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Abstract

We analyze the effects of intangible investment on international out-
put synchronization. Using a dynamic stochastic general equilibrium
model, we find that an increase in the importance of intangible cap-
ital leads to a higher degree of output comovement across countries.
Therefore, countries in which intangible capital is more important are
better suited to economic integration, such as forming a monetary
union. This offers an insightful perspective on the potential relation
between the considerable differences in intangible capital among FEuro-
zone members and the discussion surrounding the Eurozone as a sub-
optimal currency area. A high stock of intangible capital also tends
to attract foreign equity investments, in particular foreign direct in-
vestments. We find that cross-border equity holdings in tangible and
intangible capital further increase the degree of output synchroniza-
tion. Our results imply that policy reforms to incentivize higher intan-
gible capital formation and cross-border equity investments may not
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only foster economic growth but also improve the functioning of the
monetary policy in the Eurozone.

JEL CLASSIFICATION: E22, E32, F41
KEYWORDS: International Business Cycles, Investment, Cross-country
Correlations, Intangible Capital



1 Introduction

In this paper, we analyze the effects of intangible capital on output co-
movement across countries. To this end, we extend a standard two-country
dynamic stochastic general equilibrium (DSGE) model to include a produc-
tion sector for intangible capital. In our model, the immaterial nature of
intangible capital allows a firm to use the same stock of intangible capital
simultaneously for different purposes. The existing stock of intangible capital
can be used in both the production of tangible output and the augmenta-
tion of the stock of intangibles (similar to McGrattan & Prescott (2014)
and Baldi & Bodmer (2017)). We interpret intangible capital broadly: In-
tangibles comprise accumulated investments in research and development,
software, brands, organizational capital, and training (see e.g. Corrado et al.
(2013)). We also consider the possibility of the non-neutral evolution of tech-
nology, which implies that the production of final goods and the production

of intangibles may be subject to different shocks.

While it has been shown before that the presence of intangible capital
leads to the international co-movement of tangible investments in a real busi-
ness cycle model (see Baldi & Bodmer (2017)), we use a model with sticky
prices and foreign equity investments to demonstrate that the presence of in-
tangible capital also leads to a higher degree of output synchronization. We
find that as intangible capital becomes more important to production, the
degree to which the international co-movement of investments and output
occurs also increases. Because the degree of business cycle synchronization is
an important criterion for the economic integration of countries, our findings
give rise to important policy conclusions. Countries that have a high degree
of intangible capital in production are better suited to economic integration,

e.g., forming a monetary union, than do countries in which intangible capital



plays a less important role. Because countries in the southern European pe-
riphery tend to invest considerably less in intangibles than do other Eurozone
countries, this paper offers an insightful perspective, though not an entirely

new one, on the debate surrounding optimal and suboptimal currency areas.

This paper is related to the literature on international business cycles. In
their influential contribution, Backus et al. (1992) found that cross-country
output correlations are generally higher than cross-correlations of consump-
tion and that cross-correlations of output, investment, and employment are
generally positive and rather high. These empirical findings have often been
called a quantity puzzle or an anomaly because in a standard international
business cycle model, the cross-correlations of investment and output are
negative and the cross-correlation of consumption is higher than that for
output. Negative cross-correlations of output and investment arise as a re-
sult of incentives to use inputs where they are most productive. Although
the discrepancies between theory and data may not be as large when inves-
tigating other countries or time periods (see e.g. Ambler et al. (2004)), the
general features and signs of the correlations are fairly robust. By including
intangible production in our model, we account for the finding that tangible
investment tends to be positively correlated across countries, whereas most
theoretical models, including those with non-separable preferences, find a
negative correlation (see Raffo (2010)). Papers that (partially) successfully
find positive co-movement include those by Canova & Ubide (1998), Heath-
cote & Perri (2002), Kehoe & Perri (2002), Johri et al. (2011), and Corsetti
et al. (2014). In our model with two sectors and non-rivalrous use of intan-
gible capital, tangible inputs can be moved across sectors to where they are
most productive. As a result, the relocation of resources across countries
is dampened, which renders the cross-country correlations for both tangible

investment and output positive.



Our modelling approach uses a broad definition of intangible investment
that includes software and research and development expenditures, which
were included in the System of National Accounts, 1993 and 2008, respec-
tively and are now part of GDP, as well as organizational capital, busi-
ness expenditures for market development, and managerial expertise (for an
overview, see Corrado et al. (2005), and Corrado et al. (2009)). One may
interpret these investments as knowledge creation. Such expenditures for
intangibles are strategic investments in the long-term growth of individual
companies and the economy as a whole. Corrado et al. (2013) find that
when intangibles are defined in such a broad way, businesses in the US and
other advanced countries currently invest even more in intangibles than in
traditional fixed assets. However, for countries in the southern European
periphery, intangible investment has been considerably lower than tangible
investment; in fact, it has been lower than in other countries of the Eurozone
(see e.g. Veugelers (2016)). It is important to note that several measurement
issues arise when determining the extent of intangible investment and capital
(see e.g. Corrado et al. (2012)). In particular, determining depreciation rates
for intangible capital is associated with many uncertainties and the published

depreciation rates vary considerably across intangible investment categories.



A high stock of intangible capital tends to attract foreign equity invest-
ments, in particular foreign direct investments. In an extension of our model,
we find that cross-border equity holdings in tangible and intangible capital
further increase the degree of output synchronization. In many economies,
these investments that comprise foreign direct investments (FDI) and port-
folio equity investments represent an important financing source for capital
investment (for an overview, see Baldi & Miethe (2015)). However, equity in-
vestment inflows to the Eurozone and the European Union have been rather
weak in recent years, which has likely contributed to the low overall in-
vestment levels (see e.g. Baldi et al. (2014)). The shares of equity inflows
worldwide to countries in the Eurozone have steadily decreased since 1999,
and they fell sharply in the course of the financial crisis and the debt crisis
in some countries in the Furozone. Within the Eurozone, there is strong
heterogeneity across the member states with respect to equity investment.
The overall level of equity investment was and still is significantly lower in
the southern peripheral countries in relation to output than in the rest of
the monetary union. In the course of the debt crisis, equity investment from
the non-crisis countries in southern European countries further decreased.
However, the existing empirical evidence suggests that higher cross-country
equity investments, in particular foreign direct investment, can further con-

tribute to synchronizing business cycles (see e.g. Fries & Kappler (2015)).

This paper is organized as follows. Section 2 develops a two-country
DSGE model with two sectors of production, one producing tangible goods
and the other delivering intangibles. Section 3 outlines the calibration strat-
egy, and in Section 4, we present the results of our simulations and investigate

the business cycle properties of our model. Section 5 concludes the paper.



2 Model

Our model contains two sectors of production and two countries of equal size.
This two-sector production structure with simultaneous use of the same stock
of intangible capital in both sectors is very similar to the closed economy
real business cycle model of McGrattan & Prescott (2014) and the real open
economy model of Baldi & Bodmer (2017). In our sticky price open economy
model with foreign equity investment, we investigate the impact of intangible

investment on output synchronization across countries.

2.1 Individuals

There are two countries populated by infinitely lived representative individ-
uals. These individuals derive positive utility from consumption and experi-
ence disutility from working. We adopt the preference specification originally
proposed by Greenwood et al. (1988), where consumption and labor are not
additively separable. This specification has been increasingly used in the
international business cycle literature, mainly because hours worked tend

to comove across countries. The utility function for an individual living in

(ce—pnhi)' =7

1 .
T ) ¢; is con-

the domestic economy is then given by Ey > =, 3" (
sumption, h; is hours worked, Ey{} denotes the expectation operator, and
the parameters o, 7 and ¢y, are all positive. The utility function is maximized

subject to the budget constraint:
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where B!, for i = h, f, are nominal domestic and foreign bonds, and e; is

the nominal exchange rate. The total net bonds in this two-country world

L The foreign country faces analogous functions and the following optimality conditions
are identical to those for the domestic economy. Foreign variables are denoted by ™.



is equal to zero. x7, and k7, denote tangible investment and capital, and
xrs and kr, stand for intangible investment and capital. R; is the nominal
domestic interest rate on bonds and R} is the nominal interest rate on foreign
bonds. P, is the nominal price of tangible output and @), is the nominal price
of intangible investment x;,. The interest rates on tangible and intangible
capital are denoted by r7; and rr,, respectively. w; denotes the wage rate
for labor. Capital depreciates at rates ér and d; for tangible and intangible
capital, respectively. As the firms are owned by the individuals, its total
profits Pyr; from tangible and intangible production are distributed to the
individuals. Adding convex adjustment costs for investments, determined by

Yy, and vy,, the laws of motion for tangible and intangible capital are:

2
x
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Total hours worked, h;, is composed of hours worked that are used for tangi-
ble output i} and hours worked to produce intangible investment goods h?.
Households choose {ci, hs, krii1, kris1, Trs, Tre, BY, Btf} to maximize utility
subject to (1)-(3). The associated Lagrange multipliers for these equations
are Al, A?, and A?. The first order conditions with respect to these variables

are:
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2.2 Firms

There are intermediate goods produced by intermediaries owned by house-
holds. Asin McGrattan & Prescott (2014) and Baldi & Bodmer (2017), each
intermediate firm uses two constant returns to scale technologies to produce
tangible and intangible goods. This is the main feature that distinguishes
the model used in this paper from conventional models. The production

functions are given by:

yali) = AL (K, (D) (ko (D)) (hEG)) 7

(i) = A2 (K2, (D))" (kro(0)? (B2(0)) 77

In the following, we drop the index (i) whenever feasible to simplify the nota-
tion. Firms produce output g, by using their tangible capital k},t, intangible
capital k7, and labor h}. Firms produce intangible investment goods, z;,
- such as R&D, software, brand development, organizational capital, and
training -, by using tangible capital k‘%t, intangible capital k;;, and labor
h?. The total stock of intangible capital k7, is an input to both business
sectors as in McGrattan & Prescott (2014). The intangible nature of these
goods makes it possible to use intangible capital to deliver final goods and
develop new intangible capital simultaneously. A} and A? denote total factor
productivity in the two sectors. In our quantitative analysis, we assume both

neutral and non-neutral technology shocks across the two sectors.
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The two technology shocks follow AR(1)-processes of the following type:

logA%H = palogAl + (1 — pa1)logA® + 5244:1

logA?,, = pazlogA? + (1 — pae)logA? + €1,

There is a retail firm that combines foreign and domestic goods to produce a
non-tradable final good and determines its optimal production by maximizing

its profit

h x f
max PY; — Py — eth7tyt
yl !

where (P,;) and (P;,) denote the prices of the domestic and foreign goods
respectively, as denominated in terms of the seller’s currency. The final good

is given by the following CES function

-

Vim (W (1))

where x € (0,1) and 7 € (—o0, 1).
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Optimal retailer behavior yields the following demand for domestic and

foreign goods:

and

yl is itself a combination of the domestic intermediate goods according to

1 P
gl = ( / yfu)v—ldé)
0

Cost minimization by the intermediary is complicated by the fact that the
firm uses two different production functions. In addition, the same stock
of intangible capital appears in both production functions. Denoting the
marginal costs in the two sectors as mc; and mc;? and defining p,, = P,;/P,
and ¢; = Q;/P;, the following equations for the return to production inputs

are obtained:

1
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We assume sticky prices following the seminal contribution of Calvo (1983),
with price stickiness parameters ¢ and ¢ for tangible and intangible prices,
respectively. These parameters determine the probabilities that a firm can
reset its two output prices. The two probabilities are independent of each
other. This implies that, for example, a firm may therefore be able to set
a new optimal price for its final output but not for intangible output. The
expected profit flow generated by setting new optimal prices Py +(7), and Q,(7)

in period t is given by:

_ max EtZCIDttﬂ (e 11, ( (i )) a1 (Qt( )))

Pyt(Z)Qt() j =0

Profits are determined by the difference between revenue at the new optimal
price and the nominal costs of production. The maximization is subject to

the total demand the firm faces for its two products:

and

®,,.; is the appropriate discount factor related to the way the household

values future as opposed to current consumption:
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Note that all firms that reset their price in period ¢ set it at the same level
P,,(i) = P,, and Q;(i) = Q, for all i € (0,1). The price indices consist
of surviving contracts and newly set prices. Given that in each period, a
consumption price contract has a probability 1 — € of ending, the probability
that a contract signed in period ¢t — j survives until period ¢ and ends at the
end of period ¢ is given by (1 — €)e’ .2

Therefore, the aggregate price level may be expressed as the average of all

surviving contracts:

o0 1—v
P, = (Z(l - e)ejP;t_”j>

Jj=0
which can be expressed recursively as

_1
—v

P = (=Pl +ePit)’

2For the intangible investment price @, the equivalent expression is (1 — £)&7.
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2.3 Monetary policy

The central bank follows a version of the standard Taylor rule that reacts to

inflation and, in a tiny extension of the model, also reacts to the output gap:

log(R;) = prlog(Ri—1) + (1 — p,)log(R) + v (log(m]) — log(7")) + 7y (log(y:) — log(y))

Variables without time indices are steady-state values.

2.4 Foreign equity investment

As mentioned above, higher intangible capital in an economy may also at-
tract more foreign equity investment. In particular foreign direct investment
represents an important financing source for capital investments and may
affect the degree of output synchronization. In an extension of our basic
model, we capture equity investments by modifying the budget constraint of

the household in the following way:

Bth + etBtf + Pyey + Paapy + Pry + Query + etPt*:ug“,tk;’,tJrl
P,

+ ?(:U’Cj;,tk;“,t)z + Pt:U’SL“,tfl(l + TT,t)kT,t + etQ:M{,tk;,tnLl

5 .
+ Et(,“{,tkl,t)Q + Qt:u}ll,t—l(l + i)k =
R, B | + €tR:,1B,f:1 + Pyrrikry + Pyrpgkrs + Powihy + P&y

+ etPt*/ig“,tfl(l + T;,t)k;,t + Pt/j:;,tkT,tH + etQ:thq(l + r;,t>k;,t + Qtu?,tkl,tﬂ

where /L%t is the share of foreign tangible capital held by domestic house-

holds, which is optimally chosen each period.? etﬂ*u;tk}vt 41 1s the equity

3For the foreign country, we add equivalent terms to the budget constraint.

15



investment of the domestic economy in the foreign country’s tangible capital
stock valued at current prices and expressed in domestic currency. Simi-
larly, Pt,u%tk;p,tﬂ indicates the share of domestic tangible capital acquired
by foreign households. There are quadratic costs associated with holding
equity capital in a foreign country given by: %(u{p,tk}l)? This assumption
is needed to ensure a stable solution and can be justified by the idea that
foreign lenders usually have only partial knowledge and experience in the
local market. Finally, the return of domestic households’ equity holdings in
the foreign economy is derived from etPt*,uét_l(l +77.¢)k7 > and the return
of foreign households’ equity holdings in the domestic economy is obtained
from Pyl (14 rr4)krs. There are equivalent expressions for intangible
capital. Maximizing utility with respect to this new budget constraint leads

to two new optimality conditions, where rer; denotes the real exchange rate:

* * 2 * *
A;rertk‘T?Hl + Atlﬂgf,t (kT,t) = BE; {A%Hrertﬂ(l + rT,t+1)kT,t+1}

* * * 2 * * *
Afrerq, Kl + A%:u{,t (kf,t) = OE; {Ai+17“€7°t+1q,:+1(1 + 7"1,t+1)k1,t+1}

In addition, the two optimality conditions related to the choice of the do-

mestic capital stock are modified:

At2 - A%,u%t

= BE; {A%-i-l [rreen — (L4 rrern)] + A7y

Py, TTt+1 2
1—6p+ 2L (—’“) — 52
T ( kr i1 T
A? - A%Qt/ﬁ?t

2
X
= BEt {Atl-i-l [TI,H-I - qt+1u?t(1 + 7’]7754_1)} + A?—&-l [1 - (5[ + % ((ﬂ) _ 5?)] }

kris1

16



3 Choice of parameter values

Table 1 depicts the chosen parameter values for the simulation of our model.
Note that one period corresponds to one quarter and that the domestic and
foreign economies share the same parameter values. For the shares of tan-
gible and intangible capital in production, we draw from the values used by
McGrattan & Prescott (2012) and Corrado et al. (2009). We set the share
of tangible capital 6 at 0.2 and the share of intangible capital ¢ at 0.15. In
a variant of the model, we assume 6 = 0.25 and ¢ = 0.1. This leaves 0.65
for the labor income share of total output. Following McGrattan & Prescott
(2012), we set the depreciation rate of intangible capital equal to that of
tangible capital. We assume that both depreciation rates are 0.025, which
is a standard value in the DSGE literature. This allows us to analyze the
pure effect of intangible production and to abstract from differences in the

depreciation rates across investment categories.

The trade share, 1 — &, is set at 0.15 and the elasticity of trade, 7, is
equal to 0.5. These values lie in the range of values that are commonly used
in the literature (see e.g. Kehoe & Perri (2002) and Raffo (2010)). The
adjustment cost parameter for capital is set to match the standard deviation
of investment relative to GDP in US data for the period 1970 to 2007 and
varies across the different versions of the model. The standard deviation of
the technology shocks is set to achieve the volatility of output over the same
period of time. The calibration assumes that both sector-specific technology
shocks are persistent with moderate cross-country spillovers of 0.25, which
is similar to the findings in related papers in the international business cycle
literature (see e.g. Kehoe & Perri (2002) and Raffo (2010)). The price
stickiness parameters are set at 0.5. The Taylor rule coefficients also take

standard values, specifically, p, = 0.8, 7, = 1.5, and v, = 0.25.
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Table 1: Choice of parameter values

Parameter Value Parameter Value

3 0.990 oA 0.950
o 2.000 p 0.950
0 0.200 K 0.850
b 0.150 n 0.500
T 1.600 7 0.025
v 6.000 8 0.025
w 6.000 Dy 0.800
¢ 0.500 Vo 1.500
€ 0.500 Yy 0.250
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4 Quantitative results

4.1 Impulse response functions

This section presents impulse response functions for the basic version of the
model.* We illustrate the most important qualitative effects of our intangibles
model by assuming flexible prices and no capital adjustment costs. The
impulse response functions of our basic model are compared to those obtained
from a standard model that only includes tangible capital. We depict the
domestic and cross-border effects of neutral and sector-specific technology

shocks.

4.2 Neutral technology shock

Figure 1 presents the effects of a neutral technology shock to the tangible and
intangible production sectors. Figure 2 depicts the reactions of the standard
model with only tangible capital. As shown, there are a few notable differ-
ences between the two models. Interestingly, when intangible investment is
included in the analysis, the increase in domestic tangible investment also
leads to a considerable increase in foreign tangible investment. This is a
significant qualitative difference to the model that includes only tangible
capital, where such a co-movement is not observed. Regarding intangible
capital, however, the increase in domestic production is associated with only

a minor increase in foreign intangible production.

4The model can be linearized and simulated using standard methods. For all simula-
tions, the Dynare software version 4.4.3 is used.
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Figure 1: Domestic neutral technology shock (Intangible model)
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Figure 2: Domestic neutral technology shock (Tangible model)
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4.3 Sector-specific technology shocks

Figure 3 displays the impulse response functions for a technology shock to the
final goods sector. An important difference compared with a neutral tech-
nology shock is that after this sector-specific shock, the output in the final
goods sector increases and the production in the intangible sector decreases,
because the latter sector does not experience a technology shock and more re-
sources are devoted to the production of goods, which has become relatively
more productive. With respect to tangible investments, there is a strong
co-movement between the domestic and foreign variables. Finally, figure 4
reveals the reaction of the model variables to a sector-specific productivity
shock to the intangible production sector. A technology shock to the pro-
duction function for intangibles has considerably different implications than
a technology shock to the final goods sector. Most importantly, however, the
output in the final goods sector initially decreases and only increases again in
the medium term. This reflects the fact that there is an initial inter-sectoral
shift and that more resources are thus devoted to the sector that has become
relatively more productive. After several periods, the increase in intangi-
ble investment increases the intangible capital stock sufficiently, which then
yields an increase in final goods production. In addition, one can observe a

strong co-movement of tangible investment.
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Figure 3: Domestic technology shock to final goods production
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Figure 4: Domestic technology shock to intangible production sector
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4.4 Moments

Tables 2-4 present the HP-filtered statistics for the data and the results of
our model simulations. The moments for the data in the first column are
taken from Raffo (2010) and are within the range of moments reported for
quarterly data in other studies. The data refer to the US economy and an ag-
gregate consisting of EU15, Canada and Japan for the period 1970:1-2007:3.
Consumption and investment are defined as the sum of the respective private
and public components. In all models, we add adjustment costs for invest-
ment to match the standard deviations of tangible investment generated by
the model to those found in the data. We compare our results of the baseline
model to the results obtained from a version with only tangible capital (Only
tangible), a lower share of intangible capital by assuming ¢ = 0.1 (Low in-
tangible), an augmented Taylor rule (Taylor output), non-neutral technology
shocks by assuming that the correlation coefficient across the two shocks is
—0.5 (Non-neutral), and our augmented model with foreign equity invest-

ment (Equity).

As presented in tables 2-4, the model performs fairly well in reproducing
the main features of the business cycle.” In particular, the model simulations
yield a positive co-movement for domestic and foreign tangible investment
(Table 4). While the cross-correlation between domestic and foreign tangible
investment is only 0.02 in the Only tangible case, it increases to 0.51 in the
Baseline case, respectively. In the same way, the degree of output synchro-
nization increases from 0.38 in the model with only tangible capital to 0.57
in the full model with intangible capital. As mentioned above, these results

are consistent with empirical findings and are not obtained by conventional

5Similar to many other models, our model does not successfully solve international
price puzzles. Because our study does not focus on these issues, the respective moments
are not reported.
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models. Because of the two-sector structure, tangible capital can move be-
tween the two sectors and can thus be used where it is most productive.
Therefore, the need to relocate capital across countries present in standard
models is reduced in our model. Importantly, a higher share of intangible
capital increases the co-movement of both tangible investment and output.
For tangible investment, the cross-correlation increases from 0.35 to 0.51
when the share of intangible investment increases. For output, the degree of
synchronization increases from 0.48 to 0.57. Therefore, our model predicts
that the growing importance of intangible capital in advanced economies will
increase the degree of output co-movement, which has implications for eco-
nomic integration. In particular, because a crucial criterion for a monetary
union is the degree of business cycle synchronization, our model implies that
countries with a relatively high share of intangible capital are well suited to
form a monetary union, while this is less true for countries with a relatively

low share of intangible capital.

In addition, our results imply that including cross-border equity invest-
ments in our model further increase the degree of output and tangible in-
vestment co-movement across countries. The correlation coefficient increases
to 0.72 for tangible investment and to 0.78 for output. The degree of co-
movement of tangible investment increases slightly when the central bank
reacts not only to inflation, but also to the output gap with the augmented
Taylor rule. However, the co-movement of output is lower under this version
of the Taylor rule. In a similar way, non-neutral technology shocks lead to
an increase in the cross-correlation of tangible investment, but to a lower

coefficient for output.
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Table 2: Standard deviations relative to GDP

US Data Baseline Only tangible Low intangible

Tangible investment 2.87 2.87 2.87 2.87
Consumption 0.81 0.70 0.61 0.65
Hours worked 0.87 0.71 0.62 0.65
Non-neutral Taylor output Equity
Tangible investment 2.87 2.87 2.87
Consumption 0.68 0.65 0.69
Hours worked 0.61 0.60 0.66

Table 3: Cross-correlations between GDP and selected variables

US Data Baseline Only tangible Low intangible

Tangible Investment 0.91 0.93 0.92 0.90
Consumption 0.85 0.86 0.87 0.86
Non-neutral Taylor output Equity
Tangible Investment 0.89 0.92 0.90
Consumption 0.81 0.84 0.94

Table 4: Cross-correlations between foreign and domestic variables

US Data Baseline Only tangible Low intangible

Output 0.60 0.57 0.38 0.48
Tangible Investment 0.46 0.51 0.02 0.35
Consumption 0.50 0.95 0.70 0.92
Non-neutral Taylor output Equity
Output 0.53 0.52 0.78
Tangible Investment 0.80 0.63 0.72
Consumption 0.97 0.94 0.98
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5 Conclusion

This paper analyzes intangible capital using an international business cycle
model. We find that the greater the importance of intangible capital to the
production function is, the greater the international co-movement of output
and tangible investment is. The positive correlation of tangible investment
and output across countries is a result that many conventional models fail to
produce. In addition, we find that cross-border equity investments further
increase international co-movement of both output and tangible investment.
Because the degree of output synchronization is an important condition for
the functioning of a monetary union, one may conclude from our results
that countries in which intangible capital and foreign equity investments are
more important are best suited to forming a monetary union. This offers
an important policy conclusion for the Eurozone. Specifically, fostering in-
tangible investment and foreign equity investment in the Eurozone may not
only increase economic growth rates, but also improve the functioning of the

monetary policy in the Eurozone.
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