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Insurance Risk Management:

Liability-Driven 
Investing



Liability-driven investing (LDI) has recently emerged as a powerful paradigm in financial risk management.  

The basic idea behind LDI is to split the company’s balance sheet into two separate balance sheets: one for the 

liabilities and the matching assets and one for the other (return) assets and the surplus. Constructing a proper  

liability hedge portfolio (LHP) is very attractive for life insurers because the liability-driven risks can be suppressed 

without a negative impact on overall return. When these risks are covered by the LHP, the return assets can be 

optimized using well-known (Markowitz) optimization techniques or (equity) hedge strategies. The LDI approach 

thus stimulates insurers to address all risks embedded in the insurance liabilities and facilitates the subsequent 

optimization of the return assets.

Liability-Driven Investing

Introduction

Liability-driven investing (LDI) is characterized by a central role of the liabilities in the asset allocation process. LDI solutions have been 

proposed by investment banks and asset managers after many pension funds (as well as other financial institutions) were severely hit 

by falling interest rates and dropping stock prices in the 2001-2003 period (see the figure below). 

Risk Management Solutions for Insurers

Falling interest rates and dropping stock 

prices during 2001-2003 had severe, negative 

influences on pension fund PBO’s all over the 

world (data from Towers Perrin). 
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Regulating authorities have tightened the solvency requirements 

and accounting standards as a consequence of the huge impact 

of financial market conditions on key institutions like pension 

funds, insurers and banks. The following elements are crucial in 

this regulatory reform:

  �Total balance sheet approach (i.e., assets and liabilities);

  �Economic or market value;

  �Value at Risk (VaR) approach to determine the required 

capital;

  �Wide range of risks (market, insurance, operational);

  �Capital requirements based on a confidence level on a one 

year basis;

  �Standard versus internal models.

Using these elements, several countries have developed their 

own solvency tests. Such tests typically use pre-described stress 

scenarios for the different risk factors (e.g. a downward shock 

of 40% for stocks and a shift up and down of the interest rate 

curve). Institutions should demonstrate that their surplus is  

sufficiently large to adsorb these shocks and prevent the  

occurrence of a negative surplus. The combined effect of the 

different shocks is determined using assumptions about the 

correlations between the different risk factors. The upcoming 

European Solvency II guidelines for insurers, expected to be  

in place in 2012, will incorporate the current frameworks 

developed by the individual European countries.  

The LDI solution

Anticipating these new requirements, financial institutions in 

many European countries have now moved toward liability-driven 

investment (LDI) solutions. The idea behind these solutions is 

that the required capital is reduced by properly matching the 

liabilities, which makes the company less vulnerable in case of 

adverse economic situations. In our experience, this LDI concept 

has several major advantages for life insurance companies:

  �Dividing the assets in a liability hedge portfolio (LHP) and a 

return portfolio (RP) creates a natural benchmark for the LHP 

portfolio (the liabilities). 

  �When setting up a proper LHP, one has to explicitly address all 

risks embedded in the insurance liabilities. 

  �When the liability-driven risks are covered by the LHP, the 

resulting return assets can be optimized using well-known 

(Markowitz) optimization techniques or (equity) hedge 

strategies.

LHP portfolios for life insurers are relatively complex compared 

to LHP portfolios for pension funds due to options embedded in 

insurance contracts.  Matching these options with the proper  

financial instruments (like swaptions, stock options or other  

hybrid instruments) is possible, however, although some 

mismatch risk can of course remain in practice.



Evolution of the surplus of the matching 

balance sheet for 1,000 different economic 

scenarios. Note the negative impact of a 

decreasing interest rate on the surplus, due 

to a significant duration mismatch between 

the assets and liabilities. For example, for 

the selected economic scenario the surplus 

drops to almost -650 in 2012 (see Panel 

B). This scenario is a typical example of a 

low interest rate scenario (see Panel A)

Determining an LHP portfolio

We now apply the LDI concept and, as an example, determine 

the LHP for a typical Dutch life insurer. We first split the balance

sheet in a return and a matching balance sheet, see the above 

figure.

Notice that the matching balance sheet also contains the item 

“fictive cash”. This (fictive) cash position is needed to match the 

volume of the liabilities. Because (theoretically) the liabilities are 

exactly replicated by the corresponding assets, the matching 

assets should have the same volume as the liabilities. A cash 

position, which has (almost) no interest rate sensitivity, can be 

used to correct a volume mismatch with the liabilities without 

interfering with the interest rate hedges in the LHP. Note that this 

cash position also appears on the return balance sheet, but on 

the opposite side. 

This implies that we effectively create more leverage on the  

return balance sheet when the volume mismatch on the 

matching balance sheet increases. Due to this added leverage, 

the risk (and the expected return) on the return balance sheet 

increases.

We now analyze the effectiveness of a simple fixed income 

LHP.  The value of the LHP plus the fictive cash position should 

(theoretically) be equal to the value of the liabilities for all future 

scenarios. In other words, the surplus of the matching balance 

sheet should always be equal to zero. As a test, we generate 

1,000 scenarios for interest rates and stock returns and analyze 

the evolution of the surplus of the matching balance sheet.  

The next figure shows the results of this stochastic simulation.

Because the guaranteed cash flows (premiums, benefits and 

costs) are now adequately matched, the remaining risks at the 

matching balance sheet are caused by the unit linked and profit 

sharing options on the balance sheet of this insurer. The next 

figure shows that hedging these options is very attractive: the 

downside risks are suppressed further while the average return 

of the LHP remains sufficiently high to match the expected 

return of the liabilities. The initial investment that is required to 

purchase these option hedges is also limited in this case: these 

hedges can be financed by selling just 10% of the fixed income 

portfolio. 

Due to the nature of the unit linked guarantee option (a combined 

equity – interest rate option) this hedge portfolio will in practice 

often consists of a mixture of equity put options and (receiver) 

swaptions.  Hybrid derivatives may be a cost efficient alternative 

as well. A good profit sharing hedge can be constructed using a 

set of swaptions. 

The insurer’s balance sheet from an LDI perspective. 

The balance sheet is divided in a matching balance 

sheet with the liabilities and fixed income assets.  

The other assets (stocks) and the surplus are part of 

the return balance sheet. Because the value of the fixed 

income assets is smaller than the market value of the 

liabilities a fictive cash position is added to the matching 

balance sheet. This causes a short cash position  

(i.e., leverage) on the return balance sheet.

RETURN

ASSETS LIABILITIES

Stocks	 285 Surplus	 185

Fictive cash	 100

Total	 285 Total	 285

MATCHING

ASSETS LIABILITIES

Fixed income (LHP)	 665

Fictive cash	 100

Fair value reserve
- Basic reserve	 748 
- Profit sharing options	 18 
- Unit linked guarantee options	 45 
- �Present value of fees for unit  

linked guarantees	 -45



Analysis return-matching balance sheet

We now proceed with an analysis of the complete return-matching 

balance sheet. For simplicity, we consider the stylized situation 

in which the insurer does not pay taxes or dividends. The results 

are shown in the next figure. Panel A shows the evolution of the 

surplus in case of the original return-matching balance sheet. 

Panel B clearly shows the effect of the optimized LHP: the 

downside risks are reduced significantly. 

To further reduce the risks, we can reduce the percentage of 

stocks and invest more money in fixed income. This has almost 

no impact on the risks on the matching sheet because the 

interest rate risks are minimized by the swap construction in  

the LHP. The impact on the return balance sheet is significant, 

however, because the amount of leverage decreases (as well as 

the allocation to stocks). 

The final step is an optimization of the assets on the return 

balance sheet. Since the liability-driven risks are already  

suppressed by the matching assets, these assets can be 

optimized using well-known (Markowitz) optimization techniques 

or (equity) hedge strategies. The LDI approach thus stimulates 

insurers to address all risks embedded in the insurance liabilities 

and facilitates the subsequent optimization of the return assets

Evolution of the surplus of the matching 

balance sheet when an additional swap 

construction is used. Notice the significant 

risk reduction when swaps are part of the 

LHP (see Panel B)

Obviously, this simple LHP is not robust with respect to future economic developments: the duration mismatch between the assets 

and the liabilities creates a significant interest rate risk. The next figure shows that this interest rate risk can be suppressed to a large 

extent using an appropriate swap construction.

A comparison of the quality of the simple 

LHP with swaps and the optimized LHP  

portfolio with hedges for the embedded 

options. Note that the downward risks on 

the matching balance sheet are reduced 

significantly by adding swaps and hedges 

for the unit linked and profit sharing 

options in the liabilities. Interestingly, the 

added option hedges do not appear to have 

a negative impact on the average surplus 

on the matching balance sheet (compare 

the average values in Panel A and B). In 

fact, the average surplus increases slightly 

because the strongly negative scenarios 

are almost entirely eliminated (the upside 

scenarios are also suppressed, but this 

effect is less pronounced).

Evolution of the surplus for 1,000 different 

economic scenarios for the simple fixed in-

come LHP and the optimized LHP. Note that 

the downward risks decrease significantly 

when we optimize the LHP.


