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a b s t r a c t

We study the existence of a profitable unemployment insurance market in a dynamic economy with
adverse selection rooted in workers’ advance information on future job losses. The new feature of the
model is that the insurer and workers interact repeatedly. Repeated interactions make it possible to
threaten workers with exclusion from future insurance benefits after a default on insurance premia.
With exclusion, the insurer can offer not only insurance against unemployment risk itself but also against
bad news about a future job loss. We discipline our model with estimates of the willingness to pay for
unemployment insurance and the costs of adverse selection in the US. Our quantitative results illustrate
that private unemployment insurance could be profitable for an exclusion length of one year. To stimu-
late the emergence of a private unemployment insurance market, policymakers can facilitate the creation
of a registry that archives past defaults on insurance premia.

� 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Unemployment is one of the most severe risks that many peo-
ple face. Even with unemployment benefits provided by the gov-
ernment, it is well documented that becoming unemployed
forces people to make substantial and undesirable cuts in their
consumption (e.g., Gruber, 1997). Furthermore, Braxton et al.
(2020) provide evidence that the unemployed resort to costly
self-insurance by defaulting on their debt with the consequence
of long-lasting detrimental effects on their credit score and finan-
cial liberty. In light of this, why isn’t there a thriving private unem-
ployment insurance market in the US?.

The profitability of insurance in existing markets is plagued by
two types of private information frictions: moral hazard and
adverse selection. To study the existence of a profitable unemploy-
ment insurance market, Hendren (2017) extends the static binary

loss adverse selection model originally proposed by Rothschild
and Stiglitz (1976) with moral hazard. He demonstrates that only
adverse selection, and not moral hazard is relevant for market exis-
tence, echoing the classical result of Shavell (1979).1 Eventually,
Hendren (2017) argues quantitatively that the reason for the missing
market is that unemployment insurance policies would be too
adversely selected to be profitable.

In the Rothschild and Stiglitz model, risk-averse agents have
private advance information on their idiosyncratic endowment
risk, which leads to an adverse selection problem. Conditional on
this information, but before the endowment shock realizes, they
decide whether to accept an insurance contract offered by a risk-
neutral insurer or to merely consume their endowments in
autarky. This decision occurs at a single instance, which is why
we refer to it as a single-interaction model. This parsimonious
framework abstracts, by construction, from long-run interactions
between agents and the insurer. We show that allowing for long-
run interactions matters for the existence of a profitable unem-
ployment insurance market and offers new insights on overcoming
the negative effects of adverse selection for market existence.

https://doi.org/10.1016/j.jpubeco.2023.104946
0047-2727/� 2023 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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To study the profitability of private unemployment insurance,
we develop a dynamic version of the binary loss model. Private
advance information arrives every period and is modeled as a pri-
vate signal that informs agents about their subsequent endowment
shock. After the signal realizes, agents decide in each period
whether to sustain the insurance contract on offer. With repeated
interactions – and this is the crucial difference to the single-
interaction case – the insurer has the possibility to threaten agents
with exclusion from future insurance in case they decide to reject
the contract. Exclusion fundamentally alters agents’ incentives to
participate in the insurance market. Not only the current but also
the future benefits of insurance matter when agents decide
whether to accept an insurance contract offered to them. As a con-
sequence, their willingness to pay for insurance increases.

The benefits of insurance in the dynamic economy are larger
than in the single-interaction economy because they include addi-
tional insurance possibilities. In a dynamic economy, agents can
insure not only the fundamental endowment shocks but also the
future private signal realizations, that is, ‘‘bad news” received in
the future. Insurance against bad news cannot be provided in the
single-interaction environment because today’s news has already
been realized. Consequently, the threat of exclusion from future
insurance is a powerful one in the dynamic context. It can even
prompt agents who don’t face any unemployment risk in the cur-
rent period to purchase insurance. The inclusion of these agents in
insurance is vital for profitability because they constitute good
risks today. In the single-interaction model, these agents are
unwilling to pay for insurance and drop out of the insurance
scheme.

As our main theoretical result, we provide a no-trade condition
for the dynamic economy with the length of exclusion as the key
parameter, which generalizes the earlier contributions. The possi-
bility of exclusion is what distinguishes our dynamic framework
from previous work. Without exclusion, the no-trade condition
reduces to the one provided in the earlier literature. Intuitively,
the longer the agents are excluded from future insurance, the
higher their willingness to pay for insurance is today. This makes
the provision of insurance more profitable to the insurer and is
reflected in a more restrictive no-trade condition in the dynamic
economy. On the other hand, the lower the likelihood of the good
signal agents receiving bad news in the future, the tougher it is to
offer insurance at a profit. In the extreme case of them never
receiving bad news, the no-trade condition again reduces to the
one derived for the single-interaction model.

We employ our model to study the issue of the missing unem-
ployment insurance (UI) market in the US. While the missing mar-
ket is a universal phenomenon, our focus on this country is
motivated by the fact that the importance of private advance infor-
mation on future job losses is well documented for the US;
Stephens (2004) finds that individual subjective job-loss expecta-
tions carry predictive power for subsequent job losses, even when
public information available to an econometrician is taken into
account. Through the lens of our model, we revisit the issue of
the missing private unemployment insurance market in the US
and ask: do repeated interactions and market exclusion matter
for its existence?.

To illustrate their quantitative importance, we inform our theo-
retical model with existing estimates of individuals’ willingness to
pay for UI and the costs of adverse selection stemming from the
Panel Study of Economic Dynamics (PSID) and the Health and
Retirement Survey (HRS). The willingness to pay estimates do
include self-insurance via savings and the existing public unem-
ployment insurance as the status quo. These estimates imply
markups to pay for UI between 30 and 90 percent. Thus, the ques-
tion is whether it is profitable to provide private insurance in addi-
tion to the already existing insurance possibilities against

unemployment. Without exclusion from insurance in the future,
the cost of adverse selection far exceeds agents’ willingness to
pay, and private unemployment insurance is not profitable. This
changes when we allow for exclusion. For the UI markup of 60 per-
cent, the model implies that if agents are excluded for approxi-
mately one year after a default, unemployment insurance can be
provided at a profit.

The exclusion length for profitable unemployment insurance is
well below the exclusion length in the US unsecured credit market.
After filing for private bankruptcy, individuals face a loss in finan-
cial liberty of up to 10 years, according to Chapter 7. Compared to
this exclusion length, the exclusion of one year to render the UI
market profitable does not appear long.2 A relatively short exclu-
sion length suffices to render the unemployment insurance market
profitable because the benefits of future insurance are quantitatively
important. Thereby, the future benefits of insurance stem predomi-
nantly from insurance against bad news that was not accounted
for in the previous literature.

The quantitative importance of exclusion for the profitability of
private UI is a robust finding. Its importance prevails even when
we allow for permanent unobserved heterogeneity. Indeed, our
exclusion thresholds are virtually unchanged when we use esti-
mates of the degree to which unemployment risk is clustered on
the individual level from Morchio (2020). While the one-year
ahead job-loss indicators in the HRS are also correlated with real-
ized job losses two years and beyond, the implied signal persis-
tency is relatively modest, hardly affecting the necessary
exclusion lengths for a profitable UI provision. Further, it does
not depend on whether we consider an economy with infinitely
or a life-cycle economy with finitely lived agents. A life-cycle ver-
sion of the model is relevant because the threat of exclusion is of
no concern to agents who are retiring. We find that a similar length
of exclusion is enough for a profitable insurance provision in this
case. The insurer can exploit that agents’ willingness to pay for
insurance differs with age. The insurer provides less attractive UI
to the young cohorts – who value insurance the most – and
extracts more resources from them to subsidize the better insur-
ance offered to individuals nearing retirement, which prevents
the contract from unraveling.

Our quantitative results suggest that adverse selection rooting
in individual foreknowledge of a future job loss, while still rele-
vant, is unlikely to be the sole cause of the missing unemployment
insurance market. Arguably, there isn’t a thriving private UI market
in the US but our results have clear policy implications for how to
kick-start the market. To make the exclusion threat credible, it is
helpful to have a registry system that collects information on
defaults on UI policies, similar to the successful registry with infor-
mation on credit defaults. Creating and maintaining such a registry
entails fixed costs, and economic policy can contribute to overcom-
ing them. One difference to the credit market is that we show that
exclusion is not only important for the well-functioning of the UI
market, but actually indispensable for its existence. Thus, the
launch of the registry system must be pre-announced and in place
when the first UI policies are sold.

Related literature In a related paper, Braxton et al. (2020) study
optimal public UI in a dynamic economy with temporary exclusion
from the credit market of defaulting agents due to search frictions.
Our contribution is to highlight the importance of contractual

2 The reason why exclusion matters is different in the two markets. In credit
markets, agents that were bad risks are punished with exclusion (Bond and
Krishnamurthy, 2004). In the case of unemployment insurance, however, the threat
of exclusion keeps agents that are good risks on board. The incentive problem is
similar to the one in the market for long-term care where Finkelstein et al. (2005)
argue that individuals that learn to be good risks have an incentive to select out of the
insurance contract.
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exclusion for the existence of a profitable UI market hampered by
adverse selection stemming from private information on future job
losses. Our paper is closely related to Hendren (2017), who also
studies the conditions for profitable unemployment insurance.
We generalize his theoretical results in a dynamic economy to
accentuate the role of market exclusion and insurance against
bad news for the existence of a profitable UI market.

We also contribute to the literature on the optimal design of
unemployment insurance over the life cycle. While the previous
literature mainly focuses on moral hazard as the private informa-
tion friction, we offer new insights into the design of optimal insur-
ance because we investigate the role of adverse selection.
Michelacci and Ruffo (2015) find that younger and not older work-
ers should receive more generous UI because the implicit costs of
moral hazard are mitigated by long-term career concerns in their
case. We find that unemployment insurance for older workers
should be subsidized because exclusion from future insurance is
less relevant for them.

Our theoretical approach shares similarities with the literature
on the welfare effects of advance information in efficient risk shar-
ing. Hirshleifer (1971) and Schlee (2001) show that advance infor-
mation can make risk-averse agents ex-ante worse off if such
information leads to the evaporation of risks that otherwise could
have been shared in a competitive equilibrium with full insurance.
Allowing also for the insurance of news as well as fundamental
risk, Denderski and Stoltenberg (2020) analyze the social value of
better public information when agents also have private advance
information about future income shocks. None of these papers
study the role of advance information and exclusion for the exis-
tence of a profitable UI market.

In Section 2, we present the model. In Section 3, we provide and
discuss our theoretical results on the existence of insurance. Sec-
tion 4 contains a quantitative application of theory to unemploy-
ment insurance and the last section concludes.

2. Environment

Time is infinite and there is a unit mass of agents who, when
employed, earn income y.3 Each period, agents receive a private sig-
nal n about their probability to be unemployed and suffer an income
loss l;0 < l < y, with their income dropping to y� l. Throughout, we
use unemployment and income loss interchangeably. The shock to
their endowment realizes before agents consume. The signal is i.i.
d. across agents and over time with two realizations, good or bad
news, n 2 g; bf g. When n ¼ b, agents become unemployed with prob-
ability one. For n ¼ g, the probability of an income loss is 0 < p < 1.
The probability to receive bad news is 0 < l < 1.4

To facilitate comparison with earlier work, we consider con-
tracts that prescribe consumption that solely depends on the cur-
rent realizations of the signal and the endowment shock. A
consumption allocation prescribed by such a contract is denoted
by c ¼ cgy; cgl; cbl

� �
, with cgy as consumption in case of no loss,

and cgl (cbl) as consumption in the event of unemployment after
receiving a good (bad) private signal. Thus, the insurance contracts
and the corresponding consumption allocations are memoryless.

Agents discount future utilities with 0 < b < 1 and have identi-
cal expected-utility preferences over consumption streams. The
instantaneous utility function u : RP0 ! R is strictly increasing,
strictly concave and satisfies the Inada conditions. In particular,

we define ~w cð Þ to be the lifetime expected utility implied by a par-
ticular allocation before any risk has been resolved:

w
�

cð Þ � 1� bð ÞE
X1
t¼0

btu ctð Þ

¼ lu cblð Þ þ 1� lð Þ pu cgl
� �þ 1� pð Þu cgy

� �� �
: ð1Þ

Each period after the realization of the private signal, but before
the endowment shock occurs, agents have the option to default to
autarky. In case of default, agents consume their endowments and
– which is the new element here – are excluded from insurance for
N P 0 periods when they default. The individual rationality con-
straint of good-signal agents can be compactly written as:

1� bð Þ pu cgl
� �þ 1� pð Þu cgy

� �� �þ bw
�

cð Þ P
1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ �
þ 1� bð Þ b 1þ bþ . . .bN�1� �

UAut þ bNþ1 1þ bþ . . .ð Þw� cð Þ
h i

;

or:

1� bð Þ pu cgl
� �þ 1� pð Þu cgy

� �� �þ b 1� bN� �
~w cð Þ P

1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ b 1� bN� �
UAut;

with the value of autarky given by

UAut ¼ lu y� lð Þ þ 1� lð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ �: ð2Þ
With memoryless contracts and i.i.d. private signals, the contin-

uation value ~w cð Þ depends only on the future, but not on the cur-
rent realization of signal and endowment.5 Autarky captures the
status quo in which individuals rely on their private savings and
credit limits as well as on public unemployment insurance to
smooth their consumption in case of unemployment.6

For the following, it is convenient to express allocations in
terms of utility. Let C : R ! Rþ be the inverse of the utility function
u. With u strictly increasing and strictly concave, C is strictly
increasing and strictly convex. A memoryless utility allocation is
then denoted by h ¼ u cgy

� �
;u cgl
� �

;u cblð Þ� � ¼ hgy;hgl;hbl

� �
with the

corresponding memoryless consumption allocation as
c ¼ C hgy

� �
;C hgl

� �
;C hblð Þ� �

. Equivalently, we will write ~w hð Þ instead
of ~w cð Þ. The set of implementable (or constrained feasible) alloca-
tions is defined as follows.

Definition 1 (Implementable allocations). An allocation
h ¼ hgy;hgl;hbl

� �
is implementable if the following statements hold

for all periods t P 0.

1. h is resource feasible

lC hblð Þ þ 1� lð Þ pC hgl

� �þ 1� pð ÞC hgy
� �� �

6 l y� lð Þ
þ 1� lð Þ p y� lð Þ þ 1� pð Þy½ �; ð3Þ

2. h is incentive compatible

1� bð Þhbl þ b~w hð Þ P 1� bð Þhgl þ b ~w hð Þ; ð4Þ
1� bð Þ phgl þ 1� pð Þhgy

� �þ bw
�

hð Þ
P 1� bð Þ phb þ 1� pð Þu 0ð Þ½ � þ bw

�
hð Þ; ð5Þ

3. h is individually rational

3 Opting for an infinite horizon allows us to analytically characterize the necessary
and sufficient condition for the absence of trade. In Section 4, we also study a life-
cycle economy.

4 We relax the i.i.d. assumption in Section 3.2.1.

5 With contracts that are contingent on the history of endowment and signal
realizations, this is not the case. We cover the relevance of history-dependent
contracts for the existence of profitable insurance in Section 3.2.2.

6 Following the logic of Chetty (2006), average consumption levels in employment
and unemployment together with their corresponding marginal utilities are a
sufficient statistic for agents’ willingness to pay for insurance, irrespective of the
factors shaping the consumption-savings choice. We further discuss this in
Section 3.2.4.
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1� bð Þ phgl þ 1� pð Þhgy
� �þ b 1� bN� �

w
�

hð Þ P
1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ þ b 1� bN� �

UAut;
ð6Þ

1� bð Þhbl þ b 1� bN� �
~w hð Þ P 1� bð Þu y� lð Þ þ b 1� bN� �

UAut : ð7Þ

Note that the two incentive compatibility constraints simplify
to:

hbl P hgl; ð8Þ
phgl þ 1� pð Þhgy P phbl þ 1� pð Þu 0ð Þ; ð9Þ
which resemble the corresponding conditions in Hendren (2013).
The two individual rationality constraints (6)–(7) are different than
in his paper when there is exclusion, that is, N > 0.7

Per construction, the no-trade allocation, u yð Þ;u y� lð Þ;f
u y� lð Þg, is implementable. As Hendren (2013), we focus on imple-
mentable allocations to study the existence of a profitable insur-
ance market. The question is whether there exists an alternative
implementable allocation to autarky that is cost-efficient. More
formally, such an allocation is defined as follows.

Definition 2 (Cost-efficient allocation). A cost-efficient allocation
h� is implementable and maximizes the slack on the resource
constraint:

h� ¼ arg max
hbl ;hgl ;hgy

P ¼ 1� lð Þpþ l½ � y� lð Þ þ 1� lð Þ 1� pð Þy ð10Þ
� lC hblð Þ � 1� lð Þ pC hgl

� �þ 1� pð ÞC hgy
� �� �

:

A cost-efficient allocation is an allocation that a profit-
maximizing monopolist insurer chooses subject to individual
rationality and incentive constraints.8

3. Analysis

In this section, we derive our main theoretical result: a no-trade
condition with repeated interactions and exclusion.

3.1. Existence of insurance

As an intermediate step leading to the main theoretical result,
we characterize cost-efficient allocations with trade. We show that
if such allocations exist, they feature insurance, which creates slack
on the resource constraint.

Lemma 1 (Cost-efficient allocation with trade). Let

h� ¼ h�gl;h
�
bl; h

�
gy

n o
be a cost-efficient allocation with trade. Then,

the following statements hold.

(i) Incentive constraints of bad-signal agents hold with equality
so that the utility of agents who incur an income loss is equal-
ized across signal realizations, h�

bl ¼ h�
gl ¼ h�

l , and the incentive
constraints of good-signal agents are slack.

(ii) Individual rationality constraints of good-signal agents hold
with equality; the individual rationality constraints of bad-
signal agents are slack.
(iii) h� is characterized by u y� lð Þ < h�

l 6 h�
gy < u yð Þ.

The proof is provided in Appendix A. The logic of the proof can
be summarized as follows. For part (i), agents with good signals
have a better outside option than the bad-signal agents which is
reflected in the cost-efficient allocation due to individual rational-
ity constraints, and their expected utility exceeds the one of the
bad-signal agents. Thus, only agents with a bad signal have the
incentive to report a good signal realization but not vice versa.

For part (ii), the convexity of resource costs implies that it is
optimal to equalize the consumption of all agents who suffer an
income loss. Excluding the bad-signal agents from the contract
completely and only transferring resources within the pool of good
signal agents is prevented by private information, as captured in
the incentive constraints (4)–(5). Perfect insurance, hgy ¼ hl, mini-
mizes the resource costs and satisfies incentive constraints. How-
ever, perfect insurance may violate the individual rationality
constraints of good-signal agents because these agents must agree
to transfer resources not only to the job losers with a good signal
but also to the ones with a bad signal. The latter benefit from the
insurance contracts directly by receiving transfers from the
employed good-signal agents but also indirectly because the con-
tinuation value with insurance is higher than without trade. These
two benefits together render the individual rationality constraints
of bad-signal agents slack. Lemma 1, therefore, implies that the
problem of finding a cost-efficient allocation simplifies to:

max
hgy ;hl

½ð1� lÞpþ l�ðy� lÞ þ ð1� lÞð1� pÞy ð11Þ

� lþ 1� lð Þp½ �C hlð Þ � 1� lð Þ 1� pð ÞC hgy
� �

;

subject to individual rationality constraints with that of the good-
signal agents holding with equality. As autarky is implementable
and yields zero profits, the insurer has no incentive to choose an
allocation that requires more resources, implying that an optimal
allocation satisfies resource feasibility, though not necessarily with
strict equality.

We proceed to our main theoretical result and show under
which conditions autarky is the only implementable allocation
and, therefore, also the cost-efficient allocation.

Theorem 1 (No Trade). The autarky allocation
h ¼ u yð Þ;u y� lð Þ;u y� lð Þf g is the only implementable allocation
if and only if

u0 y� lð Þ
u0 yð Þ 6 Ts p;lð ÞTr p;l; b;Nð Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Td p;l;b;Nð Þ

; ð12Þ

with Ts p;lð Þ as the single-interaction pooled price ratio:

Ts p;lð Þ ¼ lþ 1� lð Þp
1� lð Þp ¼ E PjP P p½ �

1� E PjP P p½ �
1� p
p

;

Tr p;l;b;Nð Þ as the diminishing factor resulting from repeated
interactions:

Tr p;l;b;Nð Þ ¼ 1� bl� bNþ1 1� lð Þ� �
p

1� bl� bNþ1 1� lð Þ� �
pþ b 1� bN� �

l
;0 < Tr

6 1;
@Tr

@N
< 0;

E PjP P p½ �= 1� E PjP P p½ �ð Þ as the relative unemployment
probability:

7 To ease the exposition, we assume that when an agent with a good signal lies
about the signal, their consumption is zero in case of employment, u 0ð Þ. This choice
minimizes the insurer’s resource costs and results in non-binding incentive
constraints of agents with a good signal. However, even an infinitely small
garnishment of income in case of good-signal agents lying about their signal, who
nevertheless do not lose a job, has identical implications.

8 The question of insurance market existence boils down to whether a monopolist
insurer can incur profits or not. Focusing on monopolistic insurance provision
circumvents the issue of potentially non-existent competitive Nash equilibria when
insurers can poach insurees from their competitors. Other papers studying monop-
olistic provision of insurance include Stiglitz (1977) and Chade and Schlee (2012).
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E PjP P p½ �
1� E PjP P p½ � ¼

1� lð Þpþ l
1� 1� lð Þp� l

and 0 < Td p;l;b;Nð Þ 6 Ts p;lð Þ.
The proof is provided in Appendix B.9 The no-trade condition

(12) generalizes earlier findings by allowing for repeated interac-
tions in the insurance market. For N ¼ 0, the no-trade condition
can be rearranged, yielding:

p
1� p

� u0 y� lð Þ
u0 yð Þ 6 E PjP P p½ �

1� E PjP P p½ � ; ð13Þ

which is the condition provided in Hendren (2017, 2013) for a sin-
gle interaction. The ratio of marginal utilities u0 y� lð Þ=u0 yð Þ is the
marginal rate of substitution of consumption absent any private
unemployment insurance transfers, which captures the good-
signal agents’ willingness to pay for insurance. The ratio p= 1� pð Þ
is the insurer’s actuarially fair cost of transferring resources
between the good signal agents without and with an income loss.
Finally, on the right side of (13), we have the true cost of such a
transfer, one that accounts for the additional resources going to
bad signal agents. With adverse selection due to private informa-
tion, the true costs exceed the actuarial fair costs such that:

E PjP P p½ �
1� E PjP P p½ �

1� p
p

> 1:

The main message from Theorem 1 is that it is easier to sustain
insurance for N > 0. With N > 0, opting for autarky becomes cost-
lier because agents also sacrifice a part of their future insurance
benefits. This can be seen by re-arranging the no-trade condition
as follows:

1
Tr p;l;b;Nð Þ
	 

|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}

P1

WTP 6 Ts p;lð Þ:

On the left-hand side, the willingness to pay increases due to
repeated interactions because Tr p;l;b;Nð Þ 6 1 is decreasing in N.
The tightness of the no-trade condition depends on the appeal of
future insurance benefits to good-signal agents. Thereby, the
increased attractiveness of the insurance contract with repeated
interactions does not simply stem from extending the benefits in
case of a single interaction to multiple periods but also from addi-
tional insurance possibilities.

First, insurance is more relevant for good-signal agents because
it becomes more likely they will need it. For one period, the prob-
ability of a good-signal agent suffering an income loss l is p, which
constitutes the risk she likes to insure away. For N future periods,
the probability for an agent who always receives a good signal to

suffer an income loss at least once is 1� 1� pð ÞNþ1. Thus, in the
infinite limit, the probability of incurring a loss at least once is
one, which increases the attractiveness of insurance for good-
signal agents.

Second, with repeated interactions, there can be insurance even
in the case of p ¼ 0, that is, when the good signal agents are certain
of remaining employed in the current period. The case of p ¼ 0 is a
natural one to consider in the context of unemployment insurance
because there are many formal and informal institutions (e.g.,
employment protection legislation, no-compete clauses, and
seniority of position) that temporarily eliminate the risk of unem-
ployment for some agents. Such safe agents are not willing to pay
for insurance in the static model because the signals have already
been realized and can, therefore, no longer be insured, which
results in an infinitely large single-interaction pooled price ratio Ts:

lim
p#0

E PjP P p½ �
1� E PjP P p½ �

1� p
p

¼ 1: ð14Þ

However, the dynamic pooled price ratio Td is finite for an arbitrar-
ily small value of p and positive exclusion length, and is given by:

lim
p#0

Td p;l;b;N > 0ð Þ ¼ 1� bl� bNþ1 1� lð Þ� �
1� lð Þb 1� bN� � > 1: ð15Þ

Hence, for some parameter values, safe agents might be willing to
accept the insurance contract in the current period. The reason for
them to do so is that rejecting the contract now foregoes the value
of insurance against receiving bad news (receiving a bad signal) in
the future.

3.2. Discussion of Theorem 1

Theorem 1 summarizes how i.i.d. private signals on income
losses shape the profitability of memoryless insurance contracts
with a deterministic return from autarky after N periods. In this
section, we discuss each of these assumptions. We turn first to
the i.i.d. assumption and study persistent private signals.10 Then,
we analyze the no-trade condition when the insurance contracts
are not memoryless but also depend on the past realizations of the
endowments and signals instead. Next, we study how the no-trade
condition is affected when return from autarky is not deterministic
but random, as in the literature on sovereign default (e.g., Arellano,
2008) or search for credit (e.g., Braxton et al., 2020). Eventually,
we argue that Theorem 1 also applies when households self-insure
against job losses via savings.

3.2.1. Persistent signals
The effect of the exclusion threat on market existence depends

on how likely the good-signal agents are to receive bad news in the
future. Because of that, the analytically convenient assumption of i.
i.d. signals is not innocuous. Here, we relax it and study how the
persistence of private signals affects the no-trade condition. We
show that increases in signal persistence reduce the ability of
exclusion to render insurance provision profitable.11

Consider a Markov chain over private signals with transition
probabilities qg ¼ Prob n0 ¼ gjn ¼ gð Þ and qb ¼ Prob n0 ¼ bjn ¼ bð Þ,
for qg ;qb 2 0;1½ �. This specification nests i.i.d. signals as a special
case: qb ¼ 1� qg ¼ l. Unless both signals are perfectly persistent
(in which case l has to be specified independently), the invariant
distribution of this Markov chain is unique. In that case, the mea-
sure of agents who receive a bad signal depends on signal transi-
tion probabilities:

l qb;qg
� � ¼ 1� qgð Þ= 2� qb � qg

� �
: ð16Þ

With memoryless insurance contracts, signal persistency does
not alter the incentive constraints but it affects the individual
rationality constraints.12 For example, the individual rationality
constraint of agents with a good signal now reads:

1� bð Þ phgl þ 1� pð Þhgy
� �þ b 1� bN� �

1� qgð Þw� bð Þ þ qg w
�

gð Þ
h i

P 1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ b 1� bN� �
1� qgð ÞUAut bð Þ þ qgUAut gð Þ

h i
;

ð17Þ

9 This is also the threshold for an implementable allocation chosen by a benevolent
social planner to improve welfare relative to autarky.

10 For completeness, we consider public instead of private signals in Appendix C.
11 In Appendix D, we provide a detailed description of the model with persistent
signals.
12 In Appendix D, we argue that the results in Lemma 1 also apply to persistent
signals. In particular, the same pattern of binding constraints applies, resulting in
hgl ¼ hbl ¼ hl .
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where ~w gð Þ; ~w bð Þ;UAut gð Þ;UAut bð Þ are the lifetime utilities of agents
with good and bad signals with insurance and in autarky,
respectively.

To see how persistency of signals affects the tightness of the no-
trade condition, consider the extreme case of perfectly persistent
signals, qg ¼ qb ¼ 1. Then, in particular, the individual rationality
constraint of good signal agents (17) does not depend on the exclu-
sion length and simplifies to:

phgl þ 1� pð Þhgy P pu y� lð Þ þ 1� pð Þu yð Þ:
For perfectly persistent signals, the no-trade condition is therefore –
ceteris paribus – identical to the one in a single-interaction model.

Arbitrary changes in qb and qg do not merely capture changes in
persistency. According to (16), they also affect the fraction of bad-
signal agents in the invariant distribution, and with it, the total
amount of resources in the economy,
1� lð Þpþ l½ � y� lð Þ þ 1� lð Þ 1� pð Þy. Thus, to isolate the effect

of signal persistence, we will vary signal transition probabilities
in a way that keeps the resources constant, as captured in the fol-
lowing definition.

Definition 3 (Resource-neutral combinations of signal persistency).
Given p and income endowments y and y� l, pairs of qg ;qb

� �
are

resource-neutral if they yield the same l in the invariant distri-
bution of private signals.

Consider varying bad-signal persistence qb. Solving (16) for qg

yields that adjusting qg as follows:

qg qb
� � ¼ 1� l 2� qb

� �
1� l ð18Þ

is resource neutral for a given l. In the following proposition, we
generalize Theorem 1 to persistent signals and show that increases
in signal persistency result in a less restrictive no-trade condition.

Proposition 1 (No trade: persistent private signals). Consider per-
sistent signals.

(i) The autarky allocation h ¼ u yð Þ;u y� lð Þ;u y� lð Þf g is the only
implementable allocation if and only if

u0 y� lð Þ
u0 yð Þ 6 Ts p;lð ÞTr p;b;N;qg ;qb

� �
; ð19Þ

with Ts p;lð Þ as defined in Theorem 1, 0 < Tr p; b;N;qb;qg
� �

6 1.
Furthermore, it is

@Tr p;b;N;qg ;qb
� �

@N
< 0; if 0 6 qg ;qb < 1;

and

lim
qb!l;qg!1�l

Tr p;b;N;qg ;qb
� � ¼ Tr p;l;b;Nð Þ:

(ii)Consider a resource-neutral increase in qb such that
Tr p; b;N;qg ;qb
� � ¼ Tr p; b;N;qb

� �
. Then

@Tr p;b;N;qb
� �

=@qb > 0;

that is, the diminishing factor of repeated interactions is increasing
in signal persistence.

The exact definition of the diminishing factor Tr p; b;N;qg ;qb
� �

and the proof are provided in Appendix D. The main message is
that increases in signal persistency are detrimental to market exis-
tence. For agents with a good signal, the more persistent the good
signal is, the less likely is that these agents become unemployed in

the future. As a consequence, these agents value future insurance
less, which reduces the profitability of the insurance contract. For
less-than-perfectly-persistent signals, increasing exclusion length
tightens the no-trade condition.

As an immediate corollary of Proposition 1, suppose that the no-
trade condition (12) is satisfied for N ¼ 0, but violated for some N
with i.i.d. signals. From part (i), the limiting value of
Tr p; b;N;qg ;qb
� �

for qb ! l and qg ! 1� l is Tr p;l; b;Nð Þ.
According to part (ii), given N there exists a resource-neutral lower
bound for persistency qb > l from which onward no trade is the
only implementable allocation. In Section 4.3.2, we will compute
such a lower bound for the US and compare it to estimates of signal
persistency.

3.2.2. History-dependent insurance contracts
To ensure comparability with earlier work, we studied insur-

ance contracts that prescribe consumption solely on the basis of
the current signal and endowment realization. However, a risk-
neutral insurer can increase profits by offering insurance con-
tracts that track the history of signals and endowments for two
reasons. First, these contracts allow smoothing consumption of
agents not only across different states in the current period but
also over time, which increases agents’ willingness to pay for
insurance and relaxes the individual rationality constraints. Sec-
ond, the insurer can use both contemporaneous utilities h and
continuation values ~w to provide agents the incentives to truth-
fully report their private signal. Hence, agents can be screened
to alleviate the costs of adverse selection. Compared to memory-
less insurance contracts, history-dependent contracts therefore
expand the parameter region in which unemployment insurance
is profitable.13

3.2.3. Random return after default
After default, agents in our environment are allowed back into

insurance for sure after being excluded for N periods. Assume alter-
natively that leaving autarky is possible every period, but random,
and let h 2 0;1½ � be the probability of this happening.14 We elabo-
rate more on this version of the model in Appendix E where we show
that, ceteris paribus, the higher the probability to return is, the more
likely it is that autarky is the only implementable allocation. We also
derive the following explicit relationship between N and h that yields
an identical no-trade condition:

h ¼ bN 1� bð Þ
1� bNþ1 :

3.2.4. Savings
Self-insurance via savings is an important mechanism through

which households shield their consumption from income fluctua-
tions. For the purpose of assessing agents’ willingness to pay for
insurance, though, knowing the consumption choices in employ-
ment and unemployment is enough. Due to an envelope-
condition logic similar to the one applied in Chetty (2006), the cir-
cumstances in the light of which these choices were made are irrel-
evant. In particular, this logic applies when the consumption
choices of individuals are the result of precautionary savings. In
our parsimonious model, as there are no savings, all agents con-
sume y in employment and y� l in unemployment. It can be
shown that the no-trade condition that we have derived is robust

13 A more extensive description of the existence of insurance with history-
dependent contracts is presented in Section1 of the Online Appendix together with
accompanying numerical results.
14 The expected time until re-entry (including the current period) is, therefore, 1=h.
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to savings as long as y and y� l correspond to average consumption
choices of the employed and the unemployed.15

4. Quantitative results

In this section, we study the quantitative implications of our
theoretical results for the private unemployment insurance market
in the US. Our calibrated model illustrates that relatively short
exclusion lengths, shorter than those for personal bankruptcy,
could be sufficient to render the private UI market profitable.

4.1. Estimates and calibrated parameters

We begin by reviewing the estimates for the willingness to pay
for unemployment insurance and the pooled price ratio in the US.
Afterward, we describe how we calibrate the structural parameters
of the model presented in the previous section.

We target annual estimates of the willingness to pay (WTP) for
UI based on observed consumption drops after a job loss in the
Panel Study of Income Dynamics (PSID). Further, we inform our
model with estimates of the pooled price ratio (PPR) and the mean
of the subjective job loss probability distribution based on the
Health and Retirement Survey (HRS), Prob Uð Þ, which are summa-
rized in Table 1.16

The willingness to pay estimates – for relative risk aversion
r 2 1;2;3f g – one-for-one correspond to the ratio of marginal util-
ities in the model. The pooled price ratio in the model Ts is parame-
trized by p and l. To identify these parameters, on top of the
estimate of the pooled price ratio, we use the mean of the subjec-
tive job loss probability distribution. In the model, there are two
subjective unemployment probabilities, Prob Ujnð Þ, conditional on
the signal n. Thus, the mean of the job loss probability in the model
is

E Prob Ujnð Þ½ � ¼ Prob Ujn ¼ gð ÞProb n ¼ gð Þ
þProb Ujn ¼ bð ÞProb n ¼ bð Þ ¼ p 1� lð Þ þ l;

ð20Þ

and we choose l;pf g to solve

E Prob Ujnð Þ½ � ¼ 0:031 ð21Þ
Ts p;lð Þ ¼ 4:36; ð22Þ

which results in p ¼ 0:0073 and l ¼ 0:0239.17 For the discount fac-
tor, we choose a standard annual value of b ¼ 0:96, implying an
annual real interest rate of four percent. The estimate of the pooled
price ratio by far exceeds the willingness to pay in all three cases,
clearly satisfying the no-trade condition for a single interaction
(13). Correspondingly, Hendren (2017) concludes that unemploy-
ment insurance contracts in the US would be too adversely selected
to be profitable.

4.2. Exclusion and the existence of profitable unemployment insurance

To assess the quantitative importance of repeated interactions
for unemployment insurance, we compute the number of exclu-
sion periods necessary for the existence of unemployment insur-
ance in the US. In the next step, we compare this number to
alternative exclusion periods observed in reality.

Given p;l; b, we compute the shortest exclusion needed for the
existence of unemployment insurance, Nmin, as follows:

Nmin � N :
u0 y� lð Þ
u0 yð Þ � Td p;l;b;Nð Þ ¼ 0: ð23Þ

The resulting values are reported in the first row of Table 2.
Depending on risk aversion, the minimum number of exclusion
periods for the existence of unemployment insurance varies
between less than one year for WTP ¼ 1:87 to approximately two
and a half years for WTP ¼ 1:29. In the second row of Table 2, we
display the expected number of exclusion periods when return is
random.18

Why does a relatively short exclusion length suffice? The prob-
ability to receive a good signal and become unemployed in the cur-
rent period is relatively small with 1� lð Þp ¼ 0:0071, but the
probability to receive bad news and become unemployed in the
future, l� 1 ¼ 0:0239, is over three times higher.

To see this more clearly, consider alternatively the case of safe
good signal agents, so that p ¼ 0 instead. We then set l ¼ 0:031
to match the mean of the subjective unemployment beliefs distri-
bution Prob Uð Þ. With p ¼ 0, the single-interaction pooled price
ratio becomes arbitrarily large, in line with Eq. (14), and profitable
insurance cannot be provided for any finite willingness to pay esti-
mates. In the dynamic model, however, there can be insurance,
which stems – by construction — exclusively from insurance
against bad news, as encapsulated by (15). To illustrate this, we
compute the necessary exclusion length for r ¼ 2. The exclusion
length mildly increases from Nmin ¼ 1:18 in the baseline to
Nmin ¼ 1:89.

Suppose alternatively that p and l are as in the baseline model,
but N ¼ 0, such that insurance against bad news is irrelevant. Con-
sider the increase in p necessary to render insurance profitable,
again adjusting l to match Prob Uð Þ ¼ 0:031. We find that p must
be almost three times larger than in the baseline. Therefore, the
profitability of insurance provision in the dynamic model stems
indeed mainly from the possibility to provide insurance against
bad news.

Are the minimum exclusion lengths long or short? Arguably,
there is no thriving private unemployment insurance market in the
US, which makes it difficult to say whether the number of exclu-
sion periods in Table 2 are realistic. To put the numbers into per-
spective, we compare them to two real-world analogues: the loss
in financial liberty resulting from private bankruptcy and the
exclusion time after sovereign default.15 The corresponding derivations are available in Section 2 of the Online Appendix.

Table 1
Estimates and calibrated parameters: baseline.

Estimate/Parameter Value

WTP Willingness to pay 1:29;1:58;1:87f g
PPR Pooled price ratio, inf Ts½ � 4.36
Prob Uð Þ Mean, subjective job loss distribution 0.031
l Measure of bad-signal agents 0.0239
p Job loss probability, good-signal 0.0073
b Annual discount factor 0.960

Notes: WTP for unemployment insurance with relative risk aversion r ¼ 1;2;3f g.
Pooled price ratio as point estimate for the minimum pooled price ratio (semi-
parametric), inf Ts½ �, evaluated at the mass point Prob Uð Þ ¼ 0:031.

16 For the WTP, we use Hendren (2017)’s baseline estimates reported in Table 6 on
Page 1808. The resulting numbers imply markups to pay for additional UI ranging
from approximately 30 to about 90 percent. The baseline estimates for the PPR and
Prob Uð Þ can be found in Table 8 on Page 1814.
17 All the results in this section are robust to approximating the distribution of
subjective beliefs with more than just two points. We consider a version of the model
with a distribution of beliefs that features safe, uninformed and bad signal agents in
Section 3 of the Online Appendix

18 Comparing the first and the second row, we find that the expected length of
exclusion is slightly larger than in the case of a fixed-length exclusion Nmin. The
reason for this is as follows. When return from autarky is random, there is a non-zero
probability to return from autarky earlier than with a deterministic exclusion, making
autarky more attractive to the agents. To compensate for this and to render insurance
more attractive than autarky, the expected length of exclusion must be larger than in
the deterministic case.
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In the US, individuals can file for private bankruptcy according
to Chapter 7 (about 71% of filings) or Chapter 13 (29% of filings).
In both cases, bankruptcy appears on the individual’s credit history
for a given time period with the consequence that it is either
impossible to receive unsecured credit or only possible at a high
interest rate premium. The loss of access to financial markets clo-
sely resembles the idea of exclusion from insurance. The private
bankruptcy entry appears in the individual credit history for either
ten (Chapter 7) or seven years (Chapter 13). In light of these num-
bers, a necessary exclusion length of up to three years does not
appear to be unrealistically large.

Another possibility is to compare the exclusion numbers to the
time until countries gain re-access to international financial mar-
kets after sovereign default. For example, Schmitt-Grohé and
Uribe (2017) in Chapter 13 provide estimates on how long exclu-
sion after a sovereign default lasted on average for a sample of
countries in the years 1974–2014. Excluding the period of default
itself, it takes on average about 9 years until countries can borrow
again some amount (partial re-access) and about 15 years until
they can borrow an amount exceeding 1% of their GDP (full re-
access). Both estimates are well above the length of the exclusion
period necessary for the existence of profitable unemployment
insurance that we compute.

4.3. Robustness exercises

In this section, we explore three deviations from the baseline
that have the potential to overturn the result that unemployment
insurance can be profitable for a relatively short exclusion. Firstly,
we allow for permanent unobserved heterogeneity in unemploy-
ment risk. Secondly, we study exclusion with persistent instead
of i.i.d. signals. Thirdly, we consider an economy with a finite
instead of an infinite life span of agents.

4.3.1. Permanent unobserved heterogeneity
In reality, workers differ not only with respect to their advance

information on a future job loss but also in their willingness to pay
for unemployment insurance due to their permanent characteris-
tics. In particular, we introduce a new type of agent in the model,
one that does not face any unemployment risk. This extension is
motivated by recent findings of Morchio (2020) who estimates that
approximately 60% of workers are never unemployed in the US.19

To account for these findings, we assume that a fraction m of
agents is never at risk of unemployment. Hence, their type is fixed,
and their layoff risk is ~p ¼ 0 forever.20 Such agents are, therefore,
permanently safe from unemployment. We further assume that their
type is unobservable by the insurer. The remaining fraction 1� m of
agents are specified as in the baseline model, that is, l of them have

a layoff risk of one, and 1� l a job-loss probability of p. We then
investigate quantitatively whether such permanent differences in
layoff risk matter for the length of exclusion necessary to support
the existence of a private UI market.

The permanently safe agents do not value insurance at all, and
they consume y at all times. For the same reason, they also do not
have any incentive to lie about their type. However, good signal
and bad signal agents might have the incentive to misreport their
type as permanently safe. To prevent this, the optimal allocation
prescribes consumption in case of unemployment to the perma-
nently safe agents that does not exceed consumption in autarky
in case of unemployment. While the consumption in that state
does not matter for the permanently safe agents because it has a
probability of zero, any consumption equal to or below y� l elim-
inates all incentives of agents with unemployment risk to pretend
to be of the permanently safe type.21 Eventually, Lemma 1 applies
to the remaining 1� m population of workers, and the optimal allo-
cation is constrained by the same pattern of individual rationality
and incentive constraints as in the baseline case.

Accounting for the permanently safe agents, the profits of the
insurer in Eq. (10) are diminished by 1� m. The resources available
for trade and the share of agents in the population that seek insur-
ance shrink by the same factor. This implies that the existence of
the permanently safe agents does not affect the insurer’s optimal-
ity conditions, and the no-trade condition is again given by
Theorem 1.

However, the presence of the permanently safe agents has to be
taken into account when calibrating the parameters l and p. To see
this, note that the left hand side of condition (21) that ensures we
match the mean of the job loss probability now becomes:

E Prob Ujnð Þ½ � ¼ 1� mð Þ p 1� lð Þ þ l½ �: ð24Þ

Hence, given m, we re-calibrate p and l to solve the moment condi-
tions (21)–(22), with the mean job loss probability given by (24).
The more agents are permanently safe, the higher p and l must
be to match it. That is, the remaining pool of agents becomes riskier.

We display the exclusion length necessary for the existence of
profitable insurance as a function of m for the three different values
of the willingness to pay in Fig. 1. The main takeaway is that the
exclusion length necessary for market existence hardly responds
to the fraction of permanently safe agents. For m ¼ 58%, the number
stemming from Morchio (2020), the necessary exclusion length for
r ¼ 2 increases from 1.1774 in the baseline to 1.2195.22 This value
of m is the largest fraction of permanently safe agents consistent with
Morchio (2020)’s findings because never being unemployed in the
past is not equivalent to not facing any unemployment risk.

Formally, the reason for this result is that the product on the
right-hand side of Eq. (12), Ts p;lð ÞTr p;l; b;Nð Þ, hardly increases
in response to the increases in p;l. The logic is as follows. Ts is
not affected by the increases in the parameters because the calibra-
tion requires the increases to yield Ts ¼ 4:36. Thus, the necessary
increase in Nmin exclusively stems from the parameters’ effect on
Tr , which summarizes how good signal agents value future insur-
ance benefits; the lower Tr is, the higher the value of future insur-
ance is. The two parameters affect Tr in an opposite way: while Tr

increases in p, it decreases in l. When p increases, the good and the
bad signal agents face more similar unemployment risk, which
reduces the value of future insurance. However, when l increases,
receiving a bad signal and suffering a certain income loss becomes

Table 2
Existence of insurance: minimum number of exclusion periods.

WTP, u0 cuð Þ=u0 ceð Þ, for various r
1.29 (r ¼ 1) 1.58 (r ¼ 2) 1.87 (r ¼ 3)

Fixed exclusion, Nmin 2.6803 1.1774 0.6962
Random exclusion, E Nmin½ � 2.8906 1.2309 0.7207

Notes: Baseline specification. Minimum number of exclusion periods for the exis-
tence of unemployment insurance, Nmin , and expected exclusion length
E Nmin½ � ¼ 1=h� 1 as functions of the willingness to pay, WTP.

19 Morchio (2020) uses the data on the National Longitudinal Survey of Youth 1979
cohort. Gregory et al. (2021) conduct a similar exercise using Longitudinal Employer-
Household Dynamics data.
20 By choosing ~p ¼ 0 we not only maintain the tractability of the model, but we also
pose the strongest case in favor of permanent unobserved heterogeneity in
unemployment risk as the root of the missing private UI market.

21 To see this, note that in case the consumption of the permanently safe agents
were equal to y� l in case of unemployment, the two incentive constraints replicate
the individual rationality constraints of good and bad signal agents and are therefore
obsolete.
22 This is a conservative estimate because we are assuming that the realized
unemployment risk in Morchio (2020) equals the ex-ante risk in the model.
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more likely, which increases future insurance benefits. The former
effect is only weakly stronger than the latter and the necessary
exclusion length increases only mildly compared to the baseline.

Quantitatively, all three functions are essentially flat until
m ¼ 0:9. At this point, p and l must increase strongly to match
the unemployment probability of 0.031. As a consequence, the nec-
essary exclusion length spikes upwards. For
mP 0:969 ¼ 1� 0:031, the mean job loss probability can neither
be matched for any p < 1 nor l < 1. Overall, the existence of a per-
manent type of agents without any unemployment risk does not
qualify as an explanation for the missing market.23

4.3.2. Persistent signals
In the baseline specification, we assumed signals to be i.i.d. In

Proposition 1, we show that unemployment insurance with exclu-
sion is profitable if and only if signals are not too persistent. In this
section, we quantitatively investigate this persistence threshold for
the US.

As a first step, we compute the persistency threshold as follows.
Given an exclusion length for which unemployment insurance is
profitable with i.i.d. signals, we compute the minimum transition
probability qb that makes insurance unprofitable. To be more pre-
cise, given some N ¼ N, we compute the minimum threshold qb

that satisfies

qb ¼ min qb :
u0 y� lð Þ
u0 yð Þ � Ts p;lð ÞTr p; b;N;qg qb

� �
;qb

� � ¼ 0
� �

;

with qg chosen in a resource-neutral way given l ¼ 0:0239.24 In
doing so, we keep the unemployment probability and the pooled
price ratio as listed in Table 1.

Table 3 displays the minimum transition probability qb that
renders unemployment insurance unprofitable for a given exclu-
sion length of N ¼ 5 – half the exclusion length as in case of bank-
ruptcy according to Chapter 10 – for different degrees of relative
risk aversion. The persistency thresholds vary between 0.79 and
0.96 (see Row 1). Overall, these figures suggest that unless signals
are very persistent, unemployment insurance is profitable for an
exclusion length of five years.25

A natural question is what the actual persistence in the elicited
subjective job-loss probabilities in the HRS data is. In the Online
Appendix, Hendren (2017) provides evidence of the persistence
of the elicitations. He regresses the subjective job-loss loss proba-
bilities in period t on the unemployment indicator in years
t þ j; j ¼ 1; . . .8 (separately for each year), and finds the coefficients

Table 3
Existence of insurance: persistency threshold with finite exclusion.

WTP, u0 cuð Þ=u0 ceð Þ, for various r
1.29 (r ¼ 1) 1.58 (r ¼ 2) 1.87 (r ¼ 3)

Persistency threshold, qb 0.7877 0.9327 0.9635

Prob n0 ¼ bjn ¼ gð Þ 0.0052 0.0016 0.0009
qb ¼ 0:3192;Nmin 2.8602 1.2227 0.7171

Notes: Persistent signals. First and second row: minimum bad-signal transition
probability qb that renders unemployment insurance unprofitable given an exclu-
sion length of N ¼ 5, and the corresponding probability of good-signal agents to
receive a bad signal, 1� qg , as functions of the willingness to pay, WTP. Third row:
minimum exclusion length for the estimated signal persistency qb ¼ 0:3192 as a
function of WTP.

Fig. 1. Minimum number of exclusion periods for the existence of unemployment insurance, Nmin , as function of the measure of the permanently safe agents m for different
willingnesses to pay, WTP.

23 Another relevant dimension of permanent heterogeneity can be the differences in
how forward-looking the agents are. To this end, we assume that the agents who are
exposed to job loss risk have a lower discount factor. We report the results of the
robustness check of decreasing b in Table 3 in the Online Appendix, Section 5.
24 We plot the set of resource-neutral signal persistencies consistent with our
calibration on Fig. 1 in Section 5 of the Online Appendix.

25 One can use the persistency thresholds to compute transition probabilities from
employment-to-employment, Prob E0jEð Þ, and unemployment-to-unemployment,
Prob U0jUð Þ. Consider the lowest persistency threshold, for WTP = 1.29, the transition
probabilities amount to 0.99 and 0.79, respectively. For the US, Hobijn and S�ahin
(2009) estimate annual probabilities to remain in employment and unemployment, of
0.90 and 0.07, respectively.
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to be significantly positive, ranging from 0.20 for j ¼ 1 to 0.05 for
j ¼ 8. To get an estimate of the implied signal persistence qb in
our model, we choose qb to minimize the sum of equally-
weighted squared differences between the regression coefficients
in the data and the ones estimated on data generated by the Mar-
kov chain for signals. We estimate qb ¼ 0:3192. Given this persis-
tency, we compute the necessary exclusion length Nmin for
profitable UI. The resulting exclusion length is displayed in the
third row of Table 3. The exclusion lengths are very similar to
the ones obtained in the benchmark in Table 2.26

4.3.3. Finite planning horizon
With an infinite horizon, an exclusion length of up to three

years is found to be enough to render UI profitable. A natural ques-
tion is whether this conclusion changes when agents’ planning
horizon is shorter than three years, for example, because of retire-
ment. This is a relevant question because the employed individuals
in Hendren (2017)’s HRS sample are up to 64 years old. The (full)
retirement age in the US is 67, which makes considering a finite
planning horizon relevant, at least for some of the individuals in
the HRS sample. For this reason, we study a life-cycle economy.27

Agents work for K periods and then they retire. Each period a
new generation is born.28 All generations are of equal measure set
to 1

K so that the total measure of all agents in the economy is equal

to 1. In period t, the working age of a generation who entered the
labor market in t � k is k, and we will use k as generation index.
An important feature of the life-cycle economy, absent in the infinite
horizon baseline, is that the insurer can condition insurance premia
and benefits on publicly observable age, which allows for inter-
generational transfers. As in the infinite horizon economy, the incen-
tive compatibility constraints of the bad signal agents are binding,
and for each k, the utility allocation comprises two elements,

hk ¼ hk
l ;h

k
gy

n o
; k 2 1; . . . ;Kf g. Taking this into account, we define

the working age k expected utility as:
~wk ¼ 1� bð Þ lþ 1� lð Þpð Þhk

l þ 1� lð Þ 1� pð Þhk
gy

h i
;

while the expected utility in autarky in every period is independent
of k and given by:eUAut ¼ 1� bð Þ lþ 1� lð Þpð Þu y� lð Þ þ 1� lð Þ 1� pð Þu yð Þ½ �:

With a finite working life, a cohort can not be excluded for
longer than the remaining time until retirement. For example, a
total exclusion length of two periods is only relevant for all agents
that have at least two years until they retire. With exclusion of
N P 1 future periods and k < K , the individual rationality con-
straints read:29

1� bð Þhk
l þ

Xmin kþN;Kf g

t¼kþ1

bt�k ~wt P 1� bð Þu y� lð Þ þ
Xmin kþN;Kf g

t¼kþ1

bt�k eUAut;

and:

Fig. 2. Life-cycle economy. Insurer profits(left panel) and replacement rate (right panel), defined as the ratio of consumption of unemployed agents over that of employed
agents at each tenure in the labor market, ckl =c

k
gy , per cohort for different risk aversion, lifetime exclusion, Nk ¼ K � k.

26 The results are robust to alternatively weighing the squared deviation of each
regression coefficient by the inverse of its standard error.
27 In the main text, we focus on the main features of this economy. We provide
further details, including the insurer’s profit maximization problem that defines the
cost-efficient allocation in Section 4 of the Online Appendix.
28 Alternatively, consider an insurer that can transfer resources between periods for
a single cohort of agents.

29 For deterministic exclusion, we assume here N to be an integer. The formulae can
be adapted to have N 2 RP0, for example, by taking an appropriately weighted
average of the expected utility of the contract and the outside option in the last non-
integer part of the exclusion period.
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1� bð Þ phk
l þ 1� pð Þhk

gy

h i
þ Pmin kþN;Kf g

t¼kþ1
bt�kw

� t P

1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ Pmin kþN;Kf g

t¼kþ1
bt�k eUAut:

When either N ¼ 0 or k ¼ K , these constraints involve instanta-
neous utilities only:

1� bð Þhk
l P 1� bð Þu y� lð Þ; ð25Þ

1� bð Þ phk
l þ 1� pð Þhk

gy

h i
P 1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ �; ð26Þ

and the individuality rationality constraints are like the ones in the
single-interaction economy.

To numerically compute cost-efficient allocations, we set
y� l ¼ 1 and then compute l to yield the ratio of marginal utilities
reported as the willingness to pay in Table 1. The values of b; p and
l are taken from Table 1, the total working life is set to K ¼ 40.

Cost-efficient allocations in the life-cycle economy are charac-
terized by two key properties. As illustrated in Fig. 2, the insurer
extracts relatively more profits from the younger generations.
The reason is that the younger generations have a higher willing-
ness to pay for insurance because they can become unemployed
multiple times in the future. Correspondingly, agents that are close
to retirement value unemployment insurance less. Hence, it is rel-
atively easier to extract resources from the younger generations.
Second, the insurer provides better unemployment insurance to
the older generations as indicated by a higher replacement rate
or smaller relative difference between consumption of employed
and unemployed agents. Agents that are close to retirement have
a lower future value of insurance. To keep these agents in the

insurance scheme, the insurer has to offer them relatively better
unemployment insurance than the younger generations.

As illustrated in Fig. 3, we find very similar total exclusion
lengths for the finite horizon economy as the ones computed in
Table 2. If exclusion is not possible, that is, when either N ¼ 0 or
h ¼ 1, the insurer can not improve upon the no-trade allocation
and makes zero profits. However, we find that already for N ¼ 1
the insurer incurs positive profits in case of deterministic exclusion
for all three risk-aversion values (left panel). For the random return
specification, the threshold values for h are 0.24, 0.43, and 0.57, for
r ¼ 1;2;3f g (right panel). These values imply expected necessary
exclusion lengths of 3.08, 1.33, and 0.75 years, respectively.

5. Conclusions

The main takeaway from our analysis is that the future benefits
of insurance matter for the existence of a profitable UI market.
These benefits naturally emerge when insurer and workers meet
repeatedly. We find these benefits to be sizeable, such that our
quantitative exercises imply that relatively short exclusion suffices
to render the UI market profitable in the US.

Notably, our quantitative results do not derive from an exoge-
nous variation on the effect of exclusion on market existence in
reality. Therefore, the results have to be interpreted with caution.
Nevertheless, our analytical results demonstrate that the threat
of exclusion has the potential to be a powerful tool for facilitating
profitable private unemployment insurance provision. Therefore,
the hypothesis that adverse selection alone can explain the non-
existing unemployment insurance market needs revisiting in
future work.

Our theoretical and quantitative results have clear policy impli-
cations for how to stimulate the existence of the private UI market.

Fig. 3. Life-cycle economy. Insurer profits as share of total resources in % for different exclusion length (left panel) and probability to return from autarky (right panel) and
risk aversion.
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The threat of exclusion is pivotal and must be credible. A useful
mechanism to ensure credibility is a registry system that collects
information on UI premia defaults, similar to the successful system
collecting information on credit defaults. However, creating such a
registry system entails fixed costs, and economic policy can
facilitate creating and maintaining the registry. The main
difference to the credit market is that we show that exclusion is
not only important for the well-functioning of the private UI
market but already for its existence. Thus, the registry systemmust
be pre-announced and up and running when the first UI policies
are sold.

If other fixed costs of insurance provision existed that were not
overcome by economic policy, then moral hazard could not be dis-
carded as a force preventing the existence of a UI market anymore.
Indeed, the results on the irrelevance of moral hazard by Shavell
(1979) and Hendren (2017) hinge on the assumption of insurance
provision subject to no fixed costs. Furthermore, if there are fixed
costs of insurance provision, then the permanent differences in lay-
off risk, e.g., the presence of permanently safe agents, are relevant
for the existence of private UI. This is because the larger the popu-
lation of agents who are never willing to purchase insurance, the
smaller the profits of the insurer.

The main premise of our analysis is not limited to unemploy-
ment insurance. Indeed, we expect the ability of the insurer to
exclude agents from insurance following their default to also
improve the profitability of insurance in existing markets with
adverse selection due to advance information. We leave the explo-
ration of the effects of exclusion in these markets for future
research.
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Appendix A. Proof of Lemma 1

We prove this lemma in several steps. To begin with, we show all
implementable allocations must at least deliver the expected life-
time utility of autarky.

Step 1 Let h be an implementable allocation. The following
statements hold.

(i) Allocation h delivers a lifetime expected utility not worse
than that of autarky, ~w hð Þ P UAut .
(ii) It is ~w hð Þ ¼ UAut if, and only if, h is the no-trade (autarky)
allocation.
(iii) Let h be an implementable allocation with trade. Then,
hbl P u y� lð Þ and the individual rationality constraint of the
bad-signal agents is slack.

Proof. These statements are standard results. For this reason, we
just sketch the proofs and omit the details. If (i) was not true, add-
ing the two individual rationality constraints would result in h
being not implementable. The if part of statement (ii) is by defini-
tion. For the only-if part, setting ~w hð Þ ¼ UAut results in the follow-
ing individual rationality constraints for agents with a good and
bad signal

1� pð Þhgy þ phgl P 1� pð Þu y� lð Þ þ pu yð Þ
hbl P u y� lð Þ:

The definitions of ~w hð Þ and UAut yield

~w hð Þ ¼ UAut () 1� lð Þ 1� pð Þhgy þ phgl

� �þ lhbl

¼ 1� lð Þ 1� pð Þu yð Þ þ pu y� lð Þ½ � þ lu y� lð Þ:
Thus, both individual rationality constraints can only be satis-

fied if hgl ¼ hbl ¼ u y� lð Þand hgy ¼ u yð Þ to also meet ~w hð Þ ¼ UAut .

Hence, with trade it must be that ~w hð Þ > UAut . Statement (iii) is
proven by contradiction, assuming hbl < u y� lð Þ together with (4)
and (6) implies hgl < u y� lð Þ and hgy > u yð Þ which either violates

resource feasibility or yields ~w hð Þ < UAut . h

In the following step, we prove Part (i) of Lemma 1.
Step 2 Let h be a cost-efficient allocation with trade. Incentive

constraints of bad-signal agents hold with equality, so that utility
for agents who incur an income loss is equalized across signal real-
izations, hbl ¼ hgl ¼ hl, and the incentive constraints of good-signal
agents are slack.

Proof. Given the incentive compatibility constraint of bad-signal
agents, we only need to consider implementable allocations with
trade which have either hbl > hgl or hbl ¼ hgl ¼ hl. For the first case,
consider a cost-efficient allocation with trade, h0 ¼ hgy;hgl;hbl

� �
;

hbl > hgl. Thus, by assumption, h0 is also implementable (satisfies
all constraints). The resulting expected utility is:

~w h0ð Þ ¼ 1� lð Þ 1� pð Þhgy|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
~wy h0ð Þ

þ 1� lð Þphgl þ lhbl|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
~wl h0ð Þ

with ~wy h0ð Þ as the utility of agents without and ~wl h0ð Þ as the
expected utility of agents with income loss. The resource costseC h0ð Þ of this allocation are:eC h0ð Þ ¼ 1� lð Þ 1� pð ÞC hgy

� �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}eCy h0ð Þ

þ 1� lð ÞpC hgl

� �þ lC hblð Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}eC l h0ð Þ

Next, let eirb be the utility slack in the bad-signal agents individual
rationality constraint (7) and eicb ¼ hbl � hgl the utility slack in the
incentive constraint of bad-signal agents (4). By assumption,
eirb > 0 and eicb > 0. Consider a perturbation

h1 ¼ hgy; hgl þ dg ; hbl � db
� �

such that dg ¼ ldb
1�lð Þp and the expected

utility of the alternative allocation is given by

~w h1ð Þ ¼ 1�lð Þ 1�pð Þhgy|fflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
~wy h1ð Þ

þ 1�lð Þp hgl þ dg
� �þl hbl � dbð Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

~wl h1ð Þ

¼ ~w h0ð Þ:

This perturbation keeps the incentive compatibility of good-signal
agents satisfied (as it was already met by h0, implementable by
assumption, and now we are decreasing hbl and increasing hgl). It
also trivially satisfies the good-signal agents individual rationality
constraint (the continuation value ~w h1ð Þ ¼ ~w h0ð Þ is unchanged
and we have increased hgl). We need to ensure that the remaining
two constraints are also satisfied. The individual rationality con-
straint of bad-signal agents is satisfied for db 6 eirb = 1� bð Þ. The
incentive compatibility constraint of bad-signal agents requires:

hbl � db P hgl þ dg () db 6 eicl
1� lð Þp

1� lð Þpþ l

Thus, db 6 min
eir
l

1�b ; e
ic
l

1�lð Þp
1�lð Þpþl

h in o
ensures that the perturbed alloca-

tion is implementable. The perturbed allocation requires resource

costs eC h1ð Þ:
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eC h1ð Þ ¼ 1� lð Þ 1� pð ÞC hgy
� �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}eCy h1ð Þ

þ 1� lð ÞpC hgl þ dg
� �þ lC hbl � dbð Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}eC l h1ð Þ

The difference in required resources, for an arbitrarily small db is

eC h1ð Þ � eC h0ð Þ ¼ 1� lð ÞpC0 hgl

� �
dg � lC 0 hblð Þdb

¼ ldb C 0 hgl

� �� C 0 hblð Þ� �
< 0;

where the last inequality follows from strict convexity of resource
costs with hgl < hbl, implying that h0 cannot be a cost-efficient allo-
cation. Thus, a cost-efficient allocation is characterized by binding
incentive constraints of bad-signal signals and hbl ¼ hgl ¼ hl. Using
this, Step 1 and resource feasibility imply hl > u y� lð Þ and
hgy < u yð Þ. Finally, the incentive constraint of the good-signal
agents can only be met with equality if cgy ¼ 0 now that we have
established hgl ¼ hbl. However, this can not be optimal because
u cð Þ satisfies Inada conditions, limc#0u0 cð Þ ¼ 1 and hence an infi-
nitely small redistribution back from cl to cgy yields infinite
improvements in lifetime utility, increasing profits. Thus, setting
cgy ¼ 0 can not be optimal and the good-signal agent incentive com-
patibility constraint must be slack. h

So far we established that only incentive constraints of good-
signal agents are slack as well as individual rationality constraints
of bad-signal agents. Further, we have shown that hl > u y� lð Þ and
hgy < u yð Þ. In the remaining two steps, we demonstrate first that
individual rationality constraints of good-signal agents are binding,
completing the proof of Lemma 1, Part (ii), and afterwards that
hgy P hl at the cost-efficient allocation, completing the proof of
Lemma 1, Part (iii).

Step 3 Let h be a cost-efficient allocation with trade. Then the
individual rationality constraint of the good-signal agents are
binding.

Proof. Suppose not, such that there is not only slack eirb > 0 but

also a slack eirg > 0 in the good-signal agents individual rationality

constraint (6). Let h0 ¼ hl;hgy
� �

be the cost-efficient allocation
with trade in that case. This cannot be the cost-efficient allocation
because further resources can be saved by choosing an allocation
h1 ¼ hl;hgy � d

� �
as long as

d 6 min
eb

b 1� bN� �
1� lð Þ 1� pð Þ ;

eg
1� bþ b 1� bN� �

1� lð Þ 1� pð Þ

( )
;

which ensures that individual rationality is satisfied for good and
bad-signal agents. Choosing such allocation decreases the resource
costs by 1� lð Þ 1� pð Þ C hgy

� �� C hgy � d
� �� �

, contradicting that the
good-signal individual rationality constraints are not binding at
the cost-efficient allocation. h

Step 4 Let h be a cost-efficient allocation with trade. Then,
hgy P hl.

Proof. Suppose not, and without loss of generality, let hl ¼ hgy þ e
for h0 ¼ hl;hgy

� �
with e > 0 arbitrarily small. Then, an insurer can

reduce resource costs by choosing the following allocation:

h1 ¼ hbl ¼ hl;hgl ¼ hl � dgl; hgy þ dgy
� �

with dgl ¼ 1�p
p dgy, and

dgy 6 e
2. This perturbation does not affect individual rationality

constraints and satisfies incentive constraints. While h1 is not cost-
efficient, it is implementable. By convexity of resource costs it
marginally increases the insurer’s profits by 1� lð Þ 1� pð Þ
C0 hgy þ e
� �� C0 hgy

� �� �
dgy. h

Appendix B. Proof of Theorem 1

The proof proceeds in two parts. First, we show that the no-
trade condition is sufficient. In the second part, we show the no-
trade condition is also necessary.

Part I: No-trade condition is sufficientWe show that if the no-
trade condition holds, autarky is the cost-efficient allocation. From
Lemma 1, we consider the problem of choosing hgy;hl

� �
to maxi-

mize (11) subject to the individual rationality constraints of
good-signal agents (6):

1� bð Þpþ b 1� bN� �
lþ 1� lð Þp½ �� �

hl

þ 1� bð Þ 1� pð Þ þ b 1� bN� �
1� lð Þ 1� pð Þ� �

hgy P UAut gð ÞN;

with UAut gð ÞN ¼ 1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ b 1� bN� �
UAut . The

first-order conditions for hgy; hl are

1� lð Þ 1� pð ÞC0 hgy
� � ¼ kIRg 1� bð Þ 1� pð Þ þ b 1� bN� �

1� lð Þ 1� pð Þ� �
lþ 1� lð Þp½ �C0 hlð Þ ¼ kIRg 1� bð Þpþ b 1� bN� �

lþ 1� lð Þp½ �� �
;

with kIRg P 0 as the multiplier on the constraint (6). The two first
order conditions can be combined into a single first order condition

lþ 1� lð Þp
1� lð Þp

1� bl� bNþ1 1� lð Þ� �
p

1� bl� bNþ1 1� lð Þ� �
pþ b 1� bN� �

l

( )
¼ C0 hgy

� �
C 0 hlð Þ

¼ u0 clð Þ
u0 cgy
� � :

Next, if the no-trade condition holds, and using (12), it follows

u0 y� lð Þ
u0 yð Þ 6 lþ 1� lð Þp

1� lð Þp
1� bl� bNþ1 1� lð Þ� �

p

1� bl� bNþ1 1� lð Þ� �
pþ b 1� bN� �

l

( )

¼ u0 clð Þ
u0 cgy
� � :

From Lemma 1, we have cl P y� l and cgy 6 y. With decreasing
marginal utility, this is only possible if cl ¼ y� l and cgy ¼ y. Hence,
when the no-trade condition holds, the cost-efficient allocation is
the no-trade allocation.

Part II: No-trade condition is necessary We show that if the
no-trade condition is not satisfied, there is an implementable allo-
cation with trade which generates a slack in the resource con-
straint. Consider a perturbed allocation h ¼ hgy ¼ u y� dð Þ;hl ¼

�
u y� lþ cð Þg with d > 0; c > 0, with d; c arbitrarily small. By defini-
tion, this is an allocation with trade which also satisfies all other
results in Lemma 1, but we don’t know if this perturbed allocation
is resource feasible. Net resources saved by this perturbation are
1� lð Þ 1� pð Þd� lþ 1� lð Þp½ �c. Observe that when this is non-
negative, this perturbed allocation is implementable. By Lemma
1, the allocation implies the following pattern of binding individual
rationality constraints

~w gð ÞN ¼ UAut gð ÞN ; ð27Þ
~w bð ÞN > UAut bð ÞN ; ð28Þ

where ~w gð ÞN ; ~w bð ÞN denote the left-hand side and UAut gð ÞN ;UAut bð ÞN
the right-hand side of Eqs. (6) and (7), respectively. Before the signal
realizes, the relevant expected utilities for N future periods are

~wN ¼ 1� lð Þ ~w gð ÞN þ l ~w bð ÞN

UAut;N ¼ 1� lð ÞUAut gð ÞN þ lUAut bð ÞN

Let ~w gð Þ; ~w bð Þ and UAut gð Þ;UAut bð Þ be the lifetime utilities of good-
and bad-signal agents as the corresponding limiting expressions
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N ! 1 of both sides of the individual rationality constraints (27)
and (28). The following relationships between lifetime utilities
and the period-N utilities apply

~w gð ÞN ¼ ~w gð Þ � bNþ1 ~w ð29Þ

~w bð ÞN ¼ ~w bð Þ � bNþ1 ~w ð30Þ

UAut gð ÞN ¼ UAut gð Þ � bNþ1UAut ð31Þ

UAut bð ÞN ¼ UAut bð Þ � bNþ1UAut: ð32Þ
Let � be the slack on the individual rationality constraint of bad-

signal agents:

~w bð ÞN � UAut bð ÞN ¼ � > 0:

Individual rationality constraints of good-signal agents are

binding, ~w gð ÞN � UAut gð ÞN ¼ 0. Using (30), (32) as well as (29),
(31), gives the following restrictions

~w bð ÞN � UAut bð ÞN ¼ � ¼ ~w bð Þ � UAut bð Þ þ bNþ1 UAut � ~w

 �

~w gð ÞN � UAut gð ÞN ¼ 0 ¼ ~w gð Þ � UAut gð Þ þ bNþ1 UAut � ~w

 �

;

Using the definition of lifetime utilities of good and bad-signal
agents in the insurance contract and in autarky, one eventually gets

~w� UAut ¼ l�
1� bNþ1 :

For the individual rationality constraint of the bad-signal agents
(28) combined with (30) and (32), it follows that:

~w bð ÞN � UAut bð ÞN ¼ � ¼ 1� bð Þu0 y� lð Þcþ b 1� bN� � l�
1� bNþ1

such that � can be written as

� ¼ 1� bð Þ 1� bNþ1� �
c

1� bNþ1 � b 1� bN� �
l
u0 y� lð Þ: ð33Þ

For the binding individual rationality constraint of good-signal
agents (27) we have:

0 ¼ ~w gð ÞN � UAut gð ÞN

¼ 1� bð Þ � 1� pð Þu0 yð Þdþ pu0 y� lð Þc½ � þ b 1� bN� � l�
1� bNþ1

This implies:

1� lð Þ 1� pð Þd
lþ 1� lð Þp½ �c ¼ u0 y� lð Þ

u0 yð Þ
1� lð Þp

lþ 1� lð Þp

� 1� bl� bNþ1 1� lð Þ� �
pþ b 1� bN� �

l
1� bl� bNþ1 1� lð Þ� �

p
: ð34Þ

Suppose that the no-trade condition is violated:

u0 y� lð Þ
u0 yð Þ >

lþ 1� lð Þp
1� lð Þp

1� bl� bNþ1 1� lð Þ� �
p

1� bl� bNþ1 1� lð Þ� �
pþ b 1� bN� �

l

( )
:

Using this, (34) boils down to:

1� lð Þ 1� pð Þd
lþ 1� lð Þp½ �c > 1 ) 1� lð Þ 1� pð Þd� lþ 1� lð Þp½ �c > 0;

thus, net resources are positive, and the no-trade condition is not
only sufficient but also necessary.

Monotonicity of Tr p;l; b;Nð Þ in N. Let’s rewrite the definition
of Tr p;l; b;Nð Þ as:

Tr p;l;b;Nð Þ ¼ f p;l;b;Nð Þ
f p;l;b;Nð Þ þ g l; b;Nð Þ

with: f p;l;b;Nð Þ ¼ 1� bl� bNþ1 1� lð Þ� �
p and g l;b;Nð Þ ¼

b 1� bN� �
l. Then, @Tr

@N ¼
@f
@N fþgð Þ� @f

@Nþ
@g
@Nð Þf

fþg½ �2 ¼
@f
@Ng�

@g
@Nf

fþg½ �2 . We have:

@f p;l;b;Nð Þ
@N

¼ �bNþ1 1� lð Þp ln bð Þ;
@g l; b;Nð Þ

@N
¼ �bNþ1l ln bð Þ:

Thus:

@f
@N

g � @g
@N

f ¼ �bNþ1 ln bð Þlp 1� bð Þ < 0;

as we have assumed 0 < b < 1;l > 0 and p > 0.

Appendix C. Public signals

Individual rationality and private information together restrict
insurance possibilities. To clarify the importance of both frictions,
we show that individual rationality alone does not prevent the
existence of insurance. Suppose alternatively that agents receive
public signals on their income-loss probability that have otherwise
the same properties as the private ones. Thus, the insurer is only
constrained by resource feasibility and individual rationality. In
this environment, we find the following result.

Proposition 2 (Public information). Autarky is not the cost-
efficient allocation when signals are public.

We begin with the intuition behind this result and provide the
proof below. Any insurance transfer between good-signal agents
unambiguously increases their lifetime utility. The increase in life-
time utility also increases the continuation value of bad-signal
agents and thus indirectly their lifetime utility. Hence, individual
rationality constraints of bad-signal agents are satisfied even when
they receive no transfers from good-signal agents. The key differ-
ence is that with public signals, incentive constraints are absent
and such a transfer scheme is implementable. With private infor-
mation, such transfer scheme would violate the incentive con-
straints of bad-signal agents, increasing its costs beyond what is
actuarially fair. Therefore, individual rationality alone cannot
explain the absence of a profitable private insurance market.

Proof. To see why autarky cannot be a cost-efficient allocation,
consider an insurance scheme that involves only transfers between

good-signal agents, so that hgy ¼ u y� dð Þ and hgl ¼ u y� lþ cg

 �

; d;

cg > 0, in line with resource feasibility:

1� pð Þd P pcg :

The scheme provides insurance, leads to higher utility by concavity,
to lower resource costs by convexity, and therefore at least weakly
dominates autarky in terms of resources saved. What remains to be
shown is that the scheme is also implementable. First, such a
scheme affects the individual rationality constraints of good-
signal agents as follows

1� bð Þ pu0 y� lð Þcg � 1� pð Þu0 yð Þd
h i

þ b 1� bN� �
1� lð Þ pu0 y� lð Þcg � 1� pð Þu0 yð Þd

h i
¼ u0 y� lð Þ � u0 yð Þ½ � 1� bð Þ þ b 1� bN� �

1� lð Þ� �
pcg P 0:

The second line uses resource feasibility, the third one that
1� bð Þ þ b 1� bN� �

1� lð Þ� �
;p; cg are strictly positive; The positive

sign then follows for l > 0, and strict concavity of utility. Per con-
struction, such a scheme is consistent with resource feasibility
and also satisfies individual rationality constraints of bad-signal
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agents who remain at autarky. Thus, autarky cannot be a cost-
efficient allocation. h

Appendix D. Persistent signals

In this section, we first describe the environment with persis-
tent signals. Afterwards, we argue that the results of Lemma 2
apply and provide the proof of Proposition 1.

Constraints The incentive-compatibility constraints read:

1� bð Þhbl þ b qb ~w bð Þ þ 1� qb
� �

~w gð Þ� �
P 1� bð Þhgl þ b qb ~w bð Þ þ 1� qb

� �
~w gð Þ� �

;

and:

1� bð Þ phgl þ 1� pð Þhgy
� �þ b 1� qgð Þ ~w bð Þ þ qg ~w gð Þð Þ P

1� bð Þ phbl þ 1� pð Þu 0ð Þ½ � þ b 1� qgð Þ ~w bð Þ þ qg ~w gð Þð Þ:
The currently reported realisation of the signal only matters for
instantaneous utilities. Thus, the continuation values can be
scrapped again, leading to identical IC constraints as before:

hbl P hgl; ð35Þ
phgl þ 1� pð Þhgy
� �

P phbl þ 1� pð Þu 0ð Þ: ð36Þ

The individual rationality constraints can be written as:

1� bð Þ phgl þ 1� pð Þhgy
� �þ b 1� bN� �

1� qgð Þw� bð Þ þ qg w
�

gð Þ

 �

P

1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ b 1� bN� �
1� qgð ÞUAut bð Þ

h
þqgUAut gð Þ

i
; ð37Þ

and:

1� bð Þhbl þ b 1� bN� �
qb ~w bð Þ þ 1� qb

� �
~w gð Þ� �

P 1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ b 1� bN� �
1� qgð ÞUAut bð Þ þ qgUAut gð Þ

h i
: ð38Þ

The lifetime utilities with insurance, ~w gð Þ; ~w bð Þ, and in autarky,
UAut gð Þ;UAut bð Þ, are recursively defined by

~w gð Þ ¼ 1� bð Þ phl þ 1� pð Þhgy
� �þ b qg ~w gð Þ þ 1� qgð Þ ~w bð Þ½ �; ð39Þ
~w bð Þ ¼ 1� bð Þhl þ b qb ~w bð Þ þ 1� qb

� �
~w gð Þ� �

; ð40Þ
and

UAut gð Þ ¼ 1� bð Þ phgl þ 1� pð Þhgy
� �þ b qgUAut gð Þ

h
þ 1� qgð ÞUAut bð Þ

i
; ð41Þ

UAut bð Þ ¼ 1� bð Þhbl þ b qbUAut bð Þ þ 1� qb
� �

UAut gð Þ
h i

: ð42Þ

Properties of cost-efficient allocations Lemma 1 is unaffected
by relaxing the assumptions of i.i.d. signals. Note that Step 1 of the
proof of this Lemma rely solely on the IC constraints and the profit
function of the insurer. Hence, it goes through unchanged when
signals are arbitrarily persistent. Similar reasoning as in the case
of the i.i.d. signals yields that the insurer optimally sets hgl ¼ hbl

in a cost-efficient allocation with trade as it improves profits rela-
tive to offering hgl > hbl (Step 2). Next, providing expected utility to
agents that yields the IR constraint of the good signal agents slack
cannot be profit-maximizing either (Step 3). Together with
hgl ¼ hbl, if an allocation features trade, then the IR constraint of
the bad agents must be slack. Finally, the insurer can also incur
additional profits relative to an allocation which has hl > hgy and
hence, in any cost-efficient allocation with trade hgy P hl (Step 4).

Re-writing the individual rationality constraints of agents
with a good signal Before we prove Proposition 1, it is useful to
write the individual rationality constraint of agents with a good
signal in a compact form as summarized in the following lemma.

Lemma 2. The individual rationality constraint of agents with a
good signal can be written as follows

1� bð Þpþ b 1� bN� �
qgagl þ 1� qgð Þabl
� �� �

hl

þ 1� bð Þ 1� pð Þ þ b 1� bN� �
qgagy þ 1� qgð Þab

y


 �h i
hy

P 1� bð Þpþ b 1� bN� �
qgagl þ 1� qgð Þabl
� �� �

u y� lð Þ
þ 1� bð Þ 1� pð Þ þ b 1� bN� �

qgagy þ 1� qgð Þab
y


 �h i
u yð Þ ð43Þ

with coefficients:

agl ¼
1� bð Þ pþ b 1�qgð Þ

1�bqb


 �
1� b qg þ b 1�qgð Þ 1�qbð Þ

1�bqb

� � > 0; ag
y

¼ 1� bð Þ 1� pð Þ
1� b qg þ b 1�qgð Þ 1�qbð Þ

1�bqb

� � > 0; ð44Þ

and:

abl ¼
1� bð Þ þ b 1� qb

� �
agl

1� bqb
> 0; ab

y ¼
b 1� qb
� �

agy
1� bqb

> 0: ð45Þ

Proof. Using hgl ¼ hbl ¼ hl in Eqs. 39,40, we can solve for the life-
time utilities to get

~w bð Þ ¼ 1� bð Þhl þ b 1� qb
� �

~w gð Þ
1� bqb

~w gð Þ ¼ 1� bð Þ phl þ 1� pð Þhy
� �

þ b qg ~w gð Þ þ 1� qgð Þ 1� bð Þhl þ b 1� qb
� �

~w gð Þ
1� bqb

 !
:

Therefore:

~w gð Þ ¼ 1� bð Þ pþ b 1�qgð Þ
1�bqb


 �
hl þ 1� bð Þ 1� pð Þhy

þb
qg 1�bqbð Þþb 1�qgð Þ 1�qbð Þ

1�bqb

� �
~w gð Þ;

and:

1� b qg þ b 1�qgð Þ 1�qbð Þ
1�bqb

� �	 

~w gð Þ

¼ 1� bð Þ pþ b 1�qgð Þ
1�bqb


 �
hl þ 1� bð Þ 1� pð Þhy:

Hence, ~w gð Þ satisfies:
~w gð Þ ¼ agl hl þ agyhy;

with coefficients agl and ag
y as in Eq. (44). Given the parameter

restrictions, the numerator of both coefficients is positive; the
denominator is positive because the expression in brackets is smal-
ler than unity. These also imply

~w bð Þ ¼ abl hl þ abyhy;

with coefficients ab
l and aby as in Eq. (45) and the positive signs fol-

low from ag
l ; a

g
>0. Plugging these representations of ~w gð Þ and ~w bð Þ

into Eq. (37) and redoing the same steps for the outside options
(41)–(42) results in the IR constraint as written in Eq. (43). h

In the next paragraph, we provide the proof of Proposition 1.
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Proof of Proposition 1

(i)The proof follows the same steps as in Theorem 1. In partic-
ular, the profit function is (10). Profits are maximized subject
to the individual rationality constraints of agents with a good
signal (43).
Sufficiency The first order conditions for a profit-maximising
monopolist insurer are:

1� lð Þ 1� pð ÞC 0 hy
� � ¼ kIRg 1� bð Þ 1� pð Þ½

þb 1� bN� �
qgagy þ 1� qgð Þaby

 �i

ð46Þ

lþ 1� lð Þpð ÞC 0 hlð Þ ¼ kIRg 1� bð Þp½

þb 1� bN� �
qgag

l þ 1� qgð Þabl
� ��

: ð47Þ

where kIRg is the Lagrange multiplier on the good signal IR constraint.
Then, the sufficient condition can be obtained from combining the
two into:

1� lð Þ 1� pð Þ
1� bð Þ 1� pð Þ þ b 1� bN� �

qgagy þ 1� qgð Þaby

 �h iC 0 hy

� �
¼ lþ 1� lð Þp

1� bð Þpþ b 1� bN� �
qgagl þ 1� qgð Þabl
� �� �C 0 hlð Þ

and rearranging and imposing the inequality on the marginal utility
in the allocation with trade and autarky:

u0 y� lð Þ
u0 yð Þ 6 lþ 1� lð Þp

1� lð Þ 1� pð Þ
1� bð Þ 1� pð Þ þ b 1� bN� �

qgagy þ 1� qgð Þab
y


 �h i
1� bð Þpþ b 1� bN� �

qgagl þ 1� qgð Þab
l

� �� �
¼ C0 hy

� �
C 0 hlð Þ ¼ u0 clð Þ

u0 cy
� �

Multiplying the right hand side of this condition by p= 1� pð Þ and its
reciprocal reveals that indeed it can be written as
Ts p;lð Þ � Tr p;b;N;qg ;qb

� �
where:

Tr p;b;N;qg ;qb
� �
¼ p

1� p

1� bð Þ 1� pð Þ þ b 1� bN� �
qgagy þ 1� qgð Þaby

 �h i

1� bð Þpþ b 1� bN� �
qgagl þ 1� qgð Þabl
� �� � :

Necessity We consider a perturbed allocation
h ¼ hgy ¼ u y� dð Þ;hl ¼ u y� lþ cð Þ� �

with d > 0; c > 0 with d; c
arbitrarily small. As before, we don’t know if this perturbed alloca-
tion is resource feasible. Net resources generated by this perturba-
tion are 1� lð Þ 1� pð Þd� lþ 1� lð Þp½ �c.
We know that the IR constraint of the good-signal agents holds with
equality. Then, using the derivative approximation to differences in
utility levels for this perturbed allocation we obtain:

1� bð Þpþ b 1� bN� �
qgagl þ 1�qgð Þabl
� �� �

u0 y� lð Þc
� 1� bð Þ 1� pð Þþ b 1� bN� �

qgagy þ 1�qgð Þab
y


 �h i
u0 yð Þd¼ 0;

and this is equivalent to:

u0 y� lð Þ
u0 yð Þ

1� bð Þpþ b 1� bN� �
qgagl þ 1� qgð Þab

l

� �
1� bð Þ 1� pð Þ þ b 1� bN� �

qgagy þ 1� qgð Þaby

 � ¼ d

c
:

ð48Þ
Now, suppose the no-trade condition is violated:

u0 y� lð Þ
u0 yð Þ >

lþ 1� lð Þp
1� lð Þ 1� pð Þ

�
1� bð Þ 1� pð Þ þ b 1� bN� �

qgag
y þ 1� qgð Þab

y


 �h i
1� bð Þpþ b 1� bN� �

qgag
l þ 1� qgð Þab

l

� �� � :

Plugging this into Eq. (48), we obtain:

lþ 1�lð Þp
1�lð Þ 1� pð Þ<

d
c
() 1�lð Þ 1� pð Þd� lþ 1�lð Þpð Þc> 0

Thus, assuming that the no-trade condition is violated implies that
the perturbed allocation generates positive net resources and hence
improves profits of the insurer relative to autarky.
Next, regarding the monotonicity of Tr p; b;N;qg ;qb

� �
with respect

to N, taking logs:

ln Tr p; b;N;qg ;qb
� �� � ¼ ln pð Þ þ ln 1� bð Þ 1� pð Þ þ b 1� bN� ��

qgagy þ 1� qgð Þaby

 �i
� ln 1� bð Þpþ b 1� bN� �

qgagl þ 1� qgð Þabl
� �� �� ln 1� pð Þ

and hence:

@
@N ln Tr p;b;N;qg ;qb

� �� � ¼ �bNþ1 ln bð Þ qgagyþ 1�qgð Þaby½ �
1�bð Þ 1�pð Þþb 1�bNð Þ qgagyþ 1�qgð Þabyð Þ½ �

þ bNþ1 ln bð Þ qgag
l
þ 1�qgð Þab

l½ �
1�bð Þpþb 1�bNð Þ qgag

l
þ 1�qgð Þab

lð Þ½ � :

The sign of the derivative is negative whenever the following
expression is positive

1� pð Þ qgagl þ 1� qgð Þabl
� �� p qgagy þ 1� qgð Þaby

h i
¼ 1� pð Þ abl þ qg agl � abl

� �� �� p aby þ qg agy � aby

 �h i

:

It is

ag
y � aby ¼ agy 1� b 1� qb

� �
1� bqb

" #
¼ agy

1� b
1� bqb

and

ag
l � 1 ¼ � 1� bð Þ 1� pð Þ

1� b qg þ b 1�qgð Þ 1�qbð Þ
1�bqb

	 
 ¼ �agy;

which implies

ag
l � abl ¼

1� bð Þ agl � 1
� �

1� bqb
¼ � 1� b

1� bqb
agy:

Hence:

1� pð Þ abl þ qg agl � abl
� �� �� p aby þ qg agy � aby


 �h i
¼ 1� pð Þabl � paby � qg 1� b

1� bqb
agy

After quite some algebra, the last equality is

1� pð Þabl � paby � qg 1� b
1� bqb

ag
y ¼

1� pð Þ 1� qgð Þ
1� b qb þ qg � 1ð Þ > 0:

Thus, @
@N ln Tr p; b;N;qg ;qb

� �� �
< 0 ) @

@N Tr p; b;N;qg ;qb
� �

< 0.

Regarding the limiting value of Tr p; b;N;qg ;qb
� �

, one gets

lim
qb!l;qg!1�l

Tr p;b;N;qg ;qb
� �

¼ p 1� pð Þ 1 � bl� bNþ1 1� lð Þ� �
1 � pð Þ p 1� bl� bNþ1 1� lð Þ þ b 1� bN� �

l
� � ¼ 1�bl�bNþ1 1�lð Þ½ �p

1�bl�bNþ1 1�lð Þ½ �pþb 1�bNð Þl ¼ Tr p;l; b;Nð Þ:
	

(ii) To sign the partial derivative @Tr p; b;N;qg ;qb
� �

=@qb, we
need to sign the responses of numerator and denominator of
Tr p; b;N;qg ;qb
� �

with respect to qb. We consider resource-
neutral changes in qb as formalized in Definition 3. This implies
that qg is a function of l and qb such that
Tr p; b;N;qg ;qb
� � ¼ Tr p;l; b;N;qb

� �
.

We will show that:

@

@q
qgagy þ 1� qgð Þaby
h i

> 0and
@

@q
qgagl þ 1� qgð Þab

l

� �
< 0;
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which implies that @Tr p;l;b;N;qb
� �

=@qb > 0 because the numera-
tor and the denominator of Tr p;l; b;N;qb

� �
are strictly positive.

The proof proceeds in several steps.

Step 1 The denominator of ag
l and agy is strictly decreasing in qb.

Proof. Using that with resource-neutral changes it is
qg ¼ 1� l 2� qb

� �� �
= 1� lð Þ, the derivative of the denominator

of agl and agy with respect to qb is

d
dqb

1
b � qg � b 1�qgð Þ 1�qbð Þ

1�bqb

	 

¼ d

dqb

bl�2l�bqbþlqbþ1ð Þ
l�1ð Þ 1�bqbð Þ

¼ l 1�bð Þ2

1�bqbð Þ2 l�1ð Þ
¼ � l 1�bð Þ2

1�bqbð Þ2 1�lð Þ
< 0:

Thus, the denominator of ag
l and ag

y is strictly decreasing in qb. h

Step 2 The numerator of Tr p;l; b;N;qb
� �

is strictly increasing in
qb.

Proof. The derivative of the numerator of Tr p;l; b;N;qb
� �

with

respect to qb is

d
dqb 1� bð Þ 1� pð Þ þ b 1� bN� �

qgag
y þ 1� qgð Þaby


 �h i
¼ b 1� bN� �

d
dqb qgagy þ 1� qgð Þaby
h i

¼ b 1� bN� �
d

dqb 1þ l 1�pð Þ 1�qbð Þ
lþbqb�bl�1 � p

	 

¼ b 1� bN� � l 1�bð Þ 1�lð Þ 1�pð Þ

l�blþbqb�1ð Þ2 > 0:

h

Step 3 The denominator of Tr p;l; b;N;qb
� �

is strictly decreasing
in qb.

Proof. Differentiating the denominator of Tr p;l; b;N;qb
� �

we get:

d
dqb

1� bð Þpþ b 1� bN� �
qgag

l þ 1� qgð Þabl
� �� �

¼ b 1� bN� � d
dqb

qgagl þ 1� qgð Þabl
� �

¼ b 1� bN� � d
dqb

p� l 1� pð Þ 1� qb
� �

l� blþ bqb � 1

" #

¼ �b 1� bN� �l 1� bð Þ 1� lð Þ 1� pð Þ
l� blþ bqb � 1ð Þ2

< 0:

h

Appendix E. Random return from autarky

An alternative possibility to model exclusion from insurance
comes from the literature on sovereign default. With probability
0 6 h � 1, agents are offered an insurance contract again after
defaulting as in Eaton and Gersovitz (1981) and Arellano (2008).
With a constant probability to return each period, the average
number of total exclusion periods (including teh current period)
is E Nð Þ ¼ 1=h. Incentive constraints and resource feasibility are
unaffected by this change, and so is the definitions of lifetime util-
ity ~w hð Þ. The value of autarky UAut now satisfies the following
recursive equation:

UAut ¼ 1� bð Þ lu y� lð Þ þ 1� lð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ �f g
þ bh ~wþ b 1� hð ÞUAut ð49Þ

Individual rationality constraints of good and bad-signal agents
now read

1� bð Þ pu y� lþ cg

 �

þ 1� pð Þu y� dð Þ
h i

þ b 1� hð Þ ~w|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
~w gð Þ

P

1� bð Þ pu y� lð Þ þ 1� pð Þu yð Þ½ � þ b 1� hð ÞUAut|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
UAut gð Þ

;
ð50Þ

and

1� bð Þu y� lþ cð Þ þ b 1� hð Þ ~w|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
~w bð Þ

P 1� bð Þu y� lð Þ þ b 1� hð ÞUAut|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
UAut bð Þ

:

ð51Þ
In this economy, the no-trade condition is as follows.

Theorem 2 (No Trade). The autarky allocation y; y� l; y� lf g is the
only implementable allocation if and only if

u0 y� lð Þ
u0 yð Þ 6 Ts p;lð ÞTr p;l; b; hð Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Td p;l;b;hð Þ

with Ts p;lð Þ as the single-interaction pooled price ratio

Ts p;lð Þ ¼ lþ 1� lð Þp
1� lð Þp ¼ E PjP P p½ �

1� E PjP P p½ �
1� p
p

and with Tr p;l;b; hð Þ as a diminishing factor resulting from
repeated interactions

Tr p;l;b; hð Þ ¼ p 1� 1� hð Þbl½ �
pþ 1� pð Þb 1� hð Þl ; 0 < Tr 6 1

and 0 < Td p;l;b; hð Þ 6 Ts p;lð Þ as the repeated-interactions pooled
price ratio for 0 6 h � 1.

Proof. The proof follows analogous steps as the one of Theorem 1.
Sufficiency We arrive at the following constraint on the FOC of

the profit maximisation problem of an insurer (the right-hand side
equality):

u0 y� lð Þ
u0 yð Þ 6 lþ 1� lð Þp

1� lð Þp
p 1� b 1� hð Þl½ �

p 1� b 1� hð Þl½ � þ b 1� hð Þl ¼ u0 clð Þ
u0 cgy
� � ;

Imposing the no-trade condition (the left hand side inequality)
implies this can only be satisfied by cl ¼ y� l and cgy ¼ y.

Necessity As in the proof of Theorem 1, we consider an
allocation with trade, h ¼ hgy ¼ u y� dð Þ;hl ¼ u y� lþ cð Þ� �

, which,
if implementable, yields the following for the individual rationality
constraints:

~w gð Þ ¼ UAut gð Þ ð52Þ
~w bð Þ � UAut bð Þ ¼ � > 0: ð53Þ
Following similar steps as in the proof of Theorem 1, the slack � in
the bad-signal agents individual rationality constraint of bad-signal
agents is

� ¼ 1� bð Þ
1� b 1� hð Þlu0 y� lð Þc: ð54Þ

We get the counterpart to (34) from the binding individual rational-
ity constraints of the good-signal agents:

0 ¼ ~w gð Þ � UAut gð Þ
¼ 1� bð Þ � 1� pð Þu0 yð Þdþ pu0 y� lð Þc½ � þ b 1� hð Þl�:
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Using (54), we get:

1� lð Þ 1� pð Þd
lþ 1� lð Þp½ �c ¼ u0 y� lð Þ

u0 yð Þ
1� lð Þp

lþ 1� lð Þp

� p 1� b 1� hð Þl½ �
p 1� b 1� hð Þl½ � þ b 1� hð Þl : ð55Þ

Assuming that the no-trade condition is violated yields

u0 y� lð Þ
u0 yð Þ >

lþ 1� lð Þp
1� lð Þp

p 1� b 1� hð Þl½ �
p 1� b 1� hð Þl½ � þ b 1� hð Þl ;

combining with (55) implies that the allocation h generates positive
resource savings. Hence, autarky cannot be the cost-efficient alloca-
tion, concluding the proof. h

Equivalence between deterministic and random exclusion
Comparing Theorem 1 and Theorem 2, we can establish equiva-
lence between the two formulations if the diminishing factors
Tr p;l; b; hð Þ and Tr p;l; b;Nð Þ are equal. The two factors for fixed-
length and random-length exclusion are

Tr p;l;b;Nð Þ ¼ 1� bl� bNþ1 1� lð Þ� �
p

1� bl� bNþ1 1� lð Þ� �
pþ b 1� bN� �

l

( )
and

Tr p;l;b; hð Þ ¼ p 1� b 1� hð Þl½ �
p 1� b 1� hð Þl½ � þ b 1� hð Þl :

The equivalence between the two is that Tr p;l;b;N ¼ 0ð Þ ¼
Tr p;l;b; h ¼ 1ð Þ ¼ 1 and limN#1Tr p;l; b;Nð Þ ¼ Tr p;l; b; h ¼ 0ð Þ ¼

p 1�blð Þ
p 1�blð Þþbl. The explicit relationship between N and h is:

h ¼ bN 1� bð Þ
1� bNþ1 ;

which is confirmed by direct evaluation of the two no-trade
conditions.

Appendix F. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jpubeco.2023.
104946.
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