy:

dθ
∂Ξ

∂θ
+dq0

∂Ξ

∂q0
= 0⇔ dθ

dq0
=−∂Ξ/∂q0

∂Ξ/∂θ
≶ 0

where:

∂Ξ

∂q0
= (1+ τw)(1− τp)ρ

∂q
(
θ
)

∂q0
−
(
1− (1+ τw)ρθζ − (1−ρ)R

) ∂q
(
θ
)

∂q0

=
∂q
(
θ
)

∂q0

[
(1+ τw)ρ

(
(1− τp)+θζ

)
+(1−ρ)R−1

]
≶ 0 depending on the state of the labour market

whereby
∂q(θ)

∂q0
> 0.

Wage moderation policies:ρ . The bargaining power of trade unions has an ambiguous impact on the
labour market in countries with a high level of public deficit. In addition, this effect is enhanced the larger
the country. Applying the implict function theorem to the case of the replacement factor, we get:

dθ
∂Ξ

∂θ
+dρ

∂Ξ

∂ρ
= 0⇔ dθ

dρ
=−∂Ξ/∂ρ

∂Ξ/∂θ
≶ 0

where:

∂Γ

∂ρ
= (1+ τw)ζ θq

(
θ
)
− (1+ τw)(1− τp)ζ (1−σN)− (R+(1+ τw)(1− τp))q

(
θ
)
?

∂ϒ

∂ρ
= −∂W

∂ρ

(
σ
(
R
(
1−N

)
(1− τc)−N (τw− τp)

)
(1+ τc)N

)
?

∂W
∂ρ

=
1−R

1−ρθζ − (1−ρ)R
> 0

The sign is ambiguous.
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