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Abstract. 

The longevity risk consists in the systematic deviations of the deaths’ number from its expected value caused by improvements of 

mortality trend. This risk impacts ruinously on balance sheets of many holders, such as governments, pension providers, individuals 
and insurers. Transferring of the longevity risk to the capital market opens new opportunities, since it can become tradable. 

The most popular instrument for managing longevity risk consists in longevity swap (bespoke o indexed). In a longevity swap, the 

pension fund agrees to make to the counterparty (insurer or bank) periodic payments based on agreed mortality assumptions. In 

return the counterparty pays to the pension fund regular floating flows based on either the pension plan realized survival rates either 
an agreed mortality index. These instruments involve counterparty risk, i.e. the risk that the other part of a contract will not live up to 

its obligations. 

Nevertheless it is necessary to determine the price of longevity swaps in the most appropriate way, by considering an evaluation 

based on integrated risk analysis. In particular the counterparty risk should be taken into account as relevant risk, in order to 
guarantee the market transparency and standardization of longevity swap. 

In recent years innovative instruments of collateralization have been developed such as Credit Value Adjustment (CVA), Bilateral 

CVA (BCVA) and Debt Value Adjustment (DVA). While CVA represents the price of the counterparty risk in the derivative contract 

computed assuming the counterparty may default prior the contract maturity and the investor is default risk-free and the BCVA is the 
cost of the counterparty risk considering its bilateral nature under the assumption that both party of the derivative contract may 

default prior the contract maturity, the DVA consists in the cost of the counterparty risk under the assumption that only the investor 

may default and his counterparty is default risk-free. In particular it is typically defined as the difference between the value of the 

derivative assuming the bank is default-risk free and the value reflecting default risk of the bank. In this contest we present a pricing 
formula for a fair valued longevity swap, since to do this it is necessary to consider market variables and the creditworthiness of both 

parties entering into the contract, as well as the valuation methodologies used by parties. 

Typically a bank or insurance, which grants a longevity swaps to the pension funds, can be interested in including the cost of 

counterparty risk in a such instrument, by forcing the pension fund to pay a DVA. 
In this context we propose a pricing model for a completed longevity swap, being a DVA included. 

An empirical analysis is provided. 

 

Keywords: Longevity Risk, Counterparty risk, Longevity swap, Debt Value Adjustment, Credit Value Adjustment, bilateral Credit 
Value Adjustment. 

 

1. Introduction 

 
With few exceptions, longevity has been increasing throughout the world during the last century. The emergence of 

increasing longevity is the result of substantial  demographic changes over the last century. Particularly several studies 

show that the aging of the population is due to two firmly established and parallel trends: life expectancy is increasing 

and birth rates remain at historically low levels. Besides, the first half of the 20
th

 century saw substantial reductions in 

early life mortality, while the second half century has shown significant improvements in mortality rates at older ages. 

These demographic changes have caused an underestimation over the year of the like expectation and the mortality 

probabilities. This fact represents a financial risk so-called demographic risk.  

The demographic risk is divided in two components: the insurance risk and the longevity risk. The insurance risk arises 

from accidental deviations of the number of deaths from its expected values, and it is a pooling risk, i.e. it can be 

mitigated by increasing the number of policies. The longevity risk derives from improvements in mortality trend, which 

determine systematic deviations of the number of deaths from its expected values ( Di Lorenzo and Sibillo 2002). 

The risk can be transferred from those who hold it, including individuals, governments, and private providers of 

retirement income, to insurers and banks through de-risking strategies as for instance buy-outs and buy-ins. 

Nevertheless banks and insurers have a finite capacity to take longevity risk. They may pass longevity risk at the 

reinsurer offering a transaction similar to the longevity risk mentioned above.  Currently there are many proponents of a 

capital market solutions where longevity risk can become tradable. So that this to occur, it is need transformed a non-

financial risk in a financial asset. The market for the longevity-linked securities has developed substantially in recent 

years. The longevity-linked securities allow to the holders of the longevity risk (particularly the pension fund) of 

transferring longevity risk to the capital market. The longevity-linked securities are derivatives or bonds where the 

underlying is the trend of the mortality of the reference population. 
_________________ 
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The most popular  longevity-linked instruments the longevity swap. In a longevity swap, the pension fund agrees to 

make to the counterparty (insurer or bank) periodic payments based on agreed upon mortality assumptions. In return the 

counterparty provides the pension fund with regular floating payment based on either the pension plan realized survival 

rates or an agreed upon mortality index. 

Certainly, we must consider that with few exceptions, the longevity swap pricing formulas views so far pose an issue of 

opacity. Indeed we believe that for allowing an improvement of market liquidity and for achieving a standardized 

market where exchanging the longevity swap, we cannot exempt from considering the counterparty risk that this 

instrument may involve.  

Counterparty risk consists in the risk that the entity with whom one has entered into a financial contract (the 

counterparty to the contract) will fail to fulfill their side of the contractual agreement, i.e. will default prior to expiration 

of a trade and will not therefore make the current and future payments required by the contract. 

Then this risk is similar to other forms of credit risk in that the cause of economic loss is obligor’s default. There are, 

however, two features that set counterparty risk apart from more traditional forms of credit risk: the uncertainty of 

exposure and bilateral nature of credit risk (Pykhtin and Rosen 2009).  

In addition  in longevity swap counterparty risk exposure is large, since generally the longevity swaps have very long 

maturities. 

We believe that if the counterparty risk is not considered in the pricing formula of the longevity swap, it could lead at an 

issue of mispricing. 

In light of these considerations, we propose pricing formulas of the longevity swap that include the counterparty risk 

through innovative collateralization tools, i.e. the Debt Value Adjustment ( from herein DVA). 

The pricing formula of the longevity swap that involves the DVA allows to obtain a "completed" pricing formula; 

indeed, allows to the hedger of the longevity risk of reaching to a value of the swap that considers an important risk as 

counterparty risk, obtaining the riskiness value of the longevity swap.  

The pricing formula of the longevity swap that involves the DVA is important for the development of a standardized 

and liquid market, where it is possible to exchange the longevity swaps. Indeed this pricing formula could be used by an 

authorities to guarantee the efficiency and transparency of the market.   

The paper is organized as follows. The paper is organized as follows. In section 2 we develop formulas for pricing the 

fair value of longevity swap with Debt Value Adjustment. Section 3 illustrates the main outcomes of the empirical 

application. 

 

2. Pricing a completed longevity swap: the case of debt value adjustment 

 
According to Biffis et al (2014) the market value of the longevity swap’s payment that occurs at the maturity t=T at the 

inception is given by: 

𝑆0 =  𝑛𝐸𝛲 [ 𝑒− ∫ 𝑟𝑡𝑑𝑡
𝑇

0 (
𝑛 − 𝑁𝑇

𝑛
− 𝑃𝑁)]   =   𝑛𝐸𝛲[ 𝑒− ∫ (𝑟𝑡+𝜇𝑡)𝑑𝑡

𝑇
0 −𝐵(0, 𝑇)𝑃𝑁)]                (2.1) 

where P
N 

denotes the survival fixed rate referred to the maturity T; while 𝑒− ∫ (𝑟𝑡+𝜇𝑡)𝑑𝑡
𝑇

0  the risk neutral survival 

probability at the same maturity T referred to the homogeneous group of individuals, i.e. the estimation of the floating 

rate at the maturity T, where 𝑟𝑡 is the risk-free interest rate  and 𝜇𝑡 is the mortality intensity; B(0,T) corresponds to the 

discounting factor; n denotes both the notional that the policyholders’ number that join to the pension fund. As regard 

the intensity of mortality and  then the survival probability may be modeled  using a stochastic mortality model. 

By this equation it is obtained the survival fixed rate referred at the maturity T relying on the assumption that the 

expected value of each payment at each maturity of the longevity swap evaluated at time t=0 is equal to 0. Then the 

survival fixed rates are determined letting the above equation equal to 0 and solving for 𝑝𝑁: 

𝑝𝑁 = 𝑃̃𝑇 + 𝐵(0, 𝑇)−1𝐶𝑜𝑣𝕡̃ (𝑒− ∫ 𝑟𝑡𝑑𝑡
𝑇

0 , 𝑒− ∫ 𝜇𝑡𝑑𝑡
𝑇

0 )                                              (2.2) 

The survival fixed rate is given by the risk-neutral survival probability, 𝑃̃𝑇, more the covariance between intensity of 

mortality and bond market returns. 

This equation shows that if the intensity of mortality is uncorrelated with bond market returns, the latter term of the 

equation (2.2) is equal to 0 and the survival fixed rates associated to different maturities involve only the survival 

probabilities {𝑃̃𝑇i } referred at the same maturities. Then the survival fixed rates referred each maturity are determined 

basing only on the mortality forecasts made at the inception of the longevity swap.  

The pension fund cannot reach to a complete assessment of the longevity swap namely based on integrated risk 

analysis, unless it is not taken into account the counterparty risk on the pricing formula. In this regard we can use 

innovative collateralization tools such as Debt Value Adjustment (DVA),  indeed only the consideration of the 

counterparty risk allows to represent an internal management model which take into account an integrated analysis of 

risks.   



In D’Amato and De Martino (2014a, 2014b)  formulas of evaluation of the longevity swap by including the unilateral 

and bilateral counterparty risks from the point of view of the pension fund through the credit value adjustment (CVA) 

and bilateral credit value adjustment  (BCVA) have been proposed, being the CVA the market price of counterparty risk 

on a contract obtained by the risk neutral expectation of the loss that could occur for the counterparty default over the 

term of the contract and the BCVA the cost of the counterparty risk under the assumption that both counterparties could 

default. 

However it could result necessary to assess the present value of the longevity swap considering the impact of the risk 

that the pension fund could default and his counterparty is default free, then to consider the counterparty risk from the 

point of view of the pension fund’s counterparty. 

 In this way a such evaluation of the longevity swap could allow to the pension fund of analyzing the impact of the own 

default on the longevity swap value and identifying the entity of the collateral that could be required from the 

counterparty institution. 

For this kind of evaluation we can use the DVA as a spread, namely the market price of counterparty risk on a contract 

obtained by the risk neutral expectation of the gain that could occur for the pension fund default over the term of the 

contract weighted with the risk-neutral probability of the own default. 

The DVA is analogous to the CVA and is the price of counterparty credit risk from the perspective of the counterparty, 

i.e., the price of the risk that the investor defaults before maturity of a derivative contract and fails to full his obligat ions 

to the counterparty. Then the DVA for the pension fund is the CVA for his counterparty.  

The unilateral DVA as a stand-alone value is given by: 

𝑈𝐷𝑉𝐴 = (1 − 𝛿𝐼̅
̅ ) ∑ 𝐵(𝑡𝑖)𝑁𝐸𝐸(𝑡𝑖)𝑞𝐹(𝑡𝑖, 𝑡𝑖−1)                                                (2.3)

𝑇

𝑖=1

 

𝑞𝐼(𝑡𝑖, 𝑡𝑖−1) denotes the default probability of the institution;  𝛿𝐼̅  denotes the recovery of the institution; while 

𝑁𝐸𝐸(𝑡𝑖) denotes the negative expected exposure, i.e. the EE from the point of view of the counterparty with the 

difference that the 𝑁𝐸𝐸(𝑡𝑖) is a negative value. 

The unilateral DVA as a credit spread is given by the following equation:  

𝑈𝐷𝑉𝐴𝑎𝑠 𝑎 𝑠𝑝𝑟𝑒𝑎𝑑 = 𝑋𝐹
𝐶𝐷𝑆 × 𝐸𝑁𝐸                                                             (2.4) 

where 𝑋𝐹
𝐶𝐷𝑆 is the periodic premium paid by the investor that enter into the credit default swap to cover his counterparty 

risk exposure and 𝐸𝑁𝐸 is the expected negative exposure.  

The DVA as a stand-alone value and as a credit spread unlike the CVA are negative values.   

The pension fund can evaluate approximately the P&L (profit and loss) impact of the longevity swap considering the 

cost of counterparty risk under the assumption that the pension fund could default and his counterparty is default free, 

simply subtracting the DVA as a running spread at the expectation under the risk neutral measure of net  rate that he 

will receive, i.e. the different among the floating rate and the fixed rate that occurs at each maturity, as reported by the 

following equation: 

𝑆0 =  𝑛 {𝐸𝕡̃ [(𝑒− ∫ (𝑟𝑡+𝜇𝑡)𝑑𝑡
𝑇

0 −𝐵(0, 𝑇)𝑃𝐷] − 𝐷𝑉𝐴𝑆𝑝𝑟𝑒𝑎𝑑}                                 (2.5) 

   

However as it is possible to note the consideration of the cost of the own default through of the DVA as a spread 

increases the risky market value of the longevity swap, since a negative value, the DVA, is subtracted to the expectation 

under 𝕡̃ of the net rate that could receive the pension fund. Indeed if the pension fund defaults and the present value of 

the longevity swap form his point of view is negative, he will make an gain. This because the pension fund should pay 

an amount, that will not be paid in case of own default. The formula (2.5) might be used by the pension fund for self-

rating the impact of the own default on the present value of the longevity swap in such a way that he can check the 

consistency of the collateral potentially required by institutions. 

In addition the DVA could be understood as a charged to apply to the pension fund for covering the cost of the 

counterparty risk from the point of view of the institution that grants the longevity swap. Indeed an institution that 

grants the longevity swap to the pension fund, having major bargaining power and higher credit quality than the pension 

fund, could require that the longevity swap is completed of collateral and the collateral could be an DVA as a spread.  

Basing on  this consideration, you can determine the survival fixed rate of a longevity swap that includes as collateral a 

DVA simply putting equal to zero the equation (1.4) and solving for 𝑃𝐷 . In this way you obtain: 

𝑃𝐷 = 𝑃̃𝑇 + 𝐵(0, 𝑇)−1𝐶𝑜𝑣𝕡̃ (𝑒− ∫ 𝑟𝑡𝑑𝑡
𝑇

0 , 𝑒− ∫ 𝜇𝑡𝑑𝑡
𝑇

0 ) − 𝐷𝑉𝐴𝑠𝑝𝑟𝑒𝑎𝑑 𝐵(0, 𝑇)−1              (2.6)  



In this case the fixed rates of the longevity swap depend not only on the survival probabilities and the covariance among 

the intensity of the mortality and the bond market returns, but also on the market value of the cost of counterparty risk 

under the assumption that the pension fund could default and his counterparty is default free.  

To determine the survival fixed rates considering the charge to cover the counterparty exposure of the institution trough 

the DVA as a spread involves that the pension fund pay at each maturity a net rates higher than those that he should pay 

if it is not considered the cost of the own default. 

Then this higher amount that the pension fund overpays could be accounted by his counterparty to cover the potential 

losses that could arise in the event of pension fund default.  

 

3. Numerical Applications 

 
We consider a pension fund with 1500 policyholders from a group composed by  65-67 years old Italian individuals. 

The pension consists of a payment of €25000 each year to each policyholder alive. For covering the longevity risk 

exposure the pension fund could enter in the fixed side of a longevity swap. 

Then let us suppose that the pension fund enter in a 20-year indemnity longevity swap where the counterparty is an 

insurer.  

Basing on this kind of contract the pension fund agrees to pay a series of fixed payment obtained multiplying the 

survival fixed rates (or pre-determined) to the notional at each maturity, that occurs every July 10th from 2015 to 2035.  

Whilst in return the pension fund receives by the insurer a series of floating payments obtain multiplying effective 

survival rate of the policyholder to the notional at the same maturity date. You let us assume that the notional of the 

longevity swap is €37,500,000. 

The first issue to face up, which involves an high cost and time intensity analysis on the pension plan’s book, is of 

estimating the floating rate and defining the fixed rates also called forward survival rate.  

For estimating the floating rates of the longevity swap it is needed simply to calculate the contingent probabilities that 

an Italian individual group aged between 65-67 today survives every year up to the end of the next 20 years. These 

probabilities are obtained with the Lee and Carter model (1992) and are reported in the table 1. 

 

Table 1 – Best estimation of floating rates, Lee and Carter model 

 

 

For setting the survival fixed rates referred at each maturity we use the same forecast of the mortality trend, but we 

include into the survival rates also the risk premium that the insurer requires for granting the longevity swap to the 

pension fund. Indeed, an insurer o bank enter into the floating side of longevity swap only if the longevity risk assumed 

is remunerated with adequate risk premium.   

Then supposing that the contract provides a risk premium given by an additional mortality improvement of 0.5% and by 

the 95% of the base mortality table, i.e. the mortality table of the year 2010. 

The table 2  reports the contingent survival probabilities of the Italian population aged between 65-67 years today that 

include also the risk premium for the longevity risk. 

 Floating rate 

P65-67(2014) 0,990877167 

P65-67(2014:2015) 0,981010215 

P65-67(2014:2016) 0,970360249 

P65-67(2014:2017) 0,958991816 

P65-67(2014:2018) 0,94664446 

p65-67 (2014:2019) 0,933217517 

p65-67 (2014:2020) 0,918457062 

p65-67 (2014:2021) 0,902319878 

p65-67 (2014:2022) 0,884907835 

p65-67 (2014:2023) 0,866054588 

p65-67 (2014:2024) 0,845696765 

p65-67 (2014:2025) 0,823516197 

p65-67 (2014:2026) 0,799495083 

p65-67 (2014:2027) 0,772747317 

p65-67 (2014:2028) 0,742871152 

p65-67 (2014:2029) 0,709872659 

p65-67 (2014:2030) 0,674377512 

p65-67 (2014:2031) 0,636713078 

p65-67 (2014:2032) 0,596593789 

p65-67 (2014:2033) 0,553913895 

p65-67 (2014:2034) 0,508583842 



Table 2 – Fixed rates, Lee and Cartel model  

 Fixed rate 

𝑝̌65-67(2014) 0,991507 

𝑝̌65-67(2014:2015) 0,982363 

𝑝̌65-67(2014:2016) 0,972535 

𝑝̌65-67 (2014:2017) 0,962089 

𝑝̌65-67(2014:2018) 0,950789 

𝑝̌65-67 (2014:2019) 0,93855 

𝑝̌65-67(2014:2020) 0,925145 

𝑝̌65-67(2014:2021) 0,910541 

𝑝̌65-67(2014:2022) 0,894834 

𝑝̌65-67(2014:2023) 0,877878 

𝑝̌65-67(2014:2024) 0,859618 

𝑝̌65-67(2014:2025) 0,839768 

𝑝̌65-67(2014:2026) 0,81831 

𝑝̌65-67(2014:2027) 0,794448 

𝑝̌65-67(2014:2028) 0,76781 

𝑝̌65-67(2014:2029) 0,738378 

𝑝̌65-67(2014:2030) 0,706678 

𝑝̌65-67(2014:2031) 0,67296 

𝑝̌65-67(2014:2032) 0,636916 

𝑝̌65-67(2014:2033) 0,598378 

𝑝̌65-67(2014:2034) 0,557166 

 

 

Once estimated the floating rates and set the survival fixed rates before of calculating the expected present value of the 

longevity swap it is necessary to choice the discounting rate. In this regard considering that the reference population is 

Italian we can use as discounting rate the yield of the Italian bearing coupon bonds i.e. BTP issued at 14/07/2014 with 

maturity at 15 years, i.e. 3.5%. 

Table 1.3 shows the discounting factors for each maturity of the longevity swap. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3 – Present value of €1, discounted to the n
th

 year 

DATE Discount Factor 

10/07/2014 1 

10/07/2015 0,966183575 

10/07/2016 0,9335107 

10/07/2017 0,901942706 

10/07/2018 0,871442228 

10/07/2019 0,841973167 

10/07/2020 0,813500644 

10/07/2021 0,785990961 

10/07/2022 0,759411556 

10/07/2023 0,733730972 

10/07/2024 0,708918814 

10/07/2025 0,684945714 

10/07/2026 0,661783298 

10/07/2027 0,639404153 

10/07/2028 0,61778179 

10/07/2029 0,596890619 

10/07/2030 0,576705912 

10/07/2031 0,557203779 

10/07/2032 0,53836114 

10/07/2033 0,52015569 

10/07/2034 0,502565884 

10/07/2035 0,485570903 

 

 

Now it is possible to build up the cash flows of the longevity swap and to evaluate the expected present value of the 

longevity swap as shown by the table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4 – Evaluation of the indemnity longevity swap 

 

 

 

The first column reports the years of reference of the survival rates; the second column the maturity date. In particular 

the payment is achieved the next year to the reference year of the survival rates. This is due by the fact that since the 

floating rates paid by the insurer is the effective survival rates of the reference population we could know these rates 

only if the reference year is concluded. The third and the fourth column report respectively the survival fixed rates and 

the best estimation of the floating rates. While the fifth column shows the net rates received by the pension fund at each 

maturity, namely the difference between the best estimation of the floating rates and the survival fixed rates. How it is 

possible to note the net rates are negatives, that’s why the best estimation of the floating rates and the survival fixed 

rates are determined basing on the same mortality forecast, however the survival fixed rates include also the risk 

premium for the longevity risk required by the insurer. 

The net rates multiplied for the notional allow to obtain the net payments for each maturity as shown in the sixth 

column. The last column shows the present value of each payment which sum gives the expected present value of the 

longevity swap from the point of view of the pension fund. This value is about €-8,362,000  for the presence of the risk 

premium. The following figure 1 shows the difference between the floating and the fixed rates underlining the entity of 

the risk premium 

Year Payment date Fixed 
rate 

Floating 
rate 

Difference 
between 
floating 
rate and 
fixed rate 

Net payment Present value Net 
Payment 

2014 10/07/2015 99,15% 99,09% -0,06% -23636,27 -22836,98 

2015 10/07/2016 98,24% 98,10% -0,14% -50725,37 -47352,68 

2016 10/07/2017 97,25% 97,04% -0,22% -81564,10 -73566,14 

2017 10/07/2018 96,21% 95,90% -0,31% -116139,79 -101209,12 

2018 10/07/2019 95,08% 94,66% -0,41% -155427,64 -130865,90 

2019 10/07/2020 93,85% 93,32% -0,53% -199956,19 -162664,49 

2020 10/07/2021 92,51% 91,85% -0,67% -250786,33 -197115,78 

2021 10/07/2022 91,05% 90,23% -0,82% -308280,17 -234111,52 

2022 10/07/2023 89,48% 88,49% -0,99% -372236,79 -273121,66 

2023 10/07/2024 87,79% 86,61% -1,18% -443385,22 -314324,12 

2024 10/07/2025 85,96% 84,57% -1,39% -522035,33 -357565,86 

2025 10/07/2026 83,98% 82,35% -1,63% -609431,55 -403311,62 

2026 10/07/2027 81,83% 79,95% -1,88% -705562,11 -451139,34 

2027 10/07/2028 79,44% 77,27% -2,17% -813766,90 -502730,37 

2028 10/07/2029 76,78% 74,29% -2,49% -935192,10 -558207,39 

2029 10/07/2030 73,84% 70,99% -2,85% -1068954,66 -616472,47 

2030 10/07/2031 70,67% 67,44% -3,23% -1211262,22 -674919,88 

2031 10/07/2032 67,30% 63,67% -3,62% -1359259,61 -731772,55 

2032 10/07/2033 63,69% 59,66% -4,03% -1512086,18 -786520,23 

2033 10/07/2034 59,84% 55,39% -4,45% -1667404,24 -837980,49 

2034 10/07/2035 55,72% 50,86% -4,86% -1821840,08 -884632,53 

 Present value of 
the swap 

        -14228932,84 -8362421,2 



 
Figure 1 – Trend of the forward survival rate and best estimation of the survival rate 

 

As it is possible to note, this difference increases over the time. This because over the time increases the uncertainty of 

the prediction, therefore also the entity of the risk premium increases over the time. 

Certainly it must be considered that the evaluation of the indemnity longevity swap, as well as made, is incomplete. 

Indeed this evaluation do not consider the counterparty risk. In D’Amato and De Martino (2014a, 2014b) we have 

assessed the longevity swap considering the impact of the unilateral counterparty risk of the pension fund and the 

bilateral nature of the counterparty risk through innovative collateralization tools such as CVA and BCVA. 

However we have not considered the impact of the counterparty risk under the assumption that the pension fund could 

default and the insurer is default-free. For measuring the influence on the expected present value of the longevity swap 

of the own default we iclude another innovative collateralization tool such as DVA as a spread. As aforementioned the 

DVA is the market price of the counterparty risk on the contract obtained considering the risk neutral expectation of the 

gains that could derive from the own default over the term of the contract. 

It is intuitive that the consideration of the impact of the own default on longevity swap from the point of view of the 

pension fund increases the expected present value of this contract. Indeed if we consider that the pension fund fails and 

the value of the contract is negative, it will get a gain, since it will not perform the future payment. 

As pointed out in section 2 the DVA as a spread is given by the following equation: 

𝑈𝐷𝑉𝐴𝑎𝑠 𝑎 𝑠𝑝𝑟𝑒𝑎𝑑 = 𝑋𝐹
𝐶𝐷𝑆 × 𝐸𝑁𝐸 

where 𝑋𝐹
𝐶𝐷𝑆

 is the periodic premium paid by the insurer that enter into the credit default swap to cover his counterparty 

risk exposure and 𝐸𝑁𝐸 is the expected negative exposure. The 𝑈𝐷𝑉𝐴𝑎𝑠 𝑎 𝑠𝑝𝑟𝑒𝑎𝑑is always negative. 

We suppose that the 𝑋𝐹
𝐶𝐷𝑆 is equal to 3% and the 𝐸𝑁𝐸 is equal to -4% we have a DVA as a spread equal to: 

 

𝑈𝐷𝑉𝐴𝑠𝑝𝑟𝑒𝑎𝑑 = −4% × 3% = −0.12% 

 

Once calculated the 𝑈𝐷𝑉𝐴𝑎𝑠 𝑎 𝑠𝑝𝑟𝑒𝑎𝑑 we can assess the expected present value of the longevity swap considering the 

cost of the default of the pension fund simply subtracting this spread to the floating rates received by the pension fund 

(or adding to fixed rates paid by the pension fund) for each maturity. 

The table 5 shows the cash flows of the longevity swap for the pension fund considering the impact of the own default.  



Table 5 - Valuing the indemnity longevity swap with DVA as a spread 

Year Payment date Fixed rate Floating rate 
Floating rate - 
dva spread 

Difference 
between 
floating 
rate(including 
dva spread) and 
fixed rate Net payment 

Present value 
Net Payment, 
considering 
counterparty 
risk 

2014 10/07/2015 0,991507 0,990877167 99,21% 0,057% 21363,7257 20641,281 

2015 10/07/2016 0,982363 0,981010215 98,22% -0,015% -5725,3742 -5344,6981 

2016 10/07/2017 0,972535 0,970360249 97,16% -0,098% -36564,097 -32978,721 

2017 10/07/2018 0,962089 0,958991816 96,02% -0,190% -71139,79 -61994,217 

2018 10/07/2019 0,950789 0,94664446 94,78% -0,294% -110427,64 -92977,106 

2019 10/07/2020 0,93855 0,933217517 93,44% -0,413% -154956,19 -126056,96 

2020 10/07/2021 0,925145 0,918457062 91,97% -0,549% -205786,33 -161746,19 

2021 10/07/2022 0,910541 0,902319878 90,35% -0,702% -263280,17 -199938 

2022 10/07/2023 0,894834 0,884907835 88,61% -0,873% -327236,79 -240103,77 

2023 10/07/2024 0,877878 0,866054588 86,73% -1,062% -398385,22 -282422,77 

2024 10/07/2025 0,859618 0,845696765 84,69% -1,272% -477035,33 -326743,3 

2025 10/07/2026 0,839768 0,823516197 82,47% -1,505% -564431,55 -373531,37 

2026 10/07/2027 0,81831 0,799495083 80,07% -1,761% -660562,11 -422366,16 

2027 10/07/2028 0,794448 0,772747317 77,39% -2,050% -768766,9 -474930,19 

2028 10/07/2029 0,76781 0,742871152 74,41% -2,374% -890192,1 -531347,31 

2029 10/07/2030 0,738378 0,709872659 71,11% -2,731% -1023954,7 -590520,7 

2030 10/07/2031 0,706678 0,674377512 67,56% -3,110% -1166262,2 -649845,71 

2031 10/07/2032 0,67296 0,636713078 63,79% -3,505% -1314259,6 -707546,3 

2032 10/07/2033 0,636916 0,596593789 59,78% -3,912% -1467086,2 -763113,22 

2033 10/07/2034 0,598378 0,553913895 55,51% -4,326% -1622404,2 -815365,02 

2034 10/07/2035 0,557166 0,508583842 50,98% -4,738% -1776840,1 -862781,84 

 Present value of the swap -13283933 -7701012,3 
 

   

As it is possible to note from this cash flows, we have added a column where we have reported the floating rates minus 

the 𝑈𝐷𝑉𝐴𝑎𝑠 𝑎 𝑠𝑝𝑟𝑒𝑎𝑑.  

Then the 𝑈𝐷𝑉𝐴𝑎𝑠 𝑎 𝑠𝑝𝑟𝑒𝑎𝑑, that is always negative, is subtracted to the rates received by the pension fund, increasing the 

expected present value of the longevity swap for the pension fund. 

Indeed, the present value of the swap for the pension fund obtained considering the impact of the own default is again a 

negative number but is higher than the expected present value of the free risk longevity swap.  



 
Figure 2 - Expected value of the payment in the different hypotheses  

 

This graph underlines the difference between the free risk value of the longevity swap’s payment and its risky market 

value obtained under the assumption that the pension fund could default and his counterparty is default free.        

Finally we can affirm that the examination of the own default on the longevity swap through the DVA as a spread from 

the point of view of the pension fund involves that the risky present value of the contract is higher than  its free risk 

value. 

However the counterparty institution which grants the longevity swap to the pension fund may require as collateral the 

DVA. In this latter case, also if in the pricing formulas will appear the DVA, the present value of the swap results 

decreased by the present of this kind of collateral. 

 

Conclusion 
 

In the previous sections, we have considered the longevity risk and the most popular instrument for transferring this risk 

to the capital market, i.e. the longevity swap. Although this instrument allows to transfer this important risk which 

impact the balance sheet of many stakeholders, it involves another risk such as counterparty risk.  

Without an integrated analysis risk it may occur problems of mispricing. In particular it could be important an 

evaluation of the longevity swap that consider the impact of the own default from the point of view of the pension 

found, allowing at this latter of identifying the entity of the collateral that could be required from the counterparty 

institution and, exceptionally, of reaching an fair valued longevity swap formula.  

We have proposed an pricing formula that includes an innovative collateralization tools, i.e. the DVA, for obtaining the 

fair value of the longevity swap.  

The longevity swap valued with the formula of pricing proposed, namely that include the impact of the own default for 

the pension fund, results greater than an longevity swap valued with an classic formula, that then does not include the 

cost of the own default. 

In addition we have proposed a formula to determine the fixed rates of the longevity swap including again DVA as a 

spread, allowing to the pension fund to analyze the impact of the collateral that may be required from the counterparty 

of the pension fund. 

Further researches will be on the comparison between different pricing formulas that include different collateralization 

tools such as CVA, BCVA and DVA.   
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