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Abstract -We develop a medium-sized annual macroeconometric model of the Italian
economy. The theoretical framework is the usual AS/AD model, where the demand side is
specified along Keynesian lines, and the supply side adopts a standard neoclassical technology,
with Harrod neutral technological progress. The empirical specification consists of 140
equations, of which 29 stochastic, with 55 exogenous variables. The model structure presents
some distinct features, among which the disaggregation of the foreign trade block in seven trade
partner regions (thus representing the bilateral imports and exports flows in function of the
regional GDP and of the bilateral real exchange rates), and the explicit modelling of the impact
of labour market reforms on the wage setting mechanism (which explains the shift in the
Phillips curve observed over the last two decades). The model is conceived for the analysis of
the medium- to long-run developments of the Italian economy, and as such it adopts
econometric methods that allow the researcher to quantify the structural long-run parameters.
The equation are estimated over a large sample of annual data (1960-2013), using cointegration
techniques that take into account the possible presence of structural breaks in the model
parameters. The model overall tracking performance is good. We perform some standard policy
experiments in order to show the model’s response to usual shocks: an increase in public
expenditure, an exchange rate devaluation, a slowdown in world demand, and an increase in oil
prices. The shocks are evaluated by ex post simulation and their impact tracked over a five-year
span. The dynamic multipliers appear to be consistent with the economic intuition.
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1 Introduction

Economic analysts need rigorous quantitative tools in order to forecast the future
paths of some variables of interest and to evaluate alternative scenarios. In particular,
banks, research centres, unions, associations, etc. rely on econometric models with
specifications tailored for their peculiar requirements (e.g., banks will focus on the
credit sector, government agencies will focus on the fiscal sector, unions on the labour
market). Despite their specificities, at the core of these models lies usually a more or
less standard macroeconometric module which, with different degrees of sophistication,
works as the engine of the model, representing the performance of the economy. Italy
has a long tradition of macroeconometric model building (Binotti and Ghiani, 2008;
Welfe, 2013). Among the more recent macroeconometric models of the Italian economy
are the quarterly models BIQM by the Bank of Italy (Busetti et al., 2005); the Italian
block of the multicountry model by the European Central Bank (Angelini et al., 2006);
the CSC model by Confindustria, the Italian employers’ federation (Pappalardo et al.,
2007); the ITEM model by the Italian Department of the Treasury (Cicinelli et al.,
2010); and the annual models ModInail by Inail, the National Institute for Insurance
against Accidents at Work (Tesei, 2009); MeMo-It by Istat, Italian National Statistical
Institute (Bacchini et al., 2013); and the PROMETEIA model by the privately-run
research centre Prometeia (Welfe 2013, Section 8.7.1).

Despite this fairly large body of literature, we feel that there could be room for
further research. Just to quote a few issues: all the above models represent only
aggregate trade flows, i.e., they do not take into account the possible difference in trade
equation elasticities among different partner areas, and, as a consequence, they do not
allow the researcher to evaluate the impact on the Italian economy of a slump or
recovery of the world economy occurring at different paces in different areas; as far as
the labour market is concerned, none of the previously cited models take into account
the impact of labour market reforms on the wage setting process, which appears to have
been a major determinant of a shift in the wage equation in Italy over the last two
decades. At a more technical level, most of the previous models, even in the case in
which they are explicitly designed for performing long-run scenario analyses, either do
not take into account the possible presence of shifts in the structural long-run
parameters, or do that in an ad hoc manner.

These drawbacks are especially relevant as far as the analysis of the current
predicament of the Italian economy is concerned. There is now a growing consensus
that the Eurozone has committed suicide by endorsing austerity policies. As a
consequence, it is unlikely that in the next years a stimulus for a recovery of Italy will
come from the Eurozone, and it becomes all the more important to correctly measure
the contribution that external demand from third countries can give to the Italian
growth. Since it is likely that trade flows will be more elastic with respect to the
countries belonging to the same integrated area, by ignoring the disaggregation between
intra- and extra-Eurozone trade, the existing models are likely to overestimate the
impact on our economy of a recovery in the latter, because their estimated elasticities
will be an average of the high intra-zone elasticity with the low extra-zone ones. This
point deserves a careful empirical investigation.
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The same applies to the importance of the so-called “structural reforms” (in
other words, labour market flexibility). The role of labour market reforms is important
for at least three reasons: first, because there is a growing body of literature that charges
the imperfect design of labour market reforms with the sudden stop of Italian labour
productivity since the mid-Nineties (Dew-Becker and Gordon, 2008; Travaglini, 2009;
Daveri and Parisi, 2010); second, because the “upward wage rigidity” determined by
labour market reforms (Pastore, 2010), is now suspected to be at the heart of the current
stagnation of domestic demand; last, but not least, because the incumbent government is
insisting on the crucial importance of further flexibility in the Italian labour market, a
proposal that does not meet a consensus in the economic profession. It is therefore of
some interest to integrate measures of labour market flexibility in a econometric model,
in order to enable the researcher to get a quantitative assessment of the overall impact of
labour market reforms.

Against this background, the Italian Association for the Study of Economic
Asymmetries (a/simmetrie) has carried out the estimation of an annual
macroeconometric model, aimed at coping with these issues.' The model builds on
Bagnai et al. (2006). It is a medium-sized annual model, featuring 140 equations, of
which 29 stochastic, with 55 exogenous variables, estimated on a sample ranging from
1960 to 2013. The trade block of the model is disaggregated by considering seven trade
partner areas (Eurozone core, Eurozone periphery, United States, other European
countries, BRICS, OPEC, and rest of the world). Fifteen exogenous variables are related
to the international macroeconomic framework (real output and prices in each trade
partner, and the EUR/USD exchange rate). The other exogenous variables are mostly
related to the public sector, to the demographic evolution (dependency ratio, female
participation ratio), and to the stock-flow reconciliation of public debt (Panizza, 2013).

The remainder of the paper is structured as follows. Section 2 sets out the model
specification and motivates on theoretical and empirical grounds the modelling
decisions taken in each block. The estimation methodology is discussed in Section 3. A
description of data sources is given in Section 4, along with an analysis of the time
series properties of the data. In Section 5 the main empirical findings obtained from the
estimation step are discussed. Section 6 presents the results of some standard simulation
experiments that allow the reader to better understand the model performance and
properties. Section 6.5 concludes.

2 Model specification

2.1 The modelling strategy

In principle, a perfectly specified and realistic model of the world is already
available: it is the world itself. The only drawback of this otherwise absolutely reliable
1:1 scale model of the reality is that it is unmanageable for research purposes. Since this
is not a minor drawback, every academic or applied modelling exercise is the result of a

' The model has been developed in the framework of a research project on “Investigating the
impact of European policy rules on the recovery of the Italian economy”, jointly funded by a/simmetrie
and the Nando Peretti Foundation.
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compromise. In this introductory paragraph we briefly set out the main trade-offs that
have been considered in defining the structure of our model.

The theoretical specification of the model is based on the standard AS/AD
framework, a choice shared with most macroeconometric models (see Wallis, 2000).
The main characteristic of this widely accepted framework is that price rigidities allow
for the coexistence of a long-run neoclassical equilibrium with a short-run Keynesian
behaviour. The supply side, i.e., technology and endowments of factors of production
(capital accumulation and demography), determines the long-run properties, while in the
short run the output is demand constrained. The specification of a theoretically
consistent supply side is especially relevant in models aiming at the analysis of
medium- to long-run scenarios, as it relates the potential output of an economy to the
evolution of long-run determinants such as demography, the technological level, and the
accumulation of physical capital. This point deserves some comment.

First, following a standard practice in macroeconometric modelling, we adopted
a standard neoclassical technology as the “core” of the supply side specification. It
should be kept in mind however that the neoclassical aggregate production function is
subject to well-known criticisms, that originated the “two Cambridges debate” (see e.g.
Garegnani, 2008; for a different perspective, Mas-Colell, 1989). In our opinion, these
criticisms are still relevant. As a consequence, we have some doubt that the neoclassical
production function may be interpreted as a sensible “technical constraint” (or even
“technical relation”) at the aggregate level. At the same time, owing to the development
of the macroeconomic profession, the production function is still the most effective tool
to present and interpret the relevant stylized facts about an economy’s supply side. Our
modelling choice was made in this spirit.

Second, unlike most macroeconometric modelling exercises, we did not attempt
nor claim to “microfound” extensively the model’s behavioural equations. The practice
of “microfounding” models stands in the same relation to publishing in reputed journals
as wearing a black suit to attending an opera premiere. However, one must recognize
that in medium-sized macroeconometric models this practice always leads to at least
two fatal inconsistencies. First, unless the model structure is so stylized as to be
practically irrelevant, it becomes impossible (and in some cases meaningless) to trace
the specification of every equation back in the solution of some consistent optimization
exercise. In fact, in most presentations of microfounded macroeconometric models there
is a solution of continuity between the introduction, where the authors usually display
their knowledge of mathematical optimization techniques, and the presentation of the
empirical results, where they are forced to adopt a number of ad hoc solutions, dictated
by the nature of the data and by the size of the model itself (which generally makes
impossible a truly “model based” optimization exercise). Second, at a more general
level the practice of defining an econometric specification at the micro level, and to
estimate the resulting equation with macro data, is absolutely meaningless, as stressed
for instance by Kirman (1992). In particular, since the use of error correction models
(ECM) has become overwhelmingly pervasive, the old criticism made by Lippi (1988)
is especially relevant. Lippi shows that the dynamic shape of an aggregate ECM will
necessarily differ, for statistical reasons, from the shape of every (supposedly
underlying) “microfounded” dynamic equation. As a consequence, any attempt at
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“microfounding” a dynamic equation that is going to be estimated with aggregate data is
perfectly meaningless, because the dynamic structure consistent with those data could
result by a completely different dynamic behavioural equation at the individual (micro)
level. More precisely, very simple micro-behaviours (e.g., static rules) can generate,
after the aggregation, very complex macro-dynamics. It is therefore completely
pointless to explain the macro-dynamics as “optimal rules” resulting from an
optimization exercise carried out at the micro level. In other words, Lippi’s paper, using
relatively sophisticated but unquestionable statistical results, crumbles the agenda of the
previous four decades of empirical research, where the main concern of the
econometricians had been that of justify in terms of (possibly microeconomic) theory
the lags they introduced in their aggregated empirical equations. While the vast majority
of the academic profession is still unaware of this result, the macroeconometric
modelling practice in most cases obeys to it, at least implicitly.” As a matter of fact,
most macroeconometric models adopt the same compromise as we do in our model:
optimization theory is invoked to define the long-run specification of the supply sector
(potential output and factor demand equations), but no attempt whatsoever at
microfoundation is made in other model blocks (such as the trade or the public sector
block), especially as far as the dynamic shape of the relations (i.e., the order of lags of
considered in the model) is concerned.

Third, our model does not adopt “model-consistent” (or “rational”) expectations.
There are several reasons for this modelling choice. In no particular order: 1) recent
research (e.g., Weizsicker, 2010) questions the empirical relevance of rational
expectations, by showing that the individual behaviour generally does not conform to
them; 2) in any case, the implementation of fully model-consistent expectations is
impossible even in medium-sized models, and in the applied macroeconometric practice
“rationality” is often bounded to subsections of the whole model (typically, the wage
setting block, or exchange rate determination; see e.g. Beffy et al, 2003, Beeby et al.,
2004 ); 3) possibly as a consequence of the first two points, and despite the usual claim
that “backward-looking” models failed at the beginning of the Seventies, the empirical
performance of (small) models implementing full rationality hypothesis has always
been very disappointing (see e.g. Bryant et al., 1988, for a review of the first exercises,
or Hendry and Mizon, 2014, for a review of the currently fashionable DSGE models),
even in comparison to their counterparts. As is nowadays evident, the supposed
“failure” of the Keynesian macroeconometric models in forecasting inflation at the
beginning of the Seventies was determined by not taking properly into account supply
side variables like food or energy prices, and by adopting misspecified Phillips curves

? The reluctance of the academic profession to reckon with Kirman and Lippi’s arguments is
understandable. By showing the logical impossibility to establish a relation between the behaviour of the
observed macro relations with any “equilibrium” rule derived at the micro level, they confirm the
“irrelevance of equilibrium economics” exposed by Kaldor (1972). As a matter of fact, however, the
“equilibrium” approach has become dominant for both ideological and sociological reasons, the same set
out by Keynes in the General Theory (chap. 3, par. 3). Equilibrium economics (Keynes called it
“Ricardian”) provides a technical explanation for “social injustice”, and, being highly mathematized, it
definitely satisfies the need for “intellectual prestige” of the researchers. Due to those two reasons
(especially the second one), the failure of “equilibrium” theories such as the “negative multiplier” or
“expansionary austerity”, will not induce the profession to abandon them.
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(Blinder, 1988), rather than by ignoring “rational expectations”. The huge success of the
latter in the theoretical literature is more related to their support to the Panglossian
research agenda of the Eighties (Buiter, 1980), than to their practical or logical
relevance. This explains why “rational” expectations had practically no impact outside
the academic profession (i.e., in the applied forecasters world).

On a different, more constructive, note, one may wonder whether in a world
where the macroeconomic landscape changes daily, “rational” expectations are so
crucial in determining the behaviour of annual time series. In this framework it is
equally reasonable to assume that expectations are anchored at the long-run trends of
the economy, i.e., they are somehow backward-looking. In other words, one may
wonder whether people learn more from experience, or from the likely unknown “true”
model of the economy. As a matter of fact, backward-looking methods are adopted in a
number of practical situations (consider for instance the huge literature originated by
Makridakis et al., 1982). In any case, the error correction specification has been proved
consistent with both backward- and forward-looking expectations (Domowitz and
Hakkio, 1990). For this reason, a number of recent operational models, mostly relying
on error correction representations, while admitting the importance of expectations, do
not model them explicitly in a “model-consistent” way; among them the OECD
Interlink model (Dalsgard et al., 2001), the Modtrim II model of the Belgian economy
(Hertveldt and Lebrun, 2003), the EMMA model of the Estonian economy (Kattai,
2005), Dreger and Marcellino (2007) model of the Eurozone economy, and many
more). It is particularly telling that most of these models are run and managed by
national statistical offices, where forecast accuracy is at a premium over academic
elegance. In any case, it should be kept in mind that the “microfounded” approach
consisting in explaining the dynamic shape of aggregate relations in terms of individual
expectation rules becomes logically flawed whenever the resulting specifications are
estimated on aggregated data. For these reasons, the claim that by not taking into
account (better: by not pretending to take into account) “model consistent” expectations,
a model rules completely out the role of expectations, and is therefore “outmoded”, does
not seem to be firmly grounded on both economic theory and practice.

Finally, our model is a structural equation model (SEM). This contrasts the
nowadays fashionable practice of estimating vector auto regressive (VAR) models.
VAR were proposed at the beginning of the Eighties as a way to perform “atheoretical”
macroeconomics. The idea that macroeconomic modelling could become a merely
“technical”, “aseptic” exercise, independent from the judgment and choices of the
researcher, was obviously related to the Panglossian research agenda, and was
miserably disproved by the subsequent developments. On the econometric side, it was
soon realized that even the most harmless choice (such as the choice of listing the model
variables in one or another way) had an impact on the model results (in particular, in the
analysis of the impulse response functions; Hamilton, 1994, par 11.4). At the same time,
the econometric performance of VAR models was poor, leading in most cases to absurd
multipliers (Bryant ef al., 1988). As a result, economic theory, thrown out the door,
came back through the window, leading to the so-called “structural” VAR (SVAR)
models (a development that took place along with the progress of cointegration theory).
While SVAR models performance is generally good, their main drawback is that in
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order to be manageable they must be kept at very small dimension. This makes them
unsuitable to practical macroeconometric modelling, where one must keep into account
a number of fundamental accounting relationships (such as the national income identity)
and definitions (such as the definition of the unemployment rate). For this reason,
medium- to large-size models are generally specified as SEMs (Welfe, 2013).

Against this background, the remainder of this Section analyses the main
features of the model’s design. The full structure of the model is presented in Appendix
4, and full details on the estimated stochastic equations are given in Appendix 5. In the
following discussion, the equation numbers refer to the model’s representation

presented in Appendix 5.
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Figure 1 — Capital/output ratio (k/y), average labour productivity (y/n), and capital intensity (k/n),
in the private sector. Indices, base 1960=100. Source: Model’s database.

2.2 Supply

Figure 1 summarizes some relevant stylized facts of the Italian economy’s
supply side in the last five decades. The most apparent feature is the sudden stop of
average labour productivity by the mid-Nineties. Another important feature is the
stability of the capital/output ratio over the whole sample’. The latter suggests a Cobb-
Douglas production function with constant returns to scale and labour-augmenting
(Harrod-neutral) technical progress as an appropriate specification for the model
technology.

We express the production function in labour-intensive form as follows:

? A possible exception is given by the post-2007 period when the capital/output ratio increases,
mostly as a consequence of the substantial and sudden drop of the denominator, i.e., by the collapse of
real GDP.
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where y, k and n are, respectively, private gross domestic product in real terms
(GDPBYV), capital stock (KBV) and employment in the private sector (ETB), 4 is the
level of technology, ¢* is a labour-enhancing term, and « is the elasticity of output to
capital (capital share). The specification adopted suggests two possible explanations for
the productivity slowdown: a slowdown in capital intensity, possibly accompanied by a
decrease in the rate of growth of labour-augmenting technical progress A. Figure 1
shows that the capital/labour ratio actually flattened more or less in coincidence with the
labour productivity slowdown. However, other analyses carried out at a disaggregated
level, such as Daveri and Parisi (2010), attribute the Italian productivity slowdown to a
decrease in TFP growth, rather than to a slowdown in capital deepening. The two
explanations are not mutually exclusive.

In order to assess their relative role we estimated the production function in
logarithmic terms (eq. [1.1]):

1{%} =In(4)+ e 1{%) +A1-a)t

by allowing for the possible existence of structural breaks of unknown date in its
parameters.

The production function allows us to take into account supply side frictions,
which are represented by the private sector output gap (GAPB, eq. [1.2]), defined as
deviations of the actual private sector real GDP from its potential value as defined by
the previous equation. The output gap feeds back into the consumer prices as well as the
Taylor rule (see below).

Factor demand equations follow from the problem of cost minimisation by
firms, subject to the above specified technological constraint. The conditional labour
demand function is given by

oLz P} Y g
a W) A

where Py is the cost of capital® and ¥ the wage rate. The labour demand equation was
estimated conditional on the estimate of a obtained by estimating the production
function and using a logarithmic specification as follows (eq. [1.5]):

tn(n) 0;(1 ~d J R mn(PK] Cn(y) = —In(d)— (1 - &)z

o K

* In the estimated equation, Py is replaced by the deflator of private gross fixed capital formation
(Ps), a proxy adopted by other studies such as Chiarini e Placidi (1991).
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Total employment (ET, eq. [1.6]) is given by the sum of the estimated private
and public sector employment (ETB, eq. [1.5], and ETG, respectively, the latter being
an exogenous variable).

A further condition which should hold in a competitive market states that the
marginal productivity of capital (mpk) is equal to the user cost of capital (ucc). Under a
Cobb-Douglas technology with constant returns to scale and a user cost of capital
measure given by the real interest rate () plus the scrap rate (o)’ and a risk premium
(¢)°, the marginal productivity condition is

0
mpk=—y=al=ucc=r+a)+g

ok k
The spread between the marginal productivity and the user cost of capital enters
in the equation for the desired growth rate of capital (KGR, eq. [1.12]), following the
approach proposed by Knight and Wymer (1978), and adopted for instance by Dramais
(1986) and Fagan et al. (2001). The growth rate of capital in turn defines capital
accumulation (KBV, eq. [1.11]).

Some identities complete the supply block: private and public value added
(VABV, eq. [1.3], and VAGYV, eq. [1.4], respectively), average productivity of labour
and capital (APL, eq. [1.7], and APK, eq. [1.8], respectively), marginal productivity of
capital (MPK, eq. [1.9]), unemployment rate (UNR, eq. [1.10]), and profits and other
non-wage income (PROF, eq. [1.13]).

2.3 Demand

The demand block represents the various components of gross domestic product
(GDP) from the expenditure side: private and public consumption, investment, and
exports and imports of goods and services.

Private consumption in real terms (CPV, eq. [2.1]) depends on real disposable
income of households (YDHR, eq. [5.11]). Moreover, the ratio of female participation
to the labour force (FPR) is included in the long run relationship as it has been shown to
be an important determinant of long-run aggregate saving (Graham, 1987).”

Gross fixed capital formation is divided in two components: private and public.
While the latter is taken as exogenous, the former (IBV, eq. [2.2]) is derived from the
desired stock of capital of the private sector, &, solving for investment through the
formula of the perpetual inventory method

k=(0-w)k, +i, = i =k -k _(1-w)
where i, is the investment of the private sector, and w is the scrap rate. Changes in

inventories (ISKV, eq. [2.3]) are modelled with an equation linking them to the change
of value added of the private sector (VABYV, eq. [1.3]).

> In our model, ® is proxied by the implicit depreciation rate.

% As Fagan et al. (2001) we calibrate ¢ so that the marginal productivity condition holds on
average.

7 The modelling of government consumption (CG, in nominal terms, or GCV, in real terms) will
be discussed below in the Public sector block.
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Exports and imports of goods and services (XGSV, eq. [2.4], and MGSV, eq.
[2.5], respectively) are both given as sum of the corresponding flows of goods (XGV
and MGV), on the one hand, and services, on the other hand (XSV and MSV). The
same applies for flows in nominal terms (XGS and MGS, eq. [2.6] and eq. [2.7],
respectively). A detailed illustration of how these flows are obtained is given below in
the Trade block.

Finally, nominal and real gross domestic product (GDP, eq. [2.8], and GDPV,
eq. [2.9], respectively) are given by the aggregation of their various components.

2.4 Trade

Exports/imports of goods (expressed in US dollars) have been disaggregated in
bilateral flows to/from seven blocks:

e Eurozone core countries (“Core”): Austria, Belgium, Finland, France, Germany,
Luxembourg and Netherlands.

e Eurozone peripheral countries (“Periphery”): Greece, Ireland, Portugal and
Spain.

e United States of America.

e Other European countries (“Non-euro”): Denmark, Sweden, Switzerland and
United Kingdom.

e OPEC countries.
e BRIC countries: Brazil, Russia, India and China.

e Rest of the world.

The previous grouping is, of course, arbitrary. However, it was dictated by both
geo-political and economic considerations: Europe is split into Core, Periphery and
Non-euro countries as this subdivision (specially the Core/Periphery one) has been at
the heart of the debate after the Eurozone crisis; the United States is usually considered
as a single area in most multicountry models because of its size; shocks from oil prices
can be better modelled by aggregating oil-exporting countries, which are included in the
OPEC block; the most integrated and influential new industrialised countries are
grouped in the BRIC block; trade coherence is achieved by creating a Rest of the world
block.

Bilateral flows depend on two variables: real demand (foreign for exports,
domestic for imports) and bilateral real exchange rate (competitiveness). The latter is
the same either in the exports and in the imports bilateral functions and is given by
relative prices in a common currency (i.e., the real exchange rate, RERi, eq. [3.3]) with
respect to the partner. This measure is given by the ratio of domestic exports prices (Py,
converted in US dollars, i.e., PXGSUSI, eq. [3.2]) and the export prices of partner i (

Py, , PXGSUSDi):

RER;=Pyx(E/E, )/ Py,
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where E is the EUR/USD exchange rate, considered as exogenous.”

As previously said, each bilateral flows specification has a specific demand
component: exports to partner i (XGUSDVi, eq. [3.4]) depend on the its demand,
proxied by its GDP (in constant US dollars, GDPVUSD}), while imports from partner i
(MGUSDVJ, eq. [3.5]) are a function of Italian GDP (in constant US dollars,
GDPVUSD, eq. [3.1]).

Aggregate exports and imports in constant US dollars (XGUSDVi and
MGUSDVi) are used in order to obtain the respective flows in constant and current
euros: series in real terms (XGVi, eq. [3.9], and MGV, eq. [3.10], respectively) are
obtained by dividing the constant US dollar series by the base year exchange rate;
current values of the flows (XGi, eq. [3.6], and MGi, eq. [3.7], respectively) are
obtained through normalized deflators. Aggregate exports and imports in constant euros
are obtained by summing bilateral real flows (XGV, eq. [3.11], and MGV, eq. [3.12],
respectively). The same applies to nominal exports and imports (XG, eq. [3.13], and
MG, eq. [3.14], respectively). These flows enter in the definition of final GDP (in
nominal, eq. [2.8], and real terms, eq. [2.9]) after having added the expenditure relative
to exports/imports of services (respectively, eq. [2.4] and eq. [2.5] for constant term
flows, and eq. [2.6] and eq. [2.7] for nominal terms flows).’

2.5 Wages and prices

In a competitive equilibrium, real wage must be equal to marginal labour
productivity. Thus, consistently with our preferred technology, the following
equilibrium condition should hold:

W _D_(1—a)
P oOn n

where W is the nominal wage rate (eq. [4.11]) and P the output price. Taking
logarithms, we get:

1%%) =In(l-a)+ ln[%j

The equilibrium condition states that in the long run the real wage rate and labour
productivity are tied with unit elasticity. The short-run wage equation includes the
unemployment rate (1) as a wage-pressure variable, inflation expectations ( 7 ), and it is
specified in terms of consumption prices, in order to account for the internal price
wedge (i.e., the difference between GDP and consumption prices)."”

% E, is the exchange rate in the base year.

? The stylized model presented in Table 1 assumes that there are no exports/imports of services.

'% This specification follows Fagan et al. (2001). See also Wallis (2004) for a discussion on the
properties of the model by Fagan et al. (2001) and a comparison with other models.
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Figure 2 — The progressive flattening of the “standard” Phillips curve in the Italian economy. Wage growth on the vertical axis,
unemployment rate on the horizontal axis.
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Figure 3 — Unemployment (U), wage growth (dlog(UWB)), and employment
protection index (FLEX) in Italy.

Moreover, we added to the equation the OECD (2014) employment protection
indicator as a measure of labour market flexibility, FLEX. In order to motivate this
choice, it is useful to have a look at some stylized facts about the Italian economy.
Figure 2 shows the behaviour of a “standard” Phillips curve, i.e., of a simple linear
regression of wage inflation on unemployment, first over the 1970-2013 sample, then
over the two subsamples going from 1970 to 1997, and from 1998 to 2013. Over the
whole sample the fit of the equation is poor, with an R* equal to 0.29. However, if we
consider only the 1970-1997 sample, even this very poor specification provides a
remarkable fit, with an R* equal to 0.72. Needless to say, this implies that in the second
subsample (1998-2013) the fit is even worse than in the whole sample: the curve
actually flattens, with an R* equal to 0.03. A glance at Figure 3 may explain why this
happens.

Over the long run, there is an apparent trade-off between unemployment and
inflation. The deflation of the Eighties occurs at the expense of an increase in the
unemployment rate. Since the mid-Nineties both unemployment and the inflation rate
begin to fall. This occurs when the employment protection index starts its decline, as a
consequence of the “Treu package” (the first major labour market reform in Italy,
approved in 1997), and of the following reforms (the “Biagi law”, the “Giovannini
law”). There is some evidence that the introduction of more flexible contracts has
somewhat weakened the workers’ bargaining powers, which on the one side has had
positive effects on employment (with possibly detrimental effects on average
productivity, as stressed by Daveri and Parisi, 2010), but on the other side has
accelerated an ongoing process of wage deflation. All in all, we find that these
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considerations suggest to include the employment protection indicator in the Phillips
curve, where otherwise the coefficient of unemployment could be severely downward
biased, because it would represent as a flattening of the curve what could have been a
leftward shift of an equally sloped curve. Our preferred dynamics specification is

therefore:
sl g = e o -l ]|

Consumer prices (pre-tax, eq. [4.3]) follow closely the long-term path set by the
pricing behaviour of firms, which consists on a mark-up on import prices (Py,) and unit
labour costs (eq. [4.2]). The indirect tax rate (7,4) 1s added to obtain post-tax consumer
prices (eq. [4.4])

log(Pcp) = 9log(Py) + (1 —I9)Iog(ULC) + log(1 + 1ina)

where ULC = W/(y/n) and Py, (PMGS, eq. [4.1]) is computed as a weighted geometric
average of export prices of partners (i.e., import prices from the partners) expressed in
euro, where weights are the import shares from partner i. The short-run equation
includes the output gap as a demand-pressure variable.

A similar formulation is used for the deflators of exports of goods and services
(PXGS, eq. [4.9]), and gross fixed capital formation (PIBNET, eq. [4.5], and PIB, eq.
[4.6]). PIBNET is used in the specification of the deflator of public gross fixed capital
formation (PIGNET, eq. [4.7]). The gross domestic product deflator is given as the ratio
of nominal-to-real GDP (eq. [4.10]).

2.6 Incomes

The incomes determination block contains several identities which define total
disposable income, thereby linking the supply side, wage, and public sector blocks to
the demand side of the model. Aggregate wages (WAGE, eq. [5.2]) are given as the sum
of wages in the private sector (WAGEB) and public sector (CGW). These two
components, in turn, are obtained as the number of total workers times the unit wage
rate in each sector (eq. [5.1] and eq. [6.2], respectively).11 Total compensation of
employees (WSSS, eq. [5.3]) is obtained by adding to WAGE the employers
contributions to social security and pension funds (TRPBTH, eq. [5.4]), which is the
sum of contributions to pension funds by private employers and the public sector
(SSCB, eq. [6.11], and TRPGPH, respectively). Besides total wages, two further voices
contribute to households’ incomes: current transfers received by households (TRRH)
and self-employment and property income (YOTH). The former (eq. [5.5]) is the sum of
social security benefits (SSPG, eq. [6.1]), other current transfers (TRPG), both paid by
the government, and a residual term (TRRHX) which covers other kind of transfers and
statistical discrepancies. YOTH (eq. [5.6]) is the sum of general government interest

' Note that unitary wages (UWB and UWG) are expressed as indexes, in the same way as prices
(all the indices are equal to 1 in the base year). To obtain the actual wage rate, each index is multiplied by
the value of the base year wage rate in the appropriate sector (WRBy, and WRGy, respectively).
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payments (GGINTP, eq. [6.7]) and self-employment and property income other than
that deriving from shares of public debt (YPEX) that depends on nominal GDP (eq.

[5.7]).

Total nominal disposable income is finally given by the total amount of
resources (YDH, eq. [5.10]) net of direct taxes on households (TYH, eq. [6.8]) and total
transfers paid by households (TRPH, eq. [5.9]).

2.7 Public sector

This block represents the main items of government revenues and expenditures,
as well as the government balances and the accumulation of public debt, at a level of
aggregation consistent with the other blocks of the model.

Government consumption in nominal terms (CG, eq. [6.4]) consists of the sum
of the expenditure on wages (CGW, eq. [6.2]) and non-wage items (CGNW, eq. [6.3]),
the latter being the sum of intermediate consumption (CINT), consumption of fixed
capital (CFKG) and other items included in the final consumption expenditure
(YPEPGX). Public consumption in real terms (CGV, eq. [6.6]) is obtained by deflating
CG by the deflator of public consumption (PCGV). Real public consumption enters the
definition of real GDP (GDPV, eq. [2.9]), thereby linking the government accounts to
aggregate demand.

General government interest payments (GGINTP, eq. [6.7]), are obtained as
general government gross financial liabilities (GGFL, eq. [6.21]) times the average ex
post interest rate on government liabilities (IRGOV, eq. [7.4]). GGINTP feeds back in
the definition of households’ disposable income (through eq. [5.6] and [5.8]), thus
concurring to the level of aggregate demand via the level of private consumption
expenditure.

Another crucial item of government expenditure, the security benefits paid by
the government (SSPG, eq. [6.1]), is modelled by a stochastic equation, in terms of the
level of economic activity, the demographic structure (the dependency ratio AGE), and
the unemployment rate.

The government current expenditure, YPG (eq. [6.15]), is then obtained by
summing government consumption, interest expenditure, security benefit, plus two
exogenous items, namely subsidies (TSUB) and other current transfers paid (TRPG).

On the revenues side, the households’ and firms’ direct taxes (TYH and TYB,
respectively) are represented by multiplying a proxy of their respective aggregate
taxable incomes by the corresponding average ex post tax rate (eq. [6.8] and [6.9]). The
revenue from indirect taxes (TIND, eq. [6.10]) is obtained in a similar manner by
multiplying nominal expenditure by the average indirect tax rate (RTIND). A similar

approach is adopted in modelling the social security contributions paid by the business
sector, SSCB (eq. [6.11]).

The government current revenues, YRG (eq. [6.16]), are then defined as the sum
of tax and social security contribution revenues, plus two minor exogenous items: the
other current transfers received (TRRG), and property income received (YPERG).
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By subtracting government current revenues from government current
expenditure we obtain the current deficit of the government, CDG (eq. [6.17]). The net
capital outlays, CAPOG (eq. [6.18]), are obtained in turn by subtracting the (exogenous)
government capital revenues (KRG) from government capital expenditure (KPG, eq.
[6.14]), the latter obtained as the sum of government investment (IGG) and other capital
disbursement (KXG)."? Finally, public sector borrowing requirements (PSBR, eq.
[6.19]) is the sum of current deficit and net capital outlays of the government (CDG and
CAPOG, respectively).

The total amount of outstanding public debt (GGFL, eq. [6.21]) is given as the
sum of previous year debt, current year borrowing requirements (PSBR, eq. [6.19]) and
a residual term (SF). The latter represents what Panizza (2013) calls the “unexplained
part of public debt”, mostly accounting for stock-flow discrepancies.

Despite providing a very aggregate representation of the public sector, the model
allows the researcher to investigate a wide range of policy options, among which a
variation in government intermediate consumption, in the government average wage
rate, in government investments, in the average rate of social security contribution, in
the households or corporate average tax rate, in the average indirect tax rate, and in
government transfers to the households or to the firms sector. The impact of some
policy instruments will be tested in Section 6 below.

2.8 Interest rates

The short term nominal interest rate (IRS, eq. [7.1]) follows a Taylor rule where
fluctuations around output are expressed in terms of private sector output gap (GAPB,
eq. [1.2]). The long term nominal interest rate (IRL, eq. [7.2]) is given as a function of
IRS and the borrowing requirements of government as a ratio of GDP (PSBRQ, eq.
[6.20]). Real long term interest rate (IRLR, eq. [7.3]) is obtained as the difference
between IRL and the percentage variation of the GDP deflator. The effective interest
rate on government liabilities (IRGOV, eq. [7.4]) is linked by a bridge equation to the
average rate given by the arithmetic mean of the short- and long-term interest rates.

The model structure is synthesized in the following Table 1, where variables in
lower case indicate the corresponding real value of the variable in upper case (e.g., y
and Y are, respectively, GDP in constant and current values); a dot over a variable
indicates its rate of variation; all variables are at time t except where explicitly stated
(e.g., D is current debt, while D_; is previous’ period debt);and the exogenous variables
are indicated with a bar above the name of the variable.

3 Methodology

The model equations were estimated within the cointegration framework and
represented using the associated ECM. This approach allows us to represent both the

'> There is a slight statistical discrepancy between total government gross fixed capital formation
reported in national accounts (IG) and government accounts (IGG). This is accounted for by the bridge
equation [6.5].
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long-run equilibria and the associated short-run adjustments, thus ensuring a good
compromise between theoretical consistency and statistical significance.

One issue to take into account when estimating cointegrating models is the
possible presence of structural breaks in the long-run parameters. Just to give an
example, in discussing the productivity slowdown shown in Figure 1, we have
mentioned that it could be explained by both a slowdown of capital intensity growth
and a decrease in the rate of growth of labour augmenting technical progress, A. While
the reasons for which structural breaks can occur will not be discussed in this
methodological section, we will present here the solutions adopted in this study
estimating a cointegrated model with structural breaks.'? The main method adopted in
this paper is due to Gregory and Hansen (1996a and 1996b; GH henceforth) and is
based on the estimation of the following models

vy, =a, +a,D, + fx, +¢, model C
v, =a, +a,D, + % +5t+e, model C/T
v, =, +a,D, + fix, + x,D, +¢, model C/S
v, =, +a,D, + fx, + Bx,D, + 5t +5,tD, +¢, model G

where D, is a dummy variable defined as
0 if t<[Nxrt]
1 if t>[Nxrt]

where 7 is a parameter that indicates the relative timing of change point (unknown a
priori), N is the sample size and [ ] indicates the integer part. In the previous models S’
and 0 are, respectively, the slopes the trend coefficient in the “partial breaks” models C
and C/T, while a,, B and 0, are, respectively, the intercept, slopes and trend coefficient
in the first regime, and a,, B; and J; are corresponding values in the second regime.

As in the non-breaking case, the null hypothesis is no cointegration and it is tested by
conducting an ADF tests on & by using GH critical values.

GH models are general enough to accommodate for alternative speci