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1. Factor investing for asset allocation and ALM
o Motivation

o Apply machine learning concepts

2. Regime aware factor investing and ALM
o Motivate economic regimes

o Factors within regimes

3. Comparing Pension Systems
o Importance of realistic goals
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Agenda
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Pension Systems throughout the World
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Global Pension Assets Study 2017
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§ Motivation

• Intensive search for higher returns to achieve goals and meet liabilities

1. Improve diversification  -- get paid to accept (sell) risks

Insurance analogy

2. Help explain newer hybrid securities and asset categories
Examples: 

High yield bonds

Dynamic smart beta strategies (long short via futures)

3. Assist during crash periods when contagion is present

Search for truly diversifying assets
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Factor Investing
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Danish Pension System ATP – Factors for Assets (Ang)

Liability-related factors – Real economic growth, inflation  (hard to link to asset returns)
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Example: Factors as Building Blocks 
(critical ingredients)
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§ Many institutional investors have made the shift to “alternative” asset categories

• 57% on average for U.S. endowments above $1 B

• Main categories:  private equity, real assets, hedge funds

• There is great diversity in this domain

• The newer asset categories capture many types of risks
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Why Factor Investing?
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Average Allocation Across University Endowments
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Diversity in Defining Asset Categories
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§ Purely statistical factors
• Factor analysis, principle component analysis

§ Fundamental macro economic
• Chen, Roll, and Ross

– Maturity premium (long- short government bonds), expected inflation, unexpected inflation,
industrial production growth, and default premium (corporate high versus low grade bonds)

§ Micro factors
• Fama and French

– Equity markets risks, small minus large stock returns, value minus growth

– Profitability (high-low profit), and investment (conservative-aggressive investment)

– Momentum, and low volatility 

§ Number of factors determined by sensitivity analysis
• Most studies have shown that about 5 factors are best (little improvement above 5 for 

equities)
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Alternative Factor Approaches  
(Feature selection in machine learning)
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Factor Loadings for Harvard Endowment
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Apply cross validation from machine learning 



Motivate Regimes with a Study of a 
University Endowment
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Most Hedge Funds Experienced Contagion during 2008 Crash –> 
massive change in covariance matrix
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Identify Two Regimes via Trend Filtering Algorithm*
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*See appendix
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Historical Performance
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Transition Matrix
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Employ these probabilities in the two-regime 
simulation



§ Single regime: select asset returns each period via a single multi-normal 
distribution; pay operating budget at 4% of capital (averaged over 4 years)

§ Two regime:  start with non-crash distribution; switch between non-crash and 
crash each quarter depending upon transition probability; pay operating budget 
the same as above

§ The two regime model more accurately projects the worst events (left tails) than 
the single regime approach
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Multi-Period Simulation 
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Forward Looking Simulation – Sample Path
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Compare Single and Two-Regime Models
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Advantages of Reducing Spending
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1. Consistency between asset performance and changes in liability cash 
flows

2. Improve estimates of downside risks

3. Enhance asset performance (possibly)

4. Streamline estimates of liability cash flows via stochastic analysis

21

Potential Advantages of Regime-Aware ALM
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§ Assume  that the current state of the economy is defined by Real GDP 
growth and inflation:
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An Illustrative Example
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GDP Growth

Inflation

GDP Growth: High
Inflation: High

Economic State 2

GDP Growth: Low
Inflation: High

Economic State 4

GDP Growth: Low
Inflation: Low

Economic State 3

GDP Growth: High
Inflation: Low

Economic State 1
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Scatter Plot of Inflation and Real GDP 1948-2015 (4-
Way Split) 
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Historical Patterns (time series of inflation and real GDP)
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Four Regimes are Stable Across Time
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Performance of Asset Categories 
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Compare Traditional MVO and Regime-Aware 
Approach
(see appendix for details)
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Comparing Pension Systems
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Pension Systems throughout the World
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1. Assets returns are driven by short and mid-term factors (interest rates, risk 
premium, cash flows, and micro factors such as momentum, value and so on)

2. Liabilities are driven by mid to long term factors

3. Longevity issues
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Difficulties Explaining Assets and Liabilities via 
Common Factors
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Market factors (short horizon), Macro-economic factors (intermediate 
horizon), demographic factors (long horizon)
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§ Two macro-economic factors that affect liability cash flows are:

• Economic Growth – Real Gross Domestic Product ( GDP)

• Inflation

§ Impact on salaries and retirement benefits
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Macro-Economic Factors and Pension Liabilities
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§ It is critical to define goals that are attainable

§ Compare U.S. social security versus California State Employee pension system

§ For simplicity on social security

• Assume current longevity estimates and maximum contribution ($127k salary, $16k per 
year contribution – ½ each for employee and employer)

• Work 40 years – age 25 to 65

• Retire 20 years – 65 to 85

• Assume portfolio return is inflation rate and no-time value of money

• Savings = $16k * 40 = $640k

• Spending = $32k * 20 = $640k 
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Setting the Future Goals
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§ A highly conservative plan (TIPs) achieves the objectives -- 25% spending during 
retirement

• If return is 3.6% real -> $64k per year spending

• If return is 7.2% real ->. $128k per year spending

§ Of course there are longevity risks – address by delaying retirement

§ And the demographic nightmare is occurring in many countries such as South 
Korea
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Conclusions for Social Security
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Birth Rates over Time (children/woman)

April 2018, National 
Assembly
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Comparison of Countries – U.S., Korea, and China

April 2018, National 
Assembly
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State of California
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State of California Total Salaries 
(inflation + increase in workforce ->. Underfunded plans)
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§ Pension Payroll and GDP showed a strong relationship
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History - Pension Payroll, GDP and US Inflation – California 
Employees State Pension System (CalPERS) -- $350 Billion

4/12/18
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§ U.S. pension system is largest in the world - $25,000 Billion

§ YET: the promises are much too generous and thereby many plans are 
underfunded

§ Most organizations are turning to DC plans, but individuals do not have abilities to 
make educated investment and savings decisions

§ Recommendation:  increase access to social security type plans for individuals + 
give investors opportunities to achieve higher goals – aspirational goals. 

§ Princeton/EDHEC Index 

39

Conclusions
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Assets of Sovereign Wealth Funds

April 2018, National 
Assembly 42John M. Mulvey, Princeton University



43

Trend Filtering Algorithm
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Trend Filtering Algorithm
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Trend Filtering Algorithm
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Performance of Asset Categories 
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Equity Micro-Factor Performance
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Modest advantage for long-only micro factors  
à long/short better diversification
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Comparing Traditional MVO and Regime-Aware Approach
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Comparing Traditional MVO and Regime-Aware Approach
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Compare Traditional MVO and Regime-Aware Approach
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