
Non-linear Dependence and Portfolio Decisions
over the life cycle

Wei Jiang1; Shize Li1; Jialu Shen2

1Hong Kong University of Science and Technology
2Trulaske College of Business, University of Missouri

Shize Li
Email: slidq@connect.ust.hk
Wei Jiang
Email: weijiang@ust.hk
Jialu Shen
Email: jshen@missouri.edu

Contact
1. We document the existence of between-squares correlation in the data.
2. Introducing between-squares correlation lowers participation rates and risky asset shares, conditional on participation.
3. The perspective from portfolio helps understand between-squares correlation better and shows a nonlinear pattern.
4. Empirical evidence supports the model’s prediction, and the nonlinear pattern of between-squares correlation’s effect.

Conclusion

1. Households' optimization problem with Epstein-Zin preferences:

Controls: 

• 𝛼𝑖,𝑡: risky share -> controls  the portfolio return 𝑅𝑖,𝑡+1
𝑝

= 𝛼𝑖,𝑡𝑅𝑖,𝑡+1
𝑝

+ (1 − 𝛼𝑖,𝑡)𝑅𝑖,𝑡+1
𝑝

.

• 𝐶𝑖,𝑡: consumption -> controls investment principal.
States:
• 𝑋𝑖,𝑡: wealth                               𝑌𝑖,𝑡: labor income               𝑅𝑡

𝑆: stock return
Parameters:
• 𝛽: discount factor                    𝛾: risk aversion                   𝜓: elasticity of intertemporal substitution
• 𝑝: survival probabilities          𝑏: bequest motive
Wealth Accumulation：

𝑋𝑖,𝑡+1 = 𝑋𝑖,𝑡 − 𝐶𝑖,𝑡 𝑅𝑖,𝑡+1
𝑝

− 𝐹𝐼𝑝𝑃𝑖,𝑡 + 𝑌

2. Labor Income Process (𝑌𝑖,𝑡)

Two Puzzles in Household Finance

Including between-squares correlation significantly:
• Raise participation wealth threshold

-> participation puzzle

And thus, the model including
BS-corr matches SCF data well.

Effect of BS-Corr on investment decisions

Compared to model predictions, data indicates households are not so interested in stock investment.
1. Stock participation rate: < 50% 
2. Risky share (conditional on participation): ≈ 55%
Why? A crucial element: labor income and its risk:
• Labor income process
• Interplay between labor and financial markets →main consideration in this paper

Model

Between-squares Correlation (BS-Corr)
Definition: 𝐶𝑜𝑟𝑟𝐵𝑆 𝑋, 𝑌 ≜ 𝐶𝑜𝑟𝑟 𝑋 − 𝐸 𝑋 2, 𝑌 − 𝐸 𝑌 2

Advantages:
1. Nonlinear feature -> A better measure of extreme co-movement
2. It is normalized co-kurtosis ->  dependence through higher-order risks
3. More possible dependence patterns. Under mixture normal:

Figure 1. Scatterplot of linear correlation Figure 2. Scatterplot of BS-Corr

Stylized Facts of  BS-Corr
Significant and positive BS-Corr between income and stock returns.
Data: 
1. Ken French’s data library: 1970-2017
2. PSID: annual 1970-1997 and biennially 1997-2017

Chart 1. Stylized Facts of  Between-squares Correlation
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3.  Stock Returns Process (𝑅𝑡
𝑆)
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control the correlation and BS-Corr.

Assume a portfolio including α share of stock and one unit of labor income flow.

Portfolio perspective of BS-Corr effect

Calibration
Labor income

Dependence Structure:

Preference: 

Please refer to our working paper for more calibration details.

Data: PSID & CRSP (1997-2017)

• Lower the optimal risky asset shares
-> risky share puzzle

Models:
• Probit regression for participation rate
• Tobit for conditional risky share

BS-Corr has
• Significant effect
• Nonlinear effect

Given other moments fixed (including correlation),
between-squares correlation has nonlinear effect.
From panel (a) portfolio risk with changing BS-Corr
• (-)↗ 0: Skewness ↑, kurtosis →
• 0 ↗(+): Kurtosis ↑, skewness →
• |Between-squares correlation| ↑⇒ More risk
From panel (b) corresponding policy functions
• BS-Corr ≈ 0: more likely to enter the market
• BS-Corr deviates from 0: households reduce their 

risky asset holdings.

Empirical Evidence of BS-Corr

Stock Return

• Positive across all groups
• 1/3 households > 0.1
• 1/5 households > 0.2
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• Corr ≈ 0 (consistent with literatures).
• Small BS-Corr but significant effect.
• Precise calibration.

• Moderate risk aversion level.
• College group is more patient.
• Low fixed cost rate = 0.008.
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