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1 Introduction

Even in well-developed financial markets, market risk can only be shared among investors currently

participating in the market. This limit to risk sharing sometimes results in significant losses: in

2008, even a perfectly diversified portfolio of stocks lost 40% of its value. Although market risk can

be shared intertemporally across investor cohorts, financial markets do not allow current and future

investor cohorts to trade with each other (i.e., financial markets are incomplete).

We study how one of the largest sources of savings in Europe – life insurance euro contracts –

implements risk sharing across investor cohorts.1 These savings products are backed by reserves

that offset fluctuations in market return over time and that are shared among investor cohorts. We

quantify how much redistribution is generated by changes in the level of reserves over time. The

cross-cohort risk sharing mechanism implemented by euro contracts is similar to the one analyzed

theoretically by Allen and Gale (1997), who establish two relevant results for our study. First,

savings contracts implementing risk sharing across investor cohorts generate welfare gains relative

to an economy in which investors can only share risk in financial markets. Second, risk sharing

across investor cohorts unravels if there is perfect competition in the savings market. Motivated by

this second result, we study empirically the market frictions that prevent unravelling.

We use regulatory and survey data on the 1.4 trillion-euro French market for euro contracts,

which is a large and mature market. As of 2015, euro contracts were the single largest source

of savings in France, representing 80% of aggregate life insurers’ provisions and 30% of aggregate

household financial wealth. They work as follows. When a retail investor invests in a euro contract,

she has an account created on which she can freely invest and withdraw cash. All investors’ cash is

pooled into a single fund managed by the insurer and invested in assets. At the end of each year

returns paid out are different from, and typically smoother than the market return on fund’s assets.

It implies that account values diverge from the fund asset value. The difference between the two

make up fund reserves, which offset fluctuations in market returns and smooth contract returns over

time. Crucially, fund reserves belong to (current or future) investors and are passed on between

successive investor cohorts. When redeeming her contract, an investor gives up her share of reserves

while a new investor shares in existing reserves. Thus, reserves fluctuations cause redistribution

across investor cohorts.

Our first objective is to quantify how much wealth is redistributed across investor cohorts. As

illustrated in Figure 1 plotting value-weighted average asset returns and contract returns over 2000–

2015, contract returns are one order of magnitude less volatile than asset market returns (respectively

0.9% versus 4.4%). Although return smoothing reflects insurance against market risk, it need not

be due to risk sharing across investor cohorts. Indeed, this insurance may arise because fluctuations
1As of 2014, these products account for 80% of aggregate life insurance premiums in Europe (Insurance Europe

(2016)). Despite their names, they no longer provide any insurance apart from the market risk insurance studied in
this paper.
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in asset returns are absorbed by insurer equity or because reserves are redistributed to the same

investor cohort across time.

Figure 1: Asset Returns vs. Contract Returns. The solid blue line plots value-
weighted average contract returns. The dashed red line plots value-weighted average
asset returns.
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In a first step, we show that fluctuations in market returns are offset by changes in reserves

and not insurer equity. Cross-sectional redistribution between investor accounts and insurers are

an order of magnitude smaller and less volatile than fluctuations in fund reserves. Fund reserves

represent 11% of account values on average and they offset market returns. When market returns are

high reserves increase, and they decrease when market returns are low. This implies that the value

of investor account value redistributionred across time is large. We quantify the implied amount of

intertemporal redistribution between investor accounts and reserves. On average, we estimate that

3.7% of account values is redistributed annually. This represents an average 44 billion euros, or 2%

of GDP. Some of this intertemporal redistribution occurs within investor cohorts across time though,

because investors hold contracts for multiple years. In years when contract return is above market

return, investors receive positive redistributions from reserves. These redistributions are partially

net out by the negative redistributions in years when contract return is below asset return.

In a second step, we show that a large amount of the estimated redistribution occurs across

investor cohorts. If annual redistributions from fund reserves are i.i.d. and normally distributed,

then the expected lifetime net redistribution for an investor with a holding period of T year is equal

to 1/
√
T of the expected annual redistribution. Given an average holding period of 12 years, this

back-of-envelop calculation yields an average redistribution across investor cohorts of 1.1% per year.

3



To obtain a more precise estimate of the redistribution across investor cohorts, we use information

on inflows and outflows at the insurer-year level to calculate the share of each investor cohort in total

account value every year. This allows us to measure how much of the redistribution from reserves

goes to each investor cohort each year. We find that the amount of annual redistribution across

investor cohorts is 1.4% of total account value on average. This represents an average 17 billion

euros that is redistributed across investor cohorts, or 0.8% of GDP.

Although risk sharing across investor cohorts is welfare-improving compared to cross-sectional

risk sharing, financial markets alone cannot implement it (Stiglitz (1983), Gordon and Varian (1988)).

Financial markets are incomplete because they do not allow current and future investor cohorts to

trade with each other. Our second objective, therefore, is to understand how risk sharing across

investor cohorts is enabled in the savings products we study in this paper.

The level of reserves predicts redistribution across investor cohorts, which creates predictability in

contract returns. This suggests the existence of some friction causing investor flows to be imperfectly

elastic to the level of reserves.2 Otherwise if investors invested in these products only when reserves

are high, and instead invested in financial markets when reserves are low, then risk sharing across

investor cohorts would unravel (Allen and Gale, 1997).

We proceed in several steps to analyze how risk sharing across investor cohorts is possible in

a competitive savings market. First, we show that the current level of reserves predicts contract

returns. When asset returns are high, part of it is hoarded as reserves for future distribution, so

that a high level of reserves predicts large contract returns. Conversely, when asset returns are low,

reserves are drawn down, so that a low level of reserves predicts low contract returns. Investing

with an insurer whose reserve level is one standard deviation higher earns higher expected contract

return of 34 basis points per year.

Second, we find that investor flows are not correlated with reserves; neither statistically nor in

an economically meaningful way. This explains why risk sharing across investor cohorts does not

unravel: investor do not opportunistically flow out of contracts with low reserves and into contracts

with high reserves.

We study why investor flows are not elastic to predictable returns. We consider two types of

explanations. The first one is that contract return predictability is unprofitable because of taxes and

fees. Both the advantageous tax system for euro contracts as well as the fee structure (entry, exit

and management fees) create costs of switching insurer. We compare the present value of expected

excess returns of investing in a contract with higher reserves to the present value of the tax loss and

the associated fees. We show that the costs of this strategy sometimes outweigh the gains. However,

there are situations where buying a contract with high reserves does not generate any additional
2An extreme form of friction is mandatory participation in the risk sharing mechanism as in some government- or

employer-provided pension plans. In this case, the first best allocation can be achieved as studied by Ball and Mankiw
(2007) and Gollier (2008).
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taxes or fees relative to buying a contract with low reserves. Even then, we find that investor flows

do not react to predictable returns. We conclude that taxes and fees are not enough to explain the

low flow–reserves sensitivity.

The second explanation is that investors do not understand that reserves predict returns. To

test this hypothesis, we proxy for investor sophistication with individual investment size. Firstly,

we study the return-chasing behavior of investors. Although reserves are high after high market

returns so that investors should then buy euro contracts, we find that unsophisticated investors tend

to buy mutual funds after high market returns. Therefore, return chasing leads to adverse timing of

reserves. Secondly, we study whether the flow–reserves sensitivity is stronger for more sophisticated

investors. The flow–reserves sensitivity is positive and significant for sophisticated investors, while

it is zero for unsophisticated ones. The evidence is consistent with a lack of investor sophistication.

Previous research has analyzed other arrangements implemented by financial intermediaries to

share aggregate risk.

Another way to provide households with insurance against aggregate risk is to share this risk

cross-sectionally between the financial intermediary and households. The intermediary bears part

of the risk while providing households with returns partially hedged against market risk. Examples

of savings products implementing cross-sectional risk sharing include guaranteed variable annuities

sold by U.S. life insurers (Koijen and Yogo, 2015) and structured products sold by European banks

(Célérier and Vallée, 2017). Cross-sectional risk sharing is also at play in euro contracts but we show

that it is an order of magnitude smaller than cross-cohort risk sharing. Crucially, cross-sectional

risk sharing hinges on intermediaries’s risk-bearing capacity – typically their capital position (Koijen

and Yogo, 2018) and creates insolvency risk. In contrast, euro contracts shift most of the risk to

households and share it across cohorts.

Defined benefits (DB) pension plans studied by Novy-Marx and Rauh (2011, 2014) have an

element of inter-cohort risk sharing like in euro contracts, because DB sponsors have the option

to increase the contributions of futures employees or may be bailed out by future taxpayers. One

important difference, however, is that DB sponsors fully commit to a rate of return for households,

whereas insurers selling euro contracts only commit to a minimum guaranteed rate and can adjust

returns distributed to households depending on investment returns.

The rest of the paper is organized as follows. The institutional framework is described in words

in Section 2 and in equations in Section 3. Section 4 presents the data and summary statistics. We

quantify redistribution across investor cohorts in Section 5 and analyze why inter-cohort risk sharing

does not unravel in Section 6. Section 7 concludes.
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2 Institutional Framework

After a brief overview of the French savings landscape in Section 2.1, we describe how euro contracts

work in Section 2.2 and how fund reserves are used to smooth contract returns and to implement

redistributions across investor cohorts in Section 2.3.

2.1 French Savings Landscape

The average French household’s financial wealth can be decomposed into three equally-sized parts

(Insee (2016)). The first part is made of risky securities and investment funds, which can either be

held directly, or through tax-advantaged special vehicles. One such vehicle is unit-linked contracts,

which are sold by life insurers and through which households can hold mutual funds. Those contracts

benefit from the same tax treatment as euro contracts (described below). Another part is composed

of short-term instruments that include checking accounts and savings accounts. In particular, there

are several types of regulated savings products that benefit from advantageous tax treatments. The

interest rates on those products are typically fixed by the government, with a limit on the amount

that can be invested. The most widespread of these regulated savings product is called Livret A.

It is fully tax free and has an investment limit of 23,000 euros per household member (including

children). The interest rate set by the government has averaged the one-year risk-free rate over

2001–2015.

The last part of households’ financial wealth is invested in euro contracts, which are the focus of

this paper. The size of the market for euro contracts is 1.4 trillion euros in 2015 (ACPR (2016)), out

of the aggregate 4.5 trillion euros of household financial wealth. Market concentration is relatively

low, with a Herfindahl-Hirschman Index around 800 and total market shares of the top 5 life insurers

slightly below 50%. The main types of life insurers are subsidiaries of insurance holding companies,

subsidiaries of banks holding companies, and stand-alone life insurance companies.3

The tax system for capital income has a two-tier structure. The first tier is social security

contributions, which is a flat rate tax on capital income that has progressively increased from 10%

in 1999 to 15.5% in 2015. The second tier is the income tax. Households can either include capital

income in their taxable income, in which case it is taxed at the marginal income tax rate (between

0% and 45% depending on total taxable income and household size). Or they can choose to pay a flat

withholding tax, whose rate depends on the savings vehicle. For life insurance (euro or unit-linked)

contracts, the withholding tax rate depends on the holding period of the contract: 35% if less than

four years; 15% between four and eight years; 7.5% with a tax allowance of 4,600 euros after eight

years.4 The withholding tax is the most favorable option for the majority of households (at least in
3Other institutions also offer euro contracts: mutual insurance companies, pension institutions and reinsurance

companies. These institutions are regulated differently, and only account for 4% of aggregate provisions.
4The allowance increases to 9,200 euros for married households. A description is available at https://www.service-

public.fr/particuliers/vosdroits/F22414.
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value-weighted terms).

2.2 Contract Returns

Euro contracts are savings products sold by life insurers. When an investor buys such a contract,

she opens an account with the insurer on which she can deposit and withdraw cash at any time.

The cash deposited in investors’ accounts is invested in asset markets through a fund managed by

the insurer. At the end of each calendar year, the account is credited by an amount equal to the

account value times an interest rate (taux de revalorisation) that we will refer to as the contract

return. Insurers typically charge annual management fees proportional to the account value and exit

fees (back-end loads) proportional to withdrawals.

The contract return is chosen at the full discretion of the insurer at the end of each year, subject

to two constraints. The first constraint is that the insurer commits to a minimum guaranteed return

fixed at the subscription of the contract. Against a backdrop of decreasing interest rates, French

life insurers have strongly reduced guaranteed rates close to zero since the 1990s (Darpeix (2016)).

In 2015, the average guaranteed return of in-force contracts is 0.4% (see Panel A of Appendix

Figure A.1) while 77% of contracts have a zero guaranteed return. For the subset of contracts still

open to new subscriptions, guaranteed returns are even lower: 0.1% on average and equal to zero

for 87% of contracts. As a matter of comparison, the average contract return in 2015 is 2.6%. It

implies that the minimum guaranteed rate is typically not binding. The contract return is strictly

larger than the guaranteed return for 94% of contracts over 2011–2015 (see Panel B of Appendix

Figure A.1).

Insurers must credit the same return to all investors holding the exact same product, that is,

ruled by the same contract. However, insurers are allowed to pay different returns to investors

holding products ruled by different contracts. Insurers can have several in-force contracts at a given

point time for two reasons. First, insurers can close a product to new subscriptions and create a new

one for new clients. They may do so when they want to change the characteristics of the contract,

like fees or the guaranteed rate, or for marketing purposes by changing the name of the product.

Second, some insurers sell products targeted to specific clienteles. For instance, some insurers sell

contracts with minimum investment amounts targeted to a wealthier clientele that may carry lower

fees than the regular contract. Some insurers also sell group contracts for instance to corporations

for their pension plans.

In practice, there is a little bit of dispersion in net-of-fees contract returns across the products

sold by a given insurer, part of it because of different before-fees returns, part of it because of

different fees. Using exhaustive data on net-of-fees contract returns at the product level collected

by the national insurance supervisor for the 2011–2015 period, we calculate in Appendix A.2 that

the within-insurer-year standard deviation of annual net-of-fees return is 0.3 percentage points on

average during this period. As a matter of comparison, the average net-of-fees return over the same
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period is 2.7% and the average time-series standard deviation over the longer period 2000–2015 is

1.0 percentage point. Thus, cross-contract dispersion in returns is small relative to the time-series

dispersion.

More importantly, cross-contract return dispersion is mostly explained by product fixed effects,

which means that the returns of different contracts sold by a given insurer all follow the same

time-series variation. When we include a product fixed effect, the residual cross-contract standard

deviation of annual contract returns drops to 0.1 percentage points. This feature of the market

will be important for our empirical analysis, because it implies that the pattern of intertemporal

smoothing of contract returns is the same across all contracts sold by a given insurer, even if the

level of contract returns may differ.

The second constraint on contract returns is that life insurers are required by regulation to

credit at least 85% of the intertemporal returns of underlying investments plus 90% of the fund

net operating income (fees minus operating costs) to investors. Crucially, the regulatory constraint

applies intertemporally and imposes no constraint on the timing of contract returns.5 In the following

section, we describe this regulation in more detail and we explain how insurers use fund reserves to

choose the timing of contract returns.

2.3 Fund Reserves

Each insurer has a unique fund holding the assets backing all the contracts. The economic balance

sheet of the fund is as follows.6 Assets are equal to the market value of the asset portfolio. Liabilities

are equal to total account values plus fund reserves, where fund reserves are by definition equal to

the difference between total asset value and total account value.

Fund reserves have two key features that are at the root of risk sharing across investor cohorts.

First, reserves are due to investors. Second, reserves are pooled across all investors. In particular,

new investors share in reserves accumulated by previous investors while leaving investors give up

their share of reserves.

In the French regulatory framework, fund reserves are made up of three components associated

to three components of asset returns.

Profit-sharing reserves At the end of each calendar year, fund income is calculated as the sum

of financial income and technical income. Financial income is equal to asset yield (dividends on

non-fixed income securities plus yield on fixed income securities) plus realized gains and losses on

non-fixed income securities. Technical income is equal to fees paid by investors minus operating
5Another regulation imposes a constraint on the timing of contract returns, but it is typically not binding. See

Footnote 7.
6The economic balance sheet differs from the accounting balance sheet because the former is marked-to-market

while life insurance accounting principles are mostly based on historical cost accounting.
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costs. The insurer decides on the sharing of the fund income between itself and investors. By law,

the investors’ share must be equal to at least 85% of financial income plus 90% of technical income.

The share of fund income attributed to investors is further split into a part credited immedi-

ately to investor accounts and a part credited to a reserve account called the profit-sharing reserve

(provision pour participation aux bénéfices). The profit-sharing reserve account can only be used for

future distribution to investor accounts. It implies that profit-sharing reserves effectively belong to

(current and future) investors.

Crucially, profit-sharing reserves are not attached to the contracts already in force at the time of

the creation of the reserve account. Instead, profit-sharing reserves are pooled across all contracts.

When a investor redeems her contract or withdraws cash from her account, she gives up the associated

right to future distribution of the profit-sharing reserves. Conversely, when a new investor buys a

contract or an exiting investor deposits more cash on her account, she shares in the existing profit-

sharing reserves.7

Capitalization reserves Realized gains and losses on fixed income securities are credited to, or

debited from, a reserve account called the capitalization reserve account (réserve de capitalisation).

The capitalization reserve account can only be used to offset future losses on fixed income securities

and cannot be credited to investor accounts or to insurer income. Thus, capitalization reserves

represent deferred financial income for the fund. Since at least 85% of the fund financial income

must be distributed to investors, it implies that at least 85% of capitalization reserves effectively

belong to (current and future) investors.8

Unrealized gains Unrealized capital gains are not booked as fund income. Thus, accumulated

capital gains and losses create a wedge between the market value and the book value of the fund

assets, which makes up the third component of reserves.9 Since unrealized gains represent deferred

fund financial income, at least 85% of their value effectively belong to (current and future) investors.

3 The Accounting of Inter-Cohort Risk Sharing

In this section, we present a simple framework of the accounting of inter-cohort risk sharing in euro

contracts.
7The insurer must credit the funds in the profit-sharing reserve account to investor accounts within eight years. It

can therefore hoard up to eight years of contract returns in profit-sharing reserve accounts. In practice, the eight-year
constraint is never binding. Profit-sharing reserves represent less than one year of contract returns on average, and
two years and a half at the 99th percentile.

8Although, for accounting and regulatory purposes, capitalization reserves are booked as insurer equity.
9While unrealized capital gains are never booked as fund profit, there are deviations from historical cost accounting

principles that force insurers to recognize “long and lasting” unrealized losses to prevent them from running too large
unrealized losses. See Appendix A.3 for details.
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Vi,t denotes investor i’s account value at the end of year t after payment of the annual net-of-fees

return yi,t. It evolves according to

Vi,t = (1 + yi,t)Vi,t−1 + Flowi,t, (1)

where Flowi,t is net flows of investor i in year t.10 In line with the institutional framework described

in Section 2 and the evidence presented in Appendix A.2, we assume that the insurer pays the same

return to all investors in a given year up to an investor fixed effect:

yi,t = ηt + ξi. (2)

The value-weighted average contract return is

yt =
∑
i

Vi,t−1

Vt−1
yi,t, (3)

where Vt =
∑

i Vi,t is total account value.

The balance sheet of the fund at the end of year t is

At = Vt +Rt, (4)

where At is the market value of fund assets and Rt is fund reserves. Fund assets evolve according to

At = (1 + xt)At−1 + Flowt −Πt, (5)

where xt is the return of fund assets net of the fund operating costs, Flowt =
∑

i Flowi,t is total

net flows, and Πt is the payoff of the insurer.

Combining (1), (3), (4), and (5), we obtain

xtAt−1 = ytVt−1 + Πt + ∆Rt. (6)

Equation (6) describes how asset income (on the left-hand side) is shared between three groups of

agents (on the right-hand side): (i) current investors who receive ytVt−1; (ii) the insurer who gets Πt;

and (iii) fund reserves whose amount varies by ∆Rt = Rt − Rt−1. Since beginning-of-year reserves

have been accumulated by past investors and end-of-year reserves are available for distribution to

future investors, the change in fund reserves represents a payoff to past and future investors. The

last term of (6) is thus at the root of risk sharing across investor cohorts.

Equation (6) highlights that both cross-sectional risk sharing and inter-cohort risk sharing are
10We assume here that flows take place at the end of the year after payment of the annual return to simplify the

exposition. We relax this assumption in the empirical analysis.
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potentially at play. Investors may be insured against market risk because fluctuations in asset returns

are absorbed by the insurer. This mechanism reflects static (cross-sectional) risk sharing between

the insurer and investors. The covariation between Πt and xt determines how much insurance

is provided by the insurer to investors. Alternatively, investors may be insured against market

risk because fluctuations in asset returns are absorbed by fund reserves. This mechanism reflects

intertemporal (inter-cohort) risk sharing between current insurers and past and future investors. The

covariation between ∆Rt and xt determines how much insurance is provided to investors through

inter-cohort risk sharing. Both risk sharing mechanisms can be at play simultaneously.

Equation (6) can be compared to analogous decompositions of investment returns for other

savings products. In traditional savings products like pass-through mutual funds or unit-linked life

insurance products, the first term on the right-hand side moves one-for-one with the fund asset return

while the second and third terms are zero. In structured savings products like variable annuities with

guaranteed returns, only the first two terms on the right-hand side arise as risk is shared between

investors and the insurer while the third term is zero.

To quantify the amount of inter-cohort risk sharing, we compare investors’ payoff to what they

would have received in a counterfactual situation with a constant level of reserves, same asset return,

and same insurer payoff. Relative to this benchmark, the payoff of investors holding a contract in

year t is higher by −∆Rt. −∆Rt represents a redistribution from investors holding a contract in year

t′ 6= t to investors holding a contract in year t. We denote the amount of InterTemporal redistribution

between investor accounts in year t and investor accounts in other years by

IT T t = | −∆Rt|. (7)

The amount redistributionred across investors is less than the amount redistribution across years,

because investors hold their contracts for more than one year. Investors may thus receive positive

redistributions in some years and negative redistributions in other years that partially net out.

Given the institutional feature that all investors receive the same return up to an investor fixed

effect as specified in equation (2), each investor i receives in year t a redistribution proportional to

her account value and equal to −∆Rt
Vt−1

Vi,t−1. Thus, investor i buying a contract at the beginning of

year t0i and redeeming it at the end of year t1i receives a lifetime net redistribution throughout her
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holding period Hi = [t0i , t
1
i ] equal to

11

∑
s∈Hi

−∆Rs
Vs−1

Vi,s−1. (8)

Finally, the Annualized Lifetime redistribution to investor i in year t, calculated as a constant fraction

of the beginning-of-year account value Vi,t−1, is equal to

ALT i,t =
Vi,t−1∑

s∈Hi
Vi,s−1

∑
s∈Hi

−∆Rs
Vs−1

Vi,s−1. (9)

ALT i,t is the net redistribution in year t to investor i from other cohorts of investors. We say

that two investors i 6= i′ belong to the same cohort if they have the same holding period and same

timing of investment: Vi,t = κVi′,t for all t. Two investors of the same cohort are always on the same

side of the redistribution because ALT i,t and ALT i′,t have the same sign. In contrast, two investors

belonging to different cohorts can be on opposite sides of the redistribution. Therefore, ALT i,t
represents inter-cohort redistribution. We denote the total amount of inter-cohort redistribution in

year t by

ICT t =
∑
i

|ALT i,t|. (10)

In Section 5, we shall quantify intertemporal redistribution IT T t, investor lifetime redistribution

ALT i,t, and inter-cohort redistribution ICT t in euro contracts.

4 Data and Summary Statistics

We use annual regulatory filings (Dossiers Annuels) that we obtain from the national insurance

supervisor (Autorité de Contrôle Prudentiel et de Résolution) for the years 1999 to 2015. The

data covers all companies with life insurance operations in France. It contains information on all

the variables that appear in the analytical framework of the previous section. The information is

reported by type of contracts, which allows us to focus on euro contracts. We restrict the analysis
11redistributions taking place in different years are not discounted differently because (85% of) asset returns are

due to investors irrespective of the level of fund reserves, i.e., investors are entitled to the same share of asset returns
whether assets are credited to the reserves or to their accounts. It implies that only the total amount of reserves
distribution matters, but not its timing within an investor’s holding period.
To see it formally, note that the discount factor in the calculation of lifetime net redistribution must be chosen such

that aggregate lifetime net redistributions is equal to zero (or equal to the difference between initial and final level
of fund reserves if these are not equal to zero). Denoting the discount factor by ρt and summing over all investors:∑

i

∑
t∈Hi

ρt
−∆Rt
Vt−1

Vi,t−1 =
∑

t ρt(−∆Rt). It follows that ρt must be constant. The argument can be illustrated with
a numerical example. Suppose there is only one investor starting with V0 = 100 and investing for two years. Asset
return net of insurer payoff is 10% in both years. The initial level of fund reserves is R0 = 0. The first year return
0.1 × 100 = 10 is entirely hoarded as fund reserves: A1 = 110, V1 = 100, and R1 = 10. In the second year, asset
return 0.1 × 110 = 11 and fund reserves are credited to the investor account: A2 = V2 = 121 and R2 = 0. Annual
redistribution to the investor is T1 = −10 in the first year and T2 = 10 in the second year. Since there is only one
investor, her lifetime net redistribution should be zero. Since T1 = −T2, it implies that the discount factor is constant.
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to stock insurance companies, which represent 97% of aggregate life insurance provisions. We drop

insurers with less than 10 million euros of life insurance provision. Because we need lagged values

to calculate the change in fund reserves, the sample period of our analysis is 2000–2015. The final

sample has 76 insurers and 978 insurer-year observations.

Table 1 reports summary statistics for the main variables associated to euro contracts (see

Appendix B.1 for details about variable construction). The average (median) insurer has 13.9 (3.1)

billion euros of account value. Inflows (premiums), which include cash deposited in newly opened

contracts and in existing contracts, represent on average 10.5% of account value per year. Outflows,

which include partial and full redemptions, either voluntarily or at expiration of the contract (investor

death), represent on average 8.1% of account value per year.

The combination of positive net flows and compounded contract returns generates an increasing

trend in aggregate account value plotted in Figure 2. Aggregate account value grows from 505 billion

euros in 2000 to 1,200 billion euros in 2015 (all amounts are in constant 2015 euros). Aggregate

growth reflects internal growth of existing life insurers rather than entry of new insurers. The number

of insurers in the sample is 65 at the beginning of the period and 61 at the end.

Fund reserves represent on average 10.9% of account value, of which about two-third are unreal-

ized gains (7.5%) and one-third are accounting reserves (2.1% of profit-sharing reserves and 1.4% of

capitalization reserves). Figure 3 plots the time-series of aggregate reserves as a fraction of account

value over time. Reserves fluctuate widely over time, reflecting active reserve management in order

to smooth contract return.

On the asset side, 80.4% of the fund portfolio is invested in government and corporate bonds,

13.5% in stocks, and the rest in real estate, loans, and cash. Average asset return is 4.9% per year.

Average contract return before fees is 4.0% per year. The wedge between average asset return

and average contract return is due to three factors. First, the insurer can keep up to 15% of asset

return, which represents about 75 basis points on average. Second, part of asset returns have been

retained to offset the dilution of fund reserves caused by positive net flows over the sample period.

Because new investors share in accumulated reserves while leaving investors give up their share of

reserves, reserves are mechanically diluted at a rate equal to the net flow rate. Given the average

net flow rate of 2.4% per year during the sample period and the average level of fund reserves of

10.9% of account value, reserves have been mechanically diluted at an annual rate of about 0.25%

of account value. It implies that insurers would have had to retain about 25 basis points of asset

returns per year in order to keep the ratio of reserves to account value constant. Third, as can be

seen in Figure 3, the average reserves ratio is actually higher at the end of the period than at the

beginning by about 3.5 percentage points. It implies that insurers have retained over this 15-year

period an additional 0.035/15 ≈ 25 basis points per year on average.12

12The sum of the three effects explains a 75 + 25 + 25 = 125 basis point wedge between asset returns and contract
returns, that is, more than the observed one of about 90 basis points. This is because, beyond the approximations
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5 Inter-Cohort Risk Sharing: Evidence

5.1 Intertemporal Smoothing: The Role of Fund Reserves

Figure 1 shows weighted average asset return and contract return from 2000 to 2015. The key

pattern is that the contract return is much less volatile than the return of underlying assets. The

annual volatility of asset return is 4.4% vs. 0.9% for contract return.

Contract return smoothing can be implemented by two mechanisms reflected in equation (6).

Contract return (ytVt−1) can be hedged against variation is asset return (xtAt−1) by offsetting

redistributions from the insurer (Πt) or by offsetting redistributions from fund reserves (∆Rt). To

visualize graphically the contribution of fund reserves to contract return smoothing, two series are

plotted in Figure 4: the difference between contract return and asset return (ytVt−1 − xtAt−1)

and redistributions from reserves (−∆Rt), both aggregated across all insurers and normalized by

aggregate beginning-of-year account value (Vt−1).

Figure 4 shows that almost all of the difference between asset return and contract return is

explained by variation in fund reserves. It means that the smoothing of contract return is generated

by intertemporal redistribution across investor accounts. The next section analyzes the extent to

which these intertemporal redistributions translate into inter-cohort redistributions.

5.2 Intertemporal redistributions and inter-cohort redistributions

We now quantify intertemporal redistribution IT T t, investor annualized lifetime redistribution

ALT i,t, and inter-cohort redistribution ICT t at the insurer level. We focus on the sample of in-

surers for which we have data throughout 1999–2015, which leads us to make two adjustments to

the sample. First, when an insurer is acquired by another one, their reserves are pooled together.

In this case, we consolidate both entities into a single one before the acquisition date such that we

have a single insurer with a constant perimeter throughout the sample period.13 Second, we drop a

few insurers that enter or exit during the sample period. The final sample has 50 insurers that we

observe continuously from 1999 to 2015 and that account for 94% of the aggregate account value in

the initial sample. Our estimates of intertemporal redistributions and inter-cohort redistributions

are gathered in Table 2.

Variation in fund reserves generates redistribution of investor account value across years. −∆Rt

is the redistribution to investor accounts in year t from fund reserves, that is, from investor accounts

in years t′ 6= t. The value-weighted (equal-weighted) average amount of intertemporal redistribution

IT T t = | − ∆Rt| is equal to 3.7% (4.2%) of total account value. Evaluated at the 2015 level of

made in these back-of-the-envelop calculations, insurers are allowed to keep up to 15% of asset returns but in practice
keep less than that, potentially because of competition.

13We apply this procedure for six acquisitions: Natio by Cardif in 2005, Generali Assurances, GPA, and Guardian
by Generali in 2006, Ecureuil by CNP in 2007, and Assurances Banque Populaire by Natixis Assurances in 2013.
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aggregate account value of 1,200 billion euros, it amounts to an annual 44 billion euros that shifts

from year to year on average, or 2% of GDP.

Investor annualized lifetime redistribution is smaller than intertemporal redistribution, because

investors hold their contract for several years and thus receive positive redistributions in some years

and negative redistributions in other years that partially net out over the holding period. To visualize

how the annualized lifetime redistribution ALT i,t given by equation (9) depends on the holding

period, Table 3 displays its value for the average contract and for every possible holding period

[t0, t1] during our sample period, 2000 ≤ t0 ≤ t1 ≤ 2015. We do the calculation for an investor who

holds the representative contract with underlying fund reserves equal to the value-weighted average

level of fund reserves, and invests a constant amount Vi,t = 100 by withdrawing the interests paid

at the end of each year.

Table 3 is displayed as a heatmap. The numbers in the heatmap should be interpreted as the

additional annual returns of having invested in the representative contract relative to having invested

in a fund that (a) is invested in the same portfolio of assets but (b) do not smooth investor returns

with reserves. For instance, the counterfactual can be an investment in a unit-linked contract that

would be invested in the same asset portfolio as the euro contract.

redistributions for holding periods spanning the 2008 stock market crash and the 2011 sovereign

debt crisis tend to be positive. The poor asset returns in these years were offset by large redistribu-

tions from fund reserves. For instance, an investor buying a contract at the beginning of 2006 and

redeeming it at the end of 2011 received an extra return of 1.5 percentage points per year on her

contract relative a counterfactual with no reserve management. Taking an ex-post perspective, these

investors have been net beneficiaries of the inter-cohort redistribution implemented by life insurance.

redistributions for holding periods spanning the recent period of low interest rates are negative.

Drops in interest rates led to high bond returns that were not credited to investor accounts, but

hoarded as reserves. This hoarding behavior can be seen on Figure 3, which shows that fund reserves

increased from 2% of account value in 2011 to 18% of account value in 2015. This makes exit from

life insurance contracts in the post-2011 low interest rate environment detrimental compared to

the counterfactual with constant reserves. Investors who have redeemed their contracts during this

period have been ex-post net contributors of the inter-cohort redistribution mechanism.

The high level of fund reserves in 2015 also suggests that insurers might draw on their reserves

in the coming years to pay investors returns above market returns, which might be low given the

currently low level of interest rates and the potential for an increase in interest rates. In this scenario,

the heatmap for holding periods spanning the years to come might turn green again.

The last step is to aggregate individual annualized lifetime redistributions ALT i,t at the insurer

level to calculate the amount of inter-cohort redistribution ICT t given by equation (10). A back-

of-the-envelop calculation illustrates the relation between intertemporal redistribution IT T t and

inter-cohort redistribution ICT t. Suppose intertemporal redistribution IT T t is i.i.d. and normally
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distributed with zero mean and all investors have T year-holding periods. Then, expected inter-

cohort redistribution is equal to 1/
√
T of expected intertemporal redistribution. During the sample

period, the average outflow rate is 8.1%, which implies an average duration of 12 years and an

average amount of inter-cohort redistribution of 3.7%/
√

12 = 1.1% per year. Accounting for holding

period heterogeneity would lead to a higher estimate because of the convexity of 1/
√
T .

To have an exact measure of inter-cohort redistribution, we would need to observe the entire

investment history Vi,t of all investors. This is not possible since the investment histories of current

investors still holding a contract are not over. There are two other data limitations. First, the

regulatory data starts in 1999, so we do not observe the entire investment history of investors who

entered their contract before 1999 even if they no longer hold a contract in 2015. It implies that

we can calculate annualized lifetime redistribution ALT i,t for investors with holding periods within

2000–2015 (we need one lagged year to calculate asset returns). Second, we observe inflows and

outflows at the insurer level but not at the investor level. It implies that we know the average

holding period but not its entire distribution. To calculate ICT i,t, we assume that the outflow

rate is constant across contract age at the insurer-year level and that investors only make one-off

investments. Formally, denoting by Vt(t0) the total account value of contracts subscribed in year t0,

we assume Vt(t0) = (1 − φt)(1 + yt)Vt−1(t0) for all t0 < t, where the outflow rate φt is calculated

to match observed outflows at the insurer level:
∑

t0<t φt(1 + yt)Vt−1(t0) = Outflowt; and account

value of new contracts is calculated to match observed inflows at the insurer level: Vt(t) = Inflowt.14

Under this assumption, we can reconstruct the investment history of all cohorts of investors and

calculate the inter-cohort redistribution amount ICT t.
The value-weighted (equal-weighted) amount of inter-cohort redistribution is equal to 1.4%

(1.5%) of account value. Evaluated at the 2015 level of aggregate account value of 1,200 billion

euros, it amounts to an annual 17 billion euros that shifts across cohorts of investors on average, or

0.8% of GDP.

The assumption of outflow rates independent of contract age is likely to under-estimate the

amount of inter-cohort redistribution. Actual outflow rates are decreasing in contract age (FFSA-

GEMA (2013)). It implies that the actual dispersion of holding periods is higher than the dispersion

obtained under the assumption of age-independent outflow rate, for a given average holding period

that we match to the observed one of 12 years. Since expected annualized life redistribution is convex

in the holding period, under-estimating the dispersion of holding periods leads to under-estimating

inter-cohort redistribution.
14These formulas assume that inflows and outflows take place at year-end whereas in practice they occur throughout

the year. To take this into account, we use modified formulas that account for interests accrued during the year. See
Appendix B.2 for details.

16



6 Why Unravelling Does not Happen?

Allen and Gale (1997) show that if a financial intermediary offers savings contracts implementing

risk sharing across investors cohorts, (perfect) competition in the savings market would unravel it.

The reason is that, after periods of low market returns, the intermediary needs to replenish reserves,

expected contract returns are low, and investors prefer to invest with another intermediary or directly

in financial markets, unravelling the inter-cohort risk sharing mechanism. Given the large amounts

of inter-cohort redistribution observed in the data, the logical implication is that the assumption of

perfect competition leading to the unravelling result does not hold. To shed light on the friction

sustaining inter-cohort risk sharing, we proceed in several steps. In Section 6.1, we study insurers’

contract return policy and show that expected contract returns are predictable. In Section 6.2, we

analyze investor behavior and show that investor flows do not react to predictable contract returns.

In Section 6.3, we investigate the reasons why investor flows are inelastic to predictable returns.

6.1 Contract Return Predictability

We start by studying how insurers choose contract returns at the end of each year, or equivalently,

the amount of reserves they carry forward to the next year. Our analysis is guided by the model of

Gollier (2008), who solves for the reserves policy that achieves first best inter-cohort risk sharing. At

the first best, contract return depends on the level of fund reserves but not on current asset return

beyond its effect on reserves. The intuition behind this result is similar to that of the permanent

income hypothesis, according to which the optimal level of consumption depends only on wealth and

not on current income beyond its effect on wealth. Conversely, when there is no inter-cohort risk

sharing as in a pass-through mutual fund, contract return is equal to current asset return.

We study the contract return policy by running panel regressions at the insurer-year level. We

regress the contract return chosen at the end of the year by the insurer, on the end-of-year level of

reserves just before investors’ accounts are credited the annual return, normalized by total account

value. The regressor is thus equal to the beginning-of-year level of reserves plus the current year asset

return (see equation (6)). Using the notations of Section 3, we regress yt on 1
Vt−1

(Rt−1 + xtAt−1).

We include insurer fixed effects and year fixed effects and double-cluster standard errors by insurer

and year.

Table 4 shows the results for regressions weighted by the insurer share of account value in

aggregate account value in the current year.15 The coefficient on end-of-year reserves in column (1)

is positive and statistically significant at the 1% level. The point estimate implies that a one

percentage point increase in fund reserves is associated with a 2.9 basis point increase in annual

contract return. In other words, out of each additional euro of fund reserves, 2.9 cents per year

are credited to investor accounts. At this rate, holding everything else constant, the distribution of
15The results for equal-weighted regressions are overall similar and reported in Appendix C.
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the marginal euro of fund reserves to investors would be spread over the next 1/0.029 = 35 years.

Under first best inter-cohort risk sharing, the contract return should only depend on the current

asset return through its effect on the level of reserves. If we decompose the year-end level of reserves

into beginning-of-year reserves plus current asset return, the contract return should depend on both

components equally. To see whether this holds, we include both terms separately in the regression.

The results in column (2) show that the relation between contract returns and end-of-year reserves

is not driven by current asset returns. Instead, the coefficient on lagged reserves is positive and

significant while the coefficient on current asset return is positive but insignificant. The relationship

between contract returns and reserves is therefore in line with optimal inter-cohort risk sharing.

The result that contract returns paid at the end of the year are positively related to the level of

reserves at the beginning of the year suggests that contract returns are predictable. To test this more

formally, we regress contract return on the beginning-of-year level of reserves alone. The coefficient

reported in column (3) of Table 4 is still positive, statistically significant at the 1% level, and close

to the coefficient on the end-of-year level of reserves in column (1). This result is still not evidence of

predictability because the regression includes insurer fixed effects that are estimated over the entire

sample period. We remove insurer fixed effects in column (4) and still find a positive coefficient,

statistically significant at the 1% level, that is close to the estimate with insurer fixed effects.

To gauge the economic magnitude of contract predictability, we calculate the profitability of a

hypothetical long/short portfolio buying contracts of insurers with a high level of reserves and selling

contracts of insurers with a low level of reserves. At the beginning of each year, we rank insurers

based on their beginning-of-year level of reserves and rescale the rank such that it lies between −1

and 1. The portfolio weights are proportional to the rescaled rank (multiplied by total account

value in order to obtain value-weighted returns). Panel A of Table 5 shows the performance of

the long/short portfolio. The average return is 34 basis points per year with a t-statistics above

10. The standard deviation is 13 basis points per year, yielding a Sharpe ratio of 2.6. The market

beta of the portfolio is essentially zero, yielding a market-model alpha of 33 basis points per year.

The long/short portfolio is of course not tradable as contracts cannot be shorted. Its return has

nevertheless a relevant economic interpretation. Consider an investor holding a contract with a low

level of reserves and considering switching to another insurer with a high level of reserves. The

expected gain from doing so is equal to the expected return of the long/short portfolio. More

precisely, given the linear weighting of the long/short portfolio, its return is equal to the weighted

average gain from switching from an insurer with below-median reserves to an insurer with above-

median reserves, where the average is taken across all pairs of below-median/above-median insurers

and each pair is weighted by the product of the absolute value of both insurers’ ranks (multiplied

by the products of their total account value to obtain value-weighted returns).16

The risk of switching from an insurer with low reserves to an insurer with high reserves is,
16Proof: Denoting by i and j the scaled ranks of the below-median insurer and above-median insurer, respectively,
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however, higher than the risk of the long/short portfolio because idiosyncratic contract risks are

not diversified. Intuitively, going long one contract and short one contract yields the same expected

return but with a higher standard deviation than taking long or short positions in all contracts.

To compare the risks of these strategies, we consider portfolios composed of one long position in a

contract of an insurer with above-median reserves and one short position in a contract of an insurer

with below-median reserves. We calculate the average and standard deviation of returns across all

portfolio-year observations associated to all long one contract/short one contract portfolios, using

the weighting scheme described in the previous paragraph. Panel B of Table 5 shows the performance

of one-contract-long/one-contract-short portfolios. As explained above, the average return of these

portfolios is by construction equal to the average return of the long/short portfolio including all

contracts. As expected, the standard deviation is higher, because idiosyncratic contract risk is not

diversified. The standard deviation is 70 basis points per year, yielding a Sharpe ratio of 0.49. Thus,

while switching from a contract with low reserves to a contract with high reserves is profitable on

average, it is not a risk-free arbitrage.

Another approach to evaluate the risk-return tradeoff when switching from contract L with low

reserves to contract H with high reserves, is to recognize that investors may not care about the

riskiness of the return difference yH −yL, but may rather care about the difference in riskiness of yH
relative to that of yL. Panel C of Table 5 shows the average and standard deviation of returns for

contracts with above-median reserves and for contracts with below-median reserves, using the same

weights as above, as well as the difference in the mean and standard deviation of returns between

the two groups. By construction, the difference in means is still 34 basis points. The difference in

standard deviation is 4 basis points, which is small compared to the pooled standard deviation of

about 90 basis points. Thus, the risk-return tradeoff seems unambiguously favorable to contracts

with high reserves.

6.2 Flow-Reserves Relationship

Having shown in the previous section that the level of reserves predicts future contract returns, we

now study whether investor flows are sensitive to the level of reserves. Net flows can be decomposed

into three components: (+) inflows (premia), which can come from existing investors depositing

more money on their account or from new investors; (−) redemptions, which are voluntary outflows;

(−) payments at expiration of contracts (investor death), which are involuntary outflows. The latter

should a priori not respond to fund reserves, while the former two may. One might also expect

inflows to be more sensitive to the level of reserves than redemptions, if redemptions are more likely

and by Vi and Vj their total account value, the weighted average is equal to∑
i<0<j(−i)jViVj(yj − yi)∑

i<0<j(−i)jViVj
=

∑
i<0(−i)Vi

∑
j>0 jVjyj −

∑
i<0(−i)Viyi

∑
j>0 jVj∑

i<0(−i)Vi

∑
j>0 jVj

=

∑
j>0 jVjyj∑
j>0 jVj

−
∑

i<0(−i)Viyi∑
i<0(−i)Vi

,

where the first term is the return on the long leg of the portfolio and the second term is the return on the short leg.
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to be driven by liquidity motives.

Table 6 shows the results of panel regressions of net flows on beginning-of-year reserves as well as

for the three component of flows taken separately. The sensitivity of net flows to the level of reserves

is not significantly different from zero (column (1)) nor is that of inflows (column (2)) or outflows

(column (3)). Importantly, it is a precisely estimated zero. The standard error of the coefficient

estimate implies that we can reject that the regression coefficient of net flows on reserves is 0.12 at

the 5% level. To assess the economic magnitude of a flow–reserves sensitivity of 0.12, we compare it

to the flow–reserves sensitivity that would be needed for flows to fully dilute reserves and eliminate

contract return predictability. Given that reserves represent on average 11% of account value, it

would take a flow-reserves sensitivity of 1/0.11 = 9 for flows to fully dilute reserves at a one year

horizon, that is, a level of flow–reserves sensitivity 75 times greater than than the one we can reject

at 5%.

6.3 Why Are Flows Inelastic to Predictable Returns?

Why don’t investors flow more aggressively into contracts with large reserves? We analyze two types

of explanations. The first one is that the gains from exploiting contract return predictability may be

offset by taxes or fees. We study this hypothesis in Section 6.3.1. The second potential mechanism

is that investors may not react to predictability because of a lack of sophistication. Investors may

not understand that reserves predict future contracts returns. For instance, investors may chase

past performance instead of chasing reserves. We test this hypothesis in Section 6.3.2.

6.3.1 Taxes and Fees

We first estimate the gains of buying a contract with high reserves relative to buying a contract with

low reserves. We then compare these gains to the additional taxes and fees of doing so. We show

that taxes and fees can explain flow inelasticity in some instances but that there exist other cases

in which taxes and fees cannot explain flow inelasticity.

Gains Consider the gains from buying a contract from insurer H with a ratio of reserves to account

value rH relative to buying a contract from insurer L with a lower reserves ratio rL < rH . The

estimates in Table 4 imply that doing so generates an additional expected return of 0.03× (rH − rL)

at a one year horizon. Expected returns at longer horizons depend on the speed at which the

predictive power of reserves decays. Intuitively, the predictive power should decay at the rate at

which the reserves ratio mean reverts. The reserves ratio mean reverts for two reasons. First, because

reserves are progressively credited to investors’ account. Second, because inflows dilute reserves, at

a rate that depends both on the unconditional level of net flows and on the sensitivity of net flows

to the level of reserves.
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We make several assumptions to calibrate these effects using the regression estimates. First,

as estimated in Table 4, we assume that the contract return is a linear function of end-of-year

reserves just before distribution – and denote the slope as ∂y/∂r. Second, as estimated in Table 6,

we assume that flows are a linear function of beginning-of-year reserves – and denote the slope

as ∂f/∂r. Finally, we assume that asset returns are i.i.d. and independent from past contract

returns and past reserves. Then, for small deviations of the reserves ratio rt ≡ Rt/Vt around its

unconditional mean, the reserves ratio mean reverts at an expected rate equal to

δ ≡ − ∂

∂rt
E[rt+1 − rt] ≈

∂y

∂r
+ f +

∂f

∂r
× r, (11)

where f is the average net flow rate and r is the average reserves ratio.17

The first term of equation (11) reflects that distribution of reserves to investors reduces the

reserves ratio at a rate equal to the distribution rate, i.e. at 3% per year (Table 4).

The second term in (11) reflects that positive net flows dilute reserves at a rate equal to the

unconditional net flow rate (i.e., expected net flows when reserves are equal to their unconditional

mean, both normalized by account value). Average net flows are equal to 2.4% of account value

(Table 1).

The third term in (11) reflects reserves dilution induced by the sensitivity of flows to reserves.

Intuitively, starting from the unconditional level of reserves, if an increase in the level of reserves

attracts flows and thereby the total account value, this reduces the ratio reserves/account value

through the denominator. The reduction is equal to the flow-reserves sensitivity times the ini-

tial reserves/account value ratio. The flow-reserves sensitivity is insignificantly different from zero

(Table 6) so we set the third term in (11) to zero.

Reserves thus mean revert at a rate of δ ≈ 5.4% per year. Since expected contract returns

depend on the current level of reserves, expected future contract returns conditional on the current

level of reserves should mean revert at the same rate as reserves:

∂

∂rt
E[yt+τ |rt] = (1− δ)τ ∂

∂rt
E[yt|rt]. (12)

Table 7 shows evidence that expected returns indeed mean revert at rate of about 6% per year. We

regress annual contract returns in years t, t + 1, . . . t + 4, on the level of reserves at the beginning

of year t. The specification in column (1) for contract return in year t is thus the same as the one

in column (4) of Table 4. The coefficients in columns (2) to (5) decay at a rate between 6% and 9%

per year.

Since the market beta of the long high-reserves/short low-reserves portfolio is zero in Table 5, we

use the risk-free rate to calculate the present value of investing with an insurer with a high reserves
17See Appendix D for detailed calculation.
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ratio, rH , relative to investing with an insurer with a low reserves ratio, rL, for a period of n years:

PV (n) =
n∑
τ=1

(1− θ)τ

(1 + rf )τ
∂y

∂r
(rH − rL) ≈

1− (1− rf − δ)n

rf + δ

∂y

∂r
(rH − rL), (13)

where rf is an averaged risk-free rate across the yield curve. Using ∂y/∂r = 0.03 (Table 4), δ = 0.054

(previous calculation), rf = 0.03, rH − rL = 0.068 (one standard deviation, Table 1), we obtain the

present value plotted in Figure 5.

Taxes The tax system for euro contracts creates a tax cost of switching insurer for two reasons.

First, the tax rate is (non-continuously) decreasing in the holding period. Because switching contract

resets the tax clock, switching contract increases the applicable tax rate. Second, interests are taxed

upon withdrawals. Therefore, switching contracts moves the tax bill forward in time, which increases

the PV of the tax bill. The tax loss depends on how long the investor has held the initial contract

and how long she will hold the new contract. Figure 5 shows the PV of the tax loss for an investor

who has been holding the initial contract for eight years (in red), four years (in orange), and for an

investor who does not already hold a contract (in green) as a function of the number of years she

will hold the new contract.18

For investors already holding a contract, the loss outweighs the gain if they plan to liquidate

their investment in the next eight years, whereas the gain outweighs the loss if they plan to invest for

more than eight additional years. Given that the average holding period is twelve years, a significant

number of investors should expect the strategy to be profitable. It thus seems unlikely that taxation

is enough to explain inelastic flows even for investors already holding a contract.

For investor buying a new contract, the choice between insurers is tax neutral. Therefore,

conditionally on buying a contract, investors are always strictly better off buying a contract from

an insurer with high reserves. If investors inelasticity is entirely driven by tax considerations but

investors are perfectly elastic to after-tax returns, then the sales of new contracts should be strongly

sensitive to the level of reserves in the cross-section of insurers. This prediction holds both for

contracts sold to investors who do not already hold a contract with another insurer; and for contracts

sold to investors who already hold a contract with another insurer and decide to buy another contract

for whatever reason. We test this prediction just below.

Fees Insurers do not charge exit fees (back-end loads) but they charge entry fees (front-end loads)

as a percentage of the invested amounted. Regulatory filings do not include information on fees. We

obtain data from Profideo, which collects information on fees from fund prospectuses. In 2015 the

mean entry fees is 3.4%. Therefore, the gains from switching from an insurer with low reserves to

an insurer with high reserves is more than offset by the entry fees spent on the new contract, even if
18See Appendix E for the detailed calculation.

22



the investor hold the contract for very long (the PV of gains plotted in Figure 5 reaches 2.4% when

the holding period goes to infinity).

However, investors buying a new contract have to pay entry fees no matter what. Therefore,

conditionally on buying a contract, investors are better off buying a contract from an insurer with

high reserves. This prediction holds both for contracts sold to investors who do not already hold

a contract with another insurer; and for contracts sold to investors who already hold a contract

with another insurer and decide to buy another contract for whatever reason. We now test this

prediction.

New investors We use data on new investors inflows, i.e., investment by investors opening a new

contract. Insurers have been required to report this information since 2006, therefore the sample

period for this test is 2006–2015. We use the same specification as before and regress the number

of new contracts sold in each year for each insurer on the beginning-of-year level of reserves. The

results are reported In Table 8. They show that flows by new investors are just as inelastic to the

level of reserves as total net flows are. Given that taxes and entry fees create no distortion in the

choice of a new contract, this evidence cannot be explained by taxes or entry fees.

6.3.2 Lack of Sophistication

We explore the hypothesis that flows do not react to predictable returns because investors do not un-

derstand that reserves predict contract returns. To test this idea, we study whether the flow–reserves

sensitivity is stronger (i.e., nonzero) for more sophisticated investors. We proxy for sophistication

using the average invested amount in a given category of contracts. We exploit two dimensions of

cross-section variation in the average invested amount. The first one is in the cross-section of in-

surers. Some insurers cater to wealthier clienteles and we make the assumption that these investors

are more sophisticated. Second, as explained in Section 2, insurers often sell several contracts with

different minimum investment amounts that target different clienteles. Therefore, we can exploit

cross-contract variation in investor sophistication within insurer-years. An important feature of the

institutional framework for this test is that reserves are pooled across all the contracts of a given

insurer such that reserves predict returns for all the contracts of the insurer.

We use data from a survey run by the insurance supervisor that collects information at the

product level.19 The data include information on total account value and number of investors for

each product, which allows us to calculate the average invested amount for each product. We

rank contracts into three size categories: average invested amount below 50,000 euro; in the range

50,000–250,000 euro; and above 250,000 euro. We regress net flows at the contract-level on the

beginning-of-year reserves of the insurer interacted with dummy variables for each contract size bin
19See Appendix A.1 for a description of the data.
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(and the non-interacted variables). The survey has been run for all the years from 2011 to 2015, so

the sample period for this test is 2011–2015.

Results are reported in columns (1) and (2) of Table 9. The first specification does not include

insurer-year fixed effects and thus exploits cross-insurer variation in investor sophistication. The

flow–reserves sensitivity is small and statistically insignificant for contracts with small or interme-

diate average invested amounts (below 250,000 euro per investor). In contrast, the flow–reserves

sensitivity is positive and statistically significant at 10% for contracts with larger average invested

amounts (above 250,000 euro per investor). The second specification includes insurer-year fixed

effects such that the differences in flow–reserves sensitivity between contract size categories are only

identified off cross-contract variation within insurer-years. In particular, the absolute level of the

flow–reserves sensitivity is no longer identified, only differences between contract size categories are.

We use the small contract size category as the reference group. Results are in line with those ob-

tained with the first specification. The flow–reserves sensitivity is larger for contracts with large

invested amounts than for contracts with smaller invested amounts and the difference is significant

at the 1% level.

Why do unsophisticated investors fail to react to the level of reserves? One hypothesis is that

unsophisticated investors fail to chase reserves because they instead chase past returns, as has been

robustly documented in the literature. In particular, using data from one insurance company, Bianchi

(2018) studies French retail investors’ portfolio allocation between euro contracts and mutual funds

and shows that unsophisticated investors chase mutual fund performance. Now, this performance

chasing behavior generates adverse timing of reserves in euro contract. Indeed, when past market

returns have been high, the reserves of euro contracts are high because insurers smooth contract

returns. But performance chasing implies that unsophisticated investors buy mutual funds when

past market returns have been high. Therefore, unsophisticated investors tend to buy mutual funds

when euro contracts’ reserves are high. Conversely, they tend to buy euro contracts when euro

contracts’ reserves are low.

To test the hypothesis that unsophisticated investors fail to chase reserves because they chase

returns, we first check that they are indeed less likely to buy euro contracts when lagged market

return is high. We regress contract-level flows on lagged stock market return interacted with the

dummy variables for each contract size bin (column (3)). The coefficient on lagged market return

interacted with the dummy variable for contracts with large invested amount is positive and signif-

icant. This means that sophisticated investors are more likely to buy euro contracts when lagged

market return is high relative to unsophisticated investors. This is consistent with Bianchi (2018)’s

result that unsophisticated investors are instead buying mutual funds when lagged market return is

high.

Next, we regress flows on both lagged reserves and lagged market returns interacted with the

proxy for sophistication (column (4)). The coefficient on lagged reserves interacted with contracts
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with large invested amounts is positive and has the same magnitude as in column (3) although

statistical significance is weaker. More importantly, the coefficient on lagged reserves interacted

with contracts with large invested amounts is now driven to zero. Therefore, the past return chasing

behavior of unsophisticated investors explains their lack of sensitivity to reserve levels.

7 Conclusion

We show that one of the most widespread savings products in Europe – euro contracts – achieves

large amount of redistribution across investor cohorts. Using regulatory and survey data from the

national supervisor, we estimate that the average redistribution across cohorts of investors is 1.4%

of total account value per year, or 0.8% of GDP. Whereas Allen and Gale (1997) show that risk

sharing across cohorts would unravel if investor flows were perfectly elastic to predictable contract

returns, we instead show that investor flows barely respond to predictable returns. This lack of

responsiveness is correlated with proxies of investors’ lack of sophistication and can be traced to

unsophisticated investors’ return chasing behavior. Therefore, perhaps counter-intuitively, lack of

investor sophistication enables a better sharing of risk – across investor cohorts – that would not be

possible in a frictionless world.
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Tables and Figures

Figure 2: Aggregate Account Value. The solid blue line aggregate account value
of euro contracts in billion 2015 euros. The dashed red line is the number of insurers in
the sample.
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Figure 3: Fund Reserves. The figure shows aggregate fund reserves as a fraction
of account value (solid blue) and the breakdown into the three components of reserves:
unrealized gains (long dashed red), profit-sharing reserves (dashed green), and capital-
ization reserves (short dashed orange).
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Figure 4: Fund Reserves Absorb Asset Return Fluctuations. The figure shows
the difference between aggregate contract return and asset return normalized by account
value (ytVt−1 − xtAt−1)/Vt−1 (solid blue) and aggregate redistributions from reserves
normalized by account value −∆Rt/Vt−1 (dashed red).
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Figure 5: Exploiting Predictability: Gains vs. Tax Loss. The figure plots the
gains and losses of switching from an insurer with low reserves to an insurer with high
reserves as a function of the remaining holding periods. The solid blue line is the present
value of expected additional returns. The dashed red (orange) line is the present value
of the tax loss for an investor who has held her previous contract for eight (four) years.
The dashed green line is the present value of the tax loss for an investor who does not
already hold a contract.
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Table 1: Summary Statistics at the insurer-year level for 76 insurers over 2000–
2015. All statistics (except for account value) are weighted by the insurer share in
aggregate account value in the current year (see Appendix Table C.1 for unweighted
summary statistics). Account value is total account value at year-end in constant 2015
billion euros. Inflows are inflows (premia) divided by beginning-of-year account value
plus one-half of net flows. Outflows are outflows (redemptions plus payment at contract
expiration) divided by beginning-of-year account value plus one-half of net flows. Total
fund reserves is total fund reserves divided by year-end account value; it is made up of
three components. Profit-sharing reserves is the profit-sharing reserves amount divided
by year-end account value. Capitalization reserves is the capitalization reserves amount
divided by year-end account value. Unrealized gains is the amount of unrealized capital
gains divided by year-end account value. Share bonds is the share of (corporate and
sovereign) bonds, held either directly or through funds, in the asset portfolio. Share
stocks is the share of stocks, held either directly or through funds, in the asset portfolio.
Asset return is the asset return. Contract return is the average contract return.

Mean Median Std.Dev. N
Account value (bn euro) 13.9 3.1 30.1 978
Inflows (% account value) 10.5 10.5 3.8 978
Outflows (% account value) 8.1 7.9 2.0 978
Total fund reserves (% account value) 10.9 10.5 6.8 978
Profit-sharing reserves (% account value) 2.1 1.7 1.3 978
Capitalization reserves (% account value) 1.4 1.1 1.0 978
Unrealized gains (% account value) 7.5 7.1 6.1 978

Share bonds (%) 80.4 81.5 8.0 978
Share stocks (%) 13.5 12.5 6.3 978
Asset return (%) 4.9 4.4 4.4 978
Contract return (%) 4.0 4.0 0.9 978
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Table 2: InterTemporal redistributions and InterCohort redistributions. In-
terTemporal redistribution is given by equation (7) and is equal to the absolute value of
the change in fund reserves, divided by total account value. InterCohort redistribution
is given by equation (10) and is equal to the sum of lifetime net redistribution across all
investors, divided by total account value.

Value-weighted Equal-weighted
average average

InterTemporal redistribution (% account value) 3.7 4.2
InterCohort redistribution (% account value) 1.4 1.5
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Table 3: Annualized Lifetime redistribution as Function of Holding Period.
The table reports ALT i,t given by equation (9) for an investor buying the representa-
tive contract at the beginning of year t0 (rows) and redeeming it at the end of year t1

(columns). Reading: An investor buying a contract at the beginning of 2006 and re-
deeming it at the end of 2011 has received an additional 1.5 percentage points per year
relative to an investment in a fund or a unit-linked contract that would be invested in
the same portfolio of assets but would not smooth investor returns with reserves.
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Table 4: Contract Returns. Panel regressions at the insurer-year level weighted by
insurer share in aggregate account value in the current year. Contract return is the annual
before-fees contract return chosen at the end of the calendar year. Lagged reserves is
the beginning-of-year level of reserves normalized by total account value. Asset return is
annual asset return. Standard errors double-clustered by insurer and year are reported
in parenthesis. ***, **, and * mean statistically significant at the 1%, 5%, and 10%
levels, respectively.

Contract return
(1) (2) (3) (4)

Lagged reserves + Asset return .029***
(.008)

Lagged reserves .035*** .03*** .026***
(.0077) (.0064) (.0075)

Asset return .017
(.011)

Insurer FE X X X
Year FE X X X X
Adjusted-R2 .8 .81 .8 .69
Observations 978 978 978 978
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Table 5: Long/Short Portfolio Returns. Panel A shows the performance of a portfo-
lio long all contracts with beginning-of-year reserves above median and short all contracts
with beginning-of-year reserves below median with portfolio weights proportional to the
contract rank rescaled between minus one and one times the contract’s total account
value. Panel B shows the weighted average and standard deviation of portfolio-year-
level returns for all portfolios long one contract with beginning-of-year reserves above
median and short one contract with beginning-of-year reserves below median, where the
weights are equal to the product of the absolute value of both contracts’ ranks times the
products of their total account value.

Panel A: Portfolio long all contracts with above-median reserves/
short all contracts with below-median reserves

Mean return S.d. return Sharpe ratio Market model
α β

.0034 .0013 2.6 .0033 .0025
(.00032) (.0003) (.0013)

Panel B: All portfolios long one contract with above-median reserves/
short one contract with below-median reserves

Mean return S.d. return Sharpe ratio
.0034 .0070 .49

(.00032)

Panel C: Contracts with above-median reserves
vs. contracts with below-median reserves

Mean return S.d. return
Above-median reserves .042 .0087
Below-median reserves .039 .0091
Difference .0034 −.0004
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Table 6: Investor Flows. Panel regressions at the insurer-year level weighted by
insurer share in aggregate account value in the current year. Inflows is total premia
normalized by total account value. Redemptions is voluntary redemptions normalized
by total account value. Expiration is involuntary redemptions at contract expiration
(investor death) normalized by total account value. Net flows is Inflows − Redemptions
− Expiration. Lagged reserves is the beginning-of-year level of reserves normalized by
total account value. Standard errors double-clustered by insurer and year are reported in
parenthesis. ***, **, and * mean statistically significant at the 1%, 5%, and 10% levels,
respectively.

Inflows Redemptions Expiration Net flows
(1) (2) (3) (4)

Lagged reserves .035 .031 -.013 .012
(.038) (.037) (.019) (.0097)

Year FE X X X X
Insurer FE X X X X

Adjusted-R2 .63 .73 .74 .79
Observations 978 978 978 978
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Table 7: Term Structure of Contract Returns. Panel regressions at the insurer-
year level weighted by insurer share in aggregate account value in the current year.
Contract return is the annual before-fees contract return chosen at the end of calendar
years t (column 1), t + 1 (column 2), . . . , t + 4 (column 5). Reserves is the level of
reserves at the beginning-of-year t normalized by total account value. Standard errors
double-clustered by insurer and year are reported in parenthesis. ***, **, and * mean
statistically significant at the 1%, 5%, and 10% levels, respectively.

Contract return
year year year year year
t t+ 1 t+ 2 t+ 3 t+ 4
(1) (2) (3) (4) (5)

Reserves beginning of year t .026*** .024*** .023** .02** .019*
(.0075) (.0073) (.0078) (.0087) (.0089)

Insurer FE
Year FE X X X X X
Adjusted-R2 .69 .71 .62 .61 .57
Observations 978 859 783 717 645
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Table 8: New Investor Flows. Panel regressions at the insurer-year level weighted
by insurer share in aggregate account value in the current year. New investor flows is
the number of new contracts sold normalized by total account value. Lagged reserves
is the beginning-of-year level of reserves normalized by total account value. Standard
errors double-clustered by insurer and year are reported in parenthesis. ***, **, and *
mean statistically significant at the 1%, 5%, and 10% levels, respectively.

New investor flows

Lagged reserves .029
(.047)

Year FE X
Insurer FE X

Adjusted-R2 .49
Observations 581
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Table 9: Investor Flows and Investor Sophistication. Panel regressions at the
contract-year level weighted by contract share in aggregate account value in the current
year. Contract-level net flows is contract net flows normalized by contract total account
value. Lagged reserves is insurer beginning-of-year level of reserves normalized by insurer
total account value. Invested amount RANGE is a dummy variable equal to one if the
contract average invested amount (calculated as contract total account value divided by
number of investors) lies in RANGE. Lagged market return is previous year’s stock
market return. Standard errors double-clustered by insurer and year are reported in
parenthesis. ***, **, and * mean statistically significant at the 1%, 5%, and 10% levels,
respectively.

Contract-level net flows

(Lagged reserves) x (Invested amount 0–50 ke) -.059
(.17)

(Lagged reserves) x (Invested amount 50–250 ke) .014 .13 .041
(.17) (.076) (.11)

(Lagged reserves) x (Invested amount 250+ ke) .36* .41*** -.02
(.13) (.0031) (.4)

(Lagged market return) x (Invested amount 50–250 ke) .074** .06
(.022) (.053)

(Lagged market return) x (Invested amount 250+ ke) .31*** .31
(.0071) (.31)

Invested amount FE X X X X
Insurer FE X
Year FE X
Insurer x Year FE X X X

Adjusted-R2 .13 .16 .16 .16
Observations 7,272 7,272 7,272 7,272
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A Additional Material on Institutional Framework

A.1 Minimum Guaranteed Returns

This appendix present summary statistics on minimum guaranteed returns and the fraction of con-

tracts whose returns is at the guaranteed minimum. We use data from a survey of contract returns

(Enquête Revalo) run by the insurance supervisor that collects information at the product level.

Insurers are required to report for every life insurance product they have sold in the past and that

still has in-force contracts the following information: product name, contract category, date of first

commercialization, minimum guaranteed rate, a dummy variable indicating whether the product is

open to new subscriptions; and the value at the end of the survey year and of the previous year of

the following variables: number of in-force contracts, total account value, and contract return. The

survey has been run for all the years from 2011 to 2015.

Panel A of Figure A.1 plots the average minimum guaranteed rate (weighted by contract account

value) for each survey year for all the contracts (solid blue line) as well as for the subset of contracts

still open to new subscriptions (dashed red line). Panel B of Figure A.1 plots the fraction of contracts

with a return strictly above the minimum guaranteed rate (weighted by contract account value).
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Figure A.1: Minimum guaranteed returns. Panel A shows the weighted average
minimum guaranteed return for all in-force contracts (solid blue) and for the subset of
contracts still open to new subscriptions (dashed red). Panel B shows the fraction of
contracts with a return strictly above the minimum guaranteed return.
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A.2 Return Dispersion Across Contracts

In this appendix, we study the dispersion of contract return across contracts sold by the same

insurer. In particular, we want to assess whether one of the following describes the data accurately:

(a) contract return is constant across all contracts sold by the same insurer; (b) contract return

is constant up to a contract-specific fixed effect. The goal of this test is to determine whether

assuming a constant return across contracts (up to a constant in case (b)) is a good approximation

of the extent of intertemporal return smoothing experienced by investors. The answer is yes if

fluctuations in contract return is the same across all contracts of the same insurer (i.e., (a) or (b)

hold) whereas the answer is no if there is significant idiosyncratic fluctuations in contract returns. To

test (a), we study whether the dispersion of contract returns in the cross-section of contracts is small

relative to the time-series dispersion of contract returns. To test (b), we calculate the cross-sectional

dispersion after controlling for a product-specific fixed effect.

To compute the time-series dispersion, we use the regulatory data from 1999 to 2015 and we

restrict the sample to insurers that we observe throughout the sample period. First, we calculate

the average contract return at the insurer-year level. Then, we compute the time-series standard

deviation of this variable at the insurer level. Finally, we take the average across all insurers. The

time-series standard deviation of annual contract returns is 0.97 percentage points.

To compute the cross-contract dispersion, we use data from the contract return survey described

in Appendix A.1, which contains return information at the product level. The data does not include

a unique product identifier to track a given product across survey years, which we will need to test

whether contract return is well explained by a product fixed effect. We construct a unique product

identifier using the following procedure:

• We match contracts on name, contract category, date of first commercialization, and minimum

guaranteed rate across the five waves of the survey. We refer to the resulting level of observation

as a product.

• If a product has several observations in a given year, we check whether they all have the same

contract return. If not, we drop all the observations associated with this product-year. If yes,

we collapse them into a single product-year observation by summing account values across

observations.

• We drop products with gaps in their time-series.

• For each pair of subsequent years of a product, we check whether the lagged values of account

value and contract return reported in the survey for year t match the current values reported

in the survey for year t − 1. When the discrepancy is larger than 1% for at least one of the

two variables, we drop all the years associated with the product.
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This procedure allows us to assign a unique product identifier for 71% of account value.

To test for condition (a), we calculate the value-weighted standard deviation of contract return

across products at the insurer-year level. Then, we take the average over all insurer-year observations.

The cross-contract standard deviation of annual contract returns is 0.30 percentage points. The

dispersion of returns across contracts is thus three times smaller than the time-series dispersion.

Therefore, although condition (a) of no return dispersion across contracts does not perfectly hold,

it would still be a reasonable approximation of the data relative to the large time-series variations.

In fact, we only need condition (b) that the dispersion in contract returns reflects a contract fixed

effects. To test for it, we restrict the sample to products that we observe in every survey year and we

compute the residual of a panel regression of annual product return on product fixed effect. Then, we

calculate the value-weighted standard deviation of the residual across products at the insurer-year

level. Finally, we take the average over all insurer-year observations. The cross-sectional standard

deviation after absorbing product fixed effects drops to 0.10 percentage points, that is, 10 times less

than the time-series dispersion. We conclude that condition (b) that contract return is constant

across all contracts up to a product fixed effect is a good approximation of the data.
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A.3 Deviations From Historical Cost Accounting

There are two deviations from historical cost accounting principles to force insurers to recognize

large unrealized losses. First, when an asset has “lasting and significant” unrealized capital losses,

its book value is partially adjusted downwards through the creation of a provision on the asset side of

the balance sheet (provision pour dépréciation durable) to reflect the paper loss. This adjustment is

booked as a realized loss. It thus increases unrealized gains (makes them less negative). If the return

credited to contracts and to the insurer are held constant, this realized loss reduces the profit-sharing

reserve account, and total fund reserves are not affected. However, the goal of this provision is to

induce the insurer to reduce the return credited to investor accounts and thus reduce profit-sharing

reserves by less than the realized loss, which increases total fund reserves.

The second deviation from historical cost accounting is that, when the market value of the fund

portfolio of non-fixed income securities is less than the book value, the overall paper loss is recognized

through a provision on the liability side of the balance sheet (provision pour risque d’exigibilité).

This is booked as a loss. Therefore, if the return credited to contracts and to the insurer are held

constant, this reduces the profit-sharing reserve account and thus total fund reserves. However, the

goal of this provision is to induce the insurer to reduce the return credited to investor accounts and

thus offset the reduction in the amount of fund reserves.
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B Additional Material on Variables Construction

B.1 Basic Variables

The raw data are from the annual regulatory filings (Dossiers Annuels) from 1999 to 2015.

Account value Provisions d’assurance vie à l’ouverture (beginning-of-year account value) and

Provisions d’assurance vie à la clôture (end-of-year account value) in C1V1–C1V3 statements

summed over contract categories 1, 2, 4, 5, and 7, which is the set of contracts backed by the same

pool of underlying assets and associated to the same pool of reserves. The main excluded contract

categories are 8 and 9, which are unit-linked contracts.

Profit-sharing reserves Provisions pour participations aux bénéfices et ristournes in BILPV

statement.

Capitalization reserves Réserve de capitalisation in C5P1 statement.

Unrealized gains Book value (Valeur nette) minus market value (Valeur de réalisation) of

assets underlying life insurance contracts measured as Placements représentatifs des provisions

techniques minus Actifs représentatifs des unités de compte in N3BJ statement.

Inflows Sous-total primes nettes in C1V1–C1V3 statements summed over contract categories

1, 2, 4, 5, and 7. It includes initial cash deposits at subscription and subsequent cash deposits

in existing contracts. The inflow rate is calculated as inflow amount divided by beginning-of-year

account value plus one half of net flows.

Outflows Sinistres et capitaux payés plus Rachats payés in C1V1–C1V3 statements summed

over contract categories 1, 2, 4, 5, and 7. It includes partial and full redemptions, either voluntary or

at death of investor. The outflow rate is calculated as outflow amount divided by beginning-of-year

account value plus one half of net flows.

Contract return We calculate the value-weighted average contract return as the amount credited

to investor accounts divided by beginning-of-year account value plus one half of net flows (i.e., we

assume that flows are uniformly distributed throughout the year and thus receive on average one half

of the annual contract return). The amount credited to investor accounts is measured as Intérêts

techniques incorporés aux provisions d’assurance vie plus Participations aux bénéfices plus

Intérêts techniques inclus dans exercice prestations plus Participations aux bénéfices incorporées

dans exercice prestations in C1V1–C1V3 statements summed over contract categories 1, 2, 4, 5,

and 7.
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Asset return We sum the three components of asset returns, which are reported separately in in-

surers’ financial statement. First, Produits des placements nets de charges in C1V1–C1V3 state-

ments summed over contract categories 1, 2, 4, 5, and 7, measures asset yield (dividends on non-fixed

income securities plus yield on fixed income securities) and realized gains and losses on non-fixed

income securities, net of operating costs. Second, the change in capitalization reserves account value

reflects realized gains and losses on fixed income securities. Third, the change in unrealized gains

captures measures unrealized gains. We calculate asset return as the sum of these three components

divided by account value plus fund reserves.

B.2 Account Value by Cohort

We describe in this appendix how we estimate account value by cohort from insurer-level account

value, inflows, and outflows, under parametric assumptions on the inflow rate and the outflow rate.

Regarding inflows, we assume that investors only make one-off investments. They make an initial

deposit when they buy a contract and never deposit additional funds at subsequent dates. Regarding

outflows, we assume that investors only proceed to full redemptions and that the redemption rate

does not depend on contract age for a given insurer in a given year.

We call cohort (t0, t1) the set of investors who buy their contract in year t0 and redeem it in

year t1, for t0 < t1. We denote Vt(t0, t1) the account value of cohort (t0, t1) at the end of year

t and by V +
t (t0, t1) and V −t (t0, t1) their inflows and outflows, respectively, during year t. Under

the maintained assumption that inflows and outflows are uniformly distributed throughout the year

and are entitled to one half of the annual contract return, account value of cohort (t0, t1) evolves

according to

Vt0−1(t0, t1) = 0, (B.1)

Vt(t
0, t1) = (1 + yt)Vt−1(t0, t1) + (1 +

yt
2

)(V +
t (t0, t1)− V −t (t0, t1)), t = t0, ..., t1 − 1,(B.2)

Vt1(t0, t1) = 0, (B.3)

where yt is the net-of-fees contract return. The assumption of no inflow after initial subscription

writes

V +
t (t0, t1) = 0, t > t0. (B.4)

The assumption of no partial redemption before exit writes

V −t (t0, t1) = 0, t < t1. (B.5)
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The assumption of outflow rate independent of contract age at the insurer-year level writes

V −t (t0, t)

Vt−1(t0)
=

V −t
Vt−1

, t > t0. (B.6)

We now describe the procedure to calculate account value by cohort.

Net-of-fees returns The data only reports gross-of-fees contract return. Since we observe beginning-

of-year account value Vt−1, inflows V +
t , outflows V −t , and end-of-year account value Vt, we back out

the net-of-fees contract return yt from the law of motion of total account value

Vt = (1 + yt)Vt−1(1 +
yt
2

)(V +
t − V

−
t ). (B.7)

Birth-cohort-level account value Define a birth-cohort t0 as the set of cohorts {(t0, t1) : t1 >

t0}. Denoting by T 0 = 1999 and T 1 = 2015 the first year and last year when account value data are

available, we redefine birth-cohort T 0 − 1 as the set of birth-cohorts {t0 : t0 ≤ T 0 − 1}. We denote

by Vt(t0), V +
t (t0), and V −t (t0) the end-of-year, inflows, and outflows, respectively, of birth-cohort t0.

VT 0−1(T 0−1) is observed in the data as beginning-of-year account value in year T 0. (B.4) implies

that, for all t0 ≥ T 0, inflows of birth-cohort t0 in year t0 is V +
t0

(t0) = V +
t0
, which is observed in the

data as total outflow in year t0.

Then, we compute birth-cohort-level end-of-year account value and outflows in all years t ∈
[T 0, T 1] by forward iteration. Once we have computed birth-cohort-level end-of-year account value in

year t−1, (B.5) and (B.6) imply that outflows of birth-cohort t0 < t in year t is V −t (t0) = Vt−1(t0)
Vt−1

V −t ,

where the last term is total outflows in year t, which is observed in the data. End-of-year account

value of birth-cohort t0 < t in year t is Vt(t0) = (1 + yt)Vt−1(t0) − (1 + yt
2 )V −t (t0). End-of-year

account value of birth-cohort t in year t is Vt(t) = (1 + yt
2 )V +

t (t).

Cohort-level account value For t1 ∈ [T 0, T 1], we redefine cohort (T 0 − 1, t1) as the set of

cohorts {(t0, t1) : t0 ≤ T 0−1}. For t0 ∈ [T 0, T 1], we redefine cohort (t0, T 1 + 1) as the set of cohorts

{(t0, t1) : t1 ≥ T 1 + 1}.
(B.5) implies that cohort-level outflows is V −

t1
(t0, t1) = V −

t1
(t0) for all T 0 − 1 ≤ t0 < t1 ≤

T 1. Then, we compute end-of-year account value for each cohort (t0, t1) in all year t ∈ [t0, t1 −
1] by backward iteration. If t1 ≤ T 1, it follows from (B.2) and (B.3) that Vt1−1(t0, t1) = (1 +
yt1
2 )V −

t1
(t0)/(1 + yt1). If t1 = T 1 + 1, VT 1(t0, T 1 + 1) = VT 1(t0). Once we have computed the

end-of-year account value of cohort (t0, t1) in year t, we use (B.3) to calculate it in year t − 1:

Vt−1(t0, t1) = Vt(t
0, t1)/(1 + yt) for all t ∈ [t0 + 1, t1 − 1]. Finally, for t0 ≥ T 0, it follows from (B.1)

and (B.2) that inflows of cohort (t0, t1) in year t0 is V +
t0

(t0, t1) = Vt0(t0, t1)/(1 +
yt0
2 ).
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C Equal-Weighted Results

This appendix reports unweighted summary statistics and regression results.

Table C.1: Unweighted Summary Statistics. Same as Table 1 with equal weights.

Mean Median Std.Dev. N
Account value (bn euro) 13.9 3.1 30.1 978
Inflows (% account value) 10.8 9.9 6.5 978
Outflows (% account value) 8.5 8.0 3.6 978
Total fund reserves (% account value) 11.9 11.0 8.8 978
Profit-sharing reserves (% account value) 2.5 1.9 2.1 978
Capitalization reserves (% account value) 1.9 1.3 2.1 978
Unrealized gains (% account value) 7.5 6.4 7.6 978

Share bonds (%) 81.2 83.3 11.6 978
Share stocks (%) 12.4 11.0 8.4 978
Asset return (%) 5.0 4.4 5.4 978
Contract return (%) 4.0 4.0 1.0 978

Table C.2: Contract Returns: Unweighted Regressions. Same as Table 4 with
equal weights.

Contract return
(1) (2) (3) (4)

Lagged reserves + Asset return .029**
(.013)

Lagged reserves .031** .023*** .016**
(.012) (.0074) (.006)

Asset return .025
(.017)

Insurer FE X X X
Year FE X X X X
Adjusted-R2 .53 .53 .52 .41
Observations 978 978 978 978
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Table C.3: Long/Short Portfolio Returns: Unweighted Regressions. Same as
Table 5 with equal weights.

Panel A: Portfolio long all contracts with above-median reserves/
short all contracts with below-median reserves

Mean return S.d. return Sharpe ratio Market model
α β

.0029 .0015 2.0 .0028 .0014
(.00036) (.00037) (.0016)

Panel B: Average across all portfolios long one contract with above-median reserves/
short one contract with below-median reserves

Mean return S.d. return Sharpe ratio
.0029 .0098 .30

(.00036)

Panel C: Contracts with above-median reserves
vs. contracts with below-median reserves

Mean return S.d. return
Above-median reserves .042 .0095
Below-median reserves .039 .0098
Difference .0029 −.00037
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Table C.4: Investor Flows: Unweighted Regressions. Same as Table 6 with equal
weights.

Panel A: All insurers

Inflows Redemptions Expiration Net flows
(1) (2) (3) (4)

Lagged reserves .0085 .023* .024** -.03
(.039) (.012) (.0087) (.038)

Insurer FE X X X X
Year FE X X X X
Adjusted-R2 .67 .77 .76 .58
Observations 978 978 978 978

Panel B: Excluding entrants

Inflows Redemptions Expiration Net flows
(1) (2) (3) (4)

Lagged reserves .042 .029** .025** .0028
(.039) (.013) (.01) (.035)

Insurer FE X X X X
Year FE X X X X
Adjusted-R2 .66 .75 .73 .59
Observations 839 839 839 839
Lagged reserves .063* .0082 .0036 .058

(.036) (.013) (.0091) (.041)
Insurer FE X X X X
Year FE X X X X
Adjusted-R2 .76 .75 .84 .67
Observations 839 839 839 839
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Table C.5: Term Structure of Contract Returns: Unweighted Regressions.
Same as Table 7 with equal weights.

Contract return
year year year year year
t t+ 1 t+ 2 t+ 3 t+ 4
(1) (2) (3) (4) (5)

Reserves beginning of year t .016** .016** .015** .012* .011
(.006) (.0068) (.0067) (.0068) (.0068)

Insurer FE
Year FE X X X X X
Adjusted-R2 .41 .49 .34 .42 .38
Observations 978 859 783 717 645
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D Reserves Dilution

This appendix presents the calculation of the mean reversion rate of the reserves ratio. The laws of

motion of total account value and of total assets follow, respectively, from equations (1) and (3) and

from equation (5):

Vt = (1 + yt)Vt−1 + Flowt, (D.1)

At = (1 + xt)At−1 + Flowt −Πt. (D.2)

Assume that contract return is an affine function of the end-of-year level of reserves just before

distribution:

yt = y0 + yr
Rt−1 + xtAt−1

Vt−1
, (D.3)

where y0 and yr are constant terms; that flows are a affine function of the beginning-of-year level of

reserves:
Flowt
Vt−1

= f0 + fr
Rt−1

Vt−1
, (D.4)

where f0 and fr are constant terms; that insurer profit is a constant fraction of total asset returns:

Πt = πxtAt−1, (D.5)

where π ≤ 0.15 is a constant term; and that asset return xt is i.i.d. and independent from

{ys, F lows}s<t.
We denote by rt = Rt/Vt the reserves ratio and linearize the equations for small deviations of

(xt, rt) around its unconditional mean (x, r), where x = E[xt] and r is such that (xt, rt−1) = (x, r)

implies rt = r. Solving, we obtain the steady-state contract return y = y0 + yr(r + x(1 + r)) =

(1− π)x− fr
1+r , where f = f0 + frr is steady-state net flows. Finally, linearizing rt yields

rt − r = (1− δ)(rt−1 − r) + εt, (D.6)

where

δ =
(1 + r)(1 + x)yr + f/(1 + r) + frr

1 + (1− π)x+ f/(1 + r)
(D.7)

and

εt =
(1 + r)(1− π − (1 + r)yr)

1 + (1− π)x+ f/(1 + r)
(xt − x). (D.8)

A first order approximation of (D.7) for small values of yr, f , x and r implies

δ ≈ yr + f + frr. (D.9)
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E PV of Taxes

Consider an investor who has been holding a contract for m years and has a contract value of one

euro, i.e., she invested 1
(1+y)−m m years ago. We calculate the PV of the tax bill in the following

two scenarios: (1) she holds her contracts for another n years; (2) she switches to another insurer

and hold the new contract for n years. The tax rate for a contract held for k years is τ(k) = 35%

if k is less than four years; 15% if k is between four and eight years; 7.5% if k is more than eight

years. In case (1), the investor pays taxes

at t = n : τ(m+ n)
[
(1 + y)n − (1 + y)−m

]
. (E.1)

In case (2), the investor pays taxes

at t = 0 : τ(m)
[
1− (1 + y)−m

]
, (E.2)

at t = n : τ(n)
[
(1 + y)n1−

]
. (E.3)

Figure 5 plots the PV of (2) minus the PV of (1) as a function of n, for m = 0, 4, 8.
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