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1 Introduction

Variable annuities (VAs) are popular personal savings and investment vehicles, accounting for
nearly $2 trillion in net assets held by U.S. insurance companies. They offer a unique combination
of investment flexibility, tax benefits, and long-term investment guarantees. There also exists a
secondary market for VA policies in the U.S.—providing a venue for policyholders to sell/transfer
their policies to third-party investors—but it is still in its infancy stage.1 This article studies the
potential impact of the secondary VA market in the United States, and demonstrates that it can
simultaneously benefit all three parties involved: the policyholder, the investor, and the insurer.

We develop a model of VA transfers, whereby a policyholder (in the primary VA market)
may suffer a liquidity shock, in which case she chooses whether to surrender/lapse2 her policy
or to transfer it (for a price) to a third-party investor through the secondary market. The investor
may offer more than the cash surrender value (i.e., the account value minus surrender charges,
if applicable) of the VA policy, due to (i) the implicit value of the guarantee(s) embedded in the
policy, and (ii) the tax benefits associated with the VA investment, relative to more traditional
investment vehicles. If the policy continues, the insurer receives additional income through the VA
fees. The tax benefits of the investment make VA transfers a non-zero sum game between the three
parties and allow the secondary market to be Pareto-improving, in the sense that all parties can be
better off if the VA policy is transferred rather than lapsed. We illustrate this insight with a simple
toy model, but also find strong empirical evidence of this effect.

A key question in designing a secondary VA market is how much (and what form of) control
the insurer should have over such a market. In fact, the Interstate Insurance Product Regulation

Commission that is composed of 35 U.S. states and Puerto Rico voted in 2010 to allow insurers
to eliminate the embedded guarantees following a VA policy transfer.3 We find that this form of
control indeed results in the highest overall welfare gain, although even a completely unrestricted
secondary VA market would still provide the insurer with a positive net benefit. In particular,
under our empirical benchmark scenario, the secondary VA market produces a combined welfare
gain (between the three parties) of up to 2.6% of the policyholder’s initial investment amount.

More generally, our analysis suggests the potential of a very active secondary VA market.
That is, policyholders would exercise the option to transfer the policy upon a liquidity shock quite

1The existence and development of a secondary annuity market vary by country. For exam-
ple, the U.K. government recently announced the cancellation of its planned secondary annuity market
due to consumer protection concerns. For more details, c.f. http://www.pensionsage.com/pa/
Govt-confirms-no-plans-to-review-secondary-annuity-market.php.

2In the article, we use the terms surrender and lapse interchangeably in accordance with VA market practice.
3Source: https://www.insurancecompact.org. For the most recent adopted standards

for Guaranteed Minimum Death Benefits and Guaranteed Living Benefits within VAs, see https:
//www.insurancecompact.org/rulemaking_records/160718_gmdb.pdf and https:
//www.insurancecompact.org/rulemaking_records/1016_glbv.pdf, respectively.
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frequently, resulting in a significant welfare gain for them. This is true even if the insurer exerts
substantial control over the secondary market. Our qualitative insights are consistent across a wide
array of parameter specifications. However, the numerical estimates of the overall welfare gain
from the secondary VA market (2.6% in the baseline scenario) vary considerably across policy
and policyholder characteristics. Thereby, the most significant factors are those that impact the
product’s tax advantage—such as the policy’s time to maturity, the volatility of the underlying
investment, and the marginal tax rates of the third-party investor—as well as the likelihood of a
liquidity shock.

It is worth noting that there are other relevant frictions in the VA market that would likely result
in similar conclusions. For instance, our model reflects the valuation perspective of a third-party
investor who otherwise does not have access to tax-deferred investment vehicles. Alternatively, one
could construct a similar model framework in which the third-party investor chooses to acquire a
“used” VA policy through the secondary market instead of a new one from the primary market.
This can be beneficial to the insurance company because it does not have to pay the (substantial)
policy acquisition expenses when a transfer occurs. In this case, the acquisition expenses serve as
an alternative form of market friction that induces the secondary VA market to (potentially) benefit
all three parties.

Since the seminal paper by Milevsky and Posner (2001), the popularity of VAs as investment
vehicles has carried over to the academic literature. Initially, research focused on valuing the dif-
ferent embedded guarantees under various financial models and on developing appropriate hedging
methods for the associated risks. For instance, Bauer et al. (2008) provide an overview of product
characteristics and develop a pricing framework that covers the most common guarantees at the
time. Some more recent works have also begun to address the behavior of VA policyholders in
view of the many options embedded in VA policies (e.g. withdrawal and annuitization guarantees,
timing of contributions, changes to investment allocation, and policy surrenders and exchanges).
These options have a sizable impact on the value of the product and on the effectiveness of the
insurer’s risk management strategies (Kling et al., 2014), yet the overall poor understanding of
policyholder behavior is still a weak spot for the VA industry (Moody’s, 2013). We refer to Bauer
et al. (2017) for an overview of the current state of the literature on this topic.

A key take-away from these studies is that market frictions are highly relevant in this context.
For instance, Moenig and Bauer (2016) are able to reconcile optimal policyholder behavior with
typical fee rates for withdrawal guarantees once the policyholder’s valuation function is adjusted
for appropriate tax considerations. The model of Moenig and Zhu (2018) justifies the relatively
high level of the VA base fee rate in practice by accounting for policy acquisition expenses and
financially optimal policy (“1035”) exchanges. In both cases, the frictions separate how policy-
holder and insurer value uncertain future cash flows. A few other recent studies have taken this
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discrepancy in valuation perspectives a step further, by exploring more efficient VA policy de-
signs that improve outcomes for both the policyholder and the insurer (Bernard and Moenig, 2017;
Moenig and Bauer, 2017). In a similar fashion, in this work we consider how the option of a pol-
icy transfer (typically, after the policyholder experiences a liquidity shock) can mutually improve
outcomes for the policyholder, the third-party investor, and the insurer with the presence of market
frictions. This relates our findings directly to recent work by Kling et al. (2017), who find that—in
the absence of market frictions—a secondary VA market with value-maximizing investors always
reduces the insurer’s profitability.

Our work contributes to the academic literature on VAs, specifically on policyholder behavior.
It also adds to (and complements) the existing literature on the secondary market for traditional life
insurance policies—the so-called life settlement market—by exploring the relevant similarities as
well as differences between the products and the resulting actuarial and economic implications.4

Note that the transfer of a traditional life insurance policy is never in the insurer’s interest at the
time. The transfer of a VA policy, however, does not only benefit the policyholder and the third-
party investor, but can also make the insurer better off. Equally importantly, our work offers
insights to insurance executives and practicing actuaries working on pricing, product design, and
risk management of VA policies. Finally, insurance regulators may find our assessment of the
secondary VA market useful with regards to its supervision.

The remainder of the paper is organized as follows. We begin in Section 2 by developing and
analyzing a stylized two-period model for a VA policy with market frictions and liquidity shocks
to the policyholder. This simple model setup helps illustrate the mutual benefits of a secondary
VA market. Section 3 presents our empirical analysis of the potential economic impact of such a
market, and Section 4 concludes.

2 A Two-Period Model

To convey our key insights, we begin by building a simple two-period model for a secondary VA
market. Thereby, we first reiterate the insights of Moenig and Bauer (2016) to demonstrate that
the presence of market frictions will induce the third-party investor to have a different valuation
perspective than the insurer. We then show with illustrations that such a discrepancy in valuation
allows for the theoretical possibility that the addition of a secondary VA market benefits all three
parties involved—the insurer, the VA policyholder, and the investor—simultaneously, regardless
of the degree of control that the insurer imposes on such a market. All proofs can be found in
Appendix A.

4We refer to Doherty and Singer (2003), Daily et al. (2008), and Zhu and Bauer (2011) for their (mixed) views on
the economic implications of the life settlement market.
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2.1 How a VA Transfer Works

To the best of our knowledge, only non-qualified VAs can be transferred, i.e. the VA must have
been purchased with after-tax money. Upon the transfer, the original policyholder receives the
offer price from the investor and must pay (income) taxes on any earnings from this investment,
that is on the difference between the offer price and the initial investment amount, if positive.

The investor then becomes the new beneficiary of the VA policy and has the right to make all
future investment, withdrawal, or annuitization decisions. However, the embedded guarantees—if
they remain active after the transfer—are still contingent on the life of the original policyholder.
Our model assumes that the investor is an individual and therefore entitled to the deferred taxation
of non-qualified VA investments. In this case, the investor pays (income) taxes on any earnings
when he receives the VA payouts—with the offer price serving as his tax base. Corporate investors,
on the other hand, are not eligible for the preferential tax treatment of the VA, and would have their
VA investment earnings taxed like those from regular investments.

2.2 Model Setup

For our stylized two-period model, we assume that at time 0, the policyholder purchases a VA
policy from the insurer that matures at the end of the second period with a maturity guarantee
amounted G. The initial proceeds are invested in a separate account that accumulates with a
(random) gross return of Ri for period i, i = 1, 2. At the beginning of each period, the insurer
charges a VA base fee at rate φbase > 0 and a VA guarantee fee at rate φguar > 0. Both are assessed
directly against the VA account. We denote the account value of the VA at time t by At (for
t = 0, 1, 2). Therefore, we have

At = At−1 · (1− φbase − φguar) ·Rt , t = 1, 2. (1)

For simplicity—and to focus on the financial advantage of a VA investment—we assume in this
stylized model that there is no mortality risk, i.e. the policyholder will always survive throughout
the entire two periods.5

We further assume that at time 1, immediately before paying the VA fee for the second period,
the policyholder experiences an exogenous liquidity shock that forces her to liquidate her VA
policy. She may choose to surrender the VA back to the insurer and receive the current account
value A1, upon which the policy terminates immediately and the maturity guarantee is naturally
forfeited. Alternatively, the policyholder may transfer the policy in a secondary market to a third-

5Alternatively, one could think of our setup as a VA with GMDB (guaranteed minimum death benefit) where the
policyholder always dies in the second period.
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party investor who offers a price M . If the transfer occurs, the policy continues with the investor
as its new owner. He then pays the VA fee—out of “his” VA account—to the insurer in the second
period and subsequently receives the final payout amount X := max{A2, G} when the policy
matures at time 2.

2.3 Market Frictions

We assume that the market for the underlying investment is complete and frictionless, with the
exception of personal taxes on investment earnings that reflect the preferential tax treatment of the
VA relative to an outside (replicating) portfolio (Moenig and Bauer, 2016). That is, the market is
complete and frictionless on a pre-tax basis.6

In line with Moenig and Bauer (2016), we model taxation of the VA by imposing a flat income
tax rate τ ∈ [0, 1) on all VA earnings (final payoff minus initial investment, if positive) at the
time the money is withdrawn from the VA. For any other investment, we assume a constant capital
gains tax at a flat rate of κ ∈ [0, 1) on all respective earnings; this tax is assessed at the end of
each period. In practice, the tax-deferred treatment of VAs—that is, VA earnings are only taxed
when the policy matures (or when money is withdrawn)—contributes greatly to its popularity as an
investment vehicle. However, as we will see in the following analysis, our stylized model comes
down to single-period investments and is therefore unable to directly reflect such a tax deferment.
Therefore, without loss of generality, we capture the tax advantage of the VA over traditional
(outside) investments in this section by setting τ = 0 and κ ≥ 0. As such, κ can be interpreted as
the additional average marginal tax rate on outside investments, and thus measures the level of tax
benefit from a VA investment.

2.4 Time-1 Valuation

The decision making of the policyholder is straightforward: She will gladly accept the offer from
the third-party investor if the offer price exceeds the surrender value of the VA, that is, if and only
if

M ≥ A1 . (2)

Note that this ranking is preserved by tax considerations, as both options—surrender and transfer—
generate a payoff at time 1 that is subject to the same tax treatment.

The insurer itself does not care at all about the tax treatment of policyholder and investor,
and instead only considers the objective value of the investment, that is the risk-neutral expected

6As we discussed in Section 1, one could alternatively construct a similar model where the policy acquisition
expenses serve as the source of frictions in the VA market.
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present value of the VA payout X . Its time-1 value is therefore given by

V Ins
1 (A1) := E1[e−r ·X] = E1[e−r ·max{A2, G}] , (3)

subject to the updating condition of the VA account value, as specified in Equation (1). Hereby, r
is the continuously compounded risk-free interest rate; and E1 denotes the time-1 expected value
calculated under the risk-neutral measure Q, conditional on the information available at time 1

(i.e., A1).
Lastly, the third-party investor must contrast his investment cost M with the uncertain time-2

payoff X , subject to tax considerations. The investor’s time-1 value—which we denote by V TP
1

and which is a function of A1—is therefore subjective, as it also depends on the investor’s personal
capital gains tax rates and may thus differ across investors. In particular:

Lemma 1. Third-Party Valuation
Assume that a VA transfer takes place at time 1 with account value A1.

(a) The subjective time-1 value of the VA to the third-party investor, V TP
1 , satisfies the following

implicit equation:

V TP
1 = E1[e−r ·X] +

κ

1− κ
· e−r · E1[(X − V TP

1 )+] , (4)

with (a)+ := max{a, 0}, and subject to the account evolution given by Equation (1).

(b) V TP
1 > V Ins

1 if and only if κ > 0.

(c) There exists a threshold κ∗ > 0 such that for κ < κ∗, the equationA1 = V TP
1 (A1) has a unique

solution.7 Moreover, for κ ≥ κ∗, V TP
1 (A1) ≥ A1 for all A1 > 0.

If κ < κ∗, we denote the unique solution to the equation A1 = V TP
1 (A1) by ATP. In the case of

κ ≥ κ∗, we set ATP =∞. In either case:

Lemma 2. Third-Party Valuation (II)
V TP
1 > A1 if and only if A1 < ATP.

7The definition of κ∗ is provided in the proof of the lemma in Appendix A.1.



THE ECONOMICS OF A SECONDARY VA MARKET 7

2.5 Model Results & Illustration

The prevalence of a secondary VA market may depend on the level of control that insurers exert
over it. As a baseline case, we first study an intervention-free secondary market in which the
insurer has no influence over the private arrangements between policyholders and investors. We
then consider two alternative market structures, allowing the insurer to either decide whether to
approve or disapprove a transfer, or decide whether or not to cancel the VA guarantee upon the
transfer.

2.5.1 Baseline Case: An Intervention-free Secondary VA Market

We begin with a baseline case where the insurer has no control over the secondary VA market and
thus cannot interfere in any transfer agreement between the policyholder and a third-party investor.

Clearly, the investor will offer no more than his subjective value for the product at the time,
that is:

M ≤ V TP
1 . (5)

Combining Equations (2) and (5), we observe that a secondary VA transfer can only simultaneously
engage participation from the policyholder as well as the third-party investor ifA1 < V TP

1 (A1), that
is—by Lemma 2—if A1 < ATP. The following result is immediate.

Theorem 1. Existence of an Intervention-free Secondary VA Market
Policyholder and third-party investor agree on a VA transfer if and only if A1 < ATP, with feasible

offer price M ∈ [A1, V
TP
1 (A1)].

If A1 > ATP, the policyholder is better off lapsing the VA in order to avoid (the investor)
overpaying for an out-of-the-money guarantee in the second period, which makes the VA policy
unattractive despite its tax advantage.

To illustrate our key insights, we visualize the two parties’ respective decision-making pro-
cesses under a sample parameterization. Figure 1(a) displays the resulting outcome regions—
indicated by different colors and corresponding markers—in terms of the account value A1 and
offer amount M . In what follows, we sequentially rule out combinations of A1 and M for which
at least one party finds the VA transfer undesirable.

First, the policyholder will prefer to lapse rather than transfer her VA if M ≤ A1, per Equation
(2). This is the yellow (horizontally-striped) region in the bottom right of Figure 1(a). Second,
the investor will not make an offer above his subjective value of the product, V TP

1 , per Equation
(5). The green (diagonally-striped) region at the top of the figure reflects this situation. This
leaves the white (plain) region to the left of the figure. Here, both parties come to an agreement
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(a) Decision making (b) Welfare impact

Figure 1: Illustration of the decision-making processes and the welfare effect based on the two-
period model, assuming an intervention-free secondary VA market (Baseline Case).

on a secondary VA policy transfer, which makes each of them better off. Reflecting the insight of
Theorem 1, the offer priceM can range from the account valueA1 to the subjective value V TP

1 (A1),
depending on the competitiveness of the secondary market itself.

In addition to the set of mutually beneficial outcomes, the white (plain) area in Figure 1(a) also
represents the joint welfare gain of the policyholder and the investor from the secondary market, as
the difference between the subjective VA value V TP

1 and surrender payout A1. Part of this welfare
gain, however, comes at the expense of the insurer as the difference between the objective VA value
V Ins
1 and surrender payout, when positive. To obtain a clearer viewpoint with respect to the welfare

impact, we extend Figure 1(a) into Figure 1(b) by further including the objective VA value. In
particular, the pink (dotted) region in the bottom left part of the figure represents situations where
the insurer suffers from a secondary VA transfer. On the other hand, the insurer can also benefit
from the transfer in cases where the surrender payout exceeds the objective (but not the subjective)
policy value; this welfare gain is further represented by the blue (square-filled) region in the center
of Figure 1(b).

The insurer’s aggregate welfare gain from a potential VA transfer is thus represented by the
difference between the blue and the pink region in Figure 1(b). It may be positive or negative
(i.e., a welfare loss), depending on parameter specifications. That is, insurance companies could
potentially benefit from the presence of a secondary market, even if they have no control over it.

Moreover, the overall welfare gain of all three parties is captured by the difference between
subjective and objective values of the policy where the secondary market exists (i.e. A1 ≤ ATP).
This corresponds to the combination of the white (plain) and blue (square-filled) regions in Figure
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1(b). Due to the VA’s tax advantage, the subjective value always exceeds the objective value for
any value of A1 per Lemma 1(c), so that the total welfare gain from the secondary VA market is
always positive in our two-period setup. This is summarized in the following theorem.

Theorem 2. Welfare Impact of an Intervention-free Secondary VA Market

(a) The presence of an intervention-free secondary VA market results in an overall welfare gain

(considering all three parties involved).

(b) In an intervention-free secondary VA market, some—but not all—VA transfers also directly

benefit the insurer.

Theorem 2(b) implies that the insurer may have a vested interest in exerting some control over
the secondary VA market in order to prevent outcomes such as those in the pink (dotted) region of
Figure 1(b). In what follows, we consider two alternative examples of such control: first, the ability
to directly approve or block each transfer request; and second, the ability to cancel the embedded
VA guarantee upon a policy transfer.

2.5.2 Alternative 1: Insurer Can Block the Transfer

Suppose the insurer has complete veto power over any VA transfer. Blocking the transfer results in
a policy lapse and thus a time-1 termination payout of A1. On the other hand, allowing the policy
to continue as-is in the hands of the new owner (the third-party investor), the insurer needs to hold a
reserve at the objective value V Ins

1 (A1). As the following lemma states, a value-maximizing insurer
bases its decision on the comparison of these two values.

Lemma 3. Conditions for Blocking Transfer

(a) The equation A1 = V Ins
1 (A1) has a unique solution, denoted by AIns. That is, there exists

exactly one AIns ∈ R+ such that AIns = V Ins
1 (AIns).

(b) A value-maximizing insurer blocks a VA transfer request if and only if A1 ≤ AIns.

(c) AIns < ATP if any only if κ > 0.

The insurer’s decision imposes an additional step (or constraint) to the mutual agreement of
the policyholder and the investor. We illustrate this in Figure 2, which extends Figure 1(a) by
incorporating the insurer’s power to block the transfer. As Lemma 3(b) states, the insurer will
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Figure 2: Illustration of the decision-making processes and the welfare effect based on the two-
period model, assuming that the insurer can block any VA transfer request (Alternative 1).

block transfer requests if the account value is too low. This is reflected in the newly added red
(vertically-striped) region on the left of Figure 2. However, for account values above AIns, the
insurer approves any transfer request because the fees that the investor would pay in the second
period exceed the cost of providing the guarantee. That is, to the right of AIns, the occurrence of a
VA transfer depends once again solely on the agreement between the policyholder and the investor,
as characterized by Theorem 1.

In particular, for a secondary VA market to exist here, it must be true that ATP > AIns. Lemma
3(c) ensures that this is always the case as long as the VA offers a tax advantage over outside
investments (κ > 0). For the investor, this tax advantage adds to the value of the guarantee,
and—for any account value between AIns and ATP—the two together exceed the second-period fee
payment, even if the value of the guarantee on its own does not. Such a market friction from the
preferred tax treatment of VAs thus gives rise to a secondary VA market that otherwise would not
exist in this environment. We summarize our key insights in the following theorem.

Theorem 3. Existence and Welfare Impact of a Secondary VA Market with Transfer Blocking
Suppose the insurer has the right to approve or disapprove any VA transfer request. Then:

(a) A secondary VA market exists if and only if κ > 0.

(b) All three parties agree on a VA transfer if and only ifA1 ∈ (AIns, ATP), with feasible offer price

M ∈ [A1, V
TP
1 (A1)].

(c) All transfers are mutually welfare-enhancing to each of the three parties involved.
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As in Figure 1(a), the white (blank) region in the center of Figure 2 represents the set of
scenarios that are mutually beneficial to all parties involved in the decision making, which in
this case also includes the insurer. Moreover, we can interpret the white region as the combined
welfare gain that this constrained secondary VA market offers to the policyholder and the investor.
As before, the blue (square-filled) region in the center of the figure represents the welfare gain to
the insurer.

In comparison to Figure 1(b), it is clear that the insurer’s control over this market significantly
impacts the resulting welfare gains. To the insurer itself, the ability to block any disadvantageous
VA transfer is beneficial as it eliminates the earlier welfare losses (the pink, dotted region in Figure
1(b)), while maintaining the same area of welfare gains (blue, square-filled region). As a conse-
quence, the combined welfare gain to the policyholder and the investor (white region) is reduced.
Most significantly, while the total welfare gain (white plus blue regions) is positive, it is lower than
that in the baseline case, as the following theorem states.

Theorem 4. Welfare Comparisons
The addition of a secondary VA market in which the insurer has the right to approve or disap-

prove any VA transfer request is overall welfare-enhancing, but to a lesser degree than for an

intervention-free secondary VA market.

Although not explicitly modeled in our setup, one can argue that the insurer can further retain
(some of) the overall welfare gains created from the secondary market—regardless of its mar-
ket structure—by increasing the VA fee rate, if the primary VA market is not fully competitive.
However, by Theorem 4, an increased level of influence on the secondary market by the insurer—
resulting from the ability to block any transfer request—reduces the total combined welfare gains,
thus limiting the welfare that the insurer can further extract from the policyholder and the investor.
Therefore, exerting control over the VA transfers may actually be a disadvantage for the insurer.
Alternatively, a more competitive VA market may pressure the insurer to lower its fee rates and
offer the VA product that maximizes the policyholder’s welfare. In this case, the secondary market
structure that results in the highest overall welfare gain is also preferable.

2.5.3 Alternative 2: Insurer Can Cancel the Guarantee

Another potential way for insurers to exert control over the secondary VA market is through the
right to cancel the embedded VA guarantee upon a policy transfer without directly blocking it.
Particularly, upon cancellation of the guarantee, the investor only pays the VA base fee (but not the
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guarantee fee) in the second period. That is, the time-2 VA account value is

Â2 = A1 · (1− φbase) ·R2 .

The time-1 objective value of the VA policy is then given by

V̂ Ins
1 (A1) = E1[e−r · Â2] = A1 · (1− φbase) .

The following lemma describes the insurer’s preference between continuing the policy with or
without the guarantee.

Lemma 4. Comparison of Objective Values

(a) The equation V̂ Ins
1 (A1) = V Ins

1 (A1) has a unique solution, denoted by ÂIns. That is, there exists

exactly one ÂIns ∈ R+ such that V̂ Ins
1 (ÂIns) = V Ins

1 (ÂIns).

(b) V Ins
1 (A1) ≥ V̂ Ins

1 (A1) if and only if A1 ≤ ÂIns.

In addition, the insurer’s decision whether to cancel the guarantee or not must reflect its re-
spective implications on the subjective valuation of the investor, as the latter determines whether a
transfer could actually occur.

Akin to Equation (4), the time-1 subjective value to the third-party investor without guarantee
is given implicitly (as a function of A1) by

V̂ TP
1 = A1 · (1− φbase) +

κ

1− κ
· e−r · E1[(Â2 − V̂ TP

1 )+] ,

and has the following properties:

Lemma 5. Third-Party Valuation (III)

(a) V̂ TP
1 (A1) is proportional to A1.

(b) There exists a threshold κ̂∗ ∈ (0, 1) such that V̂ TP
1 (A1) = A1 for all A1 ≥ 0.8

(c) V̂ TP
1 (A1) > A1 if and only if κ > κ̂∗.

Lemma 5(c) implies that if the guarantee is canceled, policyholder and investor still prefer
the transfer over the lapse, provided that the tax advantage of VAs is sufficiently large for the

8The definition of κ̂∗ is provided in the proof of the lemma in Appendix A.5.
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third-party investor (κ > κ̂∗). On the other hand, if the guarantee is not canceled, the investor’s
decision-making is characterized by Theorem 1. The market outcome in the case where the insurer
has the right to cancel the embedded VA guarantee upon a policy transfer is therefore characterized
by the following result:

Theorem 5. Existence and Welfare Impact of a Secondary VA Market with Guarantee Canceling
Suppose the insurer has the right to cancel the guarantee upon a VA transfer. Then:

(a) If κ > κ̂∗, all three parties agree on a VA transfer for any account value A1. The transfer

occurs with guarantee if A1 ∈
[
ÂIns, ATP

]
, and without guarantee otherwise. The range of

feasible offer prices is given by

M ∈

[A1, V̂
TP
1 ] , if A1 ≤ ÂIns or A1 ≥ ATP ;

[A1, V
TP
1 ] , if ÂIns < A1 < ATP .

(b) If κ ≤ κ̂∗, all three parties agree on a VA transfer (with guarantee) if and only if A1 ∈
(AIns, ATP), with feasible offer price M ∈ [A1, V

TP
1 (A1)]. For A1 ≤ AIns, the insurer cancels

the guarantee, which makes the transfer unattractive to policyholder and investor.

(c) All transfers are mutually welfare-enhancing to each of the three parties involved.

The insights of this environment are further illustrated in Figure 3. As before, we use solid
blue lines for the objective values (to the insurer), and red dashes for the subjective values (to the
third-party investor). However, here we plot subjective and objective value functions both with
and without the VA guarantee, using thin lines with triangles and circles as distinctive markers,
respectively. Thereby, the joint decision making of the three parties dictates which of the two
functions is relevant for given value of A1. These relevant value functions are further marked by
thicker lines.

Consider first the case of κ > κ̂∗, illustrated in Figure 3(a). Here, V̂ TP
1 > A1 for all A1 > 0,

so that even if the guarantee is canceled, the policyholder and the investor can always come to
a transfer arrangement that is preferable to lapsing. The insurer also always prefers the transfer
without guarantee over the lapse, since V̂ Ins

1 (A1) < A1 for all A1 > 0. However, when A1 ∈
[ÂIns, ATP], the insurer further prefers to continue the VA with the guarantee rather than without,
knowing that the policyholder/investor will not object as they also benefit from such a transfer,
relative to lapsing.

In contrast, for A1 < ÂIns, the guarantee is too valuable and the insurer prefers to cancel it.
And for A1 > ATP, the investor does not value the with-guarantee VA sufficiently high to reach
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(a) κ > κ̂∗ (b) κ ≤ κ̂∗ (zoomed in)

Figure 3: Illustration of the decision-making processes and the welfare effect based on the two-
period model, assuming that the insurer can cancel the guarantee upon a VA transfer (Alternative
2).

a transfer agreement with the policyholder. Therefore, the insurer cancels the guarantee in this
situation in order to avoid a lapse, and attains its second-best outcome, that is a transfer without
guarantee.

In either case, the investor is not willing to offer any priceM higher than the relevant subjective
value. This corresponds again to the green (diagonally-striped) region in Figure 3(a). At the same
time, the policyholder would not accept any transfer price below the surrender value A1, which is
the combination of the yellow (horizontally-striped) and blue (square-filled) regions in the figure.
This leaves the white (plain) region in the center as the set of all transfer scenarios—in terms of
account value A1 and offer price M—that are mutually beneficial to all three parties.

Alternatively, if the VA’s tax advantage to the investor is relatively low (κ ≤ κ̂∗), Lemma 5(c)
states that the investor will not make any offer on a guarantee-free VA that is more attractive to
the policyholder than simply lapsing the policy. Canceling the guarantee is therefore effectively
equivalent to blocking the transfer. Consequently, the resulting market equilibrium is described by
Theorem 3. Figure 3(b) illustrates this case graphically. As before, the white (plain) region reflects
the joint welfare gain of policyholder and investor from this particular secondary VA market, while
the blue (square-filled) region represents the corresponding welfare gain to the insurer.

Contrasting these regions of Figure 3(a) with the corresponding regions of Figure 2(a), we
see that if κ > κ̂∗, the option to cancel the guarantee adds more welfare to the insurer than the
option to block the transfer, while the welfare effect on policyholder/investor is ambiguous. In
contrast, if κ ≤ κ̂∗, the two scenarios produce identical outcomes (see Figures 3(b) versus 2(a)).
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More generally, by contrasting Figure 3(a) with Figure 1(b), we find that it is possible—but not
necessary—to attain a greater overall welfare gain with a secondary VA market in which the insurer
can cancel the guarantee than with its intervention-free counterpart.

Lastly, since φbase > 0, we know that V̂ Ins
1 (A1) < A1 for all A1 > 0. That is, the insurer

always prefers canceling the VA guarantee (but continuing the policy) over a policy lapse. This
implies that the current alternative is identical to a hypothetical third alternative of market structure
in which the insurer has both the right to cancel the guarantee and the right to block a VA transfer
altogether, as summarized in the following theorem.

Theorem 6. Blocking the Transfer vs. Canceling the Guarantee
If the insurer has both options—blocking the transfer and canceling the guarantee—it never chooses

the former. That is, the additional option to block any transfer has no value if the insurer already

has the right to cancel the VA guarantee.

In conclusion, this section demonstrates—with a highly simplified two-period toy model—that
the presence of VA market frictions gives rise to a secondary market in which policy transfers can
mutually benefit all three parties involved and thereby enhance the overall welfare. A key question
that remains is what level (and form) of control insurers should ideally be allowed to possess in
such a market. We look to answer this from an empirical perspective in the following section.

3 Empirical Analysis

To better quantify the potential economic impact of a secondary VA market in the United States, we
implement a standardized VA policy in an empirically-motivated setting. Thereby, we consider the
absence of a secondary VA market as a benchmark case, as well as various forms of a secondary VA
market, along two dimensions: whether the transfer can be blocked by the insurer, and whether the
embedded guarantee is (or can be) canceled upon a transfer. The joint combinations result in seven
distinct cases. These are shown in Table 1, ordered based on the degree of market freedom—from
the policyholder/investor perspective—from lowest to highest.

We begin this section by describing the empirical assumptions and parameter specifications.
We then present and discuss our numerical results, first for the baseline scenario, followed by ro-
bustness checks. The technical details regarding cash flow valuation and numerical implementation
procedure are summarized in Appendix B.
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Table 1: Cases for Empirical Analysis of Secondary VA Market
Case Description Transfer? Guarantee?

[1] Benchmark: no secondary market exists. No
[2] Guarantee is canceled; insurer chooses whether to accept transfer. Insurer No
[3] Insurer chooses whether to accept transfer with guarantee, accept Insurer Insurer

transfer without guarantee, or reject transfer.
[4] Insurer chooses whether to accept transfer; cannot block guarantee. Insurer Yes
[5] All transfers are accepted without guarantee. Yes No
[6] All transfers are accepted; insurer chooses whether to cancel guarantee. Yes Insurer
[7] All transfers are accepted with guarantee. Yes Yes

3.1 Notation and Assumptions

At time 0, a policyholder purchases a standardized, single-premium VA policy that matures in T
years. The policy contains a guarantee, either in the form of a minimum death benefit (GMDB)
or a minimum accumulation benefit (GMAB), both with an annual reset feature.9 Thereby, the
guaranteed amount is reset on every policy anniversary date to the larger of the prior guaranteed
amount and the current VA account value. That is:

Gt = max{Gt−1, At} for t ∈ {1, 2, . . . , T} , (6)

where At and Gt denote the account value and the guaranteed amount of the VA at time t, respec-
tively. The initial guaranteed amount G0 is identical to the single premium, as is the initial account
value A0.

The premium is invested—according to the policyholder’s choosing—in an equity portfolio
whose evolution under the real-world probability measure follows a geometric Brownian motion
with drift parameter µ and volatility parameter σ. The risk-free interest rate in the market is
constant and denoted by r.

Similar to Section 2, the policyholder pays an annual VA base fee (formally known as a “mor-
tality and expense risk charge”) at rate φbase, and an annual guarantee fee at rate φguar. Both fees
are charged continuously in proportion to the VA account valueAt and are subtracted directly from
the VA account. Let φt denote the total VA fee rate that the owner pays in policy year t. That is,
φt = φbase +φguar if the guarantee is still active in year t, but φt = φbase after the guarantee has been
canceled upon a VA transfer; that is, the new owner pays only the VA base fee in that case. Under
the risk-neutral probability measure, the evolution of the account value between policy anniversary

9 The reset is also known as a “ratchet” or a “step-up” feature and is a popular VA guarantee feature in actuarial
practice. We use it for the purpose of our analysis as we want to focus on “pure” policy lapses—where the policyholder
walks away with the money—instead of policy exchanges. Moenig and Zhu (2018) argue that unlike other forms of
VA guarantees a reset-based guarantee does not provide any (or only little) rational incentives for a policy exchange.
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dates is then described by:

At = At−1 · e−φt · er+σ Zt for t ∈ {1, 2, . . . , T} , (7)

where Zt is a standard normal random variable.
The probability that the policyholder dies in policy year t—that is, between policy anniver-

sary dates t − 1 and t—conditional on her being alive at time t − 1, is denoted by qt−1, for
t ∈ {1, 2, . . . , T}. Upon death in policy year t, the gross payment to the owner/beneficiary at
the end of the policy year is denoted by V DB

t , which equals either At if the policy does not in-
clude a GMDB rider (or if the guarantee has been canceled following a policy transfer), or Gt if
the GMDB is included and still active. Similarly, if the policy matures, the owner receives V mat

T ,
which equals either GT if the policy includes an active GMAB rider, or AT otherwise.

Each year, the policyholder may experience a liquidity shock—with conditional probability
lPH
t in policy year t. To simplify the numerical implementation, we restrict the occurrence of these

shocks (and the resulting decision making) to policy anniversary dates. Upon such a liquidity
shock, the policyholder converts her VA policy to cash, by either lapsing or transferring it. Lapsing
is always possible: by doing so the policyholder receives the current VA account value minus
appropriate surrender fees, which the insurer charges at rate st in policy year t. That is, the net
payout for a time-t lapse is

V lapse
t (At) := At · (1− st) for t ∈ {1, . . . , T − 1} ,

before taxes.
In contrast, the availability of and the procedure for a policy transfer to a third-party investor

depend on the nature of the secondary VA market, as described in Table 1. If a transfer does
occur, the policyholder receives an amount M from the investor, who then continues as the new
owner/beneficiary of the policy. No surrender charges will be assessed by the insurer on this
transaction. Consistent with traditional life insurance policies, the payout of the VA after the
transfer is still contingent on the death or survival of the original policyholder. However, the third-
party investor himself may also suffer a liquidity shock—with conditional probability lTP

t in policy
year t—and subsequently lapse or again transfer the policy.

We model the insurer’s expenses following Moenig and Zhu (2018) with an initial acquisition
expense (charged once at time 0) at rate εini and a recurring expense (charged at each policy an-
niversary date, including inception) at rate εrec. That is, the time-t expense rate to the insurer is
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given by

εt =

εrec + εini , if t = 0

εrec , if t ∈ {1, . . . , T − 1}.
(8)

Both expenses are assessed in proportion to the current VA account value At. We specifically note
that in the United States it is customary for the insurance company to pay the initial acquisition
expenses itself and then recover the costs over time from the policyholder as part of the VA base
fee.

Lastly, we retain the market assumptions in Section 2 by considering a complete and friction-
less market on a pre-tax basis, with the preferential tax treatment of VA products as the only form
of market friction. Here, unlike the stylized approach in the two-period setup, we model the VA’s
tax benefits—specifically, its tax-deferred status—with a flat (income) tax on all VA earnings, real-
ized only upon lapse, death, or maturity of the policy. Such VA tax rate is denoted by τ PH and τTP

for the policyholder and the investor, respectively. On the other hand, earnings from any outside
investments—here, specifically, any investment portfolio used to replicate the VA payouts for sub-
jective valuation purposes—are taxed at (capital gains tax) rate κPH and κTP for the policyholder
and the investor, respectively, at the end of each (policy) year.

3.2 Parameter Specifications

Table 2: Parameter Specifications for Empirical Analysis
Parameter Description Baseline Sensitivity Scenarios

x Age at inception 55 60
qt Mortality rates qbasic

t –
Single premium 100 –

T Years to maturity 25 30
r Risk-free rate of return 3% 5%
σ Annual volatility of VA account value 15% 20%

Type of Guarantee GMDB GMAB
st Surrender fees 7%, 6%, . . . , 1%, 0 . . . , 0 –
εini Policy acquisition expense 7.0% 5.0%
εrec Annually recurring expense 0.4% –
lPH
t Likelihood of liquidity shock to policyholder lbase

t /2 lbase
t

lTP
t Likelihood of liquidity shock to investors 0 lbase

t /2
τPH VA tax rate for policyholder 30% 35%
κPH Outside tax rate for policyholder 23% –
τTP VA tax rate for investors 30% 35%
κTP Outside tax rate for investors 23% –

Table 2 displays the parameter specifications that we use in the empirical analysis. In particular,
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for the baseline scenario, we consider a 55-year old male policyholder whose mortality follows
the 2012 IAM basic mortality table (qbasic

t ). The VA policy matures with a 25-year term on the
policyholder’s 80th birthday, and has a nominal single premium of 100. We assume an annual
risk-free interest rate of 3 percent, and an annual volatility of the VA investment of 15 percent.

We consider a GMDB with annual resets as the embedded guarantee in the VA. The surrender
fees (st) are charged based on a standard 7-year surrender schedule as commonly found in a typical
B-share VA policy in the U.S. market. That is, the surrender fee rate is 7 percent in the first policy
year, 6 percent in the second policy year, and so on until 1 percent in the seventh year, and becomes
zero thereafter. In particular, a policy transfer will not reset the policy year count. Following
Moenig and Zhu (2018), we assume that the insurer faces policy acquisition costs of 7 percent of
the investment amount, as well as annually recurring expenses at a rate of 0.4 percent.

We base our estimates for the likelihood of liquidity shocks on a recent survey conducted by
the Society of Actuaries (see Hartman, 2018). In particular, we model

lbase
t =


5% · t/6 , for t ∈ {1, 2, . . . , 6},

20% , for t = 7,

10% , for t ∈ {8, . . . T}

as the base annual lapsation rates (see Figure 20 of Hartman, 2018). However, these empirical
rates include both pure lapses (i.e. due to liquidity shocks) as well as strategic policy exchanges.
Due to the ratchet feature of the VA guarantee, the latter is never optimal in our case (see Footnote
9). We assume that half of the lapses are triggered by the former and thus set lPH

t = lbase
t /2. Since

third-party investors in a secondary VA market would likely be wealthier and financially savvier
than the original policyholder, in line with Kling et al. (2017) we assume in the baseline scenario
that they do not experience liquidity shocks (sufficiently large to trigger a policy lapse), that is
lTP
t = 0.10

Lastly, for the tax rates, we follow Moenig and Bauer (2016) and assume a 30 percent income
tax rate and a 23 percent capital gains tax rate for both policyholder and investor.

We conduct robustness checks across all relevant input parameters, including the policyholder’s
age at inception (60), the term to maturity of the policy (30 years), the risk-free interest rate (5 per-
cent), the annual volatility of the VA investment (20 percent), the type of guarantee embedded in

10In practice, there is also a 10% early-withdrawal penalty on policy termination before age 59.5. We do not model
this penalty explicitly, since the penalty turns out to have a negligible impact on our results in the baseline scenario and
almost all sensitivity test. The only exception to that is the (sensitivity) case when the investor may also experience
liquidity shocks that result in further policy lapses. However, in this case the impact of the penalty depends on the
age(s) of the investor(s) who own(s) the VA policy upon the transfer(s), which is not predictable and may vary greatly
in practice. For consistency and ease of exposition, we therefore do not include the early-withdrawal penalty in our
model.
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the VA (ratchet-type GMAB), the insurer’s expenses (5 percent acquisition expenses), the likeli-
hood of a liquidity shock to the original policyholder (lbase

t ) and to the third-party investor (lbase
t /2),

as well as the relative tax advantage of the VA to policyholder and investor (income tax rates of 35
percent, respectively).

3.3 Identification of Fee Rates and Welfare Analysis

To simplify the exposition of our numerical results, we assume that the primary VA market is
competitive in the absence of a secondary VA market, and that the secondary VA market itself is
also competitive (from the investor’s perspective). The former implies that for case [1] (see Table
1), the VA base fee φbase is first determined so that the insurer breaks even if the VA does not contain
any guarantee; and, given this value of φbase, we can subsequently find the additional guarantee fee
φguar so that the insurer further breaks even with the guarantee. In both cases, the break-even
condition for the insurer is represented mathematically by the restriction that the present value of
all payouts (including expenses) made by the insurer, denoted by V Ins

0 , equals the single premium
of 100.

Within each scenario—baseline or sensitivity—we keep the two fee rates fixed across all cases.
That is, we always use case [1] to first determine suitable fee rates as well as the benchmark sub-
jective VA value to the policyholder at inception—denoted by V PH

0 —assuming that there is no
secondary VA market in place. We then compute updated VA values to both the insurer and the
policyholder under various forms of the secondary market (cases [2] through [7]).11 In particu-
lar, comparisons to the corresponding results of case [1] allow us to assess the potential welfare
gain/loss from the addition of a particular form of the secondary market, both individually for the
policyholder and the insurer as well as the combined overall welfare effect.

3.4 Empirical Results: Baseline Scenario

For the baseline parameter specifications (see Table 2), we find the VA base fee rate φbase and the
guarantee fee rate φguar as 87.4 and 23.9 bps, respectively. At these fee rates, Table 3 displays
our valuation results under each of the seven forms of the secondary VA market (see Table 1).
Thereby we observe that the subjective value of the VA to the policyholder at inception exceeds
the nominal investment amount of 100 across all cases, including the benchmark case [1]. This
provides empirical evidence of the general tax advantage of a VA investment as compared to an
outside alternative investment, and further justifies the rationale of the policyholder’s initial interest

11Note that our assumption of a competitive secondary VA market implies that the potential benefits of such a market
to a third-party investor are fully passed on to the policyholder and are thus entirely reflected in V PH

0 . Therefore, for our
welfare analysis, we can restrict our attention to the respective policy values of the insurer and the original policyholder.
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in a VA policy despite its fee charges (Brown and Poterba, 2006).

Table 3: Valuation Results for Baseline Scenario
Case of Secondary VA Market

[1] [2] [3] [4] [5] [6] [7]
V Ins
0 100.00 98.16 98.03 98.80 98.16 98.03 99.23
V PH
0 100.57 101.19 101.22 101.35 101.19 101.22 101.69

Welfare 0.57 3.03 3.19 2.54 3.03 3.19 2.47
∆ Welfare - 2.46 2.62 1.97 2.46 2.62 1.89

The seven cases of a potential secondary VA market are described in Table 1. Parameter specifications for this
baseline scenario are provided in Table 2. In particular, all values here are based on a nominal investment of 100. The
fee rates are identical for all cases, at φbase = 87.4 bps and φguar = 23.9 bps, respectively. The first line of results
(V Ins

0 ) shows the objective value of the policy, that is the insurer’s time-0 liability. The second row displays the time-0
subjective value to the policyholder, V PH

0 , that is, the maximum amount that the policyholder is willing to pay for this
VA policy. The next row shows the overall welfare contribution of the VA policy—defined as the difference between
subjective and objective value—under each case. And the last row displays the respective welfare gain from each
secondary market case, relative to the benchmark case [1].

Table 3 shows that cases [2] and [5] produce identical valuation results, as do cases [3] and
[6]. The same holds true for all sensitivity tests. This suggests—in line with Theorem 6—that the
insurer’s right to block the transfer is worthless if the guarantee is always canceled, or if the insurer
has the right to cancel it upon a transfer.

When comparing between the cases, we first note that case [1] provides the highest objective
value (liability) to the insurer as well as the lowest subjective value to the policyholder, making it
the least favorable choice for both parties. In other words, both the insurer and the policyholder
would prefer having access to any form of a secondary VA market over no access. For the policy-
holder, the secondary market provides an additional channel to cash her VA policy in the event of
a liquidity shock, which is always welcome. For the insurer, the secondary VA market yields a net
benefit as it allows the insurer to keep collecting VA fees in future periods that otherwise would be
forfeited in the event of a policy lapse. Our results suggest that the magnitude of these additional
fees outweighs the liabilities from the continued guarantee.

More specifically, the policyholder prefers a free secondary market (case [7]), but still extracts
considerable benefits even if the secondary market is heavily restricted. In our baseline scenario,
her direct welfare gains from this market range from approximately 0.6% to 1.7% of the initial
investment. Interestingly, if the insurer’s intervention in the market is inevitable, the policyholder
would rather give the insurer the power to block the entire transfer (case [4]) than the power to
cancel the embedded guarantee (case [6]). On the other hand, the insurer naturally favors case
[3], which offers the most control over the market. Under our baseline scenario, the secondary VA
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market reduces the insurer’s liabilities by between approximately 0.8% and 2.0% of the investment
amount.

Analogous to Section 2, we represent the overall welfare benefit of the VA in each case by the
difference between the subjective and objective values of the VA at time 0—that is, V PH

0 −V Ins
0 . The

last row of Table 3 also shows the incremental welfare gain from the secondary market, relative to
the benchmark case [1]. As discussed above, all forms of a secondary VA market produce a positive
welfare gain, ranging from approximately 1.9% to 2.6% of the investment amount. Thereby, the
largest welfare gain is attained under cases [3] and [6], that is if the insurer controls the secondary
market through the right to cancel the embedded guarantee upon a policy transfer. In other words,
the ideal form of a secondary VA market entails that the VA policy continues in the hands of the
third-party investor without the guarantee and purely as a tax-preferred investment vehicle.12

The welfare gain listed in Table 3 is arguably the most relevant measure of the overall benefits
of a secondary VA market, even from the policyholders’ perspective. As a result of competition,
insurers will react to the prominence of the secondary market—and the initial benefits they draw
from it—by lowering the fee rates on VA products. This potentially allows the full overall welfare
gain (2.6% of the investment in above baseline scenario) to be further passed on to policyholders.

3.5 Sensitivity Analysis

We conduct a thorough sensitivity analysis by varying all critical input parameters. Table 4 dis-
plays the fair fees—derived as described in Section 3.3—and valuation results for each sensitivity
scenario. In order to simplify our presentation, we combine the secondary market cases for which
the valuation results coincide, and we focus on the incremental welfare gain from each case, as the
most relevant measure of their respective benefits.

We observe that a lot of parameters do not impact the valuation in the absence of a secondary
VA market and therefore have no effect on the break-even fee rates φbase and φguar, or at least on
φbase alone. Most significantly, we find that our key insights from the baseline scenario carry over
to other parameter specifications: First, the insurer—in addition to the policyholder—generally
benefits from all forms of a secondary VA market (with only a few exceptions for case [7]). As
a result, the secondary VA market virtually always yields a positive overall welfare gain. Second,

12Note that Table 3 suggests that the overall welfare benefit is lower in case [7] than in case [4], in contrast to the
implication of Theorem 4 in the two-period model. This discrepancy is due to our assumption of a positive VA tax
rate τPH in the empirical analysis. Hereby, τPH does not impact the policyholder’s decision-making, as the tax rate
applies equally to the policyholder’s payouts from both transfer and lapse. However, a larger value of τPH lowers the
policyholder’s (after-tax) subjective value of the VA policy upon a transfer, even though it does not impact the policy’s
objective value. As a result—and in contrast to our two-period toy model—policyholder and investor may agree on a
VA transfer that produces a negative overall welfare gain (defined as the difference between subjective and objective
VA value). Therefore, in our empirical setup, a higher utilization of an optimal VA transfer (as in case [7]) does not
automatically result in a higher overall welfare benefit.
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Table 4: Valuation Results for the Sensitivity Analysis
Fee Rates (bps) Case of Secondary VA Market

[1] [2]/[5] [3]/[6] [4] [7]

φbase φguar V PH
0 ∆ Welfare

Baseline:
87.4 23.9 100.57 2.46 2.62 1.97 1.89

Sensitivity:
T = 30 84.8 31.5 101.13 4.16 4.28 2.60 2.54∗

x = 60 89.2 38.9 99.63 2.06 2.25 1.35 1.13∗

r = 5% 87.4 14.7 101.10 2.27 2.44 2.11 2.07
σ = 20% 87.4 37.0 105.85 5.27 5.28 3.55 3.79
εini = 5.0% 73.0 22.9 102.61 2.91 2.95 1.91 2.08
lPH
t = lbase

t 101.0 17.7 98.07 1.59 3.43 3.08 3.00
lTP
t = lbase

t /2 87.4 23.9 100.57 0.91 1.06 0.67 0.77
τTP = 35% 87.4 23.9 100.57 0.44 0.53 0.40 0.20∗

τ PH = 35% 87.4 23.9 97.95 2.43 2.59 1.93 1.85
GMAB 87.4 47.3 99.90 2.42 2.42 0.00 −0.43∗

The seven cases of a potential secondary VA market are described in Table 1. Parameter specifications for the
baseline scenario and all sensitivity scenarios are provided in Table 2. In particular, all values here are based on a
nominal investment of 100. V PH

0 reflects the time-0 subjective value to the policyholder in the absence of a secondary
VA market (case [1]). “∆ Welfare” is defined as the difference in the quantity V PH

0 − V Ins
0 between the respective

secondary market case and the benchmark case [1]. Values marked with an asterisk (∗) reflect outcomes with
V Ins
0 > 100, that is where the insurer does not benefit from the secondary VA market.

these welfare gains are economically significant, which suggests an active secondary market. And
third, case [3]/[6] is not only optimal from the insurer’s perspective, but also produces the maximal
overall welfare gain across all scenarios.

The sensitivity analysis also reveals that the (maximum) welfare gain is larger for policies
with longer maturities—as this allows for more liquidity shocks and provides the third-party in-
vestor more time to extract tax benefits after a transfer—but decreases slightly in the policyholder’s
purchase age. The latter can be attributed to the older policyholder’s increased chance to die pre-
maturely, which leaves less opportunity for liquidity shocks (and thus transfers) and fewer tax
benefits.

The interest rate appears to have very little effect on the secondary market, unlike the volatility
of the underlying asset. Thereby, a more volatile investment increases the VA’s subjective value to
the policyholder—even when accounting for the necessary increase in the guarantee fee rate—and
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thus also to the third-party investor, resulting in additional benefits from a VA transfer. Further-
more, an insurer facing fewer expenses can offer the policy at a lower premium. This benefits
the policyholder/investor, but even more so if those lower fees can still be enjoyed after a liquid-
ity shock. Therefore, lower expenses result in a (slightly) larger welfare gain from a secondary
market.

Naturally, the likelihood of a liquidity shock is a critical factor for the impact of the secondary
VA market. As expected, we find that doubling the policyholder’s annual likelihood of a liquidity
shock results in a (moderate) increase of the overall welfare gain. Introducing liquidity shocks to
the third-party investor, on the other hand, reduces the potential welfare gains substantially—since
the investor is no longer guaranteed to receive the VA’s full tax benefits upon acquiring the policy.

Moreover, we find that the investor’s tax rates have a major effect on the potential welfare gain
from a secondary market, since a higher level of taxation of the VA payouts reduces the investor’s
willingness to make an acceptable transfer offer. The magnitude of this impact suggests that the
product’s tax benefits are the key driver to the popularity of the secondary VA market, and that
transferred VA products may be suitable investments for some but not all investors.

On the other hand, the policyholder’s tax rates have a minimal impact on the secondary VA
market, as they do not impact any policy characteristics nor any transfer decisions. However, these
tax rates critically determine the policyholder’s initial purchase decision of the VA. In particular,
the scenario of τ PH = 35% illustrates that certain groups of individuals may not find VA prod-
ucts sufficiently attractive—comparing, in particular, the tax benefits against the relatively large
fee rates—in the current market environment, but may do so in the presence of an established sec-
ondary VA market, potentially after the resulting reduction in fee rates. In other words, the creation
of an active secondary VA market has the potential to make these products more attractive and thus
increase demand for the primary VA market.

Lastly, we confirm that our general insights—including the magnitude of the welfare gain from
a secondary VA market—also apply to living benefit guarantees, specifically for a GMAB (also
with annual resets).

4 Conclusion

This article demonstrates that secondary market transfers of VAs—in contrast to more established
secondary markets for traditional life insurance policies—can in theory be welfare improving for
all parties involved, including the insurer. Moreover, our empirical analysis suggests that a sec-
ondary VA market can result in a sizable welfare gain.

The key to this Pareto improving outcome is the prevalence of market frictions that introduce
the necessary valuation gap between the different parties. In our model, this was achieved by ex-
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ploiting the tax benefits of VA products. Alternatively, as mentioned in the introduction, one could
use the insurer’s policy acquisition expenses (Bernard and Moenig, 2017) as the relevant source
of market frictions. Moreover, since our quantitative results depend heavily on the (investor’s)
tax rates, it could also be worthwhile to consider alternative tax structures and assumptions. This
could entail e.g. a tax credit for investment losses, or the appropriate tax treatment of a corporate

third-party investor.
Another direction for future research is to study how an access to the secondary VA market

impacts the demand in the primary market. Many financial advisers are reluctant to recommend
investing in this product class, due to the high fees. Our findings, however, suggest that a secondary
VA market may reduce the insurer’s liabilities, which allows it to reduce the VA fee rates. In
addition, policyholders benefit from the increased liquidity through the secondary market. As a
result, the secondary VA market should theoretically lead to an increase in the primary VA market
size, but the magnitude of such an increase remains unclear and offers opportunities for future
empirical investigations. Furthermore, from a practical perspective, one needs to determine how to
best structure and promote the secondary VA market to potential investors.
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Appendix
A Two-Period Model: Proofs

A.1 Proof of Lemma 1

(a)
The subjective time-1 value of the VA can be derived as follows (this is an extension of Moenig and
Bauer 2016): We place an amount V TP

1 into a replicating portfolio at time 1 and invest it for one
period in a way that—after paying capital gains taxes on earnings at time 2—the portfolio matches
the payout from the VA.

Recall that the VA payout is X = max{A2, G}. That is, the replicating portfolio must also
attain X after taxes. To achieve that, the portfolio must contain an amount Y (which depends on
the second-period asset return) at time 2 before taxes. In particular (since the initial investment
V TP
1 serves as the tax base for the portfolio earnings):

X = Y − κ · (Y − V TP
1 )+ =

Y , if Y ≤ V TP
1

Y − κ (Y − V TP
1 ) , if Y > V TP

1

.

Our objective is to express Y as a function of X . To do so, we distinguish two cases:

(i) X ≤ V TP
1 :

Since X ≤ V TP
1 , the replicating portfolio must attain Y = X ≤ V TP

1 , and is then not subject
to taxes.

(ii) X > V TP
1 :

Since X > V TP
1 , the replicating portfolio has earnings in period 2 which are taxed at rate κ.

That is:
X = Y − κ (Y − V TP

1 ) ,

which we can rewrite as
Y = X +

κ

1− κ
·
[
X − V TP

1

]
.

Note that these two cases represent all feasible outcomes. That is:

Y =

X , if X ≤ V TP
1

X + κ
1−κ ·

[
X − V TP

1

]
, if X > V TP

1

= X + κ
1−κ ·

(
X − V TP

1

)
+
.
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Finally, we apply the fact that for the replicating portfolio, the pre-tax investment occurs in a
complete and frictionless market so that there is a unique value V TP

1 that represents the risk-neutral
expected present value of the time-2 pre-tax payout Y . That is:

V TP
1 = E1

[
e−r · Y

]
= E1

[
e−r ·X

]
+

κ

1− κ
· e−r · E1

[(
X − V TP

1

)
+

]
.

(b)
Taking the difference between Equations (4) and (3), we obtain that

V TP
1 − V Ins

1 =
κ

1− κ
· e−r · E1[(X − V TP

1 )+] .

Given that κ ∈ [0, 1), this expression is strictly positive if and only if κ > 0.

(c)
Let φ := φbase + φguar > 0 and define κ∗ as

κ∗ =
φ

e−r · E1
[
((1− φ)R2 − 1)+

]
+ φ

> 0 .

We start by showing that if κ < κ∗, there exists a solution to A1 = V TP
1 (A1). We then prove that if

a solution exists, it is unique. Lastly we consider the case of κ ≥ κ∗.

(i) Existence of the solution to A1 = V TP
1 (A1) when κ < κ∗:

Note that

V TP
1

A1
= E1

[
e−r · max{A2,G}

A1

]
+ κ

1−κ · e
−r · E1

[
(max{A2,G}−V TP

1 )
+

A1

]

= E1
[
e−r ·max

{
(1− φ) ·R2,

G
A1

}]
+ κe−r

1−κ · E
1

[(
max

{
(1− φ) ·R2,

G
A1

}
− V TP

1

A1

)
+

]
.

That is, if c := lim
A1→∞

V TP
1

A1
, then

c = lim
A1→∞

V TP
1

A1
= E1 [e−r · (1− φ) ·R2] + κe−r

1−κ · E
1

[(
(1− φ) ·R2 − lim

A1→∞

V TP
1

A1

)
+

]
= (1− φ) + κe−r

1−κ · E
1
[
((1− φ) ·R2 − c)+

]
.

(9)
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Define
f(c) = (1− φ) +

κe−r

1− κ
· E1

[
((1− φ) ·R2 − c)+

]
− c .

Since f(0) > 0, lim
c→∞

f(c) < 0, and f ′(c) < 0 for all c ≥ 0, Equation (9) has a unique
solution c > 0.

If κ = κ∗, this solution is given by c = 1, i.e. f(1) = 0. Moreover, since f(·) is strictly
increasing in κ and strictly decreasing in c, we can conclude that the solution to Equation (9)
is given by c < 1 if κ < κ∗ (and c > 1 if κ > κ∗).

In particular, if κ < κ∗, we have V TP
1 (A1) < A1 as A1 → ∞. On the other hand, if A1 = 0,

we have V TP
1 (0) = e−r · G + κe−r

1−κ · E
1
[(
G− V TP

1 (0)
)
+

]
, which implies that V TP

1 (0) > 0.
Since V TP

1 is a continuous function ofA1, there exists—by the Intermediate Value Theorem—
a value A1 such that V TP

1 (A1) = A1.

(ii) Uniqueness of the solution to A1 = V TP
1 (A1):

Suppose that ATP > 0 is a solution to the equation A1 = V TP
1 (A1). That is: ATP = V TP

1 (ATP).
Substituting this identity into Equation (4), we obtain

ATP = E1
[
e−r ·max(A2, G)

]
+

κ

1− κ
· e−r · E1

[(
max(A2, G)− ATP)

+

]
,

with A2 = ATP (1− φ)R2 . Dividing both sides by ATP gives us:

1 = E1

[
e−r ·max

{
(1− φ)R2,

G

ATP

}]
+

κ

1− κ
e−r E1

[(
max

{
(1− φ)R2,

G

ATP

}
− 1

)
+

]
.

Since the right-hand side of this equation is strictly decreasing, while the left-hand side is
constant, the equation can have no more than one solution. That is, for each investor there
exists at most one value of A1 such that A1 = V TP

1 (A1).

(iii) V TP
1 (A1) ≥ A1 for all A1, if κ ≥ κ∗:

Define

V̂ TP
1 (A1) = A1 · (1− φ) +

κ

1− κ
· e−r · E1

[(
A1 · (1− φ) ·R2 − V̂ TP

1 (A1)
)
+

]
(implicitly) as the third-party subjective value of the VA payout without guarantee. The
unique solution to this equation is given by V̂ TP

1 (A1) = c · A1, where c = lim
A1→∞

V TP
1

A1
, as

defined above.

Clearly, V TP
1 (A1) > V̂ TP

1 (A1) for all A1 ≥ 0. Moreover, we know from part (i) of this proof
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that if κ ≥ κ∗, then c ≥ 1. Combining these two insights, we obtain for κ ≥ κ∗:

V TP
1 (A1) > V̂ TP

1 (A1) = c · A1 ≥ A1 .

A.2 Proof of Lemma 2

This follows directly from the proof of Lemma 1(c).

A.3 Proof of Lemma 3

(a)
Note that V Ins

1 (A1) is a special case of V TP
1 (A1) with κ = 0. Since φ := φbase + φguar > 0, the

existence and uniqueness of AIns follows from Lemma 1(c), since in this special case:

κ∗ =
φ

e−r · E1
[
((1− φ)R2 − 1)+

]
+ φ

> 0 = κ .

(b)
Given part (a) of this lemma, combined with the fact that V Ins

1 (0) > 0, we know that V Ins
1 (A1) ≥ A1

if and only if A1 ≤ AIns. Recall that A1 is the time-1 payout the insurer needs to make if the policy
is surrendered, while V Ins

1 (A1) represents the time-1 net reserve to the insurer if the VA continues.
Therefore, a value-maximizing insurer blocks a VA transfer request if and only if V Ins

1 (A1) ≥ A1,
i.e. if and only if A1 ≤ AIns.

(c)
This follows immediately from Lemma 1(b).

A.4 Proof of Lemma 4

(a)
The logic behind this proof is similar to that of Lemma 1(c). We begin by showing that the equation
V̂ Ins
1 (A1) = V Ins

1 (A1) has a solution ÂIns, before demonstrating its uniqueness.

(i) Existence of ÂIns:
Note first that for A1 = 0 we have V̂ Ins

1 (0) < V Ins
1 (0) due to the value of the guarantee (when
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present). On the other hand, we have:

V̂ Ins
1

A1

= (1− φbase)

and
lim

A1→∞

V Ins
1

A1

= (1− φbase − φguar) .

Since φguar > 0, we thus observe that V̂ Ins
1 > V Ins

1 as A1 →∞. Since both V Ins
1 (.) and V̂ Ins

1 (.)

are continuous functions in A1, we can conclude that there needs to exist a value ÂIns > 0

such that V Ins
1 (ÂIns) = V̂ Ins

1 (ÂIns).

(ii) Uniqueness of ÂIns:
V̂ Ins
1 (ÂIns) = V Ins

1 (ÂIns) is equivalent to

ÂIns(1− φbase) = E1
[
e−r ·max

(
ÂIns(1− φbase − φguar)R2, G

)]
,

which can be further expressed as

1− φbase = E1

[
e−r max

(
(1− φbase − φguar)R2,

G

ÂIns

)]
.

Since the left-hand side of this last equation is constant and the right-hand side decreases in
ÂIns, the equation can have only one solution.

(b)
The proof is trivial given part (a) of this lemma and the fact that V Ins

1 (0) > V̂ Ins
1 (0).

A.5 Proof of Lemma 5

(a)
Note that

V̂ TP
1

A1

= (1− φbase) +
κe−r

1− κ
· E1

[(
(1− φbase) ·R2 −

V̂ TP
1

A1

)
+

]
.

Following the proof of Lemma 1(c), we immediately obtain that V̂ TP
1

A1
= ĉ, where ĉ is the (unique)

root of
f̂(ĉ) := (1− φbase) +

κe−r

1− κ
· E1

[(
(1− φbase) ·R2 − ĉ

)
+

]
− ĉ .
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(b)
Define κ̂∗ as

κ̂∗ :=
φbase

e−r · E1
[
((1− φbase)R2 − 1)+

]
+ φbase

∈ (0, 1) .

Then, if κ = κ̂∗, the root of f̂(ĉ) is given by ĉ = 1.

(c)
This result follows immediately from parts (a) and (b) since the root of f̂(ĉ) is increasing in κ, due
to f̂(ĉ) being an increasing function of κ but a decreasing function of ĉ.

B Empirical Analysis: Technical Details

B.1 Cash Flow Valuation

Let St ∈ {1, 2, 3} denote the status of the VA policy at time t. In particular, we use St = 1 if the
original policyholder still owns the VA at time t; St = 2 if the VA has been transferred to a third-
party investor and the guarantee is still active; and St = 3 if the VA is owned by the investor with
an inactive guarantee. In particular, S0 = 1. The policy status impacts the value of the VA to the
insurer, not only due to the guarantee, but also because future lapse rates between the policyholder
and the third-party investor may differ.

Let Ot ∈ {PH,TP} indicate the current owner of the VA policy at time t. That is,

Ot =

PH , if St = 1

TP , if St ∈ {2, 3}.

Analogous to Section 2, the insurer values the VA “objectively” as the risk-neutral expected present
value of potential future payouts. We denote this objective time-t value by V Ins

t and define it
recursively as follows:

V Ins
t (At, Gt, St) = e−r

(
qt · Et

[
V DB
t+1(At+1, Gt+1, St)

]
+ (1− qt)lOt

t · Et
[
V L/T, obj.
t+1

]
+(1− qt)(1− lOt

t ) · Et
[
V Ins
t+1(At+1, Gt+1, St)

])
− At · εt ,

(10)

subject to the updating conditions specified by Equations (6) and (7) forGt and At, respectively, as
well as Equation (8) for the appropriate expense rate. Moreover, the payout upon a liquidity shock,
V L/T, obj.
t+1 = V L/T, obj.

t+1 (At+1, Gt+1, St+1), depends on the type of secondary VA market and whether
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policyholder and investor can agree on a transfer, and is derived below. The terminal condition to
this recursive optimization problem is given by

V Ins
T (AT , GT , ST ) = V mat

T (AT , GT , ST ) . (11)

For the policyholder and the third-party investor, the ultimate payout from the VA is subject
to taxes on all earnings from the VA policy. This depends on the tax base, which is equal to A0

while the VA is in status 1, and is equal to the offer amount M from the most recent policy transfer
otherwise. Let Mt denote the state variable representing the current VA owner’s tax base at time t.
Following the proof of Lemma 1(a), the subjective policy value from the perspective of the policy
owner is denoted by V subj

t (At, Gt, St,Mt) and is defined by the following implicit equation:

er · V subj
t (At, Gt, St,Mt) = Et

[
V ′t+1

]
+

κOt

1− κOt
· Et

[(
V ′t+1 − V

subj
t (At, Gt, St,Mt)

)
+

]
, (12)

where

V ′t+1 = qt · V DB
t+1(At+1, Gt+1, St) + (1− qt)lOt

t · V
L/T, subj.
t+1 (At+1, Gt+1, St+1,Mt)

+(1− qt)(1− lOt
t ) · V subj

t+1 (At+1, Gt+1, St,Mt) ,

and subject to Equations (6) and (7) for the updating conditions for Gt and At, as well as the
terminal condition

V subj
T (AT , GT , ST ,MT ) = V mat

T (AT , GT )− τOT · (V mat
T (AT , GT )−MT )+ . (13)

The subjective value upon a liquidity shock, V L/T, subj.
t+1 , is derived below.

Computing the Values upon a Liquidity Shock

To obtain the objective and subjective values immediately after a time-t liquidity shock, V L/T, obj.
t

and V L/T, subj.
t , we have to first identify whether the VA policy will be lapsed or transferred. For the

latter to occur, current and prospective owners need to agree on a transfer, and they may also need
the insurer’s approval.

Due to our assumption of a competitive secondary VA market, the investor always offers his
reservation value of the VA policy to the current owner. Since the offer amount also serves as the
investor’s tax base going forward, his reservation value is given by Ṽt(At, Gt, St), which is defined
implicitly as

Ṽt(At, Gt, St) = V subj
t (At, Gt, St, Ṽt(At, Gt, St) ) ,
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where St ∈ {2, 3} for a transfer with and without guarantee, respectively. Therefore, the current
owner of the VA agrees to the transfer offer if and only if

Ṽt(At, Gt, St) > V lapse
t (At) ,

and will otherwise prefer to lapse her policy.
Overall, let the variable Trant(At, Gt, St−1) indicate whether a liquidity shock at time t even-

tually results in a VA transfer at this point in the state space, (At, Gt, St−1). In particular, we let
Trant = g if a transfer occurs with the guarantee intact, Trant = ng if a transfer occurs without
the VA guarantee, and Trant = l if the policy is lapsed. We now define this variable separately for
each of the seven cases described in Table 1.

• Case [1] :
Trant(At, Gt, St−1) = l .

• Case [2]:

Trant(At, Gt, St−1) =

ng , if V Ins
t (At, Gt, 3) < V lapse

t (At) < Ṽ (At, Gt, 3)

l , otherwise
.

• Case [3], for St−1 ∈ {1, 2} (that is, if the guarantee is still active), Trant(At, Gt, St−1) is
given by the following table:13

(V 2, V 3, V l) (V 2, V l, V 3) (V 3, V 2, V l) (V 3, V l, V 2) (V l, ·, ·)

(Ṽ 2, V l, Ṽ 3) g g g l l

(Ṽ 3, V l, Ṽ 2) ng l ng ng l

(·, ·, V l) g g ng ng l

(V l, ·, ·) l l l l l

Thereby, the columns represent the insurer’s ranking of its objective values, whereas the
rows reflect the ranking of the current owner of the VA, both from most to least preferred.14

In particular, each element in the table above represents a transfer outcome that no party
involved has an incentive to deviate from, given their specific ranking. This corresponds
to the concept of a Nash equilibrium in game theory (Nash, 1951). For example, in the

13To save space in the table, we use shortcuts V 2 := V Ins
t (At, Gt, 2), V 3 := V Ins

t (At, Gt, 3), Ṽ 2 := Ṽ (At, Gt, 2),
Ṽ 3 := Ṽ (At, Gt, 3), and V l := V lapse

t (At).
14Recall that the insurer would prefer a smaller objective value (liability). The VA owner, on the other hand, would

prefer a larger subjective value.
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joint case of (V 2, V 3, V l) and (Ṽ 3, V l, Ṽ 2),15 the insurer would ideally prefer a transfer with
guarantee, but at the same time realizes that the policyholder and the investor would not
come to a transfer agreement if the guarantee were to remain, since V l > Ṽ 2. The VA
would thus be lapsed, which in turn gives the insurer the highest liability (V l). To avoid
this outcome, the insurer instead refers to its second-best choice and accepts the transfer
with the guarantee canceled, which is also preferable to the policyholder (over a lapse). The
equilibrium transfer outcome in this case is therefore ng.

For St−1 = 3 (that is, if the guarantee has already been canceled):

Trant(At, Gt, 3) =

ng , if V Ins
t (At, Gt, 3) < V lapse

t (At) < Ṽ (At, Gt, 3)

l , otherwise
.

• Case [4]:

Trant(At, Gt, St−1) =

g , if V Ins
t (At, Gt, 2) < V lapse

t (At) < Ṽ (At, Gt, 2)

l , otherwise
.

• Case [5]:

Trant(At, Gt, St−1) =

ng , if V lapse
t (At) < Ṽ (At, Gt, 3)

l , otherwise
.

• Case [6], for St−1 ∈ {1, 2}, Trant(At, Gt, St−1) is given by the following table (organized as
for case [3] above):

(V 2, V 3, V l) (V 2, V l, V 3) (V 3, V 2, V l) (V 3, V l, V 2) (V l, V 2, V 3) (V l, V 3, V 2)

(Ṽ 2, V l, Ṽ 3) g g g l l l

(Ṽ 3, V l, Ṽ 2) ng l ng ng l l

(·, ·, V l) g g ng ng g ng

(V l, ·, ·) l l l l l l

By comparing the two tables for cases [3] and [6], respectively, we note that the only differ-
ences in the equilibrium transfer outcome materialize if the insurer prefers lapsing over both
forms of a transfer. While in case [3] the insurer can achieve such a first-best outcome by di-
rectly rejecting the transfer, it cannot do so here and may thus have to turn to its second-best
choice under some circumstances.

15Note that this example resembles the case of the two-period toy model illustrated in Figure 3(a), whereA1 > ATP.
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For St−1 = 3:

Trant(At, Gt, 3) =

ng , if V lapse
t (At) < Ṽ (At, Gt, 3)

l , otherwise
.

• Case [7]:

Trant(At, Gt, St−1) =

g , if V lapse
t (At) < Ṽ (At, Gt, 2)

l , otherwise
.

This, finally, allows us to define the objective and subjective values upon a liquidity shock,
respectively as:

V
L/T, obj.
t (At, Gt, St) =


V Ins
t (At, Gt, 2) , if Trant(At, Gt, St−1) = g

V Ins
t (At, Gt, 3) , if Trant(At, Gt, St−1) = ng

V
lapse
t (At) , otherwise .

(14)

and

V L/T, subj.
t (At, Gt, St,Mt) =


Ṽt(At, Gt, 2)− τOt ·

(
Ṽt(At, Gt, 2)−Mt

)
+

, if Trant(At, Gt, St−1) = g

Ṽt(At, Gt, 3)− τOt ·
(
Ṽt(At, Gt, 3)−Mt

)
+

, if Trant(At, Gt, St−1) = ng

V lapse
t (At)− τOt ·

(
V lapse
t (At)−Mt

)
+

, otherwise .

(15)

B.2 Numerical Implementation

Due to the complexities of the decision-making process and its impact on account evolution and
valuation, the empirical model described in B.1 does not have an analytical solution. Therefore,
we implement it numerically using recursive dynamic programming. The state variables are At,
Gt, St, and Mt, and the control variable is Trant(At, Gt, St−1). We create a state space grid by
discretizing the state variables, as necessary.

For the implementation, we begin at maturity (time T ) by computing—for each point (AT , GT , ST ,MT )

on the state space grid—the terminal values V Ins
T (AT , GT , ST ) and V subj

T (AT , GT , ST ,MT ), based
on Equations (11) and (13), respectively. We also determine V DB

T (AT , GT , ST ), as described in
Section 3.1, and we set

V L/T, obj.
T (AT , GT , ST ) = 0 and V L/T, subj.

T (AT , GT , ST ,MT ) = 0 ,
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since there is no need for a policy lapse or transfer at maturity.
We then proceed recursively. First, for time T−1 and for every grid point (AT−1, GT−1, ST−1,MT−1),

we compute V Ins
T−1(AT−1, GT−1, ST−1) using Equation (10) and V subj

T−1(AT−1, GT−1, ST−1,MT−1)

using Equation (12). In addition, we calculate V L/T, obj.
T−1 (AT−1, GT−1, ST−1) from Equation (14),

V L/T, subj.
T−1 (AT−1, GT−1, ST−1,MT−1) from Equation (15), as well as V DB

T−1(AT−1, GT−1, ST−1) (see
Section 3.1). We repeat this procedure for times T − 2, T − 3, . . . , 1.

Lastly, we find the objective policy value at inception—that is, the insurer’s initial net reserve
amount for the policy—as

V Ins
0 := V Ins

0 (A0, G0, 1) ,

and the subjective time-0 value of the VA to the policyholder as

V PH
0 := V subj

0 (A0, G0, 1, A0) ,

again using Equations (10) and (12), respectively.


