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Abstract

In this paper we assess the contribution of investment in innovation
to GDP growth in a macroeconometric model for the Italian economy.
The analysis adopts the model for medium term forecasts (MeMo-It)
developed by the Italian Statistical Institute (Istat), where investment
is modeled by asset and institutional sector. Adopting this framework,
we provide empirical evidence about the complementary relationship
between private and public investment in R&D and software. Com-
pared to the existing macroeconometric models, MeMo-It provides a
novel framework for policy evaluation that makes possible the gen-
eration of alternative scenarios to assess the growth effect of specific
policy measures tailored to sustain innovative investment. Our find-
ings support the growth promoting effect of expansionary fiscal policy
measures aimed at fostering public investment in innovation.

JEL: E22, E27, O3, E60
Keywords: Macroeconomic modeling, investment in innovation, R&D,
software



1 Introduction

Business and government investments have been significantly affected by the
global financial crisis with public investment remaining particularly low up
to 2016. More recently, however, most of the EU member economies expe-
rienced a revived dynamism of capital accumulation mainly driven by the
contribution of corporate investment (European Investment Bank [2019]).
But the average rate of growth of total investment remains low relatively to
the pre-crisis period. This is why a broad strand of literature started in-
vestigating and debating the causes of investment weakness in the advanced
economies. The explanations highlight different drivers of the downturn such
as weak aggregate demand, financial constraints, increased political and eco-
nomic uncertainty or a mixture of them (Bussiere et al. [2015]). Other studies
look at the public and private nature of investment emphasizing the relevance
of the synergies between government and business sector and the role of pub-
lic investment in innovation as a driver of long term growth (Archibugi and
Filippetti [2018] or Hall et al. [2010] for a comprehensive review). This ev-
idence stimulated also a revived interest in investment models and in the
identification of the most effective policy measures to restore investment dy-
namics.

Existing macroeconomic empirical efforts have been focused either on the

the identification of investment determinants as a whole or by asset (Rabanal
and Lee [2010], Barkbu et al. [2015], Busetti et al. [2016] and Ketteni et al.
[2015]) as well as on the interactions between private and public investment
in R&D to test their complementarity /substitutability (David et al. [2000],
Guellec and Van Pottelsberghe De La Potterie [2003], Zuniga-Vicente et al.
[2014] and Minniti and Venturini [2017]).
This paper offers a novel integrated approach to investment analysis pro-
viding a framework to analyze the synergies between private and public in-
vestment in a macro econometric model. The investigation of the factors
affecting investment dynamics requires a multidimensional approach capable
of taking into account the differential behavior of each asset type (tangible
and/or intangible) as well as the institutional characteristics of the sector
making the investment (public and/or private).

Our empirical analysis focuses on the Italian economy as Italy is a very
good candidate to explore the potential impact of various policy measures
to promote investment in innovation and its contribution to the economic
recovery (European Commission [2019]) because it experienced particularly
profound investment and productivity slowdown after the financial crisis.
Further, Busetti et al. [2016] show that in Italy, both firms’ and households’
capital accumulation have been dampened by a rise in uncertainty, a de-



terioration in confidence, as well as by higher indebtedness and by tighter
financing constraints.

We investigate the macroeconomic effect of an expansionary fiscal pol-
icy aimed at fostering public investment in intangible assets (Software and
R&D) adopting the model for medium term forecasts built by the Italian
Statistical Institute (MeMo-It, see [Bacchini et al., 2013]). Among the ex-
isting macroeconomic models, MeMo-It can be classified both as a theory
and forecasting model (Blanchard [2018]) also fitting well the data (Pagan
[2003]). Compared to the other main Italian macroeconomic models (Bagnai
et al. [2017], Cicinelli et al. [2010], Bulligan et al. [2017]), the disaggregated
structure of MeMo-It allows a relatively more focused evaluation of specific
policy measures. This is even more so for the assessment of fiscal policy
measures aimed at fostering investment expenditure as MeMo-It includes in-
vestment equations by asset (tangible and intangible).

Our findings support the growth promoting effect of expansionary fiscal poli-
cies aimed at fostering public investment in innovation as opposed to mea-
sures for public consumption.

The paper is organized as follows. Section 2 provides some descriptive evi-
dence of investment trends in Italy, Germany, France and Spain while section
3 introduces our empirical framework. Section 4 illustrates the empirical re-
sults and some policy suggestions while section 5 concludes.

2 Investment trends in the EU

Since 2009, the European economies experienced a severe slowdown of cap-
ital accumulation that in the more vulnerable economies was mainly driven
by declining government investment. More recently investment dynamics
started to recover in the EU even if at a different pace in the member states
and remaining weaker compared to the US as a large gap in both tangible
and intangible investment persist across institutional sectors (European In-
vestment Bank [2019]).

Figure 1 shows the GDP shares of investment for the larger EU economies
over the years 2000 — 2017. All countries have been affected by the financial
turmoil but the speed of the recovery differs considerably among them.

In 2017, business sector investment regained strength in the EU fostered by
the improvements of world economic outlook and by more favorable credit
conditions. At the same time, public investment appeared sluggish and reach-
ing the lowest value over the last 20 years in 2016 (2.7% of GDP, Figure 2).
The GDP share of government investment showed a negative trend both in
Italy and Spain over the whole period, while in Germany, remained stable
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Figure 1: Investment shares of GDP

independently of the great recession.

The downturn of investment expenditure produced differentiated effects on
productivity growth across the Furopean economies partly attributable to
the different composition of investment expenditure across countries.

The data suggest that traditional tangible investment and intellectual
property products (IPP) were the main drivers of investment expenditure
since 2013 (European Investment Bank [2019]). As for the tangibles, invest-
ment in machinery and equipment reached recently the highest level over
the past 22 years remaining the main driver of overall investment growth
in the vulnerable countries. On the other hand, IPP investment accounted
for most of the recovery of total investment growth in the EU (European
Commission [2019], Figure 3)!. In the post-crisis period, IPP investment
increased in the sample economies driven to a large extent by R&D that
gained relevance mainly in Germany, Italy and Spain even if the GDP share
remained relatively low in the latter two economies. Software investment
decreased significantly in ITtaly(-3.9%) and to a lesser extent in Germany
(-1.2%), remained stable in Spain while surged in France (2.1%).

The individual components of IPP had rather heterogeneous trends across

!Unfortunately, data on IPP by asset and institutional sector are not publicly available
for most of the EU economies so that we can provide descriptive comparative analysis only
about IPP investment for the whole economy.
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the four European economies suggesting that a deeper investigation of the
contribution of R&D and software to economic growth in each country is



warranted. The purpose of the analysis developed below is to evaluate the
potential growth contribution of a fiscal measure aimed at fostering invest-
ment in innovation.

In this respect, the extent of investment in innovation is a key element to
evaluate the factors affecting productivity growth differentials in the modern
economies increasingly centered on intangible assets. This is the purpose of
the analysis developed below.

3 The empirical framework

The development of an analytical framework for the evaluation of investment
policy measures requires a multidimensional system capable of capturing the
interactions between the different actors (private and public) involved in the
process of capital accumulation and the synergies between the assets (tangible
and /or intangible). This is even more relevant for investment in innovation
for which both the asset characteristics and the public or private nature of
expenditure entails a different impact on economic growth.

More generally, empirical macroeconomic studies on capital accumulation, ei-
ther for innovative (intangible) or traditional (tangible) assets, rarely looked
at investment by asset modeling the different nature of individual assets and
their determinants in a macroeconomic framework. In this respect, Bacchini
et al. [2018] offers a novel approach for capturing the different behavior of
tangible and intangible investment in the short and long run. Another study
adopting a similar approach is Ketteni et al. [2015], who investigates the im-
pact of capital heterogeneity on productivity growth distinguishing between
ICT, and NON-ICT capital. Further, only few studies were devoted to the
development of a comprehensive econometric framework to model R&D and
its interrelations with the economic system as this is a rather difficult task.

Macroeconometric analysis of R&D expenditure investigated mainly whether
public R&D is either complementary or substitute for private R&D (David
et al. [2000], Guellec and Van Pottelsberghe De La Potterie [2003], Ziniga-
Vicente et al. [2014], Minniti and Venturini [2017] and Soete et al. [2017]).
On the other hand, the inclusion of R&D in the investment boundaries is a
recent improvement in National Accounts (SNA, 2008).

This paper offers a novel approach to study investment by asset and in-
stitutional sector in a coherent macroeconomic framework for the Italian
economy. Therefore, section 3.1 below introduces the main features of the
model (MeMo-It, see [Bacchini et al., 2013]), and then the following sections
focus on the system of investments equations by asset and institutional sec-
tor embodied in MeMo-It, and illustrate both the theoretical underpinnings



(section 3.2) and the empirical results (section 3.3).

3.1 The macroeconometric framework: MeMo-It

The macroeconometric model for the Italian economy (MeMo-It) was built
by the Italian national institute of statistics (Istat) for releasing the medium
term economic projections ([Bacchini et al., 2013] and Istat [2018]). Accord-
ing to the model taxonomy recently introduced by Blanchard [2018], MeMo-TIt
can be defined both a policy model and a forecasting tool lying between the
classical Cowles Commission (Klein [1950], Fair [2009]) and the New Key-
nesian DSGE approach (Gali [2018]). Notice that these two approaches, as
illustrated by Kozicki [2012] can be bridged thanks to the recent advance-
ments in time series allowing to model jointly long-run relationships and short
run dynamics 2. This can be achieved thanks to the cointegration property
of a block of variables invariant to the widening of the model. Further, each
single block is consistent with theoretical and economic assumptions (Jansen
[2002])3.

Although the use of cointegration techniques requires a lot of realism
about the difficulties in the measurement of the long run relationships and in
the assessment of economic theories, MeMo-It follows this approach instead
of assuming a priori the knowledge of the answers.
Therefore, in the light of the modeling dichotomy introduced by Pagan [2003],
MeMo-It clearly supports the facts come first credo: the essential quality
of empirical models is their ability to fit the data as, given the absence
of theoretical truisms, the implications of the economic theories have to be
confronted with the data in a systematic way (Juselius and Johansen [2005]).
As a result, the present vintage of MeMo-It is a small-medium size model
made of 66 stochastic equations and 91 identities representing the aggregate
dynamics of households, firms, public administration, and the foreign sector.
The supply side of the model plays a central role in the long run as the system
converges to the potential output while in the short-run it is the demand side
that reacts to any shocks activating the adjustment mechanisms towards the
long run equilibrium. Figure 4 provides a synthetic representation of the
principal short and long run interactions between the supply and the demand
side of the model 4.

The quantitative features of MeMo-It can be illustrated looking at its

2For a formal representation see Bardsen and Fanelli [2015], and for extensive realiza-
tions see, among the others, Bardsen et al. [2012], and Ballantyne et al. [2019]

3This view is supported by, among the others, (Hall [1995], Granger [1999], Bardsen
and Nymonen [2009]).

4See the appendix for a detailed description of the main model equations.
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Figure 4: MeMo-It, main blocks interactions

responses in terms of multiplier to four different fiscal expansionary mea-
sures amounting to 1 percent of GDP. The multiplier quantifies the effects
of permanent changes in exogenous variables, such as fiscal instruments, on
endogenous variables (such as GDP and inflation). We take into account
four scenarios representing respectively: an increase in public consumption
(Scenario 1); an increase of transfers to households (Scenario 2); a reduction
of households income tax (Scenario 3) and a reduction in VAT (Scenario 4).
In the four cases, we assume that there are no effects on interest rates and
on accommodative monetary stance. Table 1 reports the deviations between
the shocked scenario and the baseline case.

Table 1: Effect of fiscal multipliers on GDP for 4 fiscal expansionary measures

Current Year (t) t+1 t+2 t+3 t+4 t+5
Scenario 1 0.7 0.7 07 05 0.3 0
Scenario 2 0.2 04 05 05 04 03
Scenario 3 0.2 06 08 08 07 0.5
Scenario 4 0.1 0.3 04 05 06 0.6

Note: Percent differences with respect to a baseline scenario

The four fiscal policy instruments generate an improvement of the rate of
growth of GDP even if to a different extent. Notice that the changes in both
direct and indirect taxes have a persistent impact in the long-run.

Our findings are coherent with the evidence provided by the Bank of Italy by
means of their macroeconometric model(Bulligan et al. [2017], Table B6—B7)



and the magnitude of the multiplier associated to an increase in public ex-
penditure at t=1 (0.7), supports the results generated by Ramey and Zubairy
[2018] suggesting a value ranging between (0.6 — 1.0).

The following section illustrates the analytical module included in MeMo-It
to represent the differential behavior of investment by asset and institutional
sectors.

3.2 The baseline investment model

Our empirical strategy hinges from Caballero [1999], who expresses capital
stock as a dynamic function of desired capital stock:

kS = k7 4 ul® (1)

where all variables are expressed in logs, j refers to the asset, either tangible,
(such as non-residential and machinery and equipment), or intangible (such
as R&D and Software), and S indicates the institutional sector, (private
or public). k:;‘j’s is the desired level of capital stock and u{’s measures the
transitory discrepancies between actual and desired stock due to adjustment
costs. The desired level of capital stock, that is unobservable, can be modeled
as a function of income and neoclassical cost of capital, while the transitory
discrepancies ut"S between the desired and actual capital stock are assumed
to be a function of liquidity constraints and uncertainty (see for example
de Bondt and Diron [2008] and Gaiotti [2013]).

A similar approach as been adopted by Bacchini et al. [2018], Busetti
et al. [2016], Giordano et al. [2019], to explore the determinants of Italian
investment by asset. In particular, Bacchini et al. [2018] modeled four assets
for the private investment using a Vector Error Correction Model (VECM,
Johansen [1995]) where all the determinants (capital stock, output, user cost
of capital, liquidity and uncertainty) are a priori endogenous. Moreover, the
assumption of capital heterogeneity is supported by our empirical results (see
section 3.3) as short and long-run determinants are different across the assets
and institutional sectors. Notably, capital heterogeneity is translated into the
adoption of different models for tangibles and intangibles. Tangible assets
can be expressed in terms of stocks (equation 1) driven by stock adjustments
costs and intangibles in terms of flows driven by flow adjustment costs. This
latter holds for R&D and software (see Bloom [2007]).



3.3 The investment block in MeMo-It

The system of equations included in MeMo-It to model investment by asset
and institutional sector is made of 8 stochastic equations and 9 identities. In
particular, private and public investments in intellectual property are split
between R&D, software and other investments as a residual component to
make possible the analysis of their interactions. Other investments include
public non-residential and machinery & equipment.

According to the conceptual framework in section 3.2, investments by
asset and institutional sector are modeled having in mind a long-run specifi-
cation relating the level of the stock/investment to its desired value. Invest-
ment in innovation, mainly IPP as an aggregate and R&D and Software, are
represented by a VECM model of investment flows as opposed to a VECM in
terms of capital stock for the tangible assets (non-residential and machinery
& equipment).

Investment in innovation, mainly private R&D and software are then
represented as follows:

2

.rd,B
A ( ) =0.03 + 2.05A(1 + tcinv,) — 3.03A (

Yt
ird,G
+0.39A | & +¢
Yt

AP =—0.2 (ifﬁ“f —0.995;%F —1.79

ires; + impt)
Yyuy

(2)

9033nft—1)
Yur—1

(3)
+0.79Ai" — 0.15bloom" | + ¢

where private investment in R&D (i:d’B), measured at constant prices and

divided by real GDP (y;, equation 2) is a function of public investment in
.rd,G

R&D (Z’fy; ) and of three fiscal exogenous variables: the rate of growth of sub-
sidies for private investments (tcinv), the total amount of corporate income
taxes (ires) plus regional taxes on business (irap) as a share of nominal GDP
(yuy). From equation 2 emerges complementarity between public and private
investment in R&D, as well as the influence of subsidies and taxes on private
investments, with the expected sign. Private software investment (equation
3) is modeled via an error correction model for which the equilibrium con-
dition is expressed in terms of private investment in R&D (elasticity is close
to 1), and the ratio between Gross operating surplus for non-financial corpo-
rations sector gossnf;_1 and GDP at current prices yu;_ 1, with an elasticity
markedly greater than 1. Equation 3 includes also a measure economic and

political uncertainty for the Italian economy (bloom) affecting investment

10



expenditure in the short-run (7). Public investment in software is modeled
as:

AEY = —0.11(5C — 070 + 1.02A64 +2.19 (9bt—1 4 @) (4)
YU Y2
where Ai*"9 is the log-variation of public software investment, i"% is the
logarithm of public investment in R&D and g—z is the ratio between the gov-
ernment balance and GDP at current prices.

The investment block in the model also includes an equation for machin-
ery and equipment, one for non-residential business capital stocks and the
corresponding perpetual inventory accounting identities, while public invest-
ments for these assets are supposed to be exogenous. Both private investment
in machinery & equipment and for non-residential are modeled according to
a VECM representation build on the relationship of the actual level of the
stock compared to the desired one. In the short run also uncertainty and
credit conditions play an active role.

The VECM equations for the stocks are:

Akpres = — 0.017(kS* — 0.96y;—1 + 0.03uc”s)
+ 0.00SAAliqt + 0.002Aﬁliqt_1 + 0'16Ayt—1 + O82Akf_ris + ¢

()
Ak = —0.44 — 0.08(k,~7 — 1.55y,-1 + 0.21uc}")
+ 0.018Alig, + 0.19Ay; 1 + 0.83Ak,™ — 0.03Auc;™ (6)
— 0.005(Abloom’ + Abloom;! ;) + €

where k¢ and k;"“? are the logs of aggregate capital stocks. In the first
row of each equation there are the equilibrium correction terms that define
the long run relation between capital stock, the volume of GDP g, ; and the
user cost of capital uc}”$® and uc;". While liq is the firm liquidity indicator
that can be interpreted as a proxy for the credit conditions (Gaiotti [2013])
in the financial market that drive the short-run fluctuations.

The long run desired capital stock elasticity to output is significantly higher
than (lower than) one for machinery and equipment (for non-residential
buildings, see equation 6 and 5). The significantly negative estimate of the
user cost elasticity supports the prediction of the flexible neoclassical model.
The speed of adjustment of actual to desired capital stocks is rather slow,
suggesting the presence of both high adjustment costs and implementation
lags especially for non-residential buildings.

Finally, the perpetual inventory accounting identities are defined as:

]’Z'L’I’ES — AKZLT‘@S _|_ d;’LTESKZ’L_TfS (7)
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LY = AR + d G (8)

where the volumes of gross fixed capital formation ™ and I™¢? are defined
as the sum between the changes in the levels of capital stock AK; and the
depreciation rate (d;).

To the best of our knowledge the empirical approach presented in this paper
represents an advancement in the macroeconometric literature as we offer a
comprehensive and homogeneous framework for policy investment evaluation
capable of capturing the many dimensions of investment expenditure.

4 Policy implications

The structure of the investment block in MeMo-It (section 3.3) makes possi-
ble to test directly the effect of innovation policy measures on the economy.
We resort to this framework to evaluate the effects of an expansionary fiscal
policy fostering public R&D in the Italian economy and modeled as a shock
amounting to 1 billion of euros (0.07 p.p. of GDP). The increase of pub-
lic R&D, (z':d’G in equation 2), generates a positive impact on private R&D
(i;d’B, positive relation with a coefficient of 0.39) that in turn makes private
and public software capital accumulation increase.

Notice that the sensitivity of software expenditure is rather similar across

institutional sectors, with a long-run elasticity equal to 1 and a speed of
adjustment very low in the short-run (0.2 for private and 0.11 for public
sector, eq. 3).
Overall the fiscal shock significantly affects IPP investment (4.2 points in
the first year, that implies a rate of growth both of total investment (+0.9
points in the first year) and GDP (0.1 points in the first year) lasting in the
long term (Table 2). Additionally, the increase of public R&D is expected to
positively affect productivity in the long-run via a stronger impact on output
than on employment.

Table 2: Effect of fiscal multipliers associated to an increase in public R&D

Current Year (t) t+1 t+2 t+3 t+4 t+5
GDP 0.1 02 02 02 02 03
Investment 0.9 .1 12 1.2 13 14
Investment IPR 4.2 4.3 43 44 44 45
Consumption deflator 0.0 0.1 00 00 -0.1 -0.3
Employment 0.1 0.1 01 01 0.0 -0.1

Comparing the effect of a fiscal expansionary policy addressed to public
investment (Table 2) as opposed to a public consumption based policy (Ta-

12



ble 1, HP1) and taking into account the magnitudes of the shocks, 0.07 and
1.0 GDP percentage points respectively, suggests a larger growth impact of
public investment based measures. As a matter of fact, the impact on GDP
is larger and more persistent over time compared to the public consumption
policy measure.

These findings corroborate the evidence provided by other studies (see Izquierdo
et al. [2019] and Auerbach and Gorodnichenko [2012]) showing a stronger
growth impact of expansionary fiscal policies aimed at expanding public in-
vestment rather than public consumption.

5 Conclusion

This paper illustrates the characteristics of the model for medium term fore-
casts (MeMo-It) developed by the Italian Statistical Institute (Istat) pro-
viding empirical evidence on the effectiveness of expansionary fiscal policy
measures on GDP growth. MeMo-It has interesting features in this respect
as it accounts simultaneously for the interactions between different capital
assets and institutional sectors.

The main contribution of this paper is to show the effectiveness of a data
driven macroeconomic model for policy evaluation by means of an empirical
exercise to assess the role of public investment in innovation as a driver of
growth.

Our findings confirm the fundamental contribution of public investment in
innovation (R&D) to GDP growth in the Italian economy. More specifically,
we find that public R&D is a relevant driver of private R&D and software in-
vestment arguing for complementary between private and public investment.
An increase of public R&D equal to 0.07 percentage points of GDP fosters
GDP growth by 0.2% and employment by 0.1% thus generating a labor pro-
ductivity enhancing effect in the first year lasting over the medium term.
Our results emphasize that the promotion of investment in innovation has to
be an important objective of tax policy in industrial countries and that the
definition of more effective policy measures needs a well targeted macroeco-
nomic model. MeMo-It performs very well for policy evaluation but obviously
its theoretical coherency can be can be further improved [Blanchard, 2018].

Appendix



Equations Variables
Supply ¢ = Households consumption, volume QR = Rateof capacity utilisation
[1y* = al* + (1 — a)kpys + tf* cost = mark up SH = Households saving rate

[2] cost = a(w — tfp*) + (1 — a)uc
Bltfp = f(QR,occ,tfp, tfp")

Price

[4] pu = f(gap, o, pin, cost)
5] pin. = f(EurDoll, il
(6] pr: = f(ManExPri, py,)
[T pen, = f(fiscal, py, pim)

Demand ‘
8¢ = f(ydh, pep, intr, hwy)
[9 }hwf f(hurf Pens SH)

(10] hLU/ = (hw/ Denys SH)

[11] Ttot =

Rest of the World

[12] & = f(&, WTr,ITExR,intr)
[13] mg = f(mg, pm. 9, ITExR)

Labour

[14] wpe = f(pen, UR, NAW RU, 3, ula)
f(oce, ula, Whe, fiscal, 3y, pv)

[15] occ =
[16] If = f(lf pop, occ, hwdw)

71p + ime + Inres + tres + Zq)

fiscal = Fiscal variable

hw g, = Nominal Household Dwelling Wealth
hwy = Nominal Household Finalcial Wealth

ig = Public Investments, volume

i = Investments in intellectualproperty, volume
ime = Investments in machinery, volume

tfp* = total factor productivity

tfp* = potential total factor productivity
uc = user cost

ula = Total employment

UR = estimated unemplyment rate

wpe = Private wage income, percapita

inres = Investmentsin nonresid.buildings, volume WTr = World Export, realUSD

itor = Total Investments, volume
intr = Short termnominal interest rate
ITExR = Italy Exchange rate,
kpys = Business capital stock
I* = potential labour force
Lf = labour force
mg = Import goods and service, chain value
ManFExpPri = World manu factures export price
NAW RU = Non — accwages rate of unempl.
occ = Total employees > 1dyrs
Deh, = Households consumption de flator
pq = Investment in dwellings de flator
pm = Import de flator
= Value addedd at factor costs
= Exportdeflator
pop = Populationinthe age 15 — 64

x = Export, volume

y=GDP

y* = potential GDP

ydh = Households disposable income

Parameter
«a = Labour share

Notes: lower cases indicate the log of the variables in upper case; a dot over a variable indicates its rate of variation; exogenous variables are indicated with a bar above the name of the variable



References

D. Archibugi and A. Filippetti. The retreat of public research and its adverse
consequences on innovation. Technological Forecasting and Social Change,
127:97-111, 2018.

A. J. Auerbach and Y. Gorodnichenko. Measuring the output responses to
fiscal policy. American Economic Journal: Economic Policy, 4(2):1-27,
2012.

F. Bacchini, C. Brandimarte, P. Crivelli, R. De Santis, M. Fioramanti, A. Gi-
rardi, R. Golinelli, C. Jona-Lasinio, M. Mancini, and C. Pappalardo. Build-
ing the core of the Istat system of models for forecasting the Italian econ-
omy: MeMo-It. Rivista di Statistica Ufficiale, (1), 2013.

F. Bacchini, M. Bontempi, R. Golinelli, and C. Jona-Lasinio. Short- and
long-run heterogeneous investment dynamics. FEmpirical Economics, 54
(2):343378, 2018.

A. Bagnai, B. Granville, and C. A. M. Ospina. Withdrawal of Italy from the
euro area: Stochastic simulations of a structural macroeconometric model.
Economic Modelling, 64:524-538, 2017.

A. Ballantyne, T. Cusbert, R. Evans, R. Guttmann, J. Hambur, A. Hamilton,
E. Kendall, R. McCririck, G. Nodari, D. Rees, et al. MARTIN has its place:
A macroeconometric model of the Australian economy. Technical report,
Reserve Bank of Australia, 2019.

G. Bardsen and L. Fanelli. Frequentist evaluation of small DSGE models.
Journal of Business & Economic Statistics, 33(3):307-322, 2015.

G. Bardsen and R. Nymonen. Macroeconometric modelling for policy. Pal-
grave Handbook of Econometrics, 2, 2009.

G. Bardsen, A. den Reijer, P. Jonasson, and R. Nymoen. MOSES: Model for
studying the economy of Sweden. Economic Modelling, 29(6):2566-2582,
2012.

M. B. Barkbu, P. Berkmen, P. Lukyantsau, M. S. Saksonovs, and H. Schoel-
ermann. Investment in the Furo Area: Why Has It Been Weak? Number
15-32. International Monetary Fund, 2015.

O. Blanchard. On the future of macroeconomic models. Ozford Review of
Economic Policy, 34(1-2):43-54, 2018.

15



N. Bloom. Uncertainty and the Dynamics of R&D. American Economic
Review, 97(2):250-255, May 2007.

G. Bulligan, F. Busetti, M. Caivano, P. Cova, D. Fantino, A. Locarno, and
M. L. Rodano. The Bank of Italy econometric model: an update of the
main equations and model elasticities. Bank of Italy Temi di Discussione
(Working Paper) No, 1130, 2017.

F. Busetti, C. Giordano, and G. Zevi. The drivers of Italys investment slump
during the double recession. ltalian Economic Journal, 2(2):143-165, 2016.

M. Bussiere, L. Ferrara, and J. Milovich. Explaining the Recent Slump in
Investment: the Role of Expected Demand and Uncertainty. Technical
report, Banque de France, 2015.

R. J. Caballero. Aggregate investment, volume 1. Elsevier, 1999.

C. Cicinelli, A. Cossio, F. Nucci, O. Ricchi, and C. Tegami. The Italian
Treasury Econometric Model (item). Economic Modelling, 27(1):125-133,
2010.

P. A. David, B. H. Hall, and A. A. Toole. Is public R&D a complement or
substitute for private R&D? A review of the econometric evidence. Re-
search policy, 29(4-5):497-529, 2000.

G. de Bondt and M. Diron. Investment, financing constraints and profit
expectations: new macro evidence. Applied Economics Letters, 15(8):577—
581, 2008.

European Commission. Country Report Italy 2019 Including an In-Depth
Review on the prevention and correction of macroeconomic imbalances.
Technical report, European Commission, 2019.

European Investment Bank. EIB investment report 2019-2020: Acceleration
europe’s transformation. Technical report, European Investment Bank,
2019.

R. C. Fair. Estimating how the macroeconomy works. Harvard University
Press, 2009.

E. Gaiotti. Credit availability and investment: Lessons from the great reces-
sion. Furopean Economic Review, 59:212-227, 2013.

J. Gali. The state of New Keynesian economics: A partial assessment. Jour-
nal of Economic Perspectives, 32(3):87-112, 2018.

16



C. Giordano, M. Marinucci, and A. Silvestrini. The macro determinants of
firms’ and households’ investment: evidence from italy. FEconomic Mod-
elling, 78:118-133, 2019.

C. W. Granger. Empirical modeling in economics: Specification and evalua-
tion. Cambridge University Press, 1999.

D. Guellec and B. Van Pottelsberghe De La Potterie. The impact of public
R&D expenditure on business R&D. FEconomics of innovation and new
technology, 12(3):225-243, 2003.

B. H. Hall, J. Mairesse, and P. Mohnen. Measuring the Returns to R&D.
In Handbook of the Economics of Innovation, volume 2, pages 1033-1082.
Elsevier, 2010.

S. Hall. Macroeconomics and a bit more reality. The Economic Journal, 105
(431):974-988, 1995.

Istat. Italy’s Economic Outlook 2018-2019. Technical report,
https://www.istat.it /en/archivio/223941, 2018.

A. Izquierdo, R. Lama, J. P. Medina, J. Puig, D. Riera-Crichton, C. Vegh,
G. J. Vuletin, et al. Is the Public Investment Multiplier Higher in Develop-
ing Countries? An empirical exploration. Technical report, International
Monetary Fund, 2019.

E. S. Jansen. Statistical issues in macroeconomic modelling. Scandinavian
Journal of Statistics, 29(2):193-213, 2002.

S. Johansen. Likelihood-based inference in cointegrated vector autoregressive
models. Oxford University Press on Demand, 1995.

K. Juselius and S. Johansen. Extracting information from the data: A pop-
perian view on empirical macro. Technical report, 2005.

E. Ketteni, C. Kottaridi, and T. P. Mamuneas. Information and commu-
nication technology and foreign direct investment: interactions and con-
tributions to economic growth. FEmpirical Economics, 48(4):1525-1539,
2015.

L. R. Klein. Economic fluctuations in the United States, 1921-1941. Cowles
Commission Monograph, No. 11, John Wiley and Sons, New York, 1950.

S. Kozicki. Macro has progressed. Journal of Macroeconomics, 34(1):23-28,
2012.

17



A. Minniti and F. Venturini. The long-run growth effects of R&D policy.
Research Policy, 46(1):316-326, 2017.

A. Pagan. Report on modelling and forecasting at the Bank of England.
Bank of England. Quarterly Bulletin, 43(1):60, 2003.

P. Rabanal and M. J. Lee. Forecasting US investment. Number 10-246.
International Monetary Fund, 2010.

V. A. Ramey and S. Zubairy. Government spending multipliers in good
times and in bad: evidence from US historical data. Journal of Political
Economy, 126(2):850-901, 2018.

L. Soete, B. Verspagen, and T. Ziesemer. The productivity effect of public
R&D in the Netherlands. Technical report, United Nations University-

Maastricht Economic and Social Research Institute on Innovation and
Technology (MERIT), 2017.

J. A Zuniga-Vicente, C. Alonso-Borrego, F. J. Forcadell, and J. I. Galan.
Assessing the effect of public subsidies on firm R&D investment: a survey.
Journal of Economic Surveys, 28(1):36-67, 2014.

18



