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Recent Development in Pension Industry

• There has been a surging trend of shifting from DB plans to DC 

plans in the U.S.

– Many DB plans are closed to new entrants, and future service 

accruals are frozen.

– Pension risk transfers (e.g., buy-in, buy-out) reached record 

high in 2022/2023 (Buyout assets reached $273.3 billion in Q1 

2024).

• Influences of disruptive technologies such as AI

– Participant engagement

– Client servicing, plan design and administration

– Governance

– Fraud detection

– Fund management



Challenges in DB Management

• Unique challenges: require consistent fund returns to meet the 

pension liabilities

– recent volatile financial markets

– past long spells of low interest rates

– prolonged life expectancy of retirees

– changing pension accounting rule

• Underfunding penalty

– Amortized deficit contributions

– More restrictive funding requirements

– Higher PBGC (Pension Benefit Guaranty Corporation) 

premiums
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Research Questions



Literature Review

• Nonlinearity and Nonstationarity of financial data

• AI/ML for financial time series forecasting: 

– Support Vector Regression, Random Forest, Long Short-Term 

Memory, Autoregressive/Convolutional/Recurrent Neural 

Network, and K-Nearest Neighbor (KNN)

– (see., e.g., Minh et al., 2018; Nikou et al., 2019; Zhong and 

Enke, 2019; Cervello-Royo and Guijarro, 2020; Lee and Kang, 

2020; Nabipour et al., 2020; Shen and Shaq, 2020)

• Gu et al. (2020, RFS): economic gains to investors using ML 

forecasts can be doubling the performance of leading 

regression-based strategies. 



Literature Review

• Transformer (Vaswani et al., 2017): introduce an attention 

mechanism to allow for parallelization and improve 

computational efficiency. 

• Various models were proposed: Informer (Zhou et al., 2021), 

Autoformer (Wu et al., 2021), and Non-stationary (NS) 

Transformer (Liu et al., 2022).

• Wu (2023) compares SVR, LSTM, Transformer, Informer, 

Autoformer, and NS Transformer, and finds that Autoformer 

achieves the highest Sharpe ratio. 



Literature Review

• Pension investment:

– Asset side portfolio optimization: (e.g., Blake et al., 1999; Bikker et 

al., 2007; Siegmann, 2007; Josa-Fombellida and Rincon-Zapatero, 

2010; Iyengar and Ma, 2010; Bikker et al., 2012; Bernard and 

Kwak, 2016).

– Surplus management: Sharpe and Tint (1990, JPM); Ezra (1991); 

Leibowitz et al. (1992); 

– LDI with downside risk management: Ang et al. (2013, JPM); 

Shang (2021, SOA); Jang et al. (2024)

• Application of AI in pension

– early retirement, mortality forecasting, pension participation,  (e.g., 

Salazar and Boado-Penas, 2019; Cantor and Shang, 2021; Kemboi

Yego et al., 2023)

– Portfolio optimization: Li and Forsyth (2019), Shang (2021)



Pension Funding Status



Pension Portfolio Dynamics



Autoformer Architecture



Autoformer Architecture



Trading Strategy

• Moving Averages (MA), Relative Strength Index (RSI), Moving Average 

Convergence/Divergence (MACD) which contains three components (the 

MACD line, the signal line, and the divergence line), and Bollinger Bands 

(upper band and lower band).



LDI with Downside Risk



Genetic Algorithm



Numerical Experiments



Model Performance Metrics

• Accuracy: No. of correct / No. of predictions.

• Recall (specificity): No. of corrected positive (negative) predictions 

/ No. of positive (negative) returns. 

• PPV (NPV): No. of corrected positive (negative) predictions/ No. 

of positive (negative) predictions.



Sharpe Ratio and Maximum Drawdown



Bond Average Cumulative Return



Stock Average Cumulative Return



Pension Funding Ratio (L&S, 100% Initial FR)



Returns and Cumulative PFR

Average Weights of Assets



Pension Funding Ratio (L&S, 85% Initial FR)



Pension Funding Ratio (Long, 100% Initial FR)



Conclusions
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