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Conclusions

Inflation-protected securities (inflation-linked bonds,
annuities, ..) have been advocated for long-term investment
purposes

Markets for inflation-linked bonds are rather illiquid and in
several countries even absent

In these cases, nominal securities have been proposed to
replicate inflation-linked securities

However, in most countries labor income is indexed with
Inflation, which already implies a (non-tradable!) position in
inflation-linked securities

Impact of labor income on the optimal demand for real and
nominal securities largely unexplored
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CentERQ Motivation: Long-term investment literature
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Conclusions

= Long-term investment literature highlights the importance of

A. Stochastic interest rates and inflation rates

Brennan and Xia (2000, 2002), Campbell and Viceira (2001), Munk and
Sorensen (2004), Sorensen (1999), Wachter (2003)

B. Time-varying prices of risk
Barberis (2000), Campbell and Viceira (1999), Campbell, Chan, and
Viceira (2003), Kim and Omberg (1996), Wachter (2002), Sangvinatsos and
Wachter (2005), Jurek and Viceira (2005)

= But, these papers do not account for
0 Labor income during the investment period

1 Portfolio constraints when risk premia are time-varying
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CentERQ Motivation: Life-cycle literature

Motivation
e Motivation: Life-cycle

literature
e Main contributions of the

paper
e Main findings of the paper

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

Labor income and the demand
for long-term bonds

Correlated labor income risk

Conclusions

Recent life-cycle models consider the impact of labor income
and omnipresent portfolio constraints

Bodie, Merton, and Samuelson (1992), Campbell and Cocco (2003), Cocco,
Gomes, and Maenhout (2005), Gomes and Michaelides (2005), Munk and
Sorensen (2005), Viceira (2001)

However, the financial markets considered are rather simple
1 Constant inflation rates
0 Constant bond risk premia

The different role of nominal and inflation-linked bonds
cannot be assessed

Horizon effects, if any, driven by changes in human capital
and time-variation in real rates

FACULTY OF ECONOMICS AND BUSINESS ADMINISTRATION

l.‘.'l
TILBURG & %%f & UNIVERSITY
l\"fl

Labor income and the Demand for Long-Term Bonds - p. 4/33



CentERQ Main contributions of the paper

Voaton = This paper solves a long-term investment problem in which
1 The investor receives (stochastic) labor income during the
paper . .

e Main findings of the paper IﬂveStmeﬂt perIOd

Financial market,preferences, 1 Interest and inflation rates, as well as bond risk premia are
Implication of the estimation tl m e-varyl n g

results

Simulation-based portfoli = \We answer three main guestions

choice with labor income and

portioio consirants 1. How does labor income affect the demand and economic
Labor neome and e demand value added of inflation-linked bonds (ILBs)?

Correlated labor ncome risk 2. In absence of ILBs, what is the impact of (indexed) labor
Conclusions Income on the demand for nominal bonds?

3. What is the sensitivity of these results to time-variation in
bond risk premia, idiosyncratic labor income risk, and
correlations between labor income risk and financial risks
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CentERQ Main findings of the paper

L = Incorporating labor income results in the following
|oitel\;léatil;l]riontributions of the CO n Cl u S I O n S
paper

e Main findings of the paper

Financial market, preferences,

1. Prominent role of ILBs substantially reduced, both In

anc aborneome terms of portfolio choice and utility gains

:Z:Ji'(t::tion of the estimation

Simulatonbased porfolo 2. But, ILBs remain an important asset class, in particular for
portioio constraints conservative long-term investors

Labor income and the demand
for long-term bonds

Correlated labor income risk 3 Duratlon Optlmal nOmlna| bond pOrth“O Iengthened

Conclusions

4. Correlations between labor income and expected inflation
or stock returns are key parameters
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Financial market, preferences,
and labor income
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CentERQ Model Specification

Motivation

Real interest rate and expected inflation are modeled
Financial market, preferences, m ean _ reve rtl n g

and labor income

< ool Specicaion |
° ificati /
Model Specification d,r.t — K/’I“(5’I“ _ /Iot)dt + O-rdZt

e Preferences and labor income

Implication of the estimation /
results dﬂ't = /iﬁ(éﬁ — Wt)dt -+ O'ﬂ.dZt

Simulation-based portfolio
choice with labor income and
portfolio constraints

Stock prices are modeled assuming that excess returns are

1.1.d.:
Labor income and the demand

for long-term bonds dSt/St — (T]S —|_ Rt)dt —l_ Ug«dZt

Correlated labor Income tisk Inflation is modeled as an ARMA(1,1) process:
Conclusions dHt/Ht — ﬂ_tdt _|_ O_{_IdZt

Prices of risk are affine in the real rate and expected inflation:

Ayry = Moy + A,y
A2y = N2y + Mi2,2) T
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CentERQ Model Specification

Motivaton = This structure of the model implies

Financial market, preferences, . . . . .

2t abor income. 0 Prices of nominal and inflation-linked bonds are

e Model Specification . . . . .
exponentially affine in the real rate and expected inflation
e Preferences and labor income (DUffee, 2002)

Implication of the estimation

resuls 1 Real bond risk premia co-move with the real rate, while
Smiatonesed portolo nominal bond risk premia co-move with both the real rate
bortolio constralnts and expected inflation

Labor income and the demand
for long-term bonds

Correlated labor income risk = Asset menus considered (cash available in all cases)

Conclusions

0 Menu 1: 3Y nominal, 10Y nominal bonds, and 10Y ILBs

0 Menu 2: 3Y nominal and 10Y nominal bonds
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CentERQ Preferences and labor income

Motivation

The investor derives utility from terminal real wealth:

Financial market, preferences,

and labor income 1— vy
e Model Spec?f?cat?on ]_ |/‘/ T

e Model Specification Et

e Preferences and labor income 1 — /7 H T

Implication of the estimation
results

mtaton ased sl = If the investor is endowed with labor income, the savings rate
choice with labor income and IS Set exogenously

portfolio constraints

wvor neomecndecemend—— m - FOr Instance, investors saving for retirement or a fixed
savings rate induced by some form of precommitment

Correlated labor income risk

Conclusions = Real labor income grows at a rate g and is subject to
permanent shocks, in line with Viceira (2001):

dY;/Y, = gdt + ocdZ]
with Z¥ and Z possibly correlated
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Implication of the estimation results
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CentERQ Implications of the estimation results

Motivefion = Expected inflation far more persistent than the real rate
mmemaons = Real rate and expected inflation are negatively correlated
i o of he estmaton = Implications for exposures of nominal and inflation-linked

bonds to the real rate and expected inflation

e Implications of the estimation

results
Simulation-based portfolio 10
choice with labor income and
portfolio constraints
8 _
Labor income and the demand
for long-term bonds 6
Correlated labor income risk
4
Conclusions .
2 |
0

N3Y N10Y R10Y

‘ O Real rate exposure B Expected inflation exposure
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CentERQ Implications of the estimation results

Motivation [ | S u m m ary Statl Stl CS

Financial market, preferences,

and labor income M atU I'Ity

Implication of the estimation

results Stocks 1Y 3Y 10Y

e Implications of the estimation
results

Risk premium stocks 5.36%

Simulaton-based portolo Risk premia nom. bonds 0.64% 1.25% 1.98%

choice with labor income and

portfolio constraints RlSk premla ILBS 042% 082% 097%
Labor income and the demand
forlong-term bonds Inflation risk premium 22bp 43bp 101bp
Correlated labor income risk
Conclusions

Volatility stocks 15.98%

Volatility nom. bonds 1.76% 4.11% 11.71%

Volatility ILBs 1.70% 2.70% 3.08%
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Simulation-based portfolio choice with labor
Income and portfolio constraints
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CentERQ Simulation-based portfolio choice

Motvation = Brandt, Goyal, Santa-Clara, and Stroud (2005, RFS),
Financiel marke, preerences, introduce a powerful simulation approach for solving portfolio
mplication of the estimation problems, related to Longstaff and Schwartz (2001)

results

Simulation-based portfolio u B G S S 05 p rO pOse

choice with labor income and

portio consirints 1. Replace conditional expectations by projections on basis

e Simulation-based portfolio

choice functions

e Simulation-based portfolio

cholce EY | X;) = ((2) f(Xy),

Labor income and the demand

forlong-term bonds with X, the value of the state variables at time ¢t and f a
Correlated labor income risk Set Of baS|S funCtlonS

Conclusions

2. Simulate paths of returns and state variables and
estimate the projection coefficients, ((x)’, exploiting the
cross-sectional information

3. Optimize in all branches (time-consuming!)
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CentERQ Simulation-based portfolio choice

Motivation

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

e Simulation-based portfolio

choice

e Simulation-based portfolio
choice

Labor income and the demand
for long-term bonds

Correlated labor income risk

Conclusions

To accelerate the final step, an iterative procedure is
proposed based on a fourth order expansion of the utility
iIndex

However, convergence is not ensured (DeTemple, Garcia,
and Rindisbacher, 2003, 2005)

We by-pass this problem by observing that the regression
coefficients, ((x), are smooth function of the portfolio
weights, x

Hence, we parameterize the regression coefficients
((z) = ¥'h(z),

with h a set of basis functions
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Labor income and the demand
for long-term bonds
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CentERQ The main effects of introducing labor income

Motivation

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income

e Labor income and demand
long-term bonds

e Labor income and demand
long-term bonds

e Labor income and demand
long-term bonds

e Utility gains

e \What makes ILBs so

valuable?
e Impact of labor income: Utility

gains

Correlated labor income risk

Conclusions

= |f real labor income risk is uncorrelated with financial risks

1 Labor income can be viewed upon as a mixture between a
particular position in real bonds and an idiosyncratic risk
component

0 This first component tends to reduce the demand for real
bonds since the investors evaluates the total portfolio

1 But, the idiosyncratic risk component induces an effective
Increase in the risk aversion parameter, and hence an
Increase in the demand for real bonds

Gollier and Pratt (1996), EImendorf and Kimball (2000), Viceira (2001)
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CentERQ Labor income and demand long-term bonds

Moivation = Impact of the coefficient of RRA (1" = 10) on asset allocation

Financial market, preferences,
and labor income

Implication of the estimation 100% ]
results
Simulation-based portfolio 80% 7
choice with labor income and
portfolio constraints

60% -
Labor income and the demand
for long-term bonds
e The main effects of 40%
introducing labor income
Iong-ter bonds 20% -
e Labor income and demand
long-term bonds
e Labor income and demand 0% - | |

long-term bonds

e Utility gains RRA=3 RRA=5 RRA=7
e \What makes ILBs so

\:a::]napbalzfof labor income: Utility OR10Y EMN10Y OCash

gains

Correlated labor income risk

Conclusions
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CentERQ Labor income and demand long-term bonds

Implication of the estimation 100% 7
results

Simulation-based portfolio 80%
choice with labor income and
portfolio constraints

60%

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income 40% 7
long-term bonds

e Labor income and demand 20% -

long-term bonds
e Labor income and demand

Motivation = Impact of the coefficient of RRA (1" = 10) on asset allocation
long-term bonds 0%

Financial market, preferences,
- . I T T I T I T I |
e Utility gains

and labor income

e What makes ILBs so RRA=3 RRA=3,LI RRA=5 RRA=5,LI RRA=7 RRA=7, LI
valuable?

e Impact of labor income: Utility

gains OR10Y EN10Y OCash

Correlated labor income risk

Conclusions
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CentERQ Labor income and demand long-term bonds

Motaton = Impact of the investment horizon (v = 5) on asset allocation

Financial market, preferences,
and labor income

Implication of the estimation 100% 7
results
Simulation-based portfolio 80% _

choice with labor income and
portfolio constraints

60% -

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income 40% 7
e Labor income and demand
long-term bonds

e Labor income and demand 20% -

long-term bonds

e Labor income and demand

long-term bonds 00/
0

e Utility gains

e What makes ILBs so T=5 T=10 T=30

valuable?
e Impact of labor income: Utility

gains OR10Y EN10Y OCash

Correlated labor income risk

Conclusions

FACcULTY OF ECONOMICS AND BUSINESS ADMINISTRATION

l_’_-
TILBURG & %%ﬁ & UNIVERSITY
l“;fl

Labor income and the Demand for Long-Term Bonds - p. 21/33



CentERQ Labor income and demand long-term bonds

Implication of the estimation 100% 7
results

Simulation-based portfolio 80%
choice with labor income and
portfolio constraints

60%

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income 40% 7
e Labor income and demand
long-term bonds

e Labor income and demand 200/0 _
long-term bonds

e Labor income and demand

Moivation = Impact of the investment horizon (v = 5) on asset allocation
long-term bonds 0%

Financial market, preferences,
e Utility gains

and labor income

e What makes ILBs so T=5 T=5, LI T=1 T=10, LI T=3 T=30, LI
valuable?

e Impact of labor income: Utility

gains OR10Y EN10Y OCash

Correlated labor income risk

Conclusions
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CentERQ Labor income and demand long-term bonds

Implication of the estimation
results

100% -
Simulation-based portfolio
choice with labor income and

portfolio constraints 80% _

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income

e Labor income and demand
long-term bonds 40% 7
e Labor income and demand
long-term bonds

e Labor income and demand 200/0 _
long-term bonds

Motvation = Impact on nominal bond demand for different risk attitudes
Financial market, preferences, (T — 10) On asset allocatl()n

e Utility gains

e \What makes ILBs so 0%

and labor income
I | I I
valuable?

e Impact of labor income: Utility RRA=3 RRA=5 RRA=7

gains

Correlated labor income risk - N3Y - NlOY D CaSh

60% -

Conclusions
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CentERQ Labor income and demand long-term bonds

Motvaton = Impact on nominal bond demand for different risk attitudes
Financil marct, prfrences (7" = 10) on asset allocation

Implication of the estimation
results

100% -
Simulation-based portfolio
choice with labor income and

portfolio constraints 80% _

Labor income and the demand
for long-term bonds

e The main effects of 60%
introducing labor income

e Labor income and demand
long-term bonds 40% 7
e Labor income and demand
long-term bonds

e Labor income and demand 200/0 _
long-term bonds

e Utility gains
e What makes ILBs so 0%

I \ I \ I \ I \ I \ I \
valuable?

* Impact of labor income: Utility RRA=3 RRA=3,LI RRA=5 RRA=5,LI RRA=7 RRA=7,Ll

gains

Correlated labor income risk ON3Y EN10Y OCash

Conclusions
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CentERQ Utility gains

Motivation

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income

e Labor income and demand
long-term bonds

e Labor income and demand
long-term bonds

e Labor income and demand
long-term bonds

e Utility gains

e \What makes ILBs so

valuable?
e Impact of labor income: Utility

gains

Correlated labor income risk

Conclusions

= Utility gains induced by access to ILBs without labor income

8.0% —

6.0%

4.0% WT=5
mT=10
O0T=30

2.0%

T=30
0.0% =10
RRASS o -
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CentERQ

Motivation

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

Labor income and the demand
for long-term bonds

e The main effects of
introducing labor income

e Labor income and demand
long-term bonds

e Labor income and demand
long-term bonds

e Labor income and demand
long-term bonds

e Utility gains

o What makes ILBs so

valuable?
e Impact of labor income: Utility

gains

Correlated labor income risk

Conclusions

What makes ILBs so valuable?

= The (unconditional) price of real interest rate risk is higher
than of expected inflation risk

= Aggressive investors exploit the attractive risk-return
trade-off

= Conservative investors are unwilling to bear inflation and
Interest rate risk; long-term inflation-linked bonds provide a
hedge against both

= Hence, both aggressive and conservative investors are
better off by having access to inflation-linked bonds
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CentERQ Impact of labor income: Utility gains

Moivation = Reduction in utility gains from having access to ILBs with
Financial market, preferences, |abor Income

and labor income

Implication of the estimation
results

Simulation-based portfolio 450%
choice with labor income and
portfolio constraints

Labor income and the demand

for long-term bonds 300%
e The main effects of

introducing labor income OT=5
e Labor income and demand
long-term bonds BmT=10
e Labor income and demand 15 O(y

.UY0 —
long-term bonds OT=30

e Labor income and demand
long-term bonds T=30

e Utility gains T=10

e What makes ILBs so OO%
valuable?

gains RRA=5 RRA=7

Correlated labor income risk

Conclusions
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Correlated labor income risk
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CentERQ Correlated labor income risk

Motvation = |f real labor income risk is correlated with financial risks, we
zinndalr:tiglr?:‘igksz preferences, have |n general

Implication of the estimation

e 1 Assets can be used to offset unfavorable changes in labor
Simulation-based portfolio .

choice with labor ir?come and In CO me (h ed g e effe Ct)

portfolio constraints

abor income and the demand . . . . .

o long o boncs 1 The (implicit) value of labor income changes if the

Correlated labor income risk flnanC|a| ”Sks are pl‘lced (Value effeCt)

e Correlated labor income risk

e Correlation labor income risk

and exp. inf. sk = The correlation with inflation rates may deteriorate or
Condlusions enhance the role of labor income as inflation hedge

= Correlations likely to be industry dependent
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CentERQ Correlation labor income risk and exp. infl. risk

Motivation

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

Labor income and the demand
for long-term bonds

Correlated labor income risk

e Correlated labor income risk
e Correlation labor income risk

and exp. infl. risk

Conclusions

Correlation labor income and exp. inflation risk

100% -
80% -
60% -
40% -
20% -

0%

-60% -40% -20% 0% 20% 40% 60%

OR10Y EN10Y OCash
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Conclusions
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CentERQ Main conclusions

Motation = \We propose a realistic financial market model and
Finandial market, preferences, Incorporate labor income into the investment problem

Implication of the estimation
results

= We find that the introduction of labor income

Simulation-based portfolio
choice with labor income and
portfolio constraints

I 1. Prominent role of ILBs substantially reduced, both in
forlong erm bonds terms of portfolio choice and utility gains (like 30 — 40%)

Correlated labor income risk

N 2. But, ILBs remain an important asset class, in particular for
conservative long-term investors

e Main conclusions

3. Duration optimal nominal bond portfolio lengthened

4. Correlations between labor income and expected inflation
or stock returns are key parameters
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CentERQ Main conclusions

Motivation

Financial market, preferences,
and labor income

Implication of the estimation
results

Simulation-based portfolio
choice with labor income and
portfolio constraints

Labor income and the demand
for long-term bonds

Correlated labor income risk

Conclusions

e Main conclusions

e Main conclusions

In the presence of equities, the optimal portfolio is tilted
substantially towards equities, but the stock-bond mix still
decreasing in risk aversion

The conclusions are robust to time-variation in bond risk
premia, the amount of idiosyncratic labor income risk, and
correlations between labor income innovations and financial
risks

Results have been derived by extending recently developed
simulation-based approaches to solve portfolio choice
problems
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