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Roadmap

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

1. Facts
2. Model
3. Calibration

4. Success and failures



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



Stylized facts: closed economy

1. Output is less volatile than consumption (consumer durables?)
» o(c) <o(y)

2. Investment is much more volatile than output
» o(y) x3 = o(x)

3. Output is more volatile than productivity (need amplification)
» 0(z) < o(y) [measure z as Solow residual]

4. Hours worked varies across countries
» Typically, o(¢) < o(y)

5. z,4,c, x are procyclical

» As measured by correlation: e.g. p(z;,y;) > 0



Open economy facts

» What's new? The terms of trade, real exchange rate, and net exports.
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» New moments: cross-country correlations



Stylized facts: open economy

» High levels of comovement
> p(yeyr) > pler,ct) >0
> ol 07), p(xe, X7), p(21,27) > 0

» Relative prices are volatile and persistent
» o(rery) =5 x o(y;)

» p(rery,reri—1) ~ 0.9

» The]/S-curve: p(p;, nxyyi) “lag k of p behind nxy”
» o(pr, nxyeyi) < Owhenk < 2

» p(pr, nxyix) > 0 whenk > 2



J-curve



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. 045 183 292 080 082 080 -022 027 0.03
Median 1.06 153 292 071 074 080 -029 -046 0.03

Std. Deviation rel. to y XC correlation

c X p nx Yy X,y Yi,Y2 C1,C02

US. 045 315 159 025 076 090 070 046




Model

» Two countries i = 1,2, representative agent
» Each country produces an intermediate good
» Intermediates combined to non-traded final good

» Preferences

V(o) = 32 A (s ulei(s'), 4(s"))

t=0 st

» Complete markets (solve the planner problem)



Technology

» Country-specific goods: i =1 getsa
yi(s") = exp(zi(s) ki(s") (")~
» Nontraded final goods (symmetry, home bias)
y=t a1l o

D(ai(s"), bi(s) = (wrm(s) T + (1 —w)7by(s)5 )77

y—1

D(by(s'),m2(s")) = (wiba(s') T + (1 — w)7aa(s")



Resource constraints

» Capital law of motion

ki(s™) = (1 — 0k (s") + xi(s")

» Intermediate goods



Uncertainty

» Productivity and government spending follow AR(1)

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

» ¢ are normal, mean zero, innovations can be correlated

e (s') 0 1 pe
s (] )



Calibration

» Technology: § = 0.025 and a = 0.36

» Utility: u(c,¢) = (1 — o) et (1 - g)(lfu)]lfo'
> (3 =0.99 (interest rate), o = 2 (given), choose y to get /s

» Armington aggregators

1w (m)
P— w b1

» Symmetric steady state hasy; =y, b1 =4, andp =1

» ~ given (estimates range from 0.25-20!)

()=




Shocks

» Estimated from Solow residuals
» a1 = ax»n = 0.906 and a1p = ay; = 0.088
» 0. =0.085and p., = 0.258

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

» Correlations depend on 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

> 9ss/Yss = 0.2
» b11 = bzz =0.95, b12 = b21 =0.0; Og = 0.004



Government spending

» Government steals consumption, borrow to smooth shock
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Government spending

» Not a good theory of the current account
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Business cycle moments

Std. Deviation Autocorrelation Cross correlation
nx y p nx Yy p nx,y nx,p  y,p
US 045 183 292 080 082 0.80 -022 027 0.03
Median 1.06 153 292 071 074 080 -0.29 -0.46 0.03
Models
Bench. 030 138 048 061 063 083 -064 -041 0.49
2shocks 033 133 057 062 0.65 078 -0.57 -0.05
1 good 169 222 - -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 ¢y X,y Yi,Y2 C1,C2
Us 045 315 159 025 076 090 070 046
Benchmark 047 348 035 022 088 093 0.02 077
Small elast 050 3.41 055 027 092 093 0.10 0.68
2 shocks 062 429 045 025 078 0.89 0.0 0.83
1 good 0.31 30.32 0 750 075 0.01 -0.58 046

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

1. Consumption/output anomaly: p(c;, ¢f) > p(yi, yi) in model,
opposite in data.

2. Price volatility: o(p;) much too small in model versus data.

» True for real exchange rates, too

3. Backus-Smith puzzle: In the data p (Alog(rer;), Alog(c:/cf)) ~ 0.

Model predicts positive relationship.

4. Trade co-movement puzzle: In data, p(y:, y;) 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)

o(s") +x(s") + D q(s" se1)b(s' sp41) = r(K(S) + £s)n(s) +b(s" 1)

St41

» Non-contingent bond (market clearing for one b)
o(s") +x(s") +(s")b(s") = r(s")k(s") + £(s")n(s") + b(s'™)
» Financial autarky (trade balance)

c(s") +x(s") = r(sHk(s") + £(s")n(s")
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Parameters taken from other studies

Preferences

Technology

Estimated parameters

Discount factor
Consumption share
Risk aversion

Capital share
Depreciation rate
Import share of i-firms (for calibrating w,)

Productivity transition matrix®

Std. dev. of innovations to productivity
Correlation of innovations to productivity
Elasticity of substitution between
intermediate goods®

p=0.99
uw=0.34
l—y=2
0=0.36
0 =0.025
is =0.15
0.970 0.025

(0.007)  (0.008)

~10.025 0.970
(0.008)  (0.007)

g, = 0.0073 6, = 0.0044
corr(er, &) = 0.290
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(A) Volatilities*

o

% std. M % std. dev.

% std. dev. of y

dev.
Economy y c X n ex im nx ir
US data 1.67 0.81 2.84 0.66 3.94 542 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 output®

correlation between
Economy oy X,y ny ex,y im,y nx,y .y X,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, €1, RIPRY) n,ny P x
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
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Sensitivity to Armington elasticity

Low persistence shocks

p =095

g=0.5 g=1.0 =15
(A) corr(y1,2) — corr(cy, ¢2)
Data 0.22
Complete markets 0.13 —0.13 - 0.30
Bond economy —0.37 —0.14 — 0.18
Financial autarky — 0.08 - 0.29 —0.17
(B) corr(xy, x2)
Data 0.30
Complete markets 0.29 0.14 0.02
Bond economy 0.46 0.14 0.02
Financial autarky 0.66 0.61 0.46
(C) % std. dev. terms of trade (p)
Data 2.99
Complete markets 1.05 0.75 0.57
Bond economy 2.22 0.76 0.49
Financial autarky 5.74 1.41 0.80
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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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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 2.62 112 —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
Ttaly 127 0.93 329 145 -0.27 —0.02 -0.29
Japan 0.67 0.84 253 1.05 —0.40 0.43 —0.14
Netherlands 0.99 0.79 2.87 111 —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 2.65 122 —0.19 —0.19 0.05
UK 1.16 0.79 331 122 —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 = Dom

Exports over Real GDP. All series were logged (except NX) and HP filtered using smoothing parameter of 1600.

» Nominal nx is countercyclical

» Real nx is countercyclical

» Terms of trade is ??

stic Absorption, C = Consumption, I = Investment, TOT = Terms of Trade, NX = Net Exports over GDP, NXQTY = Real Net

» Domestic absorbtion more volatile than output (by definition)
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Standard BKK model
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» Countercyclical nx from terms of trade
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Standard BKK model

BKK Std Dev relative to output Correlation with output
DA C 1 NX TOT NXQTY

Data 112 0.81 276 —0.51 0.12 —041
Benchmark 0.98 0.58 276 —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 0.60 276 —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,

» Real nx is procyclical

» Countercyclical nx from terms of trade

» Real nx driven by consumption that is too smooth

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.
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Increasing consumption volatility

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

(c—ype) ™

u(c, l) = 1

» First order condition implies

Yt =w
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BKK + GHH
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» Real nx is countercyclical

Time in quarters

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

Symmetric BKK with GHH preferences

Std Dev relative to output

Correlation with output

DA C 1 NX TOT NXQTY
Data 112 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

» Model with GHH closer to data
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