OVERGEN : an Overlapping generation model for part of the Euro zone.

Introduction.

OVERGEN in an attempt to measure in more detail the non-budgetary implications of the ageing of the European population. Most initial studies on the question indeed dealt with the budgetary problem only and the “official” ones were based on very detailed social security accountancy models, the gross output of which being injected as a shock in macroeconomic models (see,e.g. EU 2007).
OVERGEN draws heavily on the structure of the EU commission macro econometric model QUEST (Rato, Roeger and In’t Veld, 2008). It belongs therefore to the Dynamic, Stochastic, General Equilibrium (DSGE) model family. In these models, behavioural relations, wherever possible, are derived explicitly from intertemporal optimisation from economic agents. These are long-run equilibrium relations which in the short run are subjected to technological, budgetary and institutional constraints as well as to rigidities coming from imperfections in factors, goods and services markets.
Initially (Smets and Wouters, 2003) DSGE models were mostly used to study the effects of monetary policy and the potential of monetary instruments in the stabilisation of an economy submitted to nominal rigidities in goods and factor markets.

QUEST 2008 has extended the approach to fiscal policy rules via reaction functions for government consumption, investment and transfers.

The model also incorporate the sluggish reactions of prices and wages (Galli et al, 2001) as well as the presence of liquidity constraints as an additional market imperfection (Galli, 2007, Coenen and Straub, 2005 and Forni, 2006).
The structure of the paper is as follows: section 1 describes in words the main features of the model. Section 2 gives the equations to be estimated/calibrated. Section 3 presents the empirical results and the simulation properties of the model in response to standard policy shocks. Finally section 4 provides the results of ageing-related simulations and is followed by the conclusions.
1. Basic principles of the model..
1.1. Generalities

The model  describes an open economy including four categories of economic agents, i.e.

· Households, subdivided into four age groups, with different behaviour with respect to work, income, expenditures and saving.

· Firms, produce and import consumption and investment goods both for domestic use and for exports, employ the labour force, invest in fixed capital, incorporate technical progress into their processes.

· Government: produces public goods and distributes transfers and interest payments, financed by taxes and social security contributions. Accumulate or de-accumulate public debt.
· Rest of World: provides imports, absorbs exports and provides also international capital flows.

1.2. Households.

Individuals are grouped into four (stylised) age groups:

1. 0-19 years old: are assumed to be all in school , without income. They are thus maintained by their parents and have no personal saving.

2. 20-44 years old: are assumed to include all parents of the first group. They perceive either wages or unemployment compensations, receive family allowances and have some capital income. They support their own consumption (plus the consumption of their children) and investment and pay taxes and social security contributions. Their saving capacity is relatively limited.
3. 45-64 years old: as the former groups are either employed (with a higher wage ) or unemployed. They also pay taxes and social security contributions but are no more responsible of their children. They have proportionally more saving and capital income. They also benefits from bequest from the last group.

4. +65 years old: are retired and receive public pensions paid by the former two groups (pay-as-you-go system) They also perceive capital income and their dissaving is limited by their want to bequest something to their descendants, by assumptions all located in group3
Group 2 to 4 maximise their utility but may have a budget constraint and group 2 and 3 have also a work-leisure choice.
1.3 Firms.

The production of firms is supposed
 to be produced via a conventional Cobb-Douglas technology with capital and labour as arguments, with a labour-augmenting (partially) endogenous technical progress variable, considered as a summary indicator of both the knowledge accumulated in the economy and of the efficiency of the production process in terms of use of factor inputs.
1.4 Government and Central Bank.

We assume that fiscal and monetary policy is partly rules based and partly discretionary.
1.4.1. Fiscal Policy.

Both expenditure and receipts are responding to business cycle conditions. On the expenditure side we identify the systematic response of government consumption, government transfers and government investment to the business cycle.
Government consumption and government investment can temporarily deviate from their long run targets in response to fluctuations of the output gap. Due to information and implementation lags the response may occur with some delay. This feature is captured by a distributed lag of the output gap in the reaction function.
The transfer system provides income for unemployed and for pensioners and acts as an automatic stabiliser. The generosity of the social benefit system is characterised by three parameters: the fraction of the non-employed which receive unemployment benefits and the level of payments for unemployed and pensioners. In other words the number of non-participants is treated as a government decision variable.
Government revenues are financed by taxes on consumption as well as on capital and labour income.

Finally, there is a lump-sum tax  used for controlling the debt to GDP ratio.

1.4.2. Monetary policy

Monetary policy is modelled via a Taylor rule, which allows for some smoothness of the interest rate response to the inflation and output gap. The central bank has a constant inflation target and it adjusts interest rates whenever actual consumer price inflation deviates from the target. It also responds to the output gap. 
There is some inertia in nominal interest rate setting.
1.5 Rest of the World.

The Rest of the World provides and consumes consumption and capital goods and services. It also provides and receives capital flows and interest payments and receipts. Current balances are constrained to sum to zero at the world level.
2. The equations
We consider an open economy which faces an exogenous world interest rate, world prices and world demand. The domestic and foreign firms produce a continuum of differentiated goods. The goods produced in the home country are imperfect substitutes for goods produced abroad. The model economy is populated by households and firms and there are monetary and fiscal authorities, both following rule-based stabilisation policies. We distinguish between households which are liquidity constrained and consume their disposable income and households who have full access to financial markets. The latter make decisions on financial and real capital investments. Behavioural and technological relationships can be subject to autocorrelated shocks denoted by 
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 will generally follow an AR(1) process with autocorrelation coefficient ρs and innovation 
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2.1. Households.
Households of age-group 2, 3 and 4 may be in two different situations: those without liquidity constraints (indexed by i) have full access to financial markets and buy and sell domestic and foreign assets (government bonds and private equity).Those with liquidity constraints (indexed by k) do not trade in the financial market and are thus not directly sensitive to monetary policy but consume their disposable income each period. Be Nj the number of households in each age-group, the share of those without liquidity constraints is Rij/Nj = for short slc, the share of the other group being (1-slc) .
2.1.1. Households with no liquidity constraints.

In group 2, 3 and 4, households decide about four types of assets: foreign (BF) and domestic (B) nominal bonds, participation in the ownership of the stock of fixed capital (K) and cash balances (M). In group 2 and 3, the households receive income from labour, nominal bonds return and rental income from lending fixed capital to the firms plus profits coming from firms owned by households. Labour income is taxed at rate td, rental income and profits at rate tk. In addition, for convenience, there is supposed to exist a lump sum tax Tls. We assume that they perceive income from foreign and domestic bonds:  domestic bonds are supposed to be risk-free with nominal return r. Foreign bonds with return rf are submitted to a foreign intermediation risk premium (risk(.)) which increases with the degree of foreign indebtness. There is also a risk premium rk on real fixed capital assets, given that their return cannot be known with certainty
Group 4 has the same variables, mutatis mutandis except of course that wages are replaced by retirement pensions.

The lagrangian of the maximisation process is given by (the index of the households groups are omitted for clarity) 
Max  
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(1)

The utility function is of the King, Plosser and Rebelo (1988) type, i.e. nonseparable in consumption C and leisure (1-L) and allow for habit persistence in consumption and leisure. All price variables are expressed relative to the GDP price.

U(C
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(2)
With respect to fixed capital, a distinction is also made between investment expenditures by households in real terms (I) and physical investment by firms (J) Both are linked (with adjustment costs) by:
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(3)
The first order conditions of equation (1) are given by
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Given these arbitrage conditions, investment can be expressed as a function of Q, the present discounted value of the rental rate of return from investing in fixed assets.


[image: image21.wmf])

1

(

)

(

)

1

(

)

(

1

1

-

=

D

+

-

D

+

+

-

t

i

t

t

t

I

i

t

I

I

T

i

t

K

Q

J

E

r

J

K

J

g

g

g






(9)
 
[image: image22.wmf]d

p

d

t

t

t

t

t

i

t

t

i

f

t

t

tk

rf

r

tk

Q

r

t

E

Q

+

-

+

+

+

+

-

-

=

+

+

)

)(

1

(

)

)

1

)(

1

)(

1

(

)

1

(

(

1

1




(10)


 .

Where the relevant discount rate is the nominal interest rate minus the price of investment goods. Beside, since Q and 
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  are negatively correlated there is a positive equity premium.
2.1.2. Liquidity constrained households.

Liquidity constrained households do not optimise and consume their entire disposable income (net wages + transfers other than retirement pensions) at each date.
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Since they do not own financial assets we have 
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2.1.3. Wage setting.

A trade union is maximising a joint utility function for each type of labour i, where it is assumed that types of labour are distributed equally over constrained and unconstrained households with weights slc and (1-slc) respectively. 
The trade union sets wages by maximising a weighted average of the utility functions of Ricardian and liquidity constrained households. The wage rule is obtained by equating a weighted average of the marginal utility of leisure to a weighted average of the marginal utility  of consumption times the real wage of these two household types, adjusted for a wage  mark up. In addition we also allow for additional wage rigidity via sluggish adjustment of the real consumption wage
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where 
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 is the wage mark up factor, with wage mark ups fluctuating around 
[image: image28.wmf]q

/

1

 which is the inverse of the elasticity of substitution between different varieties of labour services. The trade union sets the consumption wage as a mark up over the reservation wage. The reservation wage is the ratio of the marginal utility of leisure to the marginal utility of consumption. This is a natural measure of the reservation wage.

If this ratio is equal to the consumption wage, the household is indifferent between supplying an additional unit of labour and spending the additional income on consumption and not increasing labour supply. Fluctuation in the wage mark up arises because of wage adjustment costs and the fact that a fraction (1-sfw) of workers is indexing the growth rate of wages W to inflation in the previous period.
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With 0 ≤ sfw ≤ 1.
Combining (12) and (13) one can show that the (semi) elasticity of wage inflation with respect to the employment rate is given by  
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In per capita terms, aggregate  consumption is

[image: image31.wmf]k

t

i

t

t

slcC

C

slc

C

+

-

=

)

1

(









(14)

And aggregate employment (in hours) is
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2.1.4.Remarks.

There are of course some divergences with respect to this general situation, given the age distribution. Employment, for instance only concern groups 2 and 3. Similarly, transfers in the income distribution includes family allowances for goup 2 and wages are replaced by pensions in group 4.

2.2. Firms.

2.2.1 Final output producers
Final output is produced by monopolistically competitive  firms indexed by j. Each firm produces a variety of the domestic good which is an imperfect substitute for varieties produced by other firms. Domestic firms sell to private domestic households, to investment goods producing firms, the government and to exporting firms. 
All demand sectors have identical nested CES preferences across domestic varieties and between domestic and foreign goods, with elasticity of substitution 
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Where C is total consumption by households, CG government consumption, IG goverment investments, 
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 is the input of invesment-producing firms and X is exports. Variables 
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are the price indices of final output, of the individual firm j and of imports.

We assume that firms are sufficiently small to take P and PM  as given.

Output is produced with a Cobb-Douglas production function using capital K and labour L with a economy wide technological shock UK which follows a random walk with drift
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(17)
The variable ucap is the rate of capacity utilisation.
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Firms maximise the present discounted value of profits Pr
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Rk is the rental rate of capital and PI the price index of investment goods Firms also faces constraints in the form of adjustment costs corresponding to existing rigidities in changes in labour, price and degree of use of capacity, which are given by convex functions
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The firm determines labour input, capital services and prices optimally in each period given the technological and administrative constraints as well as demand conditions.

The first order conditions are given by:
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With 
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In these conditions 
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is the Lagrange multiplier of the technological constraints and ri the real interest rate used in discounting.
Firms equate the marginal product of labour, net of marginal adjustment costs, to wage costs. As can be seen from the left hand side of equation (23), the convex part of the adjustment cost function penalises in cost terms accelerations and decelerations of changes in employment. Equations (24-25) jointly determine the optimal capital stock and capacity utilisation by equating the marginal value product of capital to the rental price and the marginal product of capital services to the marginal cost of increasing capacity. Equation (26) defines the mark up factor as a function of the elasticity of substitution and changes in inflation. The average mark up is equal to the inverse of the price elasticity of demand. We follow the empirical literature and allow for additional backward looking elements by assuming that a fraction (1-sfp) of firms index price increases to inflation in t-1.
We also allow for a mark-up shock which leads to the aggregate mark-up
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2.2.2. Investment good producers.

The investment goods production sector combines domestic and foreign final goods, using the same CES aggregators as households and governments do to produce investment goods for the domestic economy. Denote the CES aggregate of domestic and foreign inputs used by the investment goods sector with 
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 EMBED Equation.3  [image: image52.wmf], then real output of the investment goods sector is produced by the following linear production function,
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Where 
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is the techological shock in the investment good sector, given by a random walk with drift
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Finally, the investment goods deflator is given by
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2.3. Foreign trade and current account.

In order to facilitate aggregation we assume that households, the government and the corporate sector have identical preferences across goods used for private consumption, public expenditure and investment. Let Zi  ∈{Ci , Ii ,CGi IGi } be the demand of an individual household, investor or the government, then their preferences are given by the following utility function, where sM is the share of imported goods, subject to random  shocks :
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The Zd and Zf are ndexes of demand across the continuum of differentiated goods produced respectively in the domestic economy and abroad, given by.
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The elasticity of substitution between bundles of domestic and foreign goods Zd and Zf is σM
and the aggregate import is
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Where PC and PM are the (utility based) consumer price deflators and the lag structure captures delivery lags. 
We assume similar demand behaviour in the rest of the world, therefore exports can be treated symmetrically and are given by
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Where PX, PW and YW are respectively the export deflator, the index of world consumption prices( in foreign currencies) and world demand.
Prices for exports and imports are set by domestic and foreign exporters respectively. The exporters in both regions buy goods from their respective domestic producers and sell them in foreign markets. They transform domestic goods into exportables using a linear technology. Exporters act as monopolistic competitors in export markets and charge a mark-up over domestic prices. Thus export and import prices are given by

[image: image62.wmf]t

t

X

t

P

PX

=

h











(36)


[image: image63.wmf]t

t

t

M

t

P

Ex

PM

=

h










(37)

Mark-up fluctuations arise because of price adjustment costs. There is also some backward indexation of prices since a fraction of exporters (1-sfpx) and (1-sfpm) is indexing changes of prices to past inflation. The mark ups for import and export prices is also subject to random shocks
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k={ X, M }
Finally, the balance betxeen exports and imports together with net interest payments determine the changes in net foreihn assets denominated in foreign currencies
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2.4 Goverments and monetary authorities.

Fiscal and monetary policy is partly rules based and partly discretionary. 
Policy responds to an output gap indicator of the business cycle. The output gap is not calculated as the difference between actual and efficient output but we try to use a measure that closely approximates the standard practice of output gap calculation as used for fiscal surveillance and monetary policy (see Denis et al. (2006)). Often a production function framework is used where the output gap is defined as deviation of capital and labour utilisation from their long run trends.

Therefore we define the output gap as
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Where ucapss and lss are steady state values of employment and rate of capacity utilisation, determined as slowly moving averages:
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2.4.1. Fiscal policies

Both expenditure and receipts are responding to business cycle conditions. On the expenditure side the systematic response of government consumption, government transfers and government investment to the business cycle is given by the following rules:
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Government consumption and government investment can temporarily deviate from their long run targets cgy and igy (expressed as ratios to GDP in nominal terms) in response to fluctuations of the output gap. Due to information and implementation lags the response may occur with some delay. This feature is captured by a distributed lag of the output gap in the reaction function.
The transfer system provides income for unemployed, parents and for pensioners and acts as an automatic stabiliser. The generosity of the social benefit system is characterised by three parameters: the fraction of the non-employed which receive unemployment benefits and the level of payments for unemployed, parents and pensioners. In other words the number of non-participants POP NPART is treated as a government decision variable.
We assume that unemployment benefits and pensions are indexed to wages with replacement rates bu and br respectively. Family allowances are fixed arbitrarily to FA and we formulate the following linear transfer rule.:
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The government is financed by taxes on consumption and capital and labour incomes, determinig current receipts CRG
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In agreement with the OECD procedure for the estimation of revenue elasticities, we assume a linear rule for consumption and capital taxes but a progressive rule for labour income taxes.
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Where 
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 is the average tax rate and 
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 the elaticity equivalent of the progressivity rate

The public debt is given by
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The lump-sum tax (Tls ) is used for controlling the debt to GDP ratio according to the following rule:
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Where  BGta  is the debt target of the government.
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2.4.2. Monetary policies.
Monetary policy is modelled via a taylor rule, which allows for some smoothness of the interest rate response to the inflation and output gap.
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The central bank has a constant inflation target 
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and it adjusts interest rates whenever actual consumer price inflation deviates from the target and it responds to the output gap. There is also some inertia in nominal interest rate setting.

2. Estimation
The estimation approach is the same as in QUEST 2008, given the numerous similarities in model structures. We will just say here that our model is also estimated by Baysian tecniques using the Metropolis-Hastings routines we developped in Mathematica 5.1 for another (as yet unpublished) study (A.Dramais, 2008).
However, contrarily to QUEST 2008, our data base is formed of annual data (since long run demographic series are not available in another periodicity) and the series mostly come from the AMECO database of DG ECFIN, completed with Eurostat age-related series (average consumtion and average income by age groups) which enable us to have proxies fot the age-related saving rates.
The use of yearly data seems to  lead to lower forward-looking price behaviour than in the quarterly QUEST 2008: the parameter sfp, for instance is only 0.55 vs 0.87 in QUEST. Similarly, the age distribution lead to largely different estimates for age groups. For the yougest group 2, the share of liquidity constrained consumers is .39, against .32 in group 3 and .37 in goup 4. The overall average in QUEST is .35 which seems comparable with our estimates
. Besides since the share of group 3 and 4 increases from now to 2050 our varying implicit average for all consumers is decreasing through time. Finally our degree of habit persistence in consumption increases with age, which intuitively seems correct. As in Quest, the intertemporal elasticity of substitution is around .25 on the average.
The estimated fiscal response parameters are counter-cyclical for government transfers. We find a positive response of transfers to the employment gap. Government consumption responds negatively to the current change in the output gap. The investment rule appears procyclical, with a high degree of persistence. This may be linked to the well-known long implementation delays in the field of public investment which make them very poor countra-cyclical variables

 The only parameter relevant for stabilisation policy on the revenue side is the degree of progressivity of wage taxes. Due to a lack of reliable data on tax rates we do not estimate this parameter but set it corresponding to the OECD estimate of the elasticity of tax revenues with respect to the output gap.

By way of comparison, other studies that have analysed the actual behaviour of fiscal authorities have mainly focused on the overall deficit rather than on government expenditure catagories seperately. Gali and Perotti (2003) assess the extent to which the constraints associated with the Maastricht Treaty and the Stability and Growth pact have made fiscal policy in EMU countries more procyclical. They find discretionary fiscal policy (as measured by the primary cyclically adjusted deficit of general government) was procyclical in EMU countries before Maastricht and essentially acyclical after Maastricht. They also find an increase in the degree in counter-cyclicality of non-discretionary fiscal policy (as measured by the difference between the total primary deficit and the cyclically-adjusted primary deficit) in EMU countries. In contrast, von Hagen and Wyplosz (2007), using data until 2006, find that the primary cyclically adjusted deficit has become countercyclical after 1992 and was acyclical before. European Commission (2004, Ch.3) also find evidence of a change in the response of the total primary budget balance to the output gap, with an insignificant impact of the cycle on primary balances before 1994 and a significant positive impact of the output gap on the primary balance post 1994. Concerning transfers, our results are consistent with those of Darby and Melitz (2007), who find that age- and health-related social expenditure as well as incapacity benefits all react to the cycle in a stabilising manner.
As in QUEST,the short run variation of GDP growth is mainly driven by shocks to productivity, the private demand components, in particular investment, and trade. Monetary and fiscal policy shocks play a relatively small role and explain a portion in the range of 8-17% of the short term variation. Price and wage mark up shocks play an even smaller role. The long run decomposition of GDP growth does not change strongly, except for a slightly larger role of the wage mark up shock and productivity and a smaller contribution of  the long run variation is dominated by shocks to the wage mark up. Monetary policy shocks play a negligible role in the variation of inflation both in the short and the long run. This is in line with decomposition presented by Smets et al. (2007). The variance of the growth rate of the nominal exchange rate is largely driven by trade and risk premium shocks both in the short and the long run. There is a small role for both domestic and foreign monetary policy shocks. The short run variation in the nominal consumption share is driven by various shocks (trade, investment, own consumption shock, as well as risk premium and productivity shocks) while the productivity shock plays a more dominant role for the 4-step ahead conditional variance. The investment share is mainly driven by its own shock and the productivity shock. Unconditional variances of the nominal shares are dominated by the productivity shock. The trade balance ratio is mainly driven by trade and risk premium shocks, while the wage mark-up shock plays an important role in explaining the variance in employment and the wage share.
3. Response to standard policy shocks

The answers to fiscal policy shocks are fairly standard in the field of present generation DGSE models. We analysed the response a government consumption, investment and transfers shock respectively. The government consumption and investment shocks raise government spending as a share of output, but spending gradually returns to baseline. An increase in government consumption raises GDP temporarily, however it crowds out the interest sensitive demand components such as private investment and consumption of Ricardian households, while consumption of liquidity constrained households rises because of higher wage income. However, in the medium run liquidity constrained consumers also cut back consumption spending because of an increase in lump sum taxes, needed to finance the government spending shock. Notice, however, that the aggregate consumption multiplier of government consumption is negative. This result seems at first sight in conflict with the findings of Gali et al. (2007). They show that allowing for a fraction of credit constrained consumers exceeding 25%, a model with sticky prices can account for a positive consumption response to a government spending shock.  However, their model assumes no nominal wage rigidities and no labour adjustment costs (in our notation γw = γL = 0). In contrast our estimation results show that especially the labour adjustment cost parameter is significantly different from zero. A sensitivity analysis shows that when these parameters tend to zero (as assumed in Gali et al (2007)), the consumption response to a government spending shocks tends to become positive in our model too. The economic interpretation of this result is simple. Negligible wage and labour adjustment costs imply a stronger positive short run impact of an increase in government consumption on labour income and therefore a stronger response of private consumption. 
Our results can also be compared to Coenen and Straub (2005) They estimate a DSGE model for the euro area similar to Smets and Wouters (2003), but introduce non-Ricardian households in the model similar to our liquidity constrained consumers. For a lower share of non-Ricardian households (between 0.25 and 0.37) they find a short-lived rise in liquidity- constrained consumption, but falling below its steady state level already after a few quarters, caused by a rise in lump-sum taxes due to the build up of government debt. Forni et al. (2006) find a positive response of consumption to both a government purchases and a government employment shock, but assume no fiscal response to cyclical conditions and no labour adjustment costs To assess the impact of the government spending shocks on output in terms of traditional "multipliers", the impact effect for a 1 percent of government spending shock on GDP is 0.60 in the first yearr, falling to 0.40 in the second. It remains positive for two to three years, and then turns negative.. This is somewhat smaller than results reported in Roeger and in ’t Veld (2004) for the QUEST II model, which shows multipliers for the largest  four European countries between 0.85 and 0.956. The estimated impact fiscal multiplier is within the range found in empirical studies of fiscal policy using structural vector autoregression (SVAR) models. Blanchard and Perotti (2002) applied SVAR methodology to study the effects of fiscal policy in the US and various authors have extended the SVAR methodology to include other countries. Perotti (2005) finds large differences in the effects of fiscal policy, with the responses of GDP and consumption having become weaker over time. Only for the US is the consumption response found positive and did the GDP multiplier exceed 1 in the post 1980 period.

The effect of government investment on GDP is more favourable, because government nvestment has a positive supply effect. Because of this the effect is also less inflationary and therefore requires a smaller interest rate response of the central bank. However one should notice that the government investment multiplier hinges importantly on the output elasticity of public capital which is not estimated. The parameter is calibrated such as to obtain a marginal product of public capital equal to the marginal product of private capital in the steady state. We also analyses the responses to a government transfer shock. The increase in transfers raises disposable incomes and boosts liquidity-constrained consumption directly. There is a negative impact on consumption of non liquidity-constrained consumers, but this is much smaller and aggregate consumption is positively affected by the transfer shock. Again, fiscal policy crowds out private investment. Finally we also analysed the estimated effect of an orthogonalised shock to nominal interest rates. The shock leads to a rise in the (annualised) nominal short-term interest rate of 0.4 percentage points on impact. The real short term interest rate increases by more. The monetary policy shock is not very persistent and nominal interest rates return quickly to base. The shock leads to a hump-shaped fall in output. The maximum effect on investment is about three times as large as that on consumption but we do not see the hump-shaped response in consumer price inflation that is a persuasive feature of many estimated VARs. This could be due to our small open economy assumption where we do not allow the Euro exchange rate to affect export prices of the rest of the world. This implies that the appreciation of the Euro is immediately passed on to domestic consumer prices. In a more realistic multi country setting the inflation response would likely be more delayed. Real wages fall in response to the monetary policy shock and employment is also negatively affected. Fiscal spending falls but the decline is less than that of GDP as fiscal policy acts counter-cyclically and partly offsets to effects of the monetary contraction. 

Our last example of a demand shock is a shock to foreign demand. Because of nominal rigidities an increase in world demand leads first to an increase in capacity utilisation and employment. The initial excess demand is only gradually reduced by an increase in domestic prices. In the long run there is a positive output effect resulting from the terms of trade effect induced by a permanent shift in world demand for domestic goods. Government expenditure increases in line with nominal GDP (government purchases and investment) and the wage sum (government transfers), but they increase by less than would be the case if there was no active fiscal policy as the output and employment gap are positive. Thus fiscal policy limits the increase in aggregate demand and stabilises output. The overall effect of fiscal stabilisation is to reduce the initial increase in employment. Automatic stabilisation via transfers also smoothes consumption of liquidity-constrained households 

Finally we analysed the effect of an orthogonalised shock to TFP. Because TFP follows a random walk, the productivity shock results in a permanent increase of output, consumption and investment. The real wage also rises, but there is a rather persistent negative employment effect. It is well known (see Gali, 1999) that with nominal rigidities supply shocks lead to a demand externality. Because firms lower prices insufficiently as a response to a cost-reducing shock, there is a lack of aggregate demand which makes it optimal for individual firms to lower employment. Expansionary government consumption partially compensates for the shortfall in demand. The automatic stabilisation  via government transfers work in the same direction, since they respond to the decline in employment and boost consumption of liquidity constrained households.
4. Ageing-related simulations.

4.1. Macroeconomic mplications of Eurostat Central Scenario.
The central demographic scenario 2004-2051 was compared to an hypothetical no -change scenario into which the proportions of the age-group are kept at their 2004 level.

As shown in graph one, from 2004 to 2051 these shares do move quite a lot: the “young population shate (0-19 y.) falls by 4 points from 22 to 18% whereas the “old” population (65-end) jumps from 17 to 30%. The population in active age groups falls by 10 points from 61 to 51 % , 9 points in the youngest group (20-44) and 1 point only in the most senior one (45-64).
With respect to the total population, it continues to increase until 2027 (by 4.25% with respect to 2004) but starts then to decrease by 4% between 2027 and 2051. so that the total population is practically at the same level in 2051 than in 2004!
Graph 1. Relative shares of age groups in total population,Euro zone, 2004-2051
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These changes have serious macroeconomic consequences .
The overall impact of ageing over the period 2004-2050 will be to reduce the level of GDP per capita (i.e. living standards) significantly in the Euro zone with respect to the baseline scenario of no change in population trends.
 In terms of growth rates of GDP per capita, ageing is expected to reduce the annual average rate of growth, relative to the baseline, by around 0.4 of a percentage point. The pattern of change in living standards is largely dictated by underlying productivity and dependency ratio developments. With regard to the development of actual potential output, the effects are much greater compared with changes in living standards. This divergence between the two indicators reflects the influence of the outlook with regard to the population of working age. In overall terms, in the case of the Eurozone, the fall in average potential growth rates over the next 45 years is roughly double that of the decline in living standards, with the underlying potential growth expected to fall by 0.8 percentage point compared with the baseline. In absolute terms, the Euro zone’s annual average potential growth rate over the period 2004-2050 would fall from the baseline rate of 2.0 percent to 1.2 percent in the central scenario, And, in fact this average masks the fact that the Euro zone will witness individual years at the end of the simulation period with potential growth rates of slightly below 1%.

In terms of the decomposition of potential growth into its employment, capital stock and total factor productivity components, the essential figures are shown in Table 2. Given that the central scenario is carried out using a neutral assumption with regard to technical progress over the time horizon of the simulation, the effects of ageing manifest themselves in terms of changes to employment and the capital stock. In overall terms, 70% of the decline in average growth rates in the EU is expected to result from employment changes, with the remaining 30% emanating from capital stock changes.. 
Table 1. Contribution to the growth of potential output. 

Euro zone, 2004-2050 in percent per year

	Employment
	Capital stock
	TFP
	Potential output

	-0.4
	0.6
	1.0
	1.2


Private savings rates are expected to fall slightly in the Euro zone. While a large range of factors will be at play in terms of determining future changes in private savings, the two  most important determinants are the marginal propensity to save of workers and pensioners and the relative shares of the latter groups in the EU’s overall adult population. If the savings pattern of consumers was to comply with the life cycle hypothesis, ageing populations would be expected to result in an increase in the marginal propensity to save (MPS) of both workers and pensioners out of both total household wealth and current disposable labour / pension income in the initial phase of the shock and to settle down over time but to a higher steady state level. This in fact is attenuated here since we use the bequest model. On the whole, pensioners have a higher marginal propensity to consume (MPC) out of wealth compared with workers which reflects the normal dissaving pattern one would expect in retirement and the fact that they have a much shorter time horizon in which to exhaust their resources. For pensioners and workers the simulation indicates that both reduce the speed with which they draw down their stock of wealth since both groups realise that their assets will now have to be spread over a longer time span
However, while the MPS for both workers and pensioners will rise in response to the expectation of longer duration in retirement (i.e higher life expectancy) the overall effect of this behaviour in terms of private sector savings as a % of GDP will depend on the relative shares of workers and pensioners in the total adult population since the MPS of pensioners is substantially lower than that of workers and the share of retirees will rise steadily over the next 45 years. This change in the composition of the adult population is also shown in Graph 1, with the shares of the working / retiree populations in total population changing from a 61/17 breakdown in 2004 to 51% / 30 % in 2051. As a result of the degree of change in the structure of the population and the dissaving pattern of retirees, while the aggregate propensity to save (i.e. the combined savings rate of workers and retirees) will rise in the Euro zone over the coming decades, the actual level of savings relative to GDP falls, with the initial small rise in the private savings ratio coming to an end in the early 2020’s, followed by a fairly sharp downward trend from then on until 2050. 
While the central scenario for the Euro zone assumes no change in the contribution of TFP to growth over the simulation period compared with the historical pattern, productivity growth could be adversely affected. These productivity concerns reflect the significantly weaker investment performance coming from the fall in saving and from evidence from income-age profiles which suggests that the marginal productivity of workers tends to start to decline in their early to mid 50’s; and worries that enthusiasm for reform and overall levels of dynamism and innovation in an economy may be detrimentally affected by having an ageing labour force: the median population ages change significantly over the coming decades and look particularly worrisome for the EU as it suggests an increase of 11 years from 38 in 2004 to 49 in 2050. 

When this ageing of the labour force is combined with the much slower rates of capital accumulation which are expected to occur, leading in turn to an increase in the mean age of the capital stock, the outlook for growth could be significantly worse than the average growth rate of 1.2% assumed in the central scenario. An increase in the average age of the capital stock in an economy is generally considered to be negative for labour productivity since continuing investment in new equipment is essential for incorporating labour-embodied technical progress into the production process. By way of illustration, if one links changes in technical progress to changes in the average age of the capital stock (i.e. “vintage” effects), the potential growth rate of the EU over the period to 2050 falls even further to an annual average rate of 0.8% versus the 1.2% assumed in the central scenario.

Regarding the fiscal implications, the model assumes a substantial deterioration in age-related public expenditure. In the case of the Euro zone, , the central scenario points to an increase in public pensions expenditure of more than 6 percent of GDP. With regard to public health expenditure, the increase is more subdued at between 2¼-2½ % points, and health spending is still expected to rise to account for over 8% of total GDP in 2050. 
This translates into a significant increase in the tax pressure given the debt rule embedded in the model which guaranties the respect of the Maestricht criterias and which of course conrtributes to the maintenance of a high saving rate as quoted above especially in the “Ricardian” household group.

4.2 Other scenarios.

Other scenarios are still in course comparing notably a pure life-cycle pattern of saving to the bequest assumption The first results show that it somewhat improves the growth output but not its nature, i.e. we still have a fall in the Euro zone GDP per capita and potential GDP.
As already observed in the technical analysis quoted above (EU,2007) the most potent correction factor still remain an significant increase in the retirement age from say, 65 to 70 year since it would limit the number of pensioneers to 24% of total population and the implication for the labour market are that the population of 20 to 69 years old falls from 66 to 57 %  a fall linited to the population between 20 and 44, the share of the population of 45 to 69  first increases until 2025 and then falls progressively back to its 2004 level. Thus the ageing of the working population would be stronger than in the central scenarios with the negative implications quoted above.
5. Conclusions

The central scenario presented in section 4 shows that the Euro zone will be badly affected by ageing. Ageing populations will induce large changes in EU potential growth rates, in standards of living, in age-related public expenditures, in financial market flows and in specific monetary variables both in the EU and globally. In the context of the Euro zone’s overall policy strategy, based on achieving high and sustainable rates of growth via a stability-oriented policy framework, addressing the negative economic growth implications of ageing will require a multi-faceted policy response aimed at the following three key objectives :

· Boosting savings and capital accumulation : Savings and investment have a potentially important role to play in helping to offset the effects of rising dependency burdens, with higher savings leading to lower real interest rates, higher productive investment and stronger long-run growth. This is particularly important on the public sector side through adherence to the provisions of the Stability and Growth Pact. If a policy of budgetary consolidation continues to be actively pursued in the EU, not only will national savings benefit but a sounder fiscal position will ensure more favourable debt dynamics when the public sector spending pressures from ageing start to emerge. 

· Action to expand the effective labour supply : Policies to increase the workforce and to reduce non-cyclical unemployment would be an appropriate response to the adverse demographic developments and would bring a triple gain : an increase in potential output, a reduction in public expenditure on the elderly, due to the slower rate of increase in the effective dependency ratio, and higher tax revenues. Possible actions in this area are, extending the working lifetime beyond the present effective retirement age of less than 60, at least to the statutorily imposed limit of 65 or even to go further by linking the statutory age to changes in life expectancy, and labour market reforms aimed at raising participation rates especially for the elderly and tackling structural unemployment.

· Structural reform initiatives aimed at offsetting the effects of ageing via productivity improvements : The EU has made progress over the last number of decades in putting in place the essential macro policy strategies which are most often linked in the literature with the reaping of substantial dynamic gains such as a stable macroeconomic environment (i.e. EMU) and an open trading environment, both internally (i.e. the single market programme) and externally through the World Trade Organisation (WTO). The challenge now for EU policy makers, given the risk of both an age-related productivity slowdown and the fact that the living standards of EU citizens will become relatively more dependent on productivity gains, is to exploit the openness and low inflation benefits of the present framework by quickening the pace of structural reform, along the lines of the Lisbon agenda. Action to improve the functioning and competitiveness of the EU’s product, labour and capital markets, allied to specific regulatory reforms, will be needed to foster a culture of entrepreneurship and innovation crucial to the successful exploitation of any gains emanating from the pension reforms currrently in discussion.
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� For convenience and by reason of the high aggregation of the model.


� Logarithm will be represented by lower case letter as well as ratios and rates


� Forni et al. (2006) obtain however somwhat higher estimates
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