
Two-country business cycle models w/production

UW Madison // Fall 2022



Roadmap

▶ Will mostly follow Backus, Kehoe, and Kydland (1994)

1. Facts

2. Model

3. Calibration

4. Success and failures

1



Data

▶ Business cycle analysis focuses on volatility and comovement

▶ Variables are real unless stated otherwise

▶ Log and HP filter data (still a good idea?)

▶ Typical measures

▶ Volatility: standard deviation (percent)

▶ Persistence: autocorrelation

▶ Comovement: correlation
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Stylized facts: closed economy

1. Output is less volatile than consumption (consumer durables?)

▶ σ(c) < σ(y)

2. Investment is much more volatile than output

▶ σ(y)× 3 ≈ σ(x)

3. Output is more volatile than productivity (need amplification)

▶ σ(z) < σ(y) [measure z as Solow residual]

4. Hours worked varies across countries

▶ Typically, σ(ℓ) < σ(y)

5. z, ℓ, c, x are procyclical

▶ As measured by correlation: e.g. ρ(zt, yt) > 0
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Open economy facts

▶ What’s new? The terms of trade, real exchange rate, and net exports.

p =
pm

px

rer =
p∗

p

nxy =
ex − pm × m

y

rxy =
ex − m

y

▶ New moments: cross-country correlations
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Stylized facts: open economy

▶ High levels of comovement

▶ ρ(yt, y∗t ) > ρ(ct, c∗t ) > 0

▶ ρ(ℓt, ℓ
∗
t ), ρ(xt, x∗t ), ρ(zt, z∗t ) > 0

▶ Relative prices are volatile and persistent

▶ σ(rert) ≈ 5 × σ(yt)

▶ ρ(rert, rert−1) ≈ 0.9

▶ The J/S-curve: ρ(pt,nxyt+k) “lag k of p behind nxy”

▶ ρ(pt,nxyt+k) < 0 when k < 2

▶ ρ(pt,nxyt+k) > 0 when k > 2
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J-curve
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Business cycle moments

▶ From BKK (1994), mostly 1950s–1990s

Std. Deviation Autocorrelation Correlation

nx y p nx y p nx, y nx, p y, p

U.S. 0.45 1.83 2.92 0.80 0.82 0.80 –0.22 0.27 0.03
Median 1.06 1.53 2.92 0.71 0.74 0.80 –0.29 –0.46 0.03

Std. Deviation rel. to y XC correlation

c x p nx c, y x, y y1, y2 c1, c2

U.S. 0.45 3.15 1.59 0.25 0.76 0.90 0.70 0.46
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Model

▶ Two countries i = 1, 2, representative agent

▶ Each country produces an intermediate good

▶ Intermediates combined to non-traded final good

▶ Preferences

Vi0(c) =
∑
t=0

∑
st

βtπ(st)u(ci(st), ℓi(st))

▶ Complete markets (solve the planner problem)
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Technology

▶ Country-specific goods: i = 1 gets a

yi(st) = exp(zi(st))ki(st)αℓi(st)1−α

▶ Nontraded final goods (symmetry, home bias)

D(a1(st), b1(st)) = (ω
1
γ a1(st)

γ−1
γ + (1 − ω)

1
γ b1(st)

γ−1
γ )

γ
γ−1

D(b2(st), a2(st)) = (ω
1
γ b2(st)

γ−1
γ + (1 − ω)

1
γ a2(st)

γ−1
γ )

γ
γ−1
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Resource constraints

▶ Capital law of motion

ki(st+1) = (1 − δ)k1(st) + xi(st)

▶ Intermediate goods

a1(st) + a2(st) = exp(z1(st))k1(st)αℓ1(st)1−α

b1(st) + b2(st) = exp(z2(st))k2(st)αℓ2(st)1−α

▶ Domestic absorbtion

c1(st) + x1(st) + g1(st) = D(a1(st), b1(st))

c2(st) + x2(st) + g2(st) = D(b2(st), a2(st))
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Uncertainty

▶ Productivity and government spending follow AR(1)

z(st) = Az(st−1) + ϵz(st)

g(st) = Bg(st−1) + ϵg(st)

▶ A and B can have non-zero off diagonal terms

▶ ϵ are normal, mean zero, innovations can be correlated[
ϵ1

z(st)

ϵ2
z(st)

]
∼ N

([
0
0

]
, σ2

ϵz

[
1 ρϵz

ρϵz 1

])
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Calibration

▶ Technology: δ = 0.025 and α = 0.36

▶ Utility: u(c, ℓ) = (1 − σ)−1[cµ(1 − ℓ)(1−µ)]1−σ

▶ β = 0.99 (interest rate), σ = 2 (given), choose µ to get ℓss

▶ Armington aggregators

p =
1 − ω

ω

(
a1

b1

) 1
γ

▶ Symmetric steady state has y1 = y2, b1 = a2 and p = 1

▶ γ given (estimates range from 0.25–20!)(
ω

1 − ω

)
=

1 − m/y
m/y
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Shocks

▶ Estimated from Solow residuals

▶ a11 = a22 = 0.906 and a12 = a21 = 0.088

▶ σϵz = 0.085 and ρϵz = 0.258

▶ Early literature focused on spillovers (technology diffusion?)
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J/S-curve

Cross-correlation of NXY and terms of trade
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J/S-curve

▶ Correlations depend on elasticity of substitution

Cross-correlation of NXY and terms of trade

Strength of effect closely tied to elasticity of substitution
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Demand shocks: government spending

▶ The twin deficits used to be an issue (1980s, 2000s)

▶ Calibrate government spending process

▶ gss/yss = 0.2

▶ b11 = b22 = 0.95, b12 = b21 = 0.0; σg = 0.004
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Government spending

▶ Government steals consumption, borrow to smooth shockImpulse Response Government Shock
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Government spending

▶ Not a good theory of the current account
Cross-correlation of NXY and terms of trade
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Business cycle moments

Std. Deviation Autocorrelation Cross correlation

nx y p nx y p nx, y nx, p y, p

US 0.45 1.83 2.92 0.80 0.82 0.80 -0.22 0.27 0.03
Median 1.06 1.53 2.92 0.71 0.74 0.80 -0.29 -0.46 0.03

Models

Bench. 0.30 1.38 0.48 0.61 0.63 0.83 -0.64 -0.41 0.49
2 shocks 0.33 1.33 0.57 0.62 0.65 0.78 -0.57 -0.05
1 good 16.9 2.22 - -0.10 0.76 - 0.10 - -

▶ y and p are not volatile enough

▶ nx is too counter-cyclical

▶ p is too pro-cyclical
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Business cycle moments

Std. Deviation rel. to y XC correlation

c x p nx c, y x, y y1, y2 c1, c2

US 0.45 3.15 1.59 0.25 0.76 0.90 0.70 0.46
Benchmark 0.47 3.48 0.35 0.22 0.88 0.93 0.02 0.77
Small elast 0.50 3.41 0.55 0.27 0.92 0.93 0.10 0.68
2 shocks 0.62 4.29 0.45 0.25 0.78 0.89 0.0 0.83
1 good 0.31 30.32 0 7.50 0.75 0.01 -0.58 0.46

▶ Consumption too correlated, output not correlated enough
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International business cycle puzzles

1. Consumption/output anomaly: ρ(ct, c∗t ) > ρ(yt, y∗
t ) in model,

opposite in data.

2. Price volatility: σ(pt) much too small in model versus data.

▶ True for real exchange rates, too

3. Backus-Smith puzzle: In the data ρ (∆log(rert),∆log(ct/c∗t )) ≈ 0.

Model predicts positive relationship.

4. Trade co-movement puzzle: In data, ρ(yt, y∗t ) is larger when trade

between the two countries is larger. Much weaker relationship in the

model.
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From here. . .

▶ Backus-Kehoe-Kydland (AER 94): canonical international RBC

▶ Heathcote-Perri (JME 02): incomplete markets

▶ Raffo (JIE 08): quasi-linear preferences

▶ Alessandria-Choi (QJE 07), Ghironi-Melitz (QJE 05): hetero. firms

▶ Stockman-Tesar (AER 95): nontraded goods and preference shocks

▶ Backus-Crucini (JIE 00): oil

▶ Corsetti-Pesenti (QJE 01): new Keynesian IRBC

▶ Kose-Yi (JIE 06), Burstein-Kurz-Tesar (JME 08): trade and business

cycle synchronization
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Heathcote and Perri (JME 2002)

▶ “Financial autarky and international business cycles”

▶ Idea: Compute two-country, two-good model with different

assumptions about financial markets

1. Complete markets

2. Non-contingent bond

3. No asset trade

▶ Which matches the data the best?
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Home country budget constraints

▶ Complete markets (market clearing for each b)

c(st)+ x(st)+
∑
st+1

q(st, st+1)b(st, st+1) = r(st)k(st)+ ℓ(st)n(st)+ b(st−1, st)

▶ Non-contingent bond (market clearing for one b)

c(st) + x(st) + q(st)b(st) = r(st)k(st) + ℓ(st)n(st) + b(st−1)

▶ Financial autarky (trade balance)

c(st) + x(st) = r(st)k(st) + ℓ(st)n(st)
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trade balance and of international relative prices have little effect on the dynamics of
macroeconomic aggregates.
Functional forms and most parameter values are taken directly from BKK (1995).

However, Pakko (1997) and Arvanitis and Mikkola (1996) show that the elasticity of
substitution between the traded goods is a key parameter in this class of models,
while Baxter and Crucini illustrate how the specification of the forcing process for
the productivity shocks can affect the role of asset markets. We therefore describe
our strategy for selecting values for these parameters.

3.1. Estimating the process for productivity

To estimate the process for productivity shocks we need productivity sequences
for the US and the rest of the world. Since quarterly data on the capital stock are not

Table 1

Benchmark parameters (period ¼ 1 quarter)

Parameters taken from other studies

Preferences Discount factor b ¼ 0:99
Consumption share m ¼ 0:34
Risk aversion 1� g ¼ 2

Technology Capital share y ¼ 0:36
Depreciation rate d ¼ 0:025
Import share of i-firms (for calibrating o1) is ¼ 0:15

Estimated parameters

Productivity transition matrixa A ¼
0:970
ð0:007Þ

0:025
ð0:008Þ

0:025
ð0:008Þ

0:970
ð0:007Þ

24 35
Std. dev. of innovations to productivity se1 ¼ 0:0073 se2 ¼ 0:0044
Correlation of innovations to productivity corrðe1; e2Þ ¼ 0:290
Elasticity of substitution between s ¼ 0:90

ð0:12Þ
intermediate goodsb

The sample for the data series used to estimate s (the elasticity of substitution between goods a and b) and

the elements of the matrices A and V (which define the productivity process) is 1973.1–1998.4.
aEstimating equation for productivity shock process:

z1;t

z2;t

" #
¼

A1;1 A1;2

A2;1 A2;2

" #
z1;t�1

z2;t�1

" #
þ

e1;t
e2;t

" #
;

e1;t
e2;t

" #
¼ Nð0;SÞ

Estimates for the elements of A and S are obtained using the seemingly unrelated regression procedure

(SURE). Symmetry is imposed at the estimation stage. Standard errors are in parentheses. When we

simulate the model economy, we set se1 ¼ se2 ¼ 0:0073:
bEstimating equation for elasticity of substitution between a and b:

#rxt ¼
ð2s � 1Þ

1þ 2sðs� 1Þ
2s � 1

1� s

� �
nxt

yt

þ #y1;t � #y2;t

� 
þ Zt; s ¼ 0:897

Zt is a normally distributed disturbance capturing measurement error and non-modeled shocks. The

estimate for s is obtained using ordinary least squares and the delta method. The Newey–West

heteroskedasticity-consistent standard error is in parentheses. The R2 of the regression is 0.38.

J. Heathcote, F. Perri / Journal of Monetary Economics 49 (2002) 601–627608
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Table 2

Model results (benchmark parameters)

(A) Volatilitiesa

% std.

dev.

% std: dev:

% std: dev: of y
% std. dev.

Economy y c x n ex im nx ir

US data 1.67 0.81 2.84 0.66 3.94 5.42 0.45 4.07

Complete markets 1.21 0.53 2.74 0.31 0.99 0.99 0.20 0.70

Bond economy 1.21 0.52 2.73 0.32 0.96 0.96 0.19 0.76

Financial autarky 1.18 0.51 2.04 0.28 1.29 1.18 0.00 1.51

(B) Correlations with outputb

correlation between

Economy c; y x; y n; y ex; y im; y nx; y p; y rx; y

US data 0.86 0.95 0.87 0.32 0.81 � 0.49 � 0.24 0.13

Complete markets 0.96 0.96 0.97 0.55 0.89 � 0.64 0.65 0.65

Bond economy 0.95 0.96 0.97 0.59 0.86 � 0.65 0.65 0.65

Financial autarky 0.92 0.99 0.99 1.00 0.15 0.00 0.65 0.65

(C) Cross country correlations and international relative price volatility

correlation between % std. dev.

Economy y1; y2 c1; c2 x1; x2 n1; n2 p rx

Data 0.58 0.36 0.30 0.42 2.99 3.73

Complete markets 0.18 0.65 0.29 0.14 0.78 0.55

Bond economy 0.17 0.68 0.29 0.17 0.84 0.59

Financial autarky 0.24 0.85 0.35 0.14 1.68 1.18

The data statistics in tables for panels (A) and (B) are calculated from US time series for the period 1973.1

1998.4. The data statistics for panel (C) refer to the correlation of US series with series for an aggregate of the

rest of the world for the period 1973.1 1998.4 (see Appendix B for details). All series have been logged (except

net exports) and Hodrick–Prescott filtered with a smoothing parameter of 1600. The statistics from the

model are the averages of 100 simulations each 104 periods long. Standard errors are available upon request.
ay ¼ GDP; c ¼ consumption; x ¼ investment; n ¼ employment; ex ¼ a2 ¼ exports; im ¼ b1 ¼

imports; nx ¼ ratio of net exports to GDP and ir ¼ ratio of real imports to real domestic non exported

output.
bp ¼ terms of trade; rx ¼ real exchange rate.

J. Heathcote, F. Perri / Journal of Monetary Economics 49 (2002) 601–627 611
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(see Eq. (20)). However, complementarity between intermediate goods in the
technology for producing the consumption/investment good implies that is costly
to deviate from the steady state mix of the two intermediate inputs or, equivalently,
for deviating from the steady state terms of trade. Thus it is optimal to write
contracts such that following a positive productivity shock in country 1, intermediate
goods consumption is diverted to country 1, which is biased towards the now
relatively plentiful good a: Part of the trade deficit that country 1 runs following the

Fig. 4. Impulse responses for 1% productivity shock in country 1. Productivity, output and consumption.

J. Heathcote, F. Perri / Journal of Monetary Economics 49 (2002) 601–627 617
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shock can therefore be understood as a way to sustain productive efficiency when the
world is characterized by home bias and complementarities in traded goods
consumption.13 This explains why increases in output and in the trade deficit have
offsetting effects on the terms of trade in Eq. (25).

Fig. 5. Impulse responses for 1% productivity shock in country 1. Investment and trade variables.

13As an extreme example, suppose that the steady state ratio of intermediate goods used in country 1 is

two units of good a per unit of good b: Assume that country two is symmetric with a similar bias towards

J. Heathcote, F. Perri / Journal of Monetary Economics 49 (2002) 601–627618
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Sensitivity to Armington elasticity

5.1. Benchmark parameterization

5.1.1. Complete markets

Figs. 4 and 5 show that when markets are complete, a positive productivity shock
in country 1 leads to an increase in domestic investment and output, and a fall in
foreign investment and output.12 Since country-specific risks are perfectly insured,
consumption rises in both countries. However, the increase in domestic investment is
larger than the increase in foreign consumption, and country 1’s trade deficit widens.
Backus, Kehoe and Kydland describe these responses as a tendency to ‘‘make hay
where the sun shines’’ (BKK, 1995, p.340), meaning that a trade deficit is the result
of shifting resources to invest in the temporarily more productive location.
In a world in which there is home bias in consumption, there is an additional

reason why a trade deficit occurs. Ceteris paribus, an increase in productivity in
country 1 leads to an increase in the world supply of good a relative to good b:
Abstracting from movements in the trade balance, an increase in output of good a

will imply an increase in the terms of trade, since good b becomes relatively scarcer

Table 3

Varying shock persistence and degree of substitutability—no spill-overs

Low persistence shocks Unit root shocks

r ¼ 0:95 r ¼ 1:0
s ¼ 0:5 s ¼ 1:0 s ¼ 1:5 s ¼ 0:5 s ¼ 1:0 s ¼ 1:5

(A) corrðy1; y2Þ � corrðc1; c2Þ
Data 0.22

Complete markets 0.13 � 0.13 � 0.30 0.08 � 0.32 � 0.56

Bond economy � 0.37 � 0.14 � 0.18 � 0.14 � 0.22 0.02

Financial autarky � 0.08 � 0.29 � 0.17 � 0.12 � 0.31 � 0.17

(B) corrðx1; x2Þ
Data 0.30

Complete markets 0.29 0.14 0.02 0.75 0.21 � 0.17

Bond economy 0.46 0.14 0.02 0.44 0.19 � 0.13

Financial autarky 0.66 0.61 0.46 0.39 0.55 0.41

(C) % std. dev. terms of trade (p)

Data 2.99

Complete markets 1.05 0.75 0.57 1.57 1.05 0.73

Bond economy 2.22 0.76 0.49 6.32 0.89 0.27

Financial autarky 5.74 1.41 0.80 6.41 1.27 0.70

The data statistics for international correlations refer to the correlation of US series with series for an

aggregate of the rest of the world for the period 1973.1 1998.4 (see Appendix B for details). All series have

been logged and Hodrick–Prescott filtered with a smoothing parameter of 1600. The statistics from the

model are the averages of 100 simulations each 104 periods long. Standard errors are available upon

request.

12 Impulse responses for employment are not shown, but look very similar to those for investment.

J. Heathcote, F. Perri / Journal of Monetary Economics 49 (2002) 601–627616
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Raffo (JIE 2008)

▶ “Net exports, consumption volatility, and international business cycle

models”

▶ Idea: Why are (nominal) net exports countercyclical?

▶ Real net exports are countercyclical

▶ Terms of trade are acyclical (?)

▶ How does the benchmark model do in this regard?

▶ How can models better match data?
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Table 2 reports, for most OECD countries, international business cycle statistics of interest for the analysis. The first
four columns present the standard deviation of consumption (C), government expenditure (G), investment (I) and
domestic absorption (DA) relative to the standard deviation of output. The remaining three columns show the
correlation of net exports over GDP (NX), the terms of trade (TOT) and real net exports over GDP (NXQTY) with
output. This last variable is constructed using exports, imports and output measured at constant prices and can be
interpreted as a proxy for the real net trade of goods and services between countries.

Table 1
Correlation between net exports and output

Developed economies Emerging economies

Australia −0.36 Argentina −0.89
Belgium −0.18 Brazil −0.03
Canada −0.17 Ecuador −0.79
Finland −0.27 Israel 0.12
France −0.41 Korea −0.86
Germany −0.07 Malaysia −0.74
Greece −0.39 Mexico −0.87
Italy −0.27 Peru −0.24
Japan −0.40 Philippines −0.40
Netherlands −0.15 Slovak Republic −0.44
Norway −0.01 South Africa −0.54
Spain −0.38 Thailand −0.83
Sweden −0.04 Turkey −0.69
Switzerland −0.21
US −0.49
UK −0.52
EU-15 −0.54

Average −0.40
Median −0.39

Note. Developed economies: data from OECD–QNA (1980:1–2004:2). Emerging economies: see Aguiar and Gopinath (2004). Series were filtered
using HP filter with smoothing parameter of 1600.

Table 2
Business cycles statistics

Country Std Dev relative to output Correlation with output

C G I DA NX TOT NXQTY

Australia 0.67 1.04 3.44 1.35 −0.36 −0.18 −0.40
Belgium 0.75 0.94 3.46 1.16 −0.18 −0.18 −0.05
Canada 0.77 0.62 2.62 1.12 −0.17 −0.22 −0.19
Finland 0.93 0.63 3.16 1.48 −0.27 −0.28 −0.46
France 0.82 0.78 2.85 1.07 −0.41 0.30 −0.18
Germany 0.85 0.90 2.08 1.05 −0.07 0.41 0.23
Italy 1.27 0.93 3.29 1.45 −0.27 −0.02 −0.29
Japan 0.67 0.84 2.53 1.05 −0.40 0.43 −0.14
Netherlands 0.99 0.79 2.87 1.11 −0.15 0.11 −0.14
Spain 1.03 1.21 3.48 1.69 −0.38 −0.06 −0.59
Sweden 1.08 0.87 3.68 1.03 −0.04 −0.28 −0.26
Switzerland 0.58 1.16 2.65 1.22 −0.19 −0.19 0.05
UK 1.16 0.79 3.31 1.22 −0.52 0.35 −0.32
US 0.74 0.68 2.74 1.05 −0.49 0.08 −0.44
EU-15 0.89 0.53 2.79 1.19 −0.54 0.16 −0.38

Average 0.88 0.85 3.00 1.21 −0.30 0.08 −0.24
Median 0.85 0.84 2.87 1.12 −0.27 0.11 −0.26

Note. DA = Domestic Absorption, C = Consumption, I = Investment, TOT = Terms of Trade, NX = Net Exports over GDP, NXQTY = Real Net
Exports over Real GDP. All series were logged (except NX) and HP filtered using smoothing parameter of 1600.

16 A. Raffo / Journal of International Economics 75 (2008) 14–29

▶ Nominal nx is countercyclical

▶ Real nx is countercyclical

▶ Terms of trade is ??

▶ Domestic absorbtion more volatile than output (by definition)
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Standard BKK model

Fig. 1 decomposes the dynamics of net exports into changes in quantities (NXQTY) and terms of trade effect (TOT).
The linearized version of the trade balance provides the mechanics of this decomposition5:

bnx ¼ im ba�bb� btoth i
ð15Þ

where btot represents changes in the terms of trade and the first component (ab−bb) is obtained from the linearization of
net exports evaluated at steady state prices, that is

bnxqty ¼ im ba� bbh i
: ð16Þ

As shown in the figure, the model does indeed generate countercyclical trade balance (NX starts from below zero),
as originally argued in Backus et al. (1994). However, this result is entirely due to the strong reaction of the terms of
trade. The impulse response of the actual net trade in goods (NXQTY), instead, starts from around zero and stays in the
positive region. The intuition for this result is straightforward: positive productivity shocks increase domestic output
relative to foreign output, but agents consume a bundle of the two intermediates. When countries trade intermediates in
the international market, the relative scarcity of country 2 good is reflected by an increase of the terms of trade.
Consequently, net exports become negative during booms because the value of imports increases relative to the value
exports. As for quantities, country 1 is exporting more than importing, which is in contrast with the evidence reported
in Table 2.

An alternative interpretation on this failure can be obtained from the response of domestic absorption relative to
output to productivity shocks (bottom right panel in Fig. 1). In the data, countercyclical net exports are associated with
domestic absorption being more volatile than output. The impulse response of domestic absorption, however, is below
the impulse response of output, which suggests that the model cannot reproduce this property of the data.

Fig. 1. BKK: Impulse response for 1% productivity shock in country 1. Trade variables.

5 See Appendix A for a full derivation of Eqs. (15) and (16). The term im refers to the import share.

20 A. Raffo / Journal of International Economics 75 (2008) 14–29

▶ Real nx is procyclical

▶ Countercyclical nx from terms of trade
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Standard BKK model

4.2. Model simulations

Table 4 reports the statistics for the variables of interest generated by simulating theoretical economies under a wide
range of parameters6.

The first row presents the data. Given the symmetry assumed in the parametrization and in the estimation of the
productivity process, empirical moments are averages of the U.S. and the E.U. statistics. Net exports are counter-
cyclical with a correlation with output of −0.51, which is associated with domestic absorption being more volatile than
output (1.12). The correlation with output of the terms of trade is close to zero (0.12). The volatility of consumption
relative to the volatility of output is 0.81, which denotes a substantial degree of cyclical variability. Investment is
somewhat less than three times as volatile as output (2.76).

The second row reports the findings for the standard BKK model with complete asset markets. Net exports are
indeed negatively correlated with output (−0.50), but the driving force behind this result is the strong terms of trade
effect generated by the change in the relative scarcity of goods across countries. Positive productivity shocks at home
increase the production of home goods thus reducing its international value. The subsequent worsening of the terms of
trade makes foreign goods more expensive than home goods, generating a negative trade balance mainly because of
price effect. However, the net flow of goods between countries is procyclical (the correlation between NXQTY and
output is 0.39). This mechanism is at stark contrast with the data, where expansions are associated with imports
exceeding exports.

Our previous discussion provides directions to understand why the model is not consistent with the data: the
volatility of domestic spending generated by the model is lower than the volatility of output7. This finding is also
counterfactual. Provided that we are replicating the volatility of investment observed in the data, these results altogether
indicate that the model suffers from excessive smoothness in consumption.

The response of the terms of trade to productivity shocks depends critically on the elasticity of substitution between
intermediates. The row “Large Elasticity” shows the results for the case in which this elasticity takes value of 2.5
(instead of 1.5 as in the benchmark case). Higher substitution between intermediates translates into lower response of
the terms of trade. At this value, net exports are already procyclical. In the limiting case of perfect substitute
intermediates, this economy resembles a one-good economy and net exports are systematically procyclical (results are
not reported for convenience). Notice that the latter finding is essentially a restatement of one of the findings presented
in Backus et al. (1995). In their one-good version of the international business cycle model, Backus et al. (1995) obtain
acyclical net exports despite investment being ten times more volatile than output. In my simulations of the one-good
environment, I reproduce the volatility of investment observed in the data and obtain procyclical net exports.

Table 4
Properties of theoretical economies

BKK Std Dev relative to output Correlation with output

DA C I NX TOT NXQTY

Data 1.12 0.81 2.76 −0.51 0.12 −0.41
Benchmark 0.98 0.58 2.76 −0.50 0.64 0.39
Large elasticity 0.95 0.56 2.76 0.26 0.64 0.50
Two shocks 0.96 0.71 2.76 −0.35 0.67 0.49
Bond economy 0.98 0.60 2.76 −0.53 0.63 0.32
Bond economy BC 0.99 0.62 2.76 −0.51 0.66 0.15
Bond economy CDL 1.02 0.65 2.76 −0.59 0.57 −0.19

Note. DA = Domestic Absorption, C = Consumption, I = Investment, TOT = Terms of Trade, NX = Net Exports over GDP, NXQTY = Real Net
Exports over Real GDP. Statistics for the model refer to averages of 100 simulations of length 100 quarters after applying HP filter (smoothing
parameter equal to 1600). In all simulations, capital adjustment costs are included to reproduce the volatility of investment relative to output.

6 Moments for the model are calculated as averages of 100 simulations of series of length 100 periods. HP filter with smoothing parameter of
1600 is applied before computing each statistics.
7 Notice that despite Cov(Y, NX)b0, we obtain that Var(DA)bVar(Y), which seems to contradict the logic presented throughput the paper. This

discrepancy is due to the fact that moments for aggregate series are calculated at constant prices, hence they do not take into account changes in the
price of consumption relative to output. This price effect is the domestic counterpart of the terms of trade effect read in the dynamics of net exports.
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▶ Real nx is procyclical

▶ Countercyclical nx from terms of trade

▶ Real nx driven by consumption that is too smooth

35



Increasing consumption volatility

▶ Quasi-linear preferences (GHH (1988) preferences)

u(c, ℓ) =
(c − ψℓν)

1−γ

1 − γ

▶ First order condition implies

ψνℓν−1 = w
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BKK + GHH

Fig. 2 reports the impulse responses for the trade variables in country 1 after a positive productivity shock. The top
panels illustrates that net exports are countercyclical and the terms of trade procyclical. However, with GHH
preferences net exports are countercyclical because of changes in the net trade of goods (NXQTY). Contrary to the case
with isoelastic preferences, domestic absorption (bottom right panel) responds much more than output to productivity
shocks: the ratio between the impact coefficients of domestic absorption and output is around 1.11 under GHH
preferences, while 0.97 with isoelastic preferences. Given that the response of investment is kept constant across
experiments (though in a unconditional sense), the larger response of domestic absorption to productivity shocks must
originate from consumption.

Simulations confirm this intuition. Table 5 compares the performance of the BKK model under isoelastic and GHH
preferences. The first striking difference is the increase in the volatility of domestic absorption relative to the
benchmark case. Under GHH preferences, the volatility of domestic spending is indeed greater than output volatility, as
in the data. This effect is due to the increase in consumption volatility relative to output volatility.

Net exports are countercyclical, but with GHH preferences the net flow of goods across countries (NXQTY) is also
countercyclical, as in the data. This result confirms that countercyclical net exports reflect a quantitatively strong
association between consumption and imports.

Fig. 2. BKK with GHH preferences: Impulse response for 1% productivity shock in country 1.

Table 5
Symmetric BKK with GHH preferences

Std Dev relative to output Correlation with output

DA C I NX TOT NXQTY

Data 1.12 0.81 2.76 −0.51 0.12 −0.41
BKK 0.98 0.58 2.76 −0.50 0.64 0.39
GHH 1.09 0.79 2.76 −0.51 0.43 −0.44

Note. See note Table 4.
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▶ Real nx is countercyclical

▶ Terms of trade still procyclical, but dampened
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BKK + GHH

Fig. 2 reports the impulse responses for the trade variables in country 1 after a positive productivity shock. The top
panels illustrates that net exports are countercyclical and the terms of trade procyclical. However, with GHH
preferences net exports are countercyclical because of changes in the net trade of goods (NXQTY). Contrary to the case
with isoelastic preferences, domestic absorption (bottom right panel) responds much more than output to productivity
shocks: the ratio between the impact coefficients of domestic absorption and output is around 1.11 under GHH
preferences, while 0.97 with isoelastic preferences. Given that the response of investment is kept constant across
experiments (though in a unconditional sense), the larger response of domestic absorption to productivity shocks must
originate from consumption.

Simulations confirm this intuition. Table 5 compares the performance of the BKK model under isoelastic and GHH
preferences. The first striking difference is the increase in the volatility of domestic absorption relative to the
benchmark case. Under GHH preferences, the volatility of domestic spending is indeed greater than output volatility, as
in the data. This effect is due to the increase in consumption volatility relative to output volatility.

Net exports are countercyclical, but with GHH preferences the net flow of goods across countries (NXQTY) is also
countercyclical, as in the data. This result confirms that countercyclical net exports reflect a quantitatively strong
association between consumption and imports.

Fig. 2. BKK with GHH preferences: Impulse response for 1% productivity shock in country 1.

Table 5
Symmetric BKK with GHH preferences

Std Dev relative to output Correlation with output

DA C I NX TOT NXQTY

Data 1.12 0.81 2.76 −0.51 0.12 −0.41
BKK 0.98 0.58 2.76 −0.50 0.64 0.39
GHH 1.09 0.79 2.76 −0.51 0.43 −0.44

Note. See note Table 4.
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▶ Model with GHH closer to data
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