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Negative Interest Rates



Trend of U.S. Interest Rates

Donald Trump (2019, 2020)  
argued that the Federal Reserve 
should get the interest rates down 
to zero or less.

"Aggressive policy means that the US will need 
to consider negative interest rates and 
aggressive government spending." (Wen and 
Reinbold, 2020)



Motivation

❑ Research on the effect of a negative interest 
rate policy (NIRP) on the insurance industry 
is limited (Alberts, 2020).

❑Whether some widely adopted duration 
measures (e.g. the Macauley and modified 
durations) can be used in the negative 
interest rate environment remains poorly 
understood.
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Contributions
❑We provide initial evidence that a decline in interest rates 

in the negative interest rate environment produces a much 
more serious consequence on life insurers than that in the 
positive interest rate environment.

❑We add to the asset-liability management (ALM)  
literature by studying a life insurer’s optimal decision 
with a duration constraint based on the Vasicek interest 
rate model (1977).



Presentation Outline
❑ Empirical analyses

❑ Duration based on Vasicek model

❑ Basic ALM framework for life insurers

❑ Numerical illustration

❑ Conclusion



Empirical Analyses
❑ Data: 38 Japanese life insurers and 2-,3-,5-,7- year Japanese 

government coupon bonds’  yearly YTM from 1999 to 2018.

❑ OLS Regressions

𝑅𝑂𝐴𝑖,𝑡= 𝛽0 +𝛽1 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑛,𝑡
+Γ′ Control variable 𝑖,𝑡 + Firm Effect𝑖 +𝜖𝑖,𝑡 (2)

Variable (1) (2) (3) (4) (5)

𝑌𝑇𝑀𝑛,𝑡 √
Indicator variable of 𝑌𝑇𝑀𝑛,𝑡 √

Positive 𝑌𝑇𝑀𝑛,𝑡 √ √
Negative 𝑌𝑇𝑀𝑛,𝑡 √ √

Premium Growth 𝑅𝑎𝑡𝑒𝑖,𝑡 √ √ √ √ √
log 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡 𝑖,𝑡 √ √ √ √ √

𝐹𝑖𝑟𝑚 𝐸𝑓𝑓𝑒𝑐𝑡𝑖 √ √ √ √ √



OLS Model (1)
❑ Interest rate-return association analysis

Variable (1) (2) (3) (4) (5)

𝑌𝑇𝑀𝑛,𝑡 √

Indicator variable of 𝑌𝑇𝑀𝑛,𝑡 √

Positive 𝑌𝑇𝑀𝑛,𝑡 √ √

Negative 𝑌𝑇𝑀𝑛,𝑡 √ √

Premium Growth 𝑅𝑎𝑡𝑒𝑖,𝑡 √ √ √ √ √

log 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡 𝑖,𝑡 √ √ √ √ √

𝐹𝑖𝑟𝑚 𝐸𝑓𝑓𝑒𝑐𝑡𝑖 √ √ √ √ √



OLS Model (1) Result



OLS Model (2)
❑ Interest rate-return association analysis

Variable (1) (2) (3) (4) (5)

𝑌𝑇𝑀𝑛,𝑡 √

Indicator variable of 𝑌𝑇𝑀𝑛,𝑡 √

Positive 𝑌𝑇𝑀𝑛,𝑡 √ √

Negative 𝑌𝑇𝑀𝑛,𝑡 √ √

Premium Growth 𝑅𝑎𝑡𝑒𝑖,𝑡 √ √ √ √ √

log 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡 𝑖,𝑡 √ √ √ √ √

𝐹𝑖𝑟𝑚 𝐸𝑓𝑓𝑒𝑐𝑡𝑖 √ √ √ √ √



Model (2) Result



OLS Model (5)
❑ Interest rate-return association analysis

Variable (1) (2) (3) (4) (5)

𝑌𝑇𝑀𝑛,𝑡 √

Indicator variable of 𝑌𝑇𝑀𝑛,𝑡 √

Positive 𝑌𝑇𝑀𝑛,𝑡 √ √

Negative 𝑌𝑇𝑀𝑛,𝑡 √ √

Premium Growth 𝑅𝑎𝑡𝑒𝑖,𝑡 √ √ √ √ √

log 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡 𝑖,𝑡 √ √ √ √ √

𝐹𝑖𝑟𝑚 𝐸𝑓𝑓𝑒𝑐𝑡𝑖 √ √ √ √ √



Model (5) Result

=ቊ𝑌𝑇𝑀, 𝑌𝑇𝑀 > 0
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

=ቊ𝑌𝑇𝑀, 𝑌𝑇𝑀 < 0
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒



Implications

❑A decrease in interest rates in the negative 
interest rate environment imposes a much 

more serious consequence on life insurers 
than that in the positive interest rate 
environment.

❑We need to investigate a new ALM model for 
life insurers in the negative interest rate 
environment.



Duration Based on Vasicek model (𝐷𝑉)

𝑑𝑟𝑡 = 𝑎 𝑏 − 𝑟𝑡 + 𝜎𝑟𝑑𝑊𝑟 𝑡 (3)

𝑃 0, 𝑡 = 𝐴 0, 𝑡 exp(−𝐵(0, 𝑡)𝑟0) (4)

𝑃𝑐 0, 𝑇 = 𝑐 σ𝑡=1
𝑇 𝑃 0, 𝑡 + 𝑃 0, 𝑇 (5)

𝐷𝑉 = −
𝑑𝑃𝑐 0, 𝑇

𝑑𝑟0

1

𝑃𝑐 0, 𝑇

=
𝑐 σ𝑡=1

𝑇 𝐵 0,𝑡 𝑃 0,𝑡 +𝐵 0,𝑇 𝑃 0,𝑇

𝑃𝑐 0,𝑇
(6)



Modified Duration vs. Duration Based on Vasicek Model



Basic ALM Framework for Life Insurer
❑ Mortality model

➢ Lee and Carter (1992)’s model:

ln 𝑞𝑥,𝑡 = 𝛼𝑥 + 𝑏𝑥𝑘𝑡 + 𝜀𝑥,𝑡 (7)

❑ Annuity contracts

➢ Consider a life insurer only has the annuity business.

➢ Total liability at time t :

𝐿(𝑡) = 𝑁0(𝑥0 + 𝑡) ⋅ 𝐸 ⋅ 𝑎𝑥0+𝑡 𝑡 = 0,1,2, . . . (8) 



Total Assets
❑ 30-year Japanese government bond 

𝑑𝑟𝑡 = 𝑎 𝑏 − 𝑟𝑡 + 𝜎𝑟𝑑𝑊𝑟 𝑡

❑ Asia-Pacific corporate bond index
𝑑𝐵 𝑡 = 𝐵 𝑡 𝜇𝑑𝑡 + 𝜎𝐵𝑑𝑊𝐵 𝑡 (9)

❑ Brownian motions of these two assets are correlated
𝑑𝑊𝐵(𝑡)𝑑𝑊𝑟(𝑡)=ρ𝑑𝑡 (10)

❑ Total assets at time t:

A 𝑡 = ൝
𝐶0 +𝑁0(𝑥0) ⋅ 𝐸 ⋅ 𝑎𝑥0 ∙ (1 + 𝑙𝑝) 𝑡 = 0

𝐴 (𝑡−) − 𝐸 ⋅ 𝑁0(𝑥0 + 𝑡) 𝑡 = 1,2,…
(11)



Total Surplus
❑ The insurer’s total surplus at time t:

𝑆 𝑡 = ቊ
𝐶0 + 𝑁0(𝑥0) ⋅ 𝐸 ⋅ 𝑎𝑥0⋅ (1 + 𝑙𝑝) − 𝑁0(𝑥0) ⋅ 𝐸 ⋅ 𝑎𝑥0 𝑡 = 0

𝐴 (𝑡−) − 𝐸 ⋅ 𝑁0(𝑥0 + 𝑡) − 𝑁0(𝑥0 + 𝑡) ⋅ 𝐸 ⋅ 𝑎𝑥0+𝑡 𝑡 = 1,2, …
(12)



Basic Optimization Problem

𝜔1,𝜔2, 𝑁0 𝑥0
𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝑆 𝑡∗ (13)

Subject to

𝑉𝑎𝑅𝛼 𝑆 𝑡 ≥ R, t=1,2,…, 𝑡∗
𝜔1 +𝜔2 = 1

0 ≤ 𝜔𝑖 ≤ 1, 𝑖 = 1,2
𝑁0 𝑥0 > 0

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡

• 𝜔1: weight in 30-year Japanese government bond 
• 𝜔2: weight in corporate bond index.



Duration Constraint
❑ Duration strategy 1

➢ 𝐷0
𝑆 = 0 14

where

𝐷𝑡
𝑆= ቐ

𝜔1𝐷𝑡
𝑀30 + 𝜔2𝐷

𝑀𝐵𝐼 − 𝐷𝑡
𝑀𝐿 , 𝑓𝑜𝑟 𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝜔1𝐷𝑡
𝑉30 + 𝜔2𝐷

𝑉𝐵𝐼 − 𝐷𝑡
𝑉𝐿 , 𝑓𝑜𝑟 𝑉𝑎𝑠𝑖𝑐𝑒𝑘 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

(15)

❑ Duration strategy 2
➢ 𝛾1 ≤ 𝐷𝑡

𝑆≤ 𝛾2, t=0,1,…,   𝑡∗ (16)

where 𝛾1 and 𝛾2 are constants that control for the size of duration 
mismatching in subsequent periods.



Numerical Illustration
𝐶0 1000

𝑙𝑝 0.18

𝐸 1

𝑉𝑎𝑅𝛼 𝑆 𝑡 ≥ R 𝑉𝑎𝑅0.01 𝑆 𝑡 ≥ 0
c 0.8%

𝑟0 -0.2%
𝑡∗ 10

Average maturity of 
corporate bond index 

4

Average annual 
coupon rate of 

corporate bond index 

1.36%



Parameter Estimation of Lee-Carter Model
❑ Data: Japanese male population mortality tables (1950 -

2017) from the Human Mortality Database.

❑ Estimates



Parameter Estimation of Vasicek Model
❑ Data: monthly yield data of Japanese government zero 

coupon bonds with 1-month,1-, 5-, 7-, 10-, 15-, 20-, and 
30-year maturities from April 2010 to April 2020.

❑ Estimates



Parameter Estimation of Geometric Brownian Motion 

❑ Data: monthly total return index of Bloomberg Barclays 
Asia-Pacific 3-5 year corporate bond index from April 
2010 to April 2020.

❑ Estimates

❑ The correlation of the Brownian motions between the 
Japanese government zero coupon bond index and 
Bloomberg Barclays Asia-Pacific 3-5 year corporate 
bond index



[-0.375,0.375]

Difference in the Size of Duration Mismatching

[-1.100,-0.260]

Duration Mismatching

Duration Mismatching



Difference in Portfolio Weights 

𝜔1 and 𝜔2 denote the weights in 30-year 
Japanese government bond and corporate 
bond index, respectively.

Weight in 
30-year 
Japanese 
government 
bond

Weight in 
corporate 
bond index



Difference in Annuity Units 

𝑁0(𝑥0) denotes the annuity units.

Annuity 
units



Conclusions
❑ Our empirical analysis shows that a decrease in interest

rates in the negative interest rate environment produces a 
much more serious consequence on life insurers than that 
in the positive interest rate environment.

❑ We propose an optimization framework to derive the 
optimal decision of a life insurer with a duration 
constraint based on the Vasicek interest rate model.

❑ The life insurer will assume more risk and will suffer a 
higher downside risk and greater duration mismatching if 
they use a modified duration constraint to implement 
their ALM.



Thank  You ! 


