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Executive Summary

This paper examines the impact of fiscal consolidations on economic recoveries through an
endogenous technology margin in an open economy framework. We build and estimate a two-
country model that features technology adoption, trade in goods, and capital flows from the
transaction of sovereign bonds. To capture salient features of observed fiscal reforms imple-
mented in the Eurozone, we model a rich fiscal sector in each country that includes, government
expenditures, countercyclical fiscal rules for distortionary taxation of labor, capital, and con-
sumption, in addition to subsidies to the adoption of new technologies. Fiscal stress generated by
rising costs of government financing are captured through stochastic demand shocks on sovereign
debt which allow the model to match the observed dynamics of sovereign bond spreads. We
show that the austerity measures imposed in the Euro area in the presence of the high yields
contributed to significantly slower recoveries in the aftermath of the recession due to the adverse
effects on capital accumulation and technology adoption.
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1 Introduction

The great recession has staged the tensions between two views on fiscal policy. The traditional
Keynesian view advocated for expansionary fiscal policy to make up for the decline in aggregate
demands. An opposite view advocated for contractionary fiscal policy in response to the increase
in government deficits and sovereign bond spreads (See Figures 1 and 2). Proponents of fiscal
austerity argued that the low productivity problems were as important for the downturn as
aggregate demand and that structural reforms that alleviated these supply side problems could
restore economic activity.
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age points.

These divergent views on fiscal policy were reflected by the implementation of different fiscal
policies across countries. As illustrated in Figure 3, countries in the euro area adopted a more
austere fiscal policy than the US. Some have argued that this difference in fiscal policy explains
the faster recovery experienced by the US economy.
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Figure 3: The government’s net lending as a fraction of the gross domestic product.

Any exercise that aims at accurately evaluate alternative fiscal policies needs to rely on a
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rich enough model that captures two elements that we consider key. First, the interconnections
between national economies which are both deep and widespread in the euro area. Second, the
inter-relation between business cycle conditions and the current and future productive capacity
of the economy.

The goal of this paper is to develop a setting that captures these key components and to use
it to evaluate the impact of a rich array of fiscal policies in the euro area during the great reces-
sion. Our framework contains two open economies that interact through international trade and
capital flows derived from the transaction of sovereign bonds. Financial rigidities are introduced
through a stochastic cost to the acquisition of government bonds which results in time-varying
bond spreads across countries. The world technology frontier grows at a stochastic rate, but
domestic productivity is determined by the endogenous range of technologies adopted by pro-
ducers. The adoption margin connects local supply conditions to local and foreign economic
and financial conditions. A rich set of fiscal details that include explicit fiscal policy rules for
tax rates, government expenditures and transfers, and distortionary taxation of labor income,
capital, consumption, as well as subsidies to the adoption of new technologies. Finally, we en-
vision one economy to be more efficient in the adoption of new technologies and, as a result,
closer to the technological frontier. In Europe, it is reasonable to think about Germany as the
country closer to the technological frontier with respect to countries in southern Europe, such
as Spain. In what follows, we think about Spain as the domestic country, and Germany the
foreign country.

We use a calibration to explore the properties of the model. We differentiate between three
types of parameters. (i) standard parameters in macro DSGE models, (ii) parameters related to
the innovation process and (iii) parameters related to international trade. For the first group,
we draw information from WP1, that covers a literature survey on DSGE models. We use WP6
as guidance for the parameters related that characterize innovation activities. To calibrate the
parameters related to international trade, we refer to the literature on open economies in a
DSGE setting.

Our key findings are as follows. We consider the effects of a financial shock that makes
the cost of financing domestic debt larger. This shock can be thought as a change in the risk
appetite of international investors. We call this shock domestic liquidity demand shock. We
compare the effects of robust and non-robust fiscal policies to a domestic financial shock. The
robust fiscal policy rule reacts aggressively to an increase debt-to-GDP ratio, and as a result
the government’s increase in taxes is more pronounced. As a result of the higher taxes, the
adoption rate declines more under the robust rule leading to a significantly larger decline in
GDP over the medium term. This suggests that an aggressive fiscal consolidation can have
unwanted consequences in the long run. For a given fiscal stance, we also compare the effects of
using different distortionary tax instruments after. In particular, we consider taxes to capital,
consumption and labor that yield similar levels of debt-to-GDP ratio after 25 years. We find
that labor income tax leads to the most severe recessions, while capital taxes lead to the least
severe recessions.

We then extend the model to consider the realistic possibility that the cost of financing
depends on the level of debt. In this case, a trade-off arises. On the one hand, fiscal consoli-
dations reduce the fiscal burden and the cost of financing debt. This has beneficial effects on
adoption. On the other hand, the increase in distortionary taxation can also lead to a large
reduction in adoption. Thus, our results show that the long-run effects of fiscal consolidations
vary significantly depending on the fiscal instrument used by policymakers. This results echoes
similar results in the empirical literature, but it brings a new dimension to the debate, given the
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focus on the long run consequences of fiscal interventions.

Interestingly, we find that for realistic parameter values, a domestic recession caused by a
liquidity demand shock also affects negatively the foreign country. In particular, we observe a
drop in foreign consumption and investment s well as in the rate of technology adoption. This
is because the contraction in demand in the domestic country also reduces real activity in the
foreign country. Given that adoption depends on the state of the economy, a recession in the
domestic country has long run consequences for the foreign country.

The rest of the paper is organized as follows. Section 1.1 presents the related literature.
Section 2 develops the model. Section 3 conducts a quantitative evaluation of the fiscal policy
responses to liquidity demand shocks and section 4 concludes.

2 Related Literature

The endogenous technology growth margin in this paper builds on Comin and Gertler (2006),
Comin et al. (2009), Comin and Hobijn (2004), Comin et al. (2014), Anzoategui et al. (2016),
Bianchi et al. (2018). These papers show that this margin provides a strong growth propagation
mechanism for explaining medium-term fluctuations in the macroeconomy. We differ from these
papers by considering an open economy setting with a rich fiscal sector. We feature this margin
to quantitatively assess the impact of various fiscal reforms implemented in the Euro zone at
lower-than-business-cycle frequencies.

The two-country open economy framework with trade in goods and financial assets builds
on Heathcote and Perri (2002) and Heathcote and Perri (2013). We distinguish ourselves from
this work by incorporating the endogenous technology margin to reconcile the slow recoveries
experienced in the euro area. Also we model rich fiscal rules to capture salient features of the
fiscal reforms.

Our paper also relates to papers examining fiscal consolidations. These papers present a
broad range of results. For example, Alesina and Perotti (1997) and Alesina and Ardagna (2010)
find that fiscal consolidations can be expansionary, especially if implemented with a reduction
in spending, while Guajardo et al. (2014) reach the opposite conclusion. Given that we analyze
the spillover effects of fiscal consolidations in an open economy setting, our work connects with
the literature on fiscal consolidations in open economy DSGE models (e.g., Erceg and Lindé
(2012)). More broadly, our paper connects to the literature that studies fiscal policy in a DSGE
setting, such as Zubairy (2014) and Leeper et al. (2010). Our paper complements but differs
from this literature by featuring the endogenous technology margin, which allows us to consider
the medium- and long-run effects of fiscal consolidations that are relevant for addressing the
slow recoveries observed in the euro area that implemented more austere measures compared to
the US in the aftermath of the Great Recession.

3 A Two Country Model

The model consists of two open economies which the variables are denoted as (X, X;). The
final goods are produced competitively and is tradable between both countries. The differen-
tiated intermediate goods are produced by a monopolist and non-tradable, while all prices are
denoted in the same currency. A representative agent consumes a consumption index, consisting
of the final goods of each country. The household owns the domestic capital, all domestic firms,
and holds a portfolio of domestic and foreign government bonds. Besides issuing bonds, the
government finances expenditures through distortionary taxes to labor income, capital income,
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and on consumption goods, in addition to lump-sum transfers. Further, there is an exogenously
evolving world technology frontier. Firms of each country independently invest to adopt tech-
nology using the final goods such that the intermediate goods variety for producing the final
good expands. Furthermore, markets are incomplete and only non-state-contingent government
bonds are traded. We describe the set of equations for the home country, however, the foreign
country’s problem is characterized in the same way.

3.1 Representative Household

The household’s preferences over the consumption goods index C;, and total labor supply L; are
given by

00 . lea Y Ltl-i—go
R[5 (£ -z 1) )
()
¢ = (1= o) (Cu) ™™ + 0¥ (Cr)'T )" 3)
Pr=((1 =) (Pue) ™" + v (Pr) ') = (4)

where we scale the disutility of labor by the level of the world technological frontier Z;!. Here,
the representative household accumulates the capital stock K; according to:

I
Kt+1 = (1—(5) Kt+It |:1—\I/ (Lt[t):| (5)
t—1
log i = p,logei—1 + O'Lﬁg, (6)
where the convex function ¥ has the property that W (-),, = v’ (-);ss = 0 and ¢ is a mean one
shock to the marginal efficiency to investment. Then, the household’s budget constraint reads

(1 + TtC) PiCy = (1 — T;) Wil + Q + (1 — Ttk) Ry Ky — Pyl + T} (7)
— P ((HHt + nutBat) Brt — RTB,thHt—l) (8)
- Pr ((’th + nreBrt) Bre — RE"t_lBFt,l) , (9)

where R, is the return on a government bond and Ry, is the return on physical capital. €
represents the total domestic profits? and T} are the lump-sum transfers from the government.
7} and 7F are tax rates on labor income and capital income, whereas 7¢ is the domestic tax
rate on consumption goods of domestic and foreign goods. In addition, the household pays a
fee k¢ + e B — 1 per unit of bond traded®. The corresponding first order conditions with
respect to domestic and foreign bonds are

IThe corresponding demand functions for the domestic and foreign final good are C'pr¢ = (1 =) (Put/P:)""Cy
and CFt =v (Ppt/Ptf" Ct.

20 = Qa¢ + QB where Q4 are firms’ profits. Implicitly, Q4 in the consumer’s budget constraint accounts
for when a new technology is developed; consumers must pay J to get the option to adopt it. Then, after
successfully investing in adoption, the technology’s value becomes V. p: are the total trading fees on the
domestic government bond payed by the domestic and foreign household.

3For constant coefficients, this specification can be mapped to Benigno (2009) or Ghironi, Lee, Rebucci (2006).
There, a quadratic cost in changes in the real asset position when trading in the foreign bond market is incurred.
The cost of moving the holdings of foreign assets serves for the purpose of determining the steady-state value of
the foreign-asset position
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where Q; = % is the real exchange rate between the two countries and Ay ;41 = 3 (%)
t

is the real stochastic discount factor. We model the trading costs, x; and 7, in reduced-form
according to

log ke = (1 — pg) K + prlog ki1 + oref (12)
log s = (1= pg) 7l + pylog ile—1 + e} (13)
The spread between the two countries is given by

v KHt+ Ko (MHe — TH) Bt kpt + kpe (NFe — 1F) Bry

Bt — BBy = 1 - L (14)
b b +TC +TC Q
Ei | Attt (Hthjﬂ)} E¢ |Avi41 (%) (Qtil)]
Other optimality conditions for labor supply, investment, and the return on capital are
1— Tl Wt

Z1 000 CoLY = U pas 15
t  Poly Ly (1+th P, (15)

Py C° I o I Iia\* o,
—_— = 1—py—V () —-U | — E — ) ¥'(: 16
P (1+77) o ( Lt[t—l () (It—1)> + BE¢ | pet1te41 ( I, ) () (16)

C° (1—71F

= BE 1—6) 4 = LR 17
pt = PR [MH—I( ) + P (1 i k41 (17)

where p; is the Lagrange multiplier on the capital accumulation equation.

3.2 Final Good

The competitive final good producer faces a constant elasticity production function which nests
all differentiated domestic goods

Ay e 1—e¢
P ={ [ (PG) (19)
and the corresponding demand function reads
. P (5)\ °
Y (j) = (]i(j)> Yt (20)
Hit
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3.3 Intermediate Goods

Each differentiated domestic good j € [0, A¢] is produced by a monopolist that uses labor and
capital as factor inputs subject to the demand function of the final good producer in each
country. The production technology of monopolist j is characterized by

Yy (j) = & (K¢ () (Le () (21)
log &t = pelog &—1 + agaf (22)

where & is the stationary productivity process for the intermediate production technology. Using
profit maximization, the optimality conditions read

W= SR G 10 [ (23)
Ru=""1P, (j)a;é(é)) (24)
m () = <A ()% ) (25)

3.4 Technology

As in Comin et al. (2009), the world technological frontier, Z;, evolves exogenously and according
to

Ziy1 = ()ZX% + ¢) Z (26)

log (xt) = py log (x¢-1) + oxeff (27)

An adoption firm k tries to make a technology k € Z; N A; usable by investing the final domestic
good. The firm is owned by the domestic representative household and can sell the adopted

technology on the open market. Let J; (k) be the value of an unadopted innovation. Then, the
optimization problem and the corresponding optimality conditions read

i (k) = g o { =iy () + 6egar = e () Vg () + (1= Ay (1) T (0] (28)
Pus = g 01 { Aesia = (Ve () = ()} (29)
Vi () = e (k) + 0B { Auis Vi (1) (30)
A (k) = X (FLH, (k) (31)
F= f{i (32)

where A 11 is the real stochastic discount factor. Given that the solution is symmetric, the
total cost of adoption and the time evolution of adopted technologies is given by

H} = H; (Z — Ay) (33)
A1 = M@ [ 2y — Ag] + 0 A (34)

10
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3.5 Government

The government finances expenditures, G¢, by issuing real bonds (to domestic and foreign in-
vestors), lump-sum transfers, and taxes on consumption, labor, and capital income:
PHt G B~ Ry, Byy+ WLy — T7 4+ 7C + 7 RLK (35)
P, t = Dt Bt—1Dt—1 T Ty Wy Lt t T Tl T Ty Ny,
where R';, is the real interest rate on real government bond holdings. We model the fiscal policy
rules for expenditures, tax rates, and transfers as in Leeper et al. (2010). Their log-deviations
from the steady state follow

AF = paif |+ 0.6%, xe{g,l, ek, T} (36)
Gr = =g Vil — Cobir + 0 (37)
Ty = —pp VW — Cpby_y + aF (38)
= ok VY + Gbir + ity + il + 0f (39)
= o VEW 4 by + ol + @ret§ + al (40)
78 = @ VIV + (bt + partif + it + . (41)

The government reacts to the log-output gap which is smoothed by the Holt-Winters filter and
to the previous deviation from the non-stochastic steady state of the log Debt-to-GDP ratio
bt_ll

log YAV = Tiw log VAW, + (1 - Tiw) (log Yy — log Yirss) (42)
A ,Ptletfl ) ( PssBss )

B;_1 =1lo ( —log | ———— 43

=t & PHt—IYHt—l & PHssYHss ( )

3.6 Resource Constraints

PriCry = PiiCy = Pt (Bpy — Risy1Biy1) = Pi (Bru — R Bra) (44)
~NX;
* Pt * * * *
— P (kpt + npeBpe — 1) Bry — D (Kt + MpeBry — 1) By (45)
¢

Yie = Che + Cpy + HtT +I; + Gy (46)
Bt = BHt + B;’t (47)

A
L= /0 L (j) dj (48)

Ay
K= ; K (j)dj (49)

3.7 International Identities

The terms-of-trade is defined as the price ratio of imported to exported goods of the home
country. The real exchange rate is defined as the price ratio of the two price indices.

11
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Py
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Competition in the final sector insures that the law of one price holds for the tradable goods,
ie.

Pp, = Pry, (52)
Py = Pry (53)

12
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4 Results

In this section, we analyze the responses to fiscal stress under different regimes. First, we
highlight the transmission of a financial shock in a model with adoption and the effect of different
tax policies. We then examine the response to a deficit shock when investors believe that the
default probability of government bonds depends on the level of debt.

4.1 Financial Shock
Technology Adoption

We show the transmission of a liquidity shock to bonds issued by the home country over a
horizon of 25 years. Figure 4 plots the impulse response functions for government Debt-to-GDP,
the interest rate spread between the two countries, adoption probability, physical investment,
GDP, and consumption of the home country. The IRFs compare an economy with and without
adoption, holding everything else equal. While the effect on fiscal distress is small, the en-
dogenous adoption margin amplifies the dynamics of the macroeconomic variables, particularly
at medium-term frequencies. Adoption-related investment activities decrease with respect to
a liquidity shock which ultimately leads to a deeper and longer recession. Capital investment,
GDP, and consumption all decline more strongly and persistently with endogenous technology
adoption.
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Figure 4: Home country’s impulse response functions to a liquidity shock to bonds issued by
the home country: Debt-to-GDP, Spread, Adoption, Investment, GDP, and Consumption.

Fiscal Robustness

Figure 5 compares two different government responses to a liquidity shock to the home country.
The robust fiscal policy rule reacts aggressively to an increase in the Debt-to-GDP ratio. The

13



b1 — gdp;

i1

ram

Technological Adoption in Multi-country setting

government’s increase in taxes is more pronounced in the robust case. In contrast, the non
robust fiscal policy government increases taxes only slightly. Crucially, figure 5 highlights the
potential cost of a tight fiscal policy in the light of endogenous technology adoption. A strong
fiscal reaction to fiscal distress leads to a strong and persistent decline in GDP.

100

Figure 5: Home country’s impulse response functions to a liquidity shock to bonds issued by
the home country: Debt-to-GDP, Spread, Adoption, Investment, GDP, and Consumption.

Taxation

We compare different government tax instruments. Figure 6 shows the home country’s impulse
response functions to a liquidity shock to bonds issued by the home country for various tax
policies. We compare three different regimes in which the government stabilizes debt by either
raising capital tax, consumption tax, or labor tax. Each of those instruments distorts the optimal
equilibrium outcome. However, labor tax has the strongest effect and leads to the most severe
recession as it distorts the household’s optimal consumption leisure decision. Capital tax on
the other hand, which distorts the optimal investment decision of the household, has the most
moderate effect on macroeconomic dynamics. Further, figure 7 shows that the foreign country is
adversely affected by a liquidity shock to the home country. Similarly, the two key ingredients,
adoption in conjunction with different fiscal policy instruments, have strong effects on growth.
It indicates that not only the response to fiscal stress in the first country is important. In
perspective, Germany’s fiscal choice to a reaction to financial distress in Spain has also strong
implications on macroeconomic fluctuations in Germany.
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Figure 6: Home country’s impulse response functions to a liquidity shock to bonds issued by
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Figure 7: Foreign country’s impulse response functions to a liquidity shock to bonds issued by
the home country: Net-Exports, Investment, Capital, Adoption, Consumption, and the spread.
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4.2 Fiscal Uncertainty

This section investigates the effects of fiscal uncertainty that arises with an increase in the Debt-
to-GDP level. A high level of debt can create ambiguity about a country’s ability to repay its
obligations. In anticipation, investors rebalance their portfolio to the safer sovereign bonds. As
a consequence, the spread between a high level debt and low level debt country increases. First,
we show that when interest rates respond to the level of debt, a deficit shock is more severe.
And second, we show that fiscal austerity in response to a deficit shock can be beneficial to
mitigate the effects of the increased spread.

Flight to Safety

Figure 8 shows the response to a one time lump sum taxation shock to country one under two
different scenarios. In the case of fiscal uncertainty, the interest rate of the government bond
depends on the level of debt which reflects the investors’ flight-to-safety behavior, i.e. investors
command higher interest rates to hold sovereign bonds that are associated with higher level of
debt as they believe that it reflects information about the country’s ability to repay its debt.
The second scenario abstracts from the direct uncertainty channel, however, spreads are still
effected through the quadratic trading fees that depend on total debt outstanding. Nevertheless,
the exercise highlights the potential costs of high level of debt if one accounts for the direct link
to the investors’ perceived risk of default.
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Figure 8: Home country’s impulse response functions to a lump sum taxation one time shock
that increases the Debt-to-GDP level: Debt-to-GDP, Spread, Adoption, Investment, GDP, and

Consumption.
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Fiscal Robustness

Figure 9 shows the response to a one time lump sum taxation shock to country one where
the interest rates of government bonds depends on the level of debt. Here, we compare two
different fiscal policy regimes. Policy one (non-robust) raises taxes less aggressive than policy
two (robust). Usually, an increase in distortionary taxes is associated with prolonged recovery
periods. However, raising taxes now mitigates the additional fiscal uncertainty channel, and as
a consequence, spreads increase less in a regime with tighter fiscal policy. As a result, fiscal
austerity can lead to a quicker recovery.

04 035 [ bbb bbb UL LLL

25

Figure 9: Home country’s impulse response functions to a lump sum taxation one time shock
that increases the Debt-to-GDP level: Debt-to-GDP, Spread, Adoption, Investment, GDP, and
Consumption.

5 Conclusion

This paper builds a quantitative two-country model that features rich fiscal sectors and endoge-
nous technology adoption that allows us to shed light on the debate regarding fiscal austerity
measures implemented in the Euro area following the Global Recession. A novel dimension of our
model is that the endogenous technology margin allows us to link fiscal policy to medium- and
low-frequency macroeconomic dynamics. As such, our model is able to provide an explanation
for the slow recoveries experienced in the Eurozone. In particular, we find that in the pres-
ence of fiscal stress — captured through high government financing costs from observed sovereign
spreads — austerity measures generate large and persistent contractions in capital accumulation
and technology adoption, which subsequently lead to slow recoveries. However, in the presence
of fiscal uncertainty, a robust tax policy can counter high interest spreads between countries
and lead to faster recoveries. The interconnectedness of countries through trade in goods and
financial assets lead to strong spillover effects of such fiscal reforms and financial shocks.

17

0ss | —— Non-Robust
- 03 -0.005
——Robust
031 025} 0.01
0%y 02 0.015
M 2 -0.015 |
021 = 2
| 015F oo 002
0.15 [Sapun ’_‘O
S otr -0.025
0.1
0.05 0.05 (- -0.03 -
ol PrTweautzssisssssinssseinn s o -0.035
et sy
005 . . . . ) 0.05 . . . . D 004 . . . .
0 5 10 15 20 25 0 5 10 15 20 2t 0 5 10 15 20
Quarters Quarters Quarters
or or or
-0.002 | -0.01 | 001
-0.02
-0.004 - -0.02 -
— -0.03
-0.006 - %‘ -0.03 )
> -0.04
-0.008 - -0.04 -
-0.05 -
-0.01 -0.05 - -0.06 -
-0.012 L L L ! -0.06 L L L ! -0.07 L L
0 10 15 20 25 0 10 15 20 25 0 10 15 20 25
Quarters Quarters Quarters



ram

Technological Adoption in Multi-country setting

A Real Symmetric Conditions
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B Stationary Representation
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C.2 Stationary Representation
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Parameter Value Parameter Value Parameter Value
B 0.985 ¢ 0.60 pe 0.92
o 1.00 G 2.80 Py 0.93
v 0.40 Ch 3.50 P 0.90
© 3.00 Ce 1.70 Ly 1.00
o 0.60 P 0.90 Loy 1.00
€ 3.50 X 0.02 r 1.006
B) 0.02 Py 0.84 Te 0.20
n 2.00 A 0.63 THW 0.90
b 0.98 Ao 0.68 7 0.30

Table 4: Parameter values of the model, calibrated at quarterly frequencies

Variable

Country One

Country Two

A. Macro Variables

Consumption index growth

Investment growth
GDP growth

B. Financial Variables

Debt-to-GDP
Return on bonds

Return on capital

std
1.62%
6.54%
2.68%

mean
42.5%
5.67%
7.06%

acl
0.54
0.69
0.31

acl
0.69
0.72
0.59

std
1.54%
6.07%
2.49%

mean
30.2%
3.41%
6.82%

acl
0.58
0.75
0.37

acl
0.74
0.75
0.63

Table 5: Annualized macroeconomic and financial moments

Consumption correlation between the two countries: 0.35
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