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Abstract

In this paper, we study the co-movement of the government budget bal-
ance and the trade balance at business cycle frequencies. In a sample of 10
OECD countries we find that the correlation of the two time series is nega-
tive, but less so in more open economies. Moreover, for the US the cross-
correlation function is S-shaped. We analyze these regularities taking the
perspective of international business cycle theory. First, we show that a stan-
dard model delivers predictions broadly in line with the evidence. Second,
we show that conditional on spending shocks the model predicts a perfect
correlation of the budget balance and the trade balance. Yet, the effect of

spending shocks on the trade balance is contained if an economy is not very
open to trade.
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1 Introduction

The notion of ‘twin deficits’ emerged in the mid-1980s following the observa-
tion that the US trade balance moved into deficit at a time of increasing gov-
ernment budget deficits, suggesting that fiscal expansions caused the positive co-
movement. On the other hand, in the debate on the need for fiscal consolidation
to correct external imbalances, it has been observed that the correlation between
the two time series is actually very small, or even negative in the’data.

Any assessment of the co-movement of the budget and the trade balance, however,
should take into account that both variables adjust endogenously not only to fiscal
shocks but to the entire state of the economy. Therefore, we study the transmission
of both fiscal and productivity shocks onto the government budget and net exports,
taking the perspective of international business cycle th&ory.

We proceed in two steps. First, we document three regularities concerning the co-
movement of the trade and the budget balance. Using quarterly time series for 10
OECD countries during the period 1973-2005, we show that: i) the contempora-
neous correlation between the budget and the trade balance (both scaled by GDP)
is typically negative at business cycle frequencies: budget surpluses are associated
with trade deficits; ii) the correlation is less negative, the more open countries are
to trade; iii) the cross-correlation for the budget balance and the trade balance in
the US resembles a stretched ‘S'.

Second, we ask whether a standard international real business (IRBC) model can
account for the above regularities. For the sake of transparency, we draw on the
classical contribution by Backus, Kehoe, and Kydland [1994], henceforth BKK,
assuming shocks to technology as well as government spending. To analyze the
behavior of the government budget balance, we assume that government purchases
are financed either through issuing debt or by taxing the income of domestic resi-

'Recall that national accounting implies: current account deficit = budget deficit + private invest-
ment - private saving. Hence, unless fiscal shocks cause large swings in private net savings, policies
that deteriorate the budget are bound to worsen the trade deficit.

’See e.g. Backus, Henriksen, Lambert, and Telmer [2006] who dismiss the relevance of the twin
deficits hypothesis on the ground of this observation.

3By explicitly taking into account non-fiscal shocks for the co-movement of the budget and the
trade balance, this paper complements a line of research which focuses on the transmission of fiscal
shocks; see Erceg, Guerrieri, and Gust [2005] for an analysis using a general equilibrium model and
Kim and Roubini [2003], Corsetti and dMler [2006], Monacelli and Perotti [2006] and Beetsma,
Giuliodori, and Klaasen [2007] using VAR models.



dents?

We find that the model is able to replicate the empirical regularities, notably the
negative correlation of the budget and the trade balance. However, simulating
the model for each shock in isolation shows that the correlation is perfect con-
ditional on domestic government spending shocks: consistent with the notion of
twin deficits, fiscal expansions cause a joint deterioration of the budget and the
trade balance. Yet, an almost perfect correlation does not translate into an eco-
nomically significant effect. we find only a very small effect of fiscal shocks on
the trade balance if an economy is relatively closed.

2 Properties of the data

In this section we characterize the business cycle properties of the primary budget
balance and the trade balance. We consider quarterly time series for 10 OCED
countries covering the post-Bretton Woods period 1973-2005. Table 1 displays
several statistics of the HP-filtered series of net exparts,the primary govern-

ment budget balancé), and real outpu'ry.5

The first two panels of Table 1 show that standard deviations and autocorrelations
display considerable variation across the 10 countries in our sample. However, the
contemporaneous correlation of the trade balance and the budget balance, shown
in the third panel of the table, is negative everywhere except in the Netherlands and
Canada, where itis nonetheless close to zero. The correlation between the primary
budget balance and output is positive in all countries, while the correlation between
the trade balance and output is generally negative, as stressed by the early IRBC
literature.

Next, we ask whether the correlation of the budget and the trade balance vary with

“Note that we adopt a parsimonious model setup in order to convey our main argument in a
transparent and efficient way; namely that non-fiscal shocks are important for the co-movement of
the trade and the budget balance. Clearly, quantitative aspects of our analysis might be refined using
richer specifications.

SWe use a smoothing parameter of 1600. All data are obtained from the OECD economic outlook
database (Economic Outlook 81, Annual and Quarterly data, Vol. 2007 release 1). The primary
budget balance in percent of GDP is available at quarterly frequency for the following OECD 10
countries: Australia, Canada, Finland, Ireland, Japan, Republic of Korea, Netherlands, Sweden,
United Kingdom, United States. The trade balance is computed as the difference of exports and
imports scaled by GDP, at current prices. Data for Korea and the Netherlands are only available from
1975 and 1980, respectively. In the working paper version of this paper we also compute statistics
using annual time series for 16 countries, see Corsetti ailteM2007].



Table 1: Properties of net exports, output and the budget balance
Standard deviation

(percent) Autocorrelation Correlation

nx y bb nx y bb  (nx,bb) (nx,y) (bb,y)
AUS 1.06 1.38 1.04 0.76 0.74 0.87 —0.23 —0.21 0.62
CAN 094 1.46 1.29 0.72 0.89 0.78 0.02 0.05 0.63
FIN 1.67 214 1.67 044 0.87 0.94 —-0.05 —0.30 0.67
GBR 0.99 149 1.32 0.66 0.85 0.71 —-0.15 —-0.34 0.31
IRL 195 1.66 1.27 0.79 0.77 0.92 —-0.03 —-0.17 0.17
JPN 0.75 1.38 0.71 0.85 0.81 0.92 —0.30 —0.42 0.45

KOR 290 255 097 0.73 0.84 0.90 —-0.28 —0.43 0.52
NLD 0.90 1.15 0.99 0.45 0.76 0.89 0.02 —-0.03 0.35
SWE 1.10 1.38 2.08 0.45 0.69 0.92 —-0.00 —0.09 0.57
USA 0.45 1.59 1.12 0.78 0.88 0.81 —-0.34 —-045 0.74

HP-filtered quarterly data 1973-2005. Source: OECD Economic Outleokirade bal-
ance bb: primary government budget balance (both scaled by GpRgal GDP.
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Figure 1: Correlation of trade balance,z, and budget balancé; left panel: contemporaneous
correlation vs. average import share for 10 OECD countries and model (dashed line); right panel: ccf
for US data (solid line and shaded area for 95 percent confidence bounds) and model (dashed line,
baseline calibration), vertical axip{bb:, nz++1), horizontal axis: k.

the degree of openness of a country, as measured by the import share in GDP
(openness). The left panel of Figure 1 plots these two variables against each other
for the countries in our sample. As our second finding, we note that, by and large,
the correlation is less negative, the more open an economy.

Finally, we focus on the dynamic relationship between the budget balance and the
trade balance in the US, plotting the cross-correlation function (ccbp,oand

nzey for k = —8...8 in the right panel of Figure 1. As our third finding, we
note that for the US the ccf resembles a stretched ‘S’.



3 The model

Can the empirical regularities established above be accounted for by a standard in-
ternational business cycle model? Are these facts inconsistent with the twin deficit
hypothesis? In the rest of this paper we address these questions by adopting a par-
simonious specification of the BKK mod&IThe main features of the model are

as follows. Lettinge;; denote consumption and; the amount of labor supplied,

the preferences of the representative household in couitey 1, 2) are given by

the following expression

EoZﬁt

Households supply labor and rent capital to a representative firm which produces

(e 1_nzt)1 M}l . 1)

a country-specific intermediate good, denotedabgind b, in country1 and 2,
respectively. Labor and capital are internationally immobile; households in each
country own the capital stock;; of that country. Investment;;;, increases the
existing capital stock in the following way,

kity1 = (1 — 8)kir + x4, (2

whereé is the depreciation rate. Households’ labor and capital income are both
taxed at the same rate;. Households maximize (1) subject to (2), a no-Ponzi-
game condition and a budget constraint, where we allow for international trade in
a complete set of state-contingent securities.

Intermediate goods are produced using the following production function

Yit = Z”kztnn ; (3)

wherez;; is an exogenous technology shock. Definng; = [z1 zzt]/, we as-
sumez; 1 = Az + €7, Whereej, , is a bivariate vector of innovations to tech-
nology. The law of one price holds for intermediate goadmdb. Final goods,

5The model differs from BKK in two respects: First, we assume that government spending falls
entirely on domestic goods, because of the evidence discussed in Corsettiidad[RD0O6] sug-
gesting that the import content in government spending is generally less than half the import content
in private spending. As a first approximation it is thus reasonable to assume zero import content in
government spending. Second, we assume that governments have no access to lump-sum taxes but
instead levy a flat tax rate on income, which adjusts to the level of government debt.



fit, are assembled on the basis of the following technology

_ _ o/(o—1)
[wl/"a(f D/e (1- w)l/gbgf 1)/0} , fori=1

Z o/(a—1) (4)

fie =
(1= w)oaG ™D/ 4 wliop7 =0/ , fori=2

whereo is the elasticity of substitution between goadandb andw measures

the home bias in final goods. Firms are operating under perfect competition both
at the intermediate and final good level. Domestic households thus earn the entire
domestic intermediate output as income.

Government purchases;;, are purely dissipate and financed by taxing income
or by issuing risk-free debt;;. Letting R; denote the risk-free interest rate, the
period budget constraint of the government is given by

di1 Ry — dis = git — Ty (5)
Government spending is determined exogenously as follows

git = (1 = pg)gi + pggit—1 + €%, (6)

whereg; denotes government spending in steady stateogdptures the persis-
tence of deviations from steady staté.is an exogenous innovation to government
spending. The tax rate adjusts to the level of debt scaled by steady state gutput,

e =i+ oL, ™)

Yi

where¢ measures the debt-elasticity of the tax rate. In our analysis below, taking
the perspective of countrl, we focus on the co-movement of the primary budget
balance scaled by GDBs1:y1: — 91¢)/y1: and the trade balandes; — pibit) /yi¢,
wherep; denotes the terms of trade measured as the price ofigmadtive to the
price of gooda.

4 Properties of theoretical economies

We study the business cycle properties of the model using log-linear approxima-
tion of the equilibrium conditions near a symmetric zero-debt steady ‘state.

"The statistics reported below are the average over 20 simulations of 132 quarters each. We use
500 observations to initialize the model. In accordance which the statistics reported in section 2
above we also apply the HP filter to the simulated time series.



calibrate the model we follow BKK, as regards both the parameters governing pref-
erences and technology, and the forcing processes in technology and government
spending. Note that as government spending is assumed to fall entirely on do-
mestically produced goods, assuming an import share of 15 percent in final goods
(w = 0.85) implies an import share of 12 percent of GDP, the average value in US
time series. To pin down¢, we aim at matching the degree of autocorrelation of
the budget balance in US data, which is equdl.&, subject to the constraint that

the path of government debt is non explosive. We find that the constraint is bind-
ing at¢ = 0.0143, implying that the tax rate adjusts very slowly to government
debt. As a result, fluctuations in government spending and output induce persistent
movements in the government budget balance.

In a first step, we assess the ability of the calibrated model to account for the key
features of the data regarding twin deficits, openness and the business cycle. In
Table 2 we compare second moments of US time series (first line) with those gen-
erated by the model under our baseline calibration (second line). The contempora-
neous correlation of the ‘twins’ is negative. The budget and trade balance show a
stronger correlation with output than in the data, but of the right sign. The theoreti-
cal standard deviation of the trade balance is somewhat below those characterizing
in US time series; the model does slightly better in matching the volatility of out-
put, but not as well as regards the budget balance. By the same token, the three
variables show less persistence in the model than in the data.

In Figure 1 we assess the performance of the model in two additional dimensions.
In the left panel the dashed line plots the contemporaneous correlation of the trade
and the budget balance against openness. The model is able to replicate a key
feature characterizing the cross-section of the data, namely the positive association
between openness and the correlation of the budget and the trade balance. In the
right panel, the dashed line displays the ccf implied by the baseline calibration of
the model, which is close to the empirical cross-correlation function for the US. In
light of our numerical results, we find that, overall, the model is able to provide a
satisfactory account of the empirical regularities characterizing the co-movement
of the budget and trade balance.

8See Corsetti and Wller [2007] for a list of the parameter values used in the baseline spec-
ification and sensitivity analyses showing the robustness of our results with respect to alternative
specifications.



Table 2: Properties of Key Variables in Theoretical Economies
Standard deviation

(percent) Autocorrelation Correlation
nx y bb nx y bb (nx,bb) (nx)y) (bb,y)
US data 0.45 1.59 1.12 0.78 0.88 0.81 —0.34 —-045 0.74
Benchmark 0.30 1.33 0.28 0.63 0.66 0.67 —-0.70 —-0.73 0.93
(0.04) (0.15) (0.03) (0.08) (0.07) (0.06) (0.09) (0.06)  (0.02)
Only g, 0.01 0.04 0.09 0.68 0.70 0.69 1.00 —-0.99 -0.99
(0.00)  (0.00) (0.01) (0.05) (0.05) (0.05) (0.00) (0.00)  (0.00)
Only z; 0.21 1.27 0.26 0.62 0.65 0.65 —-0.82 —-0.79 1.00
(0.02) (0.13) (0.03) (0.08) (0.07) (0.07) (0.04) (0.05)  (0.00)
Onlygi;,z; 0.21 1.27 0.27 0.62 0.65 0.65 —0.75 —0.80 0.93
(0.02) (0.13) (0.03) (0.07) (0.07) (0.07) (0.05) (0.05)  (0.02)

First row reports data moments for US, see Table 1; consecutive rows contain theoretical
counterparts for different assumptions on forcing process; for theoretical moments standard
deviations are in parentheses.

We thus turn to counterfactual experiments and simulate the model drawing from
the distribution of each shock in isolation. Results are shown in rows 2 to 5 of
Table 2, which report the second moments predicted by the model for the main
variables of interest, conditional on specific shocks.

Three observations are in order. First, the contemporaneous correlation of the trade
and the budget balance conditional on domestic government spending shocks is
perfect (third row). This squares well with the notion of twin deficits whereby
fiscal shocks induce co-movement of the budget and the trade balance. Second,
the correlation is strongly negative conditional on technology shocks (fourth row).
Third, technology shocks seem to dominate the unconditional correlation which is
close to the correlation conditional on technology shocks. Put differently, govern-
ment spending shocks and foreign technology shocks have only a limited effect on
the unconditional moments of the simulated dhta.

The strong positive correlation of the trade and the budget balance that the model
predicts conditional on government spending shocks, however, does not necessar-
ily imply a strong economic effect of fiscal shocks on the trade balance. To clarify
this issue, we display in the columns of Figure 2 the impulse responses to each
of the four shocks, both for the baseline economy (solid line) and a model econ-
omy which is identical to the baseline case except for a higher import share of 30
percent (line with diamonds).

The last row of Table 2 reports the moments conditional on both domestic shocks. In Corsetti
and Muller [2007] we also report the conditional ccf illustrating how domestic technology shocks
dominate the unconditional correlation.
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Figure 2:Shock transmission in theoretical economies. Notes: Columns 1-4 show, in turn, effect
of shocks to domestic and foreign government spending and domestic and foreign technology; solid
lines display responses of baseline economy (12 percent import sharé.85), line with diamonds
corresponds to an economy with import share of 30 percent (0.625). vertical axis: percent of

GDP, horizontal axis: quarters.

In the first column we show the responses to an increase of government spending
by one percent of GDP: it decreases consumption and investment, and raises out-
put by about0.5 on impact (baseline economy). The trade balance falls, but its
movement is quite contained (abadut percent), while the budget balance moves
into a significant deficit (abouit85 percent). So, while the conditional correlation

of the trade and the budget balance is virtually perfect, only a small fraction of the
fiscal expansion is reflected in the trade balance.

The picture changes considerably in economies which are more open to trade. In
this case, the effect of fiscal shocks on the trade balance increases significantly,
a result which is analyzed in detail by Corsetti andlMr [2006] and Corsetti,
Meier, and Miller [2007]. We observe that the response of output is virtually



unaltered, but the responses of investment and consumption increase relative to
the baseline scenario. Hence, the trade balance falls significantly.

Figure 2 also reports the effect of an increase in foreign government spending,
displayed in the second column: domestic consumption and investment fall; yet the
economy experiences mild trade and budget surpluses. To complete our analysis,
columns three and four show the effects of technology shocks in the domestic
country and abroad. As in BKK, a domestic technology shock worsens the trade
balance, because investment and consumption rise more than output in the short
run. Symmetrically, the trade balance improves if the technology shock originates
in the foreign country. The budget balance improves persistently in response to a
domestic technology shock: as government spending is constant and the tax rate
responds slowly to government debt, tax revenues move proportional to domestic
output. Domestic technology shocks thus induce a negative correlation of budget
and trade balance, but less so, the more open the ecoffomy.

5 Conclusion

In this paper we reconsider the notion of twin deficits in light of empirical evidence
from a sample of 10 OECD countries, and quantitative results from a standard
international business cycle model.

Our analysis highlights two points which are potentially relevant for the policy
debate on twin deficits. First, the negative correlation found in the data is not in-
consistent with the twin deficit hypothesis: our results suggest that conditional on
fiscal shocks, the budget and the trade balance co-move strongly, although their
overall correlation is determined by other shocks driving the business cycle. Sec-
ond, even if conditional on fiscal shocks the correlation between the two deficits
is positive and strong, the quantitative response of the trade balance may still be
quite contained, especially in economies with a low import share in GDP.

%The correlation becomes less negative in more open economies, because the terms of trade
depreciation following the technology shock alters the intertemporal margin governing investment
decisions, see Corsetti andiNer [2006] for a discussion of the underlying mechanism in the context
of fiscal shocks. Corsetti andiMer [2007] consider alternative values forfinding some effect on
the response ofx to fiscal shocks. As a result, the correlation between the trade and the budget
balance conditional on spending shocks falls for higher values bfit remains positive.

10



A Data

In the main text we computed statistics using quarterly time series, thereby limiting
the sample to 10 OCED countries. Annual time series data are available for 16
countries, plotted in Figurd 1.
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Figure A 1: Annual time series for the primary government budget balance (solid line) and the
trade balance (circles) for 16 OECD countries: 1973-2005

We also compute the statistics reported in Tabfer all 16 countries after HP-
filtering - using a smoothing parameter of 100. The results, displayed in Table
Al, show that the correlation between the budget and the trade balance is mostly
negative - as with quarterly data. In Figute we plot the correlation of the budget

and the trade balance both for quarterly data (left panel) and for annual data (right
panel) against openness. In both cases the relationship between openness and the
correlation of the budget and the trade balance is positive, significantly so only in
the case of quarterly data.

11



Table A 1: Properties of net exports, output and the budget balance
Standard deviation

(percent) Autocorrelation Correlation
nx y bb nx y bb  (nx,bb) (nx)y) (bb,y)
Australia 0.95 1.66 1.42 —0.04 0.53 0.68 —0.18 —0.18  0.83
Austria  0.84 1.32 1.03 0.28 0.43 0.35 0.16 —0.23 0.35

Belgium 0.81 1.41 1.34 0.58 0.40 0.39 0.30 —-0.63 0.10
Canada 1.15 2.15 1.76 0.49 0.64 0.62 0.13 —0.08 0.61

Denmark 1.29 1.90 2.68 0.43 0.54 0.70 —-0.50 —0.63 0.81
Spain 1.49 212 1.04 0.55 0.78 0.58 —-0.29 —-0.65 0.60
Finland 1.81 3.52 2.77 0.53 0.77 0.67 -0.02 -0.35 0.83
France 0.85 1.37 0.91 0.24 0.67 0.55 —-0.10 -0.35 0.46
UK 1.14 2.07 2.05 0.49 0.70 0.72 —-0.35 —0.54  0.57
Greece 1.08 2.61 1.25 0.42 0.52 0.30 0.31 —-0.01 -0.01
Ireland 2.57 2.95 1.59 0.37 0.72 0.40 0.10 -0.29  0.08
Iceland 3.02 3.03 1.64 0.21 0.64 0.15 —041 -0.32 0.35
Italy 1.24 157 1.11 0.37 0.46 0.21 0.08 —-0.51 0.07

Japan 0.81 192 1.16 0.51 0.65 0.65 —-0.05 —0.50 041
Sweden 1.23 1.99 3.52 0.37 0.68 0.65 —-0.06 —-0.32  0.80
USA 0.59 1.99 1.45 0.63 0.55 0.56 —-0.23 —-0.54 0.74

HP-filtered annual data for 1973-2005. Source: OECD Economic Outlackirade bal-
ance bb: primary government budget balance (both scaled by GppREal GDP
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Figure A 2: Correlation of trade balance,z, and budget balancéb, vs. openness; left panel:
quarterly data slope coefficient of regression line is 0.60 (s.e. 0.21); right panel: annual data slope
coefficient is 0.54 (s.e. 0.40)

B Model solution

To solve the model, we first complete the problem of households and firms, dis-
cussed in the main text. As in Heathcote and Perri [2002§¢@indq’, denote the
prices of goods andb in country: in units of the final good produced in couniry
Further, letw;; andr;; denote the real wage rate and the real return on capital, both
in terms of domestic intermediate goods. B, 1 denote the stochastic discount

12



factor used to price the portfolio of securities in perigdd;,. Then the risk
free interest rate is defined h@t‘l = F:Q+++1 and the representative household’s
budget constraint is given by

Cit + Tit (B1)
g [(1 — ) (wine + rackie)] + ¢4 A — ¢ B Qy 41 Ait41, fori=1
@G [(1 = 7i) (wienie + Tirkie)] + g% Ait — 4 ErQp 41 Airy1, fori =2

The final good firm’s objective is given by

max (fit — @it — qftbit) : (B2)
subject to (4). The intermediate goods objective is given by

Jmax (Yit — wigni — Titkit) (B3)
subject to (3).
Given initial values for household wealth and a specification of the tax(ile
which is consistent with government solvency, an equilibrium is given by a set
of prices for allt > 0 such that when firms and households take prices as given,
households maximizél) subject to(2), (B1) and a no-Ponzi game condition,
firms solve their static problem&3) and (B2) and all markets clear for any
particular realization of the shock processes for technology and for government
spending, both given by BKK.
Market clearing for intermediate goods requires that

Y1t = a1t + a2t + gt (B 4)
Yor = big + bo + got; (B5)

while market clearing for final goods requires that
fit =cit +xyy, i=1,2. (B 6)

The asset market clears by Walras’ law.

We solve the model numerically by approximating the first order conditions around
a symmetric zero-debt steady state. To derive the first order conditions,det

note the multiplier on the budget constraint. Optimality of the household program

13



then requires (the index’ ‘is dropped to simplify the exposition) the following to
hold

uc(ce,ne) = M B7)
un(cp,ne) = =gy (1 — m)wy (B8)
Mt Qe = BEi [M+1afi] (B9
A = BB Mgt (1= 7eg1)re41 + M1 (1 —6)] n (B 10)

Combining the first order condition for state-contingent securities in country 1 and
2 and iterating backwards gives the risk sharing condition (see, for instance, Chari,
Kehoe, and McGrattan [2002]):

ue(cr e, nl,t)th = uc(cayt, n2,t)qg,t' (B11)

An optimal intratemporal allocation of expenditure requires

0

m: o e m = @) (812)
ai
0

oS =dt e b= @)W (8 13)
0

b 2t o by = () wh (B 14)
0bs
0

w6 m= @)W (8 15)
a2

The first order conditions toB3) define the wage and the rental rate of capital (in
terms of intermediate goods)

wi = (1-0)Lt (B 16)
Tt
vy = 0% (B 17)
Kt

We consider a symmetric steady state with balanced trade sucipthab, and
zero government debt. For simplicity we focus our analysis on country 1 (sym-
metric expressions hold for country 2). First, we relate the home bias parameter
w to openness, i.e. the share of imports in GDP. Divide the FOG-foequation
(B12), by the FOC forb;, equation(B13). Noting that because of symmetry the
prices for intermediate goodsandb are equal in steady state (such tiat= ¢}),
we thus obtain

al w

@ _ _ B1
bl 1—w ( 8)
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Letting w, denote the share of output net of government spendihg-(y — g)
which is not exported (=not imported) in steady state we have

ar = wayy by = (1 —wa) ). (B 19)

Substituting into( B18) givesw = wy. Hence, the home bias parametemea-

sures the share of net output which is not exported, landw is a measure for
openness, as it measures imports (=exports) as a share of net output in steady state.
Let g denote the steady state share of government spending in GDP and assume
that government spending falls on domestic goods only. Such that

y=y—g=>1-9)y

We can then pin doww on the basis of B19) using the share of imports in total
output (which is observable):

b 1 b
wzl——}@wzl A

- . (B 20)
(i 1—gywn

Total final goodsf equal net output in steady state which can be seen by sub-
stituting (B19) into the production function for final goods, i.e. the Armington
aggregator given by (4). Relative to the specification of the weights in the Arm-
ington aggregator in BKK, we thus impose a priori thhat= f. ! This in turn
implies

a+ri=fi=y=y—-g1ey=c++g,
i.e. in steady state, consumption, investment and government spending add up to
total GDP.
Next, we consider relative prices in steady state. Applying the Euler theorem to
the Armington aggregator allows to write

o—1)/o o (0—-1)/c 1/(o=1) o —1/o
fi = <[w1/aa§t b/ —i—(l—w)l/ b(lt 1)/} wl/ altl/ >a1

o—1)/o o1(c—1)/c 1/(e=1) i e
n <[w1/”agt 1)/ +(1—w)1/ bgt 1/ } (1—w)1/ bltl/ >b1

= qfa1 + ¢5b1.

" BKK the weights in the Armington aggregator are set such as intermediate output is equal to
final goods in steady state, see also Ravn [1997].
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Note again that in steady state = ¢® and exploiting symmetryag = b;) yields

fi=qi(ar+as) =y => ¢ = =1. (B 21)

The above allows us to evaluate the FOCHpr, in steady state and to derive the
capital-GDP-ratio in steady state:
ko — 0B(1 —1)
YT1-B(1-0)
The law of motion for capital implies that, = Jk,. For consumption this implies

/
Y
cy+xy:fy:j:(l—gy):>cy:1—gy—5ky.

Combining the FOC for hours and consumption in steady state implies:
(=) -0y
1+ p((1=7)1 =0y —1)
such that, givemr,, the parameter®, — andy, pin down hours in steady state.

Assuming zero debt in steady state we have from equation (5)y,.

In the following, we list the linearized equilibrium conditions that we use in the
actual simulation of the model, denoting their sequence with an "X’. Unless noted
otherwise all variables denote percentage deviations from steady state. Market
clearing for intermediate goods (B 4) is approximated as

yie = w(l—gylay + (1 —w)(1—gylaz + gu (X1)
yar = w(l —gy)ba + (1 —w)(1 — gy)bis + gor, (X2)
whereg; = (g: — g)/y. Market clearing for final goods (B 6) is approximated as
(I—gy)fie = cyeu+ayan (X3)
(L—gy)for = cycar +ayaa (X4)
Production function of intermediate goods (3) is approximated as
yie = 21+ 0k + (1 —0)ny (X5)
yor = 2zor + 0koy + (1 —0)ng (X6)
Production function of final goods (4) is approximated as

fir = wa+ (1 —w)bye (X7)
for = wha+ (1 —w)ag (X8)
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Demand for intermediate goods (B 12)-(B 15) is approximated as

a1t —oqiy + fit (X9)
b1t —oqd + fu (X10)
bat —oqy + for (X11)
azt —oqs + for (X12)
The first order conditions (FOC) for consumption are
n
A = (p(l—=7) = e — m(l — ) (1 = 7)nu (X13)
n
Ao = (w1 =) —1)ear — m(l — 1) (1 = y)na (X14)
The FOCs for labor are
a T
A1+ g1 — [ + wiy
n
— L= e+ { 0= )+ (X15)
T
Aot + gby — T + wat
n
== e+ { B = )+ (x16)
The FOCs for capital are
M = (1501 ~0)E(gipr — T Ttk + 1) + Epdiee (X17)
Aot = (1= —0))Ey(a841 — [ et rat1) + EiAsiia (X18)

The FOCs for intermediate good firi816) and(B17) are

e = Y — ku (X19)
rot = Yo — kot (X20)
w1t = Y — Nt (X21)
W2t = Y2 — N2 (X22)

The law of motion of capital in the two countries is

kw1 = (1 — 5)’47115 + 0zt (X23)
kotr1 = (1 — 5)k2t + 0zt (X24)
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By linearizing the risk sharing conditiarB11) we obtain
A+ gy = At gy (X25)

To close the model, we require that the law of one price holds, i.e. the relative price
of each good is identical across countries. Therefore we define the real exchange
rate,rx¢, and impose two conditions:

Ty = qlft - qgt (X26)
T = i — 4% (X27)
As regard the government, approximating (5) gives
Bdigr —die = g — 7T — Y1t (X28)
6d2t+1 - d2t = G2t — TT2¢t — TY2, (X29)

whered; = d;/y. The tax rule(7) is already linear. Note however that below we
user; to denote percentage deviations from steady state;4:€..

e = pdi (X30)
TT2t — ¢C§2t. (X31)

These equations characterize the equilibrium in the neighborhood of the steady
state, given the processes for the shocks. In addition, we define the primary budget

balance
bbit = TTit — g1t + GyY1t (X32)
bbayy =TTt — gor + GyWit; (X33)
the terms of trade
po= a4 —dh (X34)

and, finally, the trade balance
nzy = (1—-w)(1—gy)(azt — b1t — pt) (X35)
Rewriting (6) gives
Jutv1 = pPgdit + gyeue (X36)
92t41 = Pg92t + GyEau (X37)

For technology we have two additional equations, given the exogenous process for
technology specified by BKK.
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C Sensitivity analyses

The simulations of the model discussed in the main text are based on assigning
parameter values for the structural model parameters, listed in Tdble

Table C 1: Parameter values of theoretical economies

Discount factor (steady state) £ =0.99
Consumption share p=10.34
Risk aversion v=2
Capital share =0.36
Depreciation rate 0 =0.025
Home bias (steady state) w =0.85
Fraction of government spending (steady state) g, = 0.2
Trade elasticity oc=15
Debt stabilization ¢ =0.0143

Notes: deep parameter values are taken from BKK;
¢ is obtained by matching the autocorrelatiorbbf

g1 21 g1, 21

22 g1, 21,92, %2

-5 0 5 - -5 0 5

Figure C 1:Cross-correlation function for the budget-output-ratio and the net export-output ratio
in theoretical economies. Notes: ccf computed conditional on specific shocks indicated by letter
on top of panel; vertical axip(bb:, nx++x ), horizontal axis: k. Solid line: baseline specification;
diamonds: low trade price elasticity; squares: high trade price elasticity; circles: import content in
government spending

In the following we perform a sensitivity analysis to explore the robustness of
our results with respect to alternative model specifications. A first set of vari-
ations concerns the value of the trade price elasticignd the extent of home
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Table C 2: Moments for alternative model specifications

Stand. deviation
(percent) Autocorrelation Correlation
nx y bb nx y bbb  (nx,bb) (nx)y) (bb,y)

US data 0.43 1.56 1.09 0.78 0.87 0.80 —-0.35 —045 0.74

Baseline
All shocks 0.30 1.33 0.28 0.63 0.66 0.67 —0.70 —0.73 0.93
(0.04) (0.15) (0.03) (0.08) (0.07) (0.06) (0.09)  (0.06) (0.02)
Only ¢ 0.01 0.04 0.09 0.68 0.70 0.69 1.00 —-0.99 —-0.99
(0.00) (0.00) (0.01)  (0.05) (0.05) (0.05) (0.00)  (0.00)  (0.00)
Only z; 0.21 1.27 0.26 0.62 0.65 0.65 —-0.82 —-0.79 1.00
(0.02) (0.13) (0.03)  (0.08) (0.07) (0.07) (0.04)  (0.05) (0.00)
Onlyz,g1 021 1.27 0.27 0.62 0.65 0.65 —0.75 —0.80 0.93
(0.02) (0.13) (0.03)  (0.07) (0.07) (0.07) (0.05)  (0.05) (0.02)
oc=0.2
All shocks 0.47 1.22 0.26 0.65 0.66 0.66 —0.73 —0.76  0.92
(0.06) (0.14) (0.03) (0.08) (0.07) (0.06) (0.06)  (0.07) (0.02)
Only ¢ 0.02 0.05 0.09 0.69 0.69 0.69 —-0.99 099 -1.00
(0.00) (0.00) (0.01)  (0.05) (0.05) (0.05) (0.00) (0.00)  (0.00)
Only z; 0.32 1.16 0.23 0.64 0.64 0.64 —-0.99 —-0.99 1.00
(0.03) (0.12) (0.02)  (0.07) (0.07) (0.07) (0.00)  (0.00) (0.00)
Onlyz;,g1 032 1.16 0.25 0.64 0.64 0.64 —-0.94 —-0.98 091
(0.03) (0.12) (0.03)  (0.07) (0.07) (0.07) (0.02)  (0.00) (0.03)
oc=3
All shocks 0.33 1.39 0.30 0.69 0.67 0.67 —0.53 —0.55 0.94
(0.04) (0.16) (0.03) (0.07) (0.07) (0.06) (0.11)  (0.09) (0.02)
Only ¢1 0.02 0.03 0.09 0.67 0.71 0.69 1.00 —0.96 —0.98
(0.00) (0.00) (0.01)  (0.05) (0.04) (0.05) (0.00)  (0.01)  (0.01)
Only z; 0.23 1.32 0.27 0.68 0.65 0.65 —-0.58 —0.54 1.00
(0.03) (0.14) (0.03)  (0.07) (0.07) (0.07) (0.09)  (0.10) (0.00)
Onlyz;,g1 023 1.32 0.28 0.68 0.65 0.65 —0.52 —0.54 0.93
(0.03) (0.14) (0.03)  (0.07) (0.07) (0.07) 0.09) (0.10)  (0.02)

Import content in government spending 12 percent

All shocks 0.22 1.35 0.25 0.65 0.66 0.66 —0.64 —0.70 0.89
(0.03) (0.16) (0.03)  (0.08) (0.07) (0.06) (0.10)  (0.07)  (0.03)
Only g 0.02 0.03 0.09 0.68 0.70 0.69 1.00 —0.98 —0.99
(0.00) (0.00) (0.01)  (0.05) (0.05) (0.05) (0.00)  (0.01)  (0.00)
Only z; 0.16 1.28 0.21 0.64 0.65 0.62 —0.84 —0.75 0.99
(0.02) (0.14) (0.02)  (0.08) (0.07) (0.07) (0.04)  (0.06)  (0.00)
Onlyz;,g1 0.16 1.29 0.23 0.64 0.65 0.62 —-0.72 —0.74 0.90
(0.02) (0.13) (0.03)  (0.07) (0.07) (0.07) (0.06)  (0.06) (0.03)

Notes: see Table 2.

bias in government spending. Specifically, we consider a low value for the trade
price elasticity 0f0.2 and a high value3. Regarding government spending we
assume in a third experiment that government spending has the same import con-
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Figure C 2:Transmission for alternative model specifications; see Figure 2 Solid line: baseline
specification; diamonds: low trade price elasticity; squares: high trade price elasticity; circles: import
content in government spending.

tent as private spending (12 percent). In tal3lewe report the unconditional and
conditional moments for all specifications, while figuré displays both the un-
conditional (lower right panel) and the conditional ccf. Figare displays the
corresponding impulse responses. Generally, the results are similar to those ob-
tained under the baseline specification of the model. An interesting exception is
the case of a low trade price elasticity. In this case, the correlation of the trade
and the budget balance is negative. As shown by Figixethe reason is that the
trade balance improves in response to a government spending shock: with a low
trade price elasticity and complete financial markets, valuation effects dominate
substitution effects, a possibility discussed in detail ialler [2006].



Table C 3: Moments for alternative fiscal rules
Stand. deviation
(percent) Autocorrelation Correlation
nx y bb nx y bb (nx,bb) (nx,y) (bb,y)
US data 043 1.56 1.09 0.78 0.87 0.80 —0.35 —0.45 0.74

Baseline

All shocks 0.30 1.33 0.28 0.63 0.66 0.67 —-0.70 —-0.73 0.93
(0.04) (0.15) (0.03)  (0.08) (0.07) (0.06) (0.09)  (0.06) (0.02)

Only g; 0.01 0.04 0.09 0.68 0.70 0.69 1.00 —-0.99 —-0.99
(0.00) (0.00) (0.01)  (0.05) (0.05) (0.05) (0.00)  (0.00)  (0.00)

Only z; 0.21 1.27 0.26 0.62 0.65 0.65 —-0.82 —0.79 1.00
(0.02) (0.13) (0.03)  (0.08) (0.07) (0.07) (0.04)  (0.05) (0.00)

Onlyz,g1 021 1.27 0.27 0.62 0.65 0.65 —-0.75 —0.80 0.93
(0.02) (0.13) (0.03)  (0.07) (0.07) (0.07) (0.05)  (0.05) (0.02)

Stronger tax finance = 0.1

All'shocks 0.30 1.35 0.29  0.63 0.67 0.65 —-0.77 —0.74  0.89
(0.04) (0.16) (0.03)  (0.08) (0.07) (0.06) (0.06)  (0.06)  (0.02)
Only g1 0.01 0.04 0.09 0.64 0.77 0.67 0.73 —0.80 —0.89
(0.00) (0.00) (0.01)  (0.05) (0.04) (0.05) (0.04)  (0.09)  (0.02)
Only z; 0.21 1.28 0.26 0.62 0.65 0.63 —-0.95 —-0.81 0.95
(0.02) (0.14) (0.03)  (0.08) (0.07) (0.07) (0.01)  (0.05)  (0.01)
Onlyz,g1 021 1.28 0.28 0.62 0.65 0.63 —0.88 —0.81 0.89
(0.02) (0.14) (0.03)  (0.08) (0.07) (0.07) (0.03)  (0.05)  (0.02)
Stronger tax financeé = 0.3
All'shocks 0.33 1.41 0.27  0.67 0.70 0.54 —-0.73 —0.74 0.71
(0.04) (0.17) (0.03)  (0.08) (0.07) (0.07) (0.05)  (0.06)  (0.04)
Only g 0.01 0.06 0.09 0.87 0.79 0.56 0.08 —0.48 —0.75
(0.00) (0.00) (0.01)  (0.02) (0.03) (0.06) (0.07)  (0.08)  (0.02)
Only z; 0.23 1.34 0.25 0.66 0.68 0.53 —0.97 —-0.80 0.76
(0.02) (0.15) (0.02)  (0.07) (0.07) (0.08) (0.00)  (0.05)  (0.04)
Onlyz;,g1 023 134 026 0.66 0.68 0.53 —-0.91 —-0.80 0.71
(0.03) (0.15) (0.03) (0.07) (0.07) (0.08) (0.02)  (0.05) (0.04)
Stronger tax finance = 1
All'shocks 0.36 1.52 0.23  0.72 0.73 0.04 —0.40 —0.73  0.32
(0.05) (0.19) (0.01)  (0.06) (0.06) (0.09) (0.06)  (0.07)  (0.04)
Only g 0.01 0.07 0.07 0.74 0.58 0.06 0.19 —0.64 —0.68
(0.00) (0.01) (0.00)  (0.04) (0.06) (0.09) (0.05)  (0.04)  (0.03)
Only z; 0.25 144 0.21 071 0.72 0.03 —0.58 —0.80 0.36
(0.03) (0.16) (0.01)  (0.06) (0.06) (0.09) (0.01)  (0.05)  (0.04)
Onlyz,g1 025 1.44 0.23 0.71 0.72 0.04 —0.55 —0.80 0.33
(0.03) (0.17) (0.01) (0.06) (0.06) (0.09) (0.02)  (0.05) (0.04)

Notes: see Table 2.

A second experiment concerns the fiscal rule. Instead of determining the parame-
ter value for the debt elasticity of the tax rate, by matching the autocorrelation

of the budget balance, we consider a range of values. Results are reported in table
C 3 and figure”'3. It turns out that the valug has some bearing on the response
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Figure C 3:Transmission for alternative fiscal rules; see Figure 2 Solid line: baseline specification;
diamondsip = 0.1; squaresyp = 0.3; circles: ¢ = 1.

of the trade balance notably to fiscal shocks: the stronger the response of taxes
to debt, the stronger the fall in investment. Hence, one may actually observe an
increase in the trade balance in the early period after the shock. Overall, however,
the conditional correlations are qualitatively similar to those obtained under the
baseline specification: conditional on spending shocks the contemporaneous cor-
relation of the budget and the trade balance is positive, conditional on technology
shocks it is negative - as is the unconditional correlation.
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