




Table 3: Returns of Corporate Bond Portfolios (in Annualized Percent)

This table reports the return statistics of corporate bond sub-portfolios. The portfolios are divided
by years left to maturity and by industry. The table shows both annualized means and standard
deviation of the return series in percent. For Australia, not enough long term bonds are available
for the sample period and therefore is not reported.

AUS CAN EMU JPN UK US

All Corporates 4.62 6.29 5.02 5.58 5.05 6.17
Stdev 2.49 3.73 2.96 2.01 4.47 5.42

By Maturity:
Short (3-5 Years) 4.79 6.03 4.89 5.60 4.61 5.69
Stdev 3.04 2.83 2.51 2.09 2.70 3.68

Intermediate (5-10 Years) 4.87 6.36 5.32 6.76 5.02 6.14
Stdev 4.53 3.97 3.79 3.68 4.13 5.90

Long (10+ Years) N/A 6.91 6.13 8.18 5.82 7.11
Stdev N/A 6.54 5.68 6.63 6.75 9.40

By Industry:
Industrials 4.55 6.24 4.88 6.12 5.21 6.17
Stdev 2.76 4.11 3.19 2.67 4.66 5.74

Financials 4.52 5.94 4.94 5.26 4.55 6.00
Stdev 2.29 2.88 2.96 1.75 3.72 5.07
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Table 4: Monthly Return Correlation

This table reports the pairwise monthly correlation across the investment grade bond portfolios. In
comparison, the table shows the equity correlations, which are consistently higher than the bond
correlations. Since equity returns is not available for pan Europe, I use the MSCI Germany equity
series as a proxy. These correlations are computed using the hedged return series for the two asset
markets.

AUS CAN EUR JPN UK US

Investment Grade Corporate Bonds
AUS 1.00 0.43 0.59 0.20 0.42 0.36
CAN 1.00 0.72 0.11 0.60 0.78
EUR 1.00 0.11 0.66 0.70
JPN 1.00 0.07 0.16
UK 1.00 0.63

Equity
AUS 1.00 0.65 0.66 0.61 0.72 0.69
CAN 1.00 0.68 0.57 0.69 0.80
GER* 1.00 0.52 0.79 0.79
JPN 1.00 0.54 0.54
UK 1.00 0.79
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Table 5: Pairwise Portfolio Efficiency Gain: Foreign Corporate Bonds on US Bench-
mark

This table shows the results of the monthly excess return regression in Equation 2.4. Individual
country’s corporate bond portfolio is tested individually against the US benchmark of equity and
bond portfolios. ”Alpha” is the estimate of the regression intercept, which represents the gain in
portfolio Sharpe ratio of including the foreign bond portfolio. For ease, I also report the annualized
Sharpe ratio gain in percent. The symbol * indicates I can reject the null of parameter constancy
at 10%, and **, at 5%. Further, the sample period for AUS (2000-2008), EMU (1999-2008) are
shorten due to data availability.

AUS CAN EMU JPN UK

Alpha 0.0006 0.0009 0.0003 0.0015 -0.0004
t-Stat 1.02 1.50 0.58 3.25** -0.42
Gain in Annualized % 0.72 0.98 0.36 1.80 -0.48
Mktrf -0.0500 0.0309 -0.0107 -0.0142 0.0559
t-Stat -3.24** 2.00** -0.71 -1.14 2.46**
SMB 0.0258 0.0352 0.0082 0.0112 0.0282
t-Stat 1.65 2.26** 0.55 0.90 1.23
HML -0.0311 0.0182 0.0238 0.0245 0.0714
t-Stat -1.66* 0.96 1.34 1.61 2.56**
TERM 0.0733 0.0670 0.0715 0.0076 0.0846
t-Stat 2.74** 2.30** 2.70** 0.33 1.98**
DEF 0.0507 0.4057 0.2631 0.0472 0.3458
t-Stat 0.87 6.29** 4.52** 0.91 3.65**
Adj R2 0.36 0.62 0.55 0.04 0.42

Table 6: Tangency Portfolio Weights: Pairwise with US Benchmark

Corresponding to the portfolio Sharpe ratio gains are mean variance efficient portfolio weights. This
table reports the implied efficient portfolio holdings in the foreign corporate bond portfolio and
the US benchmark portfolios. Following Britten-Jones(1999), the table also shows the t-statistics
of the estimated weight in foreign corporate bonds. The t-statistic tests if the estimated weight is
statistically different from zero. The symbol * indicates I can reject the null of parameter constancy
at 10%, and **, at 5%. Further, the sample period for AUS (2000-2008), EMU (1999-2008) are
shortened due to data availability.

AUS CAN EMU JPN UK

Foreign Corp Bond 0.46 0.79 0.42 0.81** -0.26
t-Stat 1.02 1.50 0.58 3.25** -0.42
Mktrf 0.05 0.11 0.04 0.06 0.24
smb 0.17** 0.12 0.26** 0.05 0.27
hml 0.28** 0.25** 0.30** 0.08* 0.47**
TERM 0.15 0.23 0.17 0.10 0.51
DEF -0.11 -0.50 -0.19 -0.11 -0.22
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Table 7: Bayesian Portfolio Weights: varying prior variance σ2
α

This table reports the Bayesian portfolio weights that accounts for estimation risk. The prior vari-
ance represents the parameter uncertainty around the alpha parameter in the regression Equation
2.4. The prior mean on alpha is centered around zero with a varying prior uncertainty. With
1% prior uncertainty on alpha being different from zero, the optimal posterior portfolio weight
in the Australian corporate bond index is 37%, when considering an optimal portfolio of 5 US
benchmark assets and the Australian corporate bond index. Only countries with a positive and
statistically insignificant alpha from Table 5 are considered for this analysis. Portfolio weights in
the US benchmark portfolio are suppressed from the table.

Prior Variance: in Annual Percent
0% 1% 2% 3% 10% MV

AUS Corp Bonds 0 0.37 0.42 0.43 0.44 0.46

CAN Corp Bonds 0 0.57 0.67 0.70 0.73 0.79

EMU Corp Bonds 0 0.25 0.34 0.37 0.40 0.42
Pastor (2000)
MSCI WXUS (70-96) 0 0.07 0.21 0.30 0.45 0.47

Table 8: Joint Test by Maturity and Industry Portfolios

This table reports the F-statistic and corresponding p-value from the hypothesis test that all
intercept coefficients in Equation 2.4 are jointly zero. A p-value of greater than 0.05 implies that
the corporate bond portfolios are jointly significant at the 5% level. In addition, this table shows
the joint test of sub-portfolios that are partitioned by time left to maturity and industry.

All Short Long Ind Fin

F-Stat 3.63 4.10 1.21 2.97 4.22
pvalue 0.02 0.01 0.37 0.04 0.01
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Table 9: MV Portfolio Weights: All Countries with US Benchmark

This table shows the portfolio weights implied by the tangency portfolio when all foreign corporate
bond portfolios are added to the US benchmark portfolios. The table shows that when all countries
are included with the 5 US benchmark assets, an optimal portfolio weight in Japan is 69% and in
UK is -22%. The symbol * indicates a rejection of the null at the 10% level, and **, at 5%. Further,
the sample period for AUS (2000-2008), EMU (1999-2008) are shorten due to data availability.

AUS CAN EMU JPN UK

ALL Country Portfolio against US Benchmark
Corp IG 0.13 0.14 0.14 0.69** -0.22**
t-Stat 0.94 1.16 0.87 3.29** -2.66**

Britten-Jones: Equities
MSCI (77-96) 0.13 -0.45 -0.18 0.06 0.33
t-Stat 0.54 -1.16 -0.51 0.24 1.01

Table 10: Minimum Variance Portfolio Weights: Pairwise with US Benchmark

This table shows the portfolio weights implied by the minimum variance portfolio when each foreign
bond portfolio is added individually to the US benchmark portfolios. The table also reports the
in sample annualized standard deviation of the minimum variance portfolio of the US benchmark
versus of the US benchmark plus the foreign corporate bond portfolio. The symbol * indicates I
can reject the null of parameter constancy at 10%, and **, at 5%. Further, the sample period for
AUS (2000-2008), EMU (1999-2008) are shorten due to data availability.

AUS CAN EMU JPN UK

MV Portfolio Weight: in %
Foreign 87.1 86.7 102.0 87.5 48.7
tStat 20.90** 9.28** 14.71** 24.10** 5.91**
mktrf 5.4 0.0 2.9 2.1 0.7
smb 0.8 5.4** 4.2** 1.7 9.6**
hml 7.1** 11.0** 4.7** 1.8 12.8**
TERM -7.4** -12.7** -10.6** -2.8 -13.1**
DEF 7.1 9.7 -3.2 9.8** 41.2**

MV Portfolio Stdev: in Annualized %
AUS CAN EMU JPN UK

US Benchmark 4.05 4.05 4.05 4.05 4.05
US Benchmark plus foreign 1.87 3.18 2.50 1.77 3.62
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Table 12: Bayesian MV Portfolio Weights with Yankees in US Benchmark

This table compares the results of the Bayesian portfolio holding of foreign corporate bonds for the
US benchmark with and without Yankee bonds. The second row of each country portfolio is taken
out of Table 7 for ease of comparison. Similar to Table 7, this table shows the implied Bayesian
weights in the foreign corporate bond portfolio for a given degree of parameter uncertainty on the
alpha parameter in Equation 2.4. The degree of parameter uncertainty is captured by the prior
variance in annual percent. Portfolio weights in the US benchmark portfolio are not shown.

Prior Variance in Annual Percent
0% 1% 2% 3% 10%

AUS w/Yankee 0 0.31 0.34 0.35 0.35
AUS 0 0.37 0.42 0.43 0.44

CAN w/Yankee 0 0.63 0.66 0.67 0.68
CAN 0 0.57 0.67 0.70 0.73

EMU w/Yankee 0 0.23 0.30 0.33 0.34
EMU 0 0.25 0.34 0.37 0.40
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Table 13: Yankee Bonds - Spanning Test, F-statistic (Jan 1997 - Dec 2008)

This table test the ability for US benchmark portfolios to span Yankee bond portfolios. This is
equivalent to testing the joint hypothesis that the intercept equals zero and the slope coefficients
add to one, in the excess return regression of Equation 2.4 where Yankee bond portfolio is the
dependent variable and the US benchmark portfolios are the independent variables. Both the
F-statistics and corresponding pvalues are reported. The first set of results use only the US
bond portfolios (TERM and DEF) as the spanning variables, while the lower panel uses all 5 US
benchmark assets to span the Yankee bond portfolios.

AUS CAN EMU JPN UK

TERM, DEF 7.81 4.70 0.72 8.01 2.97
pvalue 0.001 0.010 0.485 0.000 0.052

Adj R2 0.65 0.87 0.79 0.33 0.88

US Benchmark 2.73 4.93 0.42 4.23 3.64
pvalue 0.066 0.008 0.655 0.016 0.027

Adj R2 0.65 0.88 0.80 0.35 0.88

Appendix A.2 US Holdings of Foreign Bonds
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Figure 1: Min Var Portfolio SD, Out of Sample with Constant Weights

The figure graphs the out of sample minimum variance portfolio standard deviation when
portfolio weights are estimated once and held over 10 years. MV portfolio weights esti-
mated Jan 1997 - Dec 1999, and held for the period Jan 2000 - Dec 2008. The estimated
portfolio weights for the minimum portfolio of both US benchmark and foreign corporate
bonds used are -4.4% in mktrf, -3.27% in smb, 2.5% in hml, -3.6% in TERM, 68.3% in
DEF, 5.6% in Canada, 35.6% in Japan, and 29.2% in UK corporate bonds. In compari-
son, the portfolio weights for the global minimum portfolio for only the US benchmark are
-4.3% in mktrf, 3.7% in smb, 15.6% in hml, -40.8% in TERM, and 125.8% in DEF. With
the realized return series, the graph plots the annualized past 12 month portfolio volatility.
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Figure 2: Rebalanced Min Var Portfolio: Out of Sample with 6 month holding
period

The figure graphs the out of sample minimum variance portfolio standard deviation when portfolio
weights are estimated once and held over 10 years. MV portfolio weights are estimated using the
past 24 months, and held for the next 6 months. Then the portfolio weights are re-estimated
with the past 24 months, and again held for the next 6 months. This provides a monthly time
series of the re-balanced returns, the graph plots the annualized past 12 month portfolio volatility.
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Figure 3: In Sample Rolling Window Min Var Portfolio

This graph shows a rolling estimate of the in sample portfolio standard deviation for the minimum
variance portfolio. For every month, I estimate the past 24 month minimum variance portfolio of
the US benchmark and the US benchmark plus foreign corporate bonds from Canada, Japan, and
the UK. Then this graph plots the annualized volatility of the two estimated minimum variance
portfolios. Therefore, unlike the out of sample analysis shown earlier, this figure computes standard
deviation of minimum variance portfolio returns from the past 24 months, as opposed to 12 months.
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Figure 4: In Sample Rolling Window Min Var Portfolio: Equity v. Corp Bonds

This figure compares the in sample volatility of the minimum variance portfolio with the
US benchmark plus equities versus the US benchmark plus bonds. Constructed in the
same way as Figure 3, I estimate the past 24 month minimum variance portfolio with the
specified group of assets, and plot the annualized volatility. To be consistent with the 3
foreign corporate bond portfolios, I use equity indices for only Canada, Japan, and the UK.
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Figure 5: In Sample Rolling Window Min Var Portfolio SD: UnHedged

This figure shows the in sample volatility of the minimum variance portfolio of Unhedged
foreign corporate bond returns. Constructed in the same way as Figure 3, I estimate the
past 24 month minimum variance portfolio of the US benchmark and the US benchmark
with Unhedged corporate bond returns from Canada, Japan, and UK. Unhedged returns are
much more volatile as they also incorporate foreign exchange risks. The inclusion of foreign
exchange risk greatly reduces the diversification benefits of holding foreign corporate bonds.
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Figure 6: In Sample Min Var Portfolio: US Corporate Bond Benchmark

This figure shows the in sample volatility of the minimum variance portfolio if US cor-
porate bonds are used as the benchmark portfolio. I estimate the past 24 month re-
turn volatility of US corporate bonds versus the minimum variance portfolio of the
US corporate bonds plus hedged corporate bond returns from Canada, Japan, and UK.
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Figure 7: Out of Sample Min Var Portfolio: US Corporate Bond Benchmark

This figure shows the out of sample variance reduction of including foreign corporate bonds
into a benchmark of just US corporate bonds. For the US corporate bond, the graph plots
the realized volatility from the past 12 months. With foreign corporate bonds, I estimate the
weights in the minimum variance portfolio of US and foreign corporate bonds from the past
24 months, then holding those weights, the realized portfolio returns for the next 6 months.
And then at the end of the 6 month holding period, I re-estimate the weights and hold it
for another 6 months. From the return series, I graph the annualized 12 month standard
deviation. Again, the foreign corporate bond portfolios include only Canada, Japan, and the UK.
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Figure 8: US Holdings of Foreign Bonds and Equities

The calculations are made based on the Flow of Funds levels tables L.212 and L.213, where
I use the ”Rest of the World” holdings under ”Liabilities” as the holdings of foreign bonds or
equities by US residents. For the total net asset position for the US, I use the total value of
US corporate bonds and equities markets net of what is owed to the foreigners. Therefore, I
assume that the wealth of the US residents is the value of US equity and bond market less the
portion of the market that is owned by foreigners. Berger and Warnock (2007) using a much finer
measure computes the weight of the US investors in local currency foreign bonds to be at 1.2%
for developed countries. Using data from the Flow of Funds level tables, Figure 8 graphs foreign
bonds and equities holdings by US residents. While there is an upward trend from 2003 - 2008 and
the figure shows that most recently foreign bonds makes up about 6.1% of the total portfolio wealth.
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Table 14: Yankee Bond Return Sensitivity (Jan 1997 - Dec 2008)

This table shows the result of the regression of Yankee bonds on US corporate bond portfolio and
the home market corporate bond portfolio, as specified in Equation 2.11. This tests the sensitivity
of Yankee bond portfolios to US bond market returns versus Foreign corporate bond market returns,
and controlling for the interaction term between the US market and Foreign market. The symbol
* indicates a 10% statistical significance, and **, denotes 5% statistical significance. The sample
period for AUS (2000-2008), EMU (1999-2008) are shorten due to data availability.

AUS CAN EMU JPN UK

Alpha 0.0007 0.0004 -0.0001 0.0002 0.0003
tStat 0.71 0.71 -0.13 0.13 0.67
TERM 0.012 0.037 -0.034 -0.036 0.038
tStat 0.28 1.52 -0.90 -0.62 1.77*
US Corp 0.811 1.006 1.065 0.744 0.864
tStat 9.06** 15.28** 12.67** 6.23** 16.65**
US x FOR -9.943 -10.258 9.768 -20.710 -2.797
tStat -1.72* -4.24** 1.87* -1.11 -1.82*
FOR Corp -0.121 0.126 0.026 0.017 0.013
tStat -0.76 1.60 0.18 0.08 0.29
Adj R2 0.62 0.89 0.78 0.33 0.88
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Appendix B Chapter 3

Appendix B.1 Tables and Figures

Table 15: Model Comparison for US Consumption and Asset Pricing Moments (In
Annual Percent)

Mehra/Prescotta Bansal/Yaronb Lewis/Liuc

Datad Model Datae IID LRR Dataf IID LRR
σ(gc) 3.6 n/a 2.93 2.19 2.85 1.89 2.71 2.89
ρ1(gc) -0.14 n/a 0.49 0.23 0.47 0.19 0.24 0.30
σ(gd) n/a n/a 11.49 9.89 11.28 5.47 4.61 5.94
ρ1(gd) n/a n/a 0.21 0.22 0.37 0.08 0.22 0.44
E(rm − rf ) 6.18 1.42 6.33 -0.89 4.37 5.47 -0.17 3.50
σ(rm) n/a n/a 19.42 12.17 16.67 17.56 5.66 10.77
E(rf ) 0.80 12.71 0.86 2.18 1.74 1.46 1.88 1.78
σ(rf ) n/a n/a 0.97 0.00 0.63 1.53 0.00 0.42

aCRRA Utility with Parameters: β = 0.99, γ = 10
bEpstein-Zin-Weil Utility with Parameters: β = 0.987, ψ = 1.5, γ = 10, µ = 0.15, σ = 0.78,

φe = 0.044, ρ = 0.979, φ = 3.0, φd = 4.5
cEpstein-Zin-Weil Utility with Parameters: β = 0.987, ψ = 1.5, γ = 10, µ = 0.19, σ = 0.64,

φe = 0.044, ρ = 0.979, φ = 3.4, φd = 1.7
dConsumption: Kuznet-Kendrik-USNIA Non-durable and Services for 1889-1978, Asset Data:

S&P Composite
eConsumption: NIPA Non-durable and Services for 1929-1998, Asset Data: CRSP 1929-1998
fConsumption: PWT Total Consumption for 1950-2000, Asset Data: Campbell Handbook for

1970-1998
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Table 16: Summary Statistics: in Annual percent

AUS CAN FRA GER JAP UK US
Asset Pricing Dataa:
E(rm) 3.55 5.43 8.73 7.73 4.96 7.92 6.93
σ(rm) 22.60 17.28 22.51 19.81 21.77 21.14 17.56
E(rf ) 2.06 2.69 2.42 2.61 1.24 1.28 1.46
σ(rf ) 2.49 1.77 1.69 1.32 2.17 2.92 1.53
E(rm − rf ) 1.49 2.74 6.31 5.12 3.72 6.65 5.47
E(gd) 0.637 -0.416 -0.429 0.250 -2.29 0.739 1.49
σ(gd) 13.68 8.16 11.43 9.37 5.43 8.28 5.47
ρ1(gd) 0.181 0.397 0.514 0.490 0.545 0.137 0.076

AUS CAN FRA GER JAP UK US
Log Consumption Growth Datab:
E(gc) 2.17 1.90 3.12 2.85 4.90 2.17 2.29
σ(gc) 3.51 2.05 3.28 3.86 3.35 1.86 1.89
ρ1(gc) -0.074 0.236 0.110 0.164 0.552 0.323 0.188

aSthece: Campbell (1970-1999)
bSthece: Penn World Tables (1950-2000)
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Table 17: Estimated Monthly Parameters by Country - W/O Stochastic Volatility

AUS CAN FRA GER JAP UK US BY-US
A: Calibrated
µ 0.181 0.158 0.26 0.238 0.408 0.181 0.191 0.150
µg 0.053 -0.035 -0.036 0.021 -0.191 0.062 0.124 0.150

B: Common LRR (w/BY σ = 0.78, φe = 0.044, ρ = 0.979)
σj 0.860 0.260 0.930 1.330 1.710 0.770 0.640
ρ 0.979 0.979 0.979 0.979 0.979 0.979 0.979
φe 0.044 0.044 0.044 0.044 0.044 0.044 0.044
φe ∗ σ 0.034 0.034 0.034 0.034 0.034 0.034 0.034
φ 3.14 3.11 3.82 3.29 3.43 3.86 3.42
φd 7.2 7.7 3.6 2.2 1.0 2.5 1.7

C: Individual LRR
σj 1.050 0.570 0.970 1.430 1.600 0.720 0.490 0.780
ρ 0.979 0.979 0.979 0.979 0.979 0.979 0.979 0.979
φe 0.034 0.051 0.051 0.021 0.045 0.119 0.200 0.044
φe ∗ σj 0.035 0.029 0.049 0.030 0.073 0.086 0.098 0.034
φ 3.43 3.49 3.50 3.50 3.50 3.50 3.50 3.00
φd 5.0 5.8 4.5 2.9 1.6 4.5 3.8 4.5

aPreference parameters: β = 0.987, ψ = 1.5, γ = 10
bAll µ’s, σj ’s, and (φe ∗ σj)’s are in percent
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Table 18: Data Moments and Simulated Model Moments
AUS CAN FRA GER JAP UK US

A. Data Moments:
σ(gc) 3.51 2.05 3.28 3.86 3.35 1.86 1.12
σ(gd) 13.68 8.16 11.43 9.37 5.43 8.28 5.47
E(rm − rf ) 1.49 2.74 6.31 5.12 3.72 6.65 5.47
E(rf ) 2.06 2.69 2.42 2.61 1.24 1.28 1.46
σ(rm) 22.60 17.28 22.51 19.81 21.77 21.14 17.56
σ(rf ) 2.48 1.77 1.69 1.32 2.17 2.92 1.53

B. Model Moments: Common LRR
σ(gc) 3.08 1.98 3.18 4.17 5.16 2.83 2.60
σ(gd) 18.97 8.85 11.65 10.27 7.72 8.71 6.42
E(rm − rf ) 1.95 4.07 5.34 4.66 4.99 5.82 5.38
E(rf ) 1.73 2.29 2.34 1.28 1.54 1.94 2.18
σ(rm) 25.22 14.02 17.99 16.10 13.06 15.76 12.91
σ(rf ) 0.62 0.62 0.62 0.62 0.62 0.62 0.62

C. Model Moments: Individual LRR
σ(gc) 3.35 2.11 3.43 4.31 4.90 2.88 2.21
σ(gd) 15.35 10.07 13.77 12.38 10.14 11.14 7.83
E(rm − rf ) 2.14 3.48 6.77 4.64 7.50 7.23 6.40
E(rf ) 1.61 2.17 1.98 0.90 1.45 1.58 2.18
σ(rm) 21.22 15.53 20.31 19.05 16.58 18.30 14.77
σ(rf ) 0.49 0.47 0.71 0.53 0.73 0.68 0.56

aData moments as previously shown in Table 16 and SMM procedure described in Solution
Method
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Table 20: Symmetric Two Country Welfare Gains (in Annual percent)

ψ = 0.5 ψ = 1.5

γ = 2 γ = 10 γ = 2 γ = 10

A. Common LRR: corr(ηit, η
j
t ) = 0.5

Gain 0.281 5.013 0.895 5.434

B. Individual LRR: corr(ηit, η
j
t ) = 0.5, corr(eit, e

j
t) = 0

Gain 2.193 41.001 8.478 66.706

C. Individual LRR: corr(ηit, η
j
t ) = 0, corr(eit, e

j
t) = 0.5

Gain 1.523 28.345 5.523 39.031

aModel parameters: β = 0.987, µ1 = µ2 = 0.15, σ1 = σ2 = 0.78, φe = 0.044, ρ = 0.979

115



T
ab

le
21

:
T

w
o

C
ou

n
tr

y
W

el
fa

re
G

ai
n
s

w
it

h
In

d
iv

id
u
al

L
R

R
(i

n
A

n
n
u
al

p
er

ce
n
t)

ψ
=

0.
5

ψ
=

1.
5

γ
=

2
γ

=
10

γ
=

2
γ

=
10

E
q

W
td

P
r

W
td

E
q

W
td

P
r

W
td

E
q

W
td

P
r

W
td

E
q

W
td

P
r

W
td

A
.

S
y
m

m
e
tr

ic
:
µ

1
=
µ

2
,
σ

1
=
σ

2
,
co
rr

(η
i t,
η
j t
)

=
0.

5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

2.
19

2.
19

41
.0

0
41

.0
0

8.
48

8.
48

66
.7

1
66

.7
1

C
ou

n
tr

y
2

2.
19

2.
19

41
.0

0
41

.0
0

8.
48

8.
48

66
.7

1
66

.7
1

A
.

S
y
m

m
e
tr

ic
:
µ

1
=
µ

2
,
σ

1
=
σ

2
,
co
rr

(η
i t,
η
j t
)

=
−

0.
5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

2.
75

2.
75

50
.3

7
50

.3
7

10
.4

6
10

.4
6

89
.7

5
89

.7
5

C
ou

n
tr

y
2

2.
75

2.
75

50
.3

7
50

.3
7

10
.4

6
10

.4
6

89
.7

5
89

.7
5

B
.

D
iff

e
re

n
t
σ
:
σ

2
=

1.
10
∗
σ

1
,
co
rr

(η
i t,
η
j t
)

=
0.

5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

1.
91

2.
46

35
.9

5
45

.8
5

7.
36

9.
67

55
.2

2
77

.1
8

C
ou

n
tr

y
2

2.
99

1.
35

72
.0

1
26

.0
4

11
.4

2
5.

04
90

.9
3

33
.2

6

C
.

D
iff

e
re

n
t
µ
:
µ

2
=

1.
10
∗
µ

1
,
co
rr

(η
i t,
η
j t
)

=
0.

5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

4.
93

2.
03

46
.1

4
40

.6
8

18
.8

0
6.

61
78

.8
3

64
.9

9
C

ou
n
tr

y
2

-0
.5

4
7.

83
31

.7
0

51
.5

9
-0

.6
5

30
.9

9
59

.0
8

92
.6

7

a
M

o
d

el
p

ar
am

et
er

s:
β

=
0.

98
7,
µ

1
=

0.
1
5
,
σ

1
=

0.
7
8
,
φ
e

=
0.

0
4
4
,
ρ

=
0.

9
7
9

116



T
ab

le
22

:
T

w
o

C
ou

n
tr

y
W

el
fa

re
G

ai
n
s

w
it

h
In

d
iv

id
u
al

L
R

R
(i

n
A

n
n
u
al

p
er

ce
n
t)

E
q
u
al

W
gt

R
es

er
ve

1
R

es
er

ve
2

P
ri

ce
W

gt
G

ai
n

A
ll
o
c

G
ai

n
A

ll
o
c

G
ai

n
A

ll
o
c

G
ai

n
A

ll
o
c

A
:

S
y
m

m
e
tr

ic
:
co
rr

(η
i t,
η
j t
)

=
0.

5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

66
.7

%
1.

00
0.

0%
0.

60
23

3.
4%

1.
40

66
.7

%
1.

00
C

ou
n
tr

y
2

66
.7

%
1.

00
23

3.
4%

1.
40

0.
0%

0.
60

66
.7

%
1.

00

B
:

D
iff

e
re

n
t
σ
:
σ

2
=

1.
10
∗
σ

1
,
co
rr

(η
i t,
η
j t
)

=
0.

5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

55
.2

%
1.

00
0%

0.
64

12
9.

1%
1.

48
77

.2
%

1.
14

C
ou

n
tr

y
2

90
.9

%
1.

00
15

8.
9%

1.
36

0%
0.

52
33

.3
%

0.
86

C
:

D
iff

e
re

n
t
µ
:
µ

2
=

1.
10
∗
µ

1
,
co
rr

(η
i t,
η
j t
)

=
0.

5,
co
rr

(e
i t,
ej t

)
=

0
C

ou
n
tr

y
1

78
.8

%
1.

00
0%

0.
56

14
5.

2%
1.

37
65

.0
%

0.
92

C
ou

n
tr

y
2

59
.1

%
1.

00
12

9.
2%

1.
44

0%
0.

63
92

.7
%

1.
08

a
M

o
d

el
p

ar
am

et
er

s:
β

=
0.

98
7,
ψ

=
1.

5
,
γ

=
1
0
,
µ

1
=

0.
1
5
,
σ

1
=

0.
7
8
,
φ
e

=
0.

0
4
4
,
ρ

=
0.

9
7
9

117



Figure A-1: Certainty Equivalent Consumption - Symmetric
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Figure A-2: Certainty Equivalent Consumption - Different Sigma
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Figure A-3: Certainty Equivalent Consumption - Different Mu
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Appendix B.2 The Social Planner’s Problem

Given the Epstein-Zin-Weil utility, the first order conditions of the planners problem
are:

λ`
{
U `

1(C`(St), E[U `(C`(St+1)|It]) + U `
2(C`(St), E[U `(C`(St+1)|It])

∂E[U `(C`(St+1)|It])
∂C`(St)

}
= λi

{
U i

1(Ci(St), E[U(Ci(St+1)|It]) + U i
2(Ci(St), E[U i(Ci(St+1)|It])

∂E[U i(Ci(St+1)|It])
∂Ci(St)

}
)

where Un is the partial derivative of U with respect to the nth argument. Thus,
the social planner equalizes marginal utilities across states including the effects of
consumption on future expected utility.

Under CRRA preferences, utility is time separable. In this case, U2 = 0 and the
first order conditions become:

λ`U `
1(C`(St), E[U `(C`(St+1)|It]) = λiU i

1(Ci(St), E[U i(Ci(St+1)|It]) (49)

Or,

λ`C`(St)
−γ = λiCi(St)

−γ (50)

which does not depend upon the recursive next period utility. Thus, under CRRA,
marginal period utility is equalized across states whereas under Epstein Zin Weil
preferences, marginal period utility relative to marginal recursive next period utility
is equalized across countries and states.

Note that if the country is in autarky, Cj
t (St) = Y j

t (St) for all countries j. In this
case with CRRA preferences consumption clearly does not solve the social planner’s
problem unless Y i

t (St) = Y j
t (St) ∀ St, t, which occurs with probability zero.

Appendix B.3 Wealth to Consumption

By the identity Wt = Ct+Pt, I can write the wealth to consumption ratio in terms of
the price to consumption ratio, Wt

Ct
= 1 + Pt

Ct
= 1 +Zc,t (note in the Campbell-Shiller

approximation, I approximate for zc,t = log(Zc,t)). Then I can re-write the value
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function in terms of price to consumption ratio, Ct
Wt

= (1 + Zc,t)
−1:

Vt(Ct,Wt) = [(1− δ)−ψ(
Ct
Wt

)]
1

1−ψWt

= (1− δ)
−ψ
1−ψ (Ct)

1
1−ψ (

1

Wt

)
ψ

1−ψ

= (1− δ)
−ψ
1−ψ (Ct)

1
1−ψ (

1

Wt

)
ψ

1−ψC−1
t Ct

= (1− δ)
−ψ
1−ψ (

Ct
Wt

)
ψ

1−ψCt

= (1− δ)
−ψ
1−ψ (1 + Zc,t)

ψ
ψ−1Ct

Appendix B.4 Closed Economy Asset Prices with Long Run
Risk

In the closed economy, each country j has a representative agent and is endowed with
the stochastic consumption growth processes in equation (1). In this appendix, I
detail how I calculate the price of consumption in the closed economy. For simplicity,
I here consider the case when long run risk is common across countries and is given
by x̄.

First, I use the Campbell-Shiller decomposition to express returns in terms of
price to consumption ratio, with approximating constants kj0 and kj1

28:

rjc,t+1 = kj0 + kj1z
j
t+1 − z

j
t + gjc,t+1 (51)

Following Bansal and Yaron 2004, I solve for equilibrium log price to consumption
ratio by conjecturing that the log price to consumption ratio is linear in the sthece
of long run risk, zjt = Aj0 + Aj1x̄t. Given the Campbell-Shiller decomposition, it is
sufficient solve for the coefficients Aj0 and Aj1 in order to solve for the equilibrium
returns.

Using the first order condition derived earlier in equation (3.13) and applying
the properties of log normality of return, rjc,t+1, and consumption growth, gjc,t+1, I
have:

Et[(θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1)] +

1

2
V art[(θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1)] = 0 (52)

Now I substitute in the return decomposition and the stochastic processes for

28Approximation constants are defined to be kj1 = exp(z̄j)
1+exp(z̄j) and kj0 = log(1 + exp(z̄j)) − kj1z̄j ,

where z̄j is the steady state log price to consumption ratio in the close economy.
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log consumption growth, gjc,t+1, log price to consumption ratios, zjt+1, and the long
run risk, x̄t+1, into the above Euler condition. Then taking conditional expectation
and conditional variances29, the left hand side of the equation (52) becomes the sum
of a constant term and an x̄t term30.

[θ(ln δ+(1− 1

ψ
)µjc+k

j
0+(kj1−1)Aj0+

1

2
θ((k1A1ϕe)

2+(1− 1

ψ
)2)σ2)]+[θ(kj1A

j
1ρ−A

j
1+1− 1

ψ
)x̄t] = 0

(53)

As I can see from equation (53), the left hand side is the sum of a constant term
and an x̄t term. Since the sum of the two terms must be zero, each of the terms
should be zero. This requirement gives us a a system of two equations and two
unknowns. Solving the system of equations gives us the following analytical form
for the coefficients of the log price to consumption ratio:

Aj1 =
1− 1

ψ

1− kj1ρ
(54)

Aj0 =
ln δ + kj0 + (1− 1

ψ
)µj + 1

2
θ((1− 1

ψ
)2(σj)2 + (kj1A

j
1σϕe)

2)

1− kj1
(55)

I now detail the steps required to get these solutions. For this purpose, I rewrite
the dynamics of the long run risk, x̄t+1, and country j’s log consumption growth
process, gjc,t+1 from equations (1) as follows:

gjc,t+1 = µj + x̄t + σjηjt+1

x̄t+1 = ρx̄t + σϕeet+1

To solve for prices, I first conjecture that the closed economy log price to consump-
tion ratio of the country j’s consumption claim asset is linear in the common long
run risk: zjt = Aj0 + Aj1x̄t

Next, using the Campbell & Shiller approximation and substituting in the stochas-
tic processes for zjt , z

j
t+1, and x̄t+1 I have:

rjt+1 = kj0 + kj1z
j
t+1 − z

j
t + gjc,t+1

= kj0 + kj1(Aj0 + Aj1x̄t+1)− (Aj0 + Aj1x̄t) + gjc,t+1

= kj0 + kj1A
j
0 + kj1A

j
1(ρx̄t + σϕeet+1)− Aj0 − A

j
1x̄t + gjc,t+1

= [kj0 + kj1A
j
0 − A

j
0] + (kj1A

j
1ρ− A

j
1)x̄t + kj1A

j
1σϕeet+1 + gjc,t+1

29Note conditional expectation of shocks are zero and conditional variance of shocks are equal
to one

30For a detailed derivations of closed economy prices see Appendix
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From the Euler equation and exploiting the log-normality of the pricing kernel
and the returns, I can have:

exp[Et(θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1) +

1

2
V art(θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1)] = 1

or equivalently,

Et[(θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1)] +

1

2
V art[(θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1)] = 0 (56)

Now substituting the return decomposition into equation (56), I have that:
Et[θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1]

= Et[θ ln δ+ (θ− θ
ψ

)gjc,t+1 + θ[kj0 +kj1A
j
0−A

j
0] + θ(kj1A

j
1ρ−A

j
1)x̄t + θkj1A

j
1σϕeet+1]

= θ ln δ + (θ − θ
ψ

)Et[g
j
c,t+1] + θ[kj0 + kj1A

j
0 − A

j
0] + θ(kj1A

j
1ρ− A

j
1)x̄t

= θ[ln δ + kj0 + kj1A
j
0 − A

j
0 + (1− 1

ψ
)µj] + θ[Aj1(kj1ρ− 1) + (1− 1

ψ
)]x̄t

Where I used the fact that Et[et+1] = Et[η
j
t+1] = 0

And,
1
2
V art[θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1] =

= 1
2
V art[θ(1− 1

ψ
)gjc,t+1 + θkj1A

j
1σϕeet+1] =

= 1
2
V art[θ(1− 1

ψ
)σjηjt+1] + 1

2
V art[θk

j
1A

j
1σϕeet+1] =

= 1
2
(θ(1− 1

ψ
)σj)2V art[η

j
t+1] + 1

2
(θkj1A

j
1σϕe)

2V art[et+1] =

= 1
2
[(θ(1− 1

ψ
)σj)2 + (θkj1A

j
1σϕe)

2] =

= 1
2
θ2[(1− 1

ψ
)2(σj)2 + (kj1A

j
1σϕe)

2] =

Note, I used the fact that V art(et+1) = V art(η
i
t+1) = 1

Combining the above derivations, I can re-write the left hand side of the equation
(56) in terms of a constant term and an x̄t term.

Et[θ ln δ − θ
ψ
gjc,t+1 + θrjc,t+1] + 1

2
V art[θ ln δ − θ

ψ
gjc,t+1 + θrjc,t+1] =

= θ[ln δ + kj0 + kj1A
j
0 − A

j
0 + (1− 1

ψ
)µj + 1

2
θ((1− 1

ψ
)2(σj)2 + (kj1A

j
1σϕe)

2)]

+ θ[Aj1(kj1ρ− 1) + (1− 1
ψ

)]x̄t
= 0

Since the sum of the constant term and the x̄t is zero, then both terms must be
zero. This gives us a system of two equations and two unknowns, Aj0 and Aj1.
1. To solve for Aj1, I set x̄t term to zero:

θ[Aj1(kj1ρ− 1) + (1− 1
ψ

)]x̄t = 0

Aj1 =
(1− 1

ψ
)

1−kj1ρ

2. From the constant term, I can solve for Aj0:
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θ[ln δ + kj0 + kj1A
j
0 − A

j
0 + (1− 1

ψ
)µj + 1

2
θ((1− 1

ψ
)2(σj)2 + (kj1A

j
1σϕe)

2)] = 0

Aj0 =
ln δ+kj0+(1− 1

ψ
)µj+ 1

2
θ((1− 1

ψ
)2(σj)2+(kj1A

j
1σϕe)

2)

1−kj1

Appendix B.5 Open Economy Equilibrium with Long Run
Risk

In this appendix, I detail the open economy equilibrium. When markets open, all
assets are priced with a common pricing kernel. This stochastic discount factor is
determined by the intertemporal optimization problem of the Representative Agent
and is a function of the world log consumption growth, gwt . I define the world
consumption growth as a weighted average of the individual consumption growths
with weights, aj, for each country.

gwc,t =
J∑
j=1

aj ∗ gjc,t

= µ̄+ x̄t + ūt+1

where µ̄t+1 =
∑J

j=1 ajµ
j, ūt+1 =

∑J
j=1 ajσ

jηjt+1,
∑J

j=1 aj = 1. While aj should
adjust for the population size of country j’s, for now, I will assume that all countries
are equally weighted.

Similar to the steps used in the closed economy solution, I can approximate open
economy returns in terms of open economy price to consumption ratio using the
Campbell-Shiller decomposition. But now the approximating constants are defined
by kw1 = exp(z̄w)

1+exp(z̄w)
and kw0 = log(1 + exp(z̄w)) − kw1 z̄wj , where z̄w is the steady state

open economy log price to world consumption ratio.

rwc,t+1 = kw0 + kw1 z
w
t+1 − zwt + gwc,t+1 (57)

As shown in the previous sections, in the open economy returns for each country
j’s consumption asset will be priced with the first order condition in equation (3.23),
and applying the normality of log returns and log consumption growth I have:

Et[(θ ln δ− θ
ψ
gwc,t+1+(θ−1)rwc,t+1+r̄jc,t+1)]+

1

2
V art[(θ ln δ− θ

ψ
gwc,t+1+(θ−1)rwc,t+1+r̄jc,t+1)] = 0

(58)

In particular, the above equation holds for the return on the world portfolio in
the open economy, rwc,t+1, which is needed for the pricing of all contingent claims.
To price the return on the world portfolio, (58) becomes:

Et[(θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1] +

1

2
V art[(θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1] = 0 (59)
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Following similar steps as in the closed economy, I again conjecture that the
world log price to consumption ratio is linear in the long run risk, zwt = Aw0 +Aw1 x̄t,
and solve for the coefficients Aw0 and Aw1 . Like the closed economy solutions, after
substituting the stochastic processes for gwc,t+1, x̄t+1, and rwt+1, the left hand side of
equation (59) will have a constant term and an x̄t term. I again set the constant
term to zero and the x̄t term to zero, and solve the system of two equations31:

Aw1 =
1− 1

ψ

1− kw1 ρ
(60)

Aw0 =
ln δ + kw0 + (1− 1

ψ
)µ̄+ 1

2
θ(1− 1

ψ
)2V art[ūt+1] + 1

2
θ(kw1 A

w
1 σϕe)

2

1− kw1
(61)

Having solved the return on the world portfolio, I can price the open economy
return on country j’s consumption claim. I approximate open economy returns with
the price to consumption ratio, r̄jc,t+1, using the Campbell-Shiller decomposition.

But now the approximating constants, k̄j0 and k̄j1, are defined by the open economy
steady state log price to consumption ratio, ¯̄zj.32

r̄jc,t+1 = k̄j0 + k̄j1z̄
j
t+1 − z̄

j
t + gjc,t+1 (62)

I assume that country j’s open economy log price to consumption ratio, z̄jt , is
linear in the long run risk z̄jt = Āj0 + Āj1x̄t. To solve for the coefficients, Āj0 and
Āj1, I substitute the defined processes for gwc,t+1, x̄t+1, and gjc,t+1 into equation (58).
Then I simplify until the left hand side of (58) has only a constant term and an x̄t
term, which again by earlier reasoning gives us a system of two equations for the
two unknowns. As shown more completely in Appendix C, the coefficients Āj0 and
Āj1 are as follows:

Āj1 =
1− 1

ψ

1− k̄j1ρ
(63)

Āj0 =
(...) + 1

2
[(σj)2 + ((θ − 1)kw1 A

w
1 + k̄j1Ā

j
1)2σ2ϕ2

e + (θ − 1− θ
ψ

)2V art[ūt+1]]

1− k̄j1
(64)

where (...) = θ ln δ + (θ − 1)(kw0 + kw1 A
w
0 − Aw0 ) + k̄j0 + (θ − 1 − θ

ψ
)µ̄ + µj and

V art[ūt+1] = V art[
∑N

i=1 aiσ
iηit+1], the variance-covariance matrix of the idiosyn-

cratic component of log.

I now detail how the solutions to the Āj0, Ā
j
0 are obtained.

31See detailed solution in appendix
32Approximation constants are defined to be k̄j1 = exp(¯̄zj)

1+exp(¯̄zj) and k̄j0 = log(1 + exp(¯̄zj))− k̄j1 ¯̄zj
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Appendix B.5.1 Price of World Consumption Claims In Open Market

To price return in the open economy, I begin with the pricing of the ”world” con-
sumption claim. I conjecture that the log price to consumption ratio of the world
consumption claim asset is linear in the common long run risk: zwt = Aw0 + Aw1 x̄t

Again I approximate returns using Campbell-Shiller decomposition and substi-
tute in the stochastic processes for zwt , zwt+1, and x̄t+1:

rwt+1 = kw0 + kw1 z
w
t+1 − zwt + gwc,t+1

= kw0 + kw1 (Aw0 + Aw1 x̄t+1)− (Aw0 + Aw1 x̄t) + gwc,t+1

= kw0 + kw1 A
w
0 + kw1 A

w
1 x̄t+1 − Aw0 − Aw1 x̄t + gwc,t+1

= (kw0 + kw1 A
w
0 − Aw0 ) + kw1 A

w
1 (ρx̄t + σϕeet+1)− Aw1 x̄t + gwc,t+1

= (kw0 + kw1 A
w
0 − Aw0 ) + kw1 A

w
1 ρx̄t − Aw1 x̄t + kw1 A

w
1 σϕeet+1) + gwc,t+1

From the Euler equation and exploiting the log-normality of the pricing kernel
and the returns, I have:

exp[Et(θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1) +

1

2
V art(θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1)] = 1

or equivalently,

Et[(θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1)] +

1

2
V art[(θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1)] = 0 (65)

Now substituting the return decomposition into equation (65), I have that:

Et[θ ln δ − θ
ψ
gwc,t+1 + θrwc,t+1] =

= θ ln δ+(θ− θ
ψ

)Et(g
w
c,t+1)+θ(kw0 +kw1 A

w
0−Aw0 )+θAw1 (kw1 ρ−1)x̄t+θk

w
1 A

w
1 σϕeEt(et+1)

= θ(ln δ + kw0 + kw1 A
w
0 − Aw0 + (1− 1

ψ
)µ̄) + θ(1− 1

ψ
+ Aw1 (kw1 ρ− 1))x̄t

And,
1
2
V art[θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1] =

= 1
2
V art[− θ

ψ
gwc,t+1 + θ(((kw0 + kw1 A

w
0 −Aw0 ) + kw1 A

w
1 ρx̄t−Aw1 x̄t + kw1 A

w
1 σϕeet+1) +

gwc,t+1)] =

= 1
2
V art[θ(1− 1

ψ
)gwc,t+1 + θkw1 A

w
1 σϕeet+1)] =

= 1
2
V art[θ(1− 1

ψ
)(µ̄+ x̄t + ūt+1) + θkw1 A

w
1 σϕeet+1)] =

= 1
2
θ2(1− 1

ψ
)2V art[ūt+1] + 1

2
θ2(kw1 A

w
1 σϕe)

2

Note: V art(et+1) = V art(η
i
t+1) = 1 and V art[ūt+1] = V art[

∑N
i=1 aiσ

iηit+1]

Combining the above derivations, I re-write the left hand side of the equation
(65) in terms of a constant term and an x̄t term.

Et[θ ln δ − θ
ψ
gwc,t+1 + θrwc,t+1] + 1

2
V art[θ ln δ − θ

ψ
gwc,t+1 + θrwc,t+1] =
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= [θ(ln δ+kw0 +kw1 A
w
0 −Aw0 +(1− 1

ψ
)µ̄)+ 1

2
θ2(1− 1

ψ
)2V art(ūt+1)+ 1

2
θ2(kw1 A

w
1 σϕe)

2]

+ [θ(1− 1
ψ

+ Aw1 (kw1 ρ− 1))]x̄t
= 0

Since the sum of the constant term and the x̄t is zero, then both terms must be
zero. This gives us a system of two equations and two unknowns, Aw0 and Aw1 .
1. To solve for Aw1 , I set x̄t term to zero:

[1− 1
ψ

+ Aw1 (kw1 ρ− 1)]x̄t = 0

Aw1 =
1− 1

ψ

1−kw1 ρ

2. From the constant term, I can solve for Aw0 :

ln δ + kw0 + kw1 A
w
0 − Aw0 + (1− 1

ψ
)µ̄+ 1

2
θ(1− 1

ψ
)2V art[ūt+1] + 1

2
θ(kw1 A

w
1 σϕe)

2 = 0

ln δ + kw0 + (1− 1
ψ

)µ̄+ 1
2
θ(1− 1

ψ
)2V art[ūt+1] + 1

2
θ(kw1 A

w
1 σϕe)

2 = (1− kw1 )Aw0

Aw0 =
ln δ+kw0 +(1− 1

ψ
)µ̄+ 1

2
θ(1− 1

ψ
)2V art[ūt+1]+ 1

2
θ(kw1 A

w
1 σϕe)

2

1−kw1

Appendix B.5.2 Price of Country Contingent Claims In Open Market

Again, I conjecture that open economy log price to consumption ratio for country j
is linear in the long run risk: z̄jt = Āj0 + Āj1x̄t

Then by Campbell & Shiller approximation:

r̄jc,t+1 = k̄j0 + k̄j1z̄
j
t+1 − z̄

j
t + gjc,t+1

= k̄j0 + k̄j1Ā
j
0 + k̄j1Ā

j
1x̄t+1 − Āj0 − Ā

j
1x̄t + gjc,t+1

= (k̄j0 + k̄j1Ā
j
0 − Ā

j
0) + gjc,t+1 + Āj1(k̄j1ρ− 1)x̄t + k̄j1Ā

j
1σϕeet+1

Using the Euler equation and exploiting the log-normality of the pricing kernel
and the returns, I have:

exp[Et(θ ln δ− θ
ψ
gwc,t+1+(θ−1)rwc,t+1+r̄jc,t+1)+

1

2
V art(θ ln δ− θ

ψ
gwc,t+1+(θ−1)rwc,t+1+r̄jc,t+1)] = 1

or equivalently,

Et(θ ln δ− θ
ψ
gwc,t+1+(θ−1)rwc,t+1+r̄jc,t+1)+

1

2
V art(θ ln δ− θ

ψ
gwc,t+1+(θ−1)rwc,t+1+r̄jc,t+1) = 0

(66)
Now substituting the return decomposition into equation (66), I have that:
Et[θ ln δ − θ

ψ
gwc,t+1 + (θ − 1)rwc,t+1 + r̄jc,t+1]

= [θ ln δ+(θ−1)(kw0 +kw1 A
w
0 −Aw0 )+(k̄j0+k̄j1Ā

j
0−Ā

j
0)]+(θ−1− θ

ψ
)µ̄+µj]+[(θ− θ

ψ
)

+ (θ − 1)Aw1 (kw1 ρ− 1) + Āj1(k̄j1ρ− 1)]x̄t
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And:
1
2
V art(θ ln δ − θ

ψ
gwc,t+1 + (θ − 1)rwc,t+1 + r̄jc,t+1) =

= 1
2
V art[σ

jηjt+1]+ 1
2
V art[(θ−1− θ

ψ
)ūt+1]+ 1

2
V art{[(θ−1)kw1 A

w
1 +ki1Ā

i
1]σϕeet+1} =

= 1
2
(σj)2 + 1

2
[(θ − 1)kw1 A

w
1 + k̄j1Ā

j
1]2σ2ϕ2

e + 1
2
(θ − 1− θ

ψ
)2V art[ūt+1]

Following the same logic as before, I solve for the coefficients Āj0 and Āj1 by setting
the x̄t term to zero and the constant term to zero
1. I solve Āj1 by setting x̄t term to zero:

[(θ − θ
ψ

) + (θ − 1)Aw1 (kw1 ρ− 1) + Āj1(k̄j1ρ− 1)]x̄t = 0

(θ − θ
ψ

) + (θ − 1)Aw1 (kw1 ρ− 1) = Āj1(1− k̄j1ρ)

But from above I have (1− kw1 ρ)Aw1 = 1− 1
ψ

.

Āj1 =
1− 1

ψ

1−k̄j1ρ

2. Solve for Āj0 by setting the constant term to zero:

θ ln δ+ (θ− 1)(kw0 + kw1 A
w
0 −Aw0 ) + (k̄j0 + k̄j1Ā

j
0− Ā

j
0) + (θ− 1− θ

ψ
)µ̄+ µj + 1

2
(σj)2 +

1
2
[(θ − 1)kw1 A

w
1 + k̄j1Ā

j
1]2σ2ϕ2

e + 1
2
(θ − 1− θ

ψ
)2V art[ūt+1] = 0

Āj0 =
θ ln δ+(θ−1)(kw0 +kw1 A

w
0 −Aw0 )+k̄j0+(θ−1− θ

ψ
)µ̄+µj+ 1

2
(σj)2+ 1

2
[(θ−1)kw1 A

w
1 +k̄j1Ā

j
1]2σ2ϕ2

e+
1
2

(θ−1− θ
ψ

)2V art[ūt+1]

1−k̄j1

Where Aw0 and Aw1 are defined above.

Appendix B.6 Data Description

This section describes the data sthece and filtering used in constructing the observed
consumption and asset pricing moments.

Appendix B.6.1 Consumption Series

As described in the text, I am interested in matching the US PWT consumption data
implications with those of Bansal-Yaron (2004) based upon the National Income and
Product Account (NIPA) data from the Bureau of Economic Analysis. Therefore,
for every country except the US, I construct real per-capita consumption by taking
total consumption at 1996 constant prices (CKON) and dividing it by the population
(POP). For the US, I compare the PWT estimates to those reported by the NIPA
estimates. Since the NIPA data give a finer breakdown of personal expenditures,
I construct real per-capita consumption by using personal consumption on Non-
Durables and Services chained to 2000 dollars from NIPA table 7.1 for the sample
period 1950-2000.
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Appendix B.6.2 Dividends

I obtain the data described in Campbell (2003) from John Campbell’s website. In
order to make real dividend growth consistent with real consumption growth, I use
the same deflator series from the Penn World Tables to adjust nominal dividends
into real terms. Because the Penn World Table only gives annual series, I summed
the quarterly dividends from the Campbell data to construct annual nominal div-
idends, then deflate by the PWT annual consumption deflator. Note that there
is a difference between this annualized moments compared to Table 3 of Campbell
(2003). To be consistent with time-aggregation as emphasized in long run risk,
I annualize by summing the quarterly dividends. By contrast, Campbell (2003)
takes average quarterly moments and annualizes by multiplying means by 400 and
standard deviations by 200.

Appendix B.6.3 Asset Returns

As in the case of dividends, I obtain the data from John Campbell’s website. To
form consistent real annual equity returns and risk free rates, I aggregate from
quarterly to annual returns. All quarterly nominal rates of return are adjusted
using quarterly CPI included in the Campbell data. For annual real returns in
percentages, I follow the convention in Campbell (2003) and multiply means by
400 and standard deviations by 200. this numbers closely match Campbell 1999,
with only slight variations due to increased sample size. I compute quarterly equity
premium and annualize in the same way as the other rates of return. Similarly I
aggregate quarterly dividends and use the equity price for the fourth quarter of the
year to construct annual P/D ratios.
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