
An Evolutionary Analysis of Insurance Markets with Adverse
Selection*

Ana B. Ania†

Department of Economics, University of Vienna, A1010 Vienna, Austria.

Thomas Tr̈oger‡

Department of Economics, UCSB, Santa Barbara, CA 93106-9210.

and

Achim Wambach§

Department of Economics, University of Munich, 80539 Munich, Germany.

The equilibrium nonexistence problem in Rothschild and Stiglitz’s insurance market is
reexamined in a dynamic setting. Insurance firms are boundedly rational and offer menus
of insurance contracts which are periodically revised: profitable competitors’ contracts
are imitated and loss-making contracts are withdrawn. Occasionally, a firm experiments by
withdrawing or innovating a random set of contracts. We show that Rothschild and Stiglitz’s
candidate competitive equilibrium contracts constitute the unique long-run market outcome
if innovation-experiments are restricted to contracts which are sufficiently “similar” to those
currently on the market.Journal of Economic LiteratureClassification Numbers: C70,
C72, D82, G22, L1.

Key Words: insurance markets, adverse selection, bounded rationality, imita-
tion, local experiments, stochastic stability
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“Realized positive profits, notmaximumprofits, are the mark of success and viability. It
does not matter through what process of reasoning or motivation such success was achieved.
The fact of its accomplishment is sufficient. This is the criterion by which the economic
system selects survivors: those who realizepositive profitsare the survivors; those who
suffer losses disappear.”

Armen A. Alchian,(1950)

1. INTRODUCTION

Ever since Rothschild and Stiglitz’s (1976) seminal work on adverse selection
in insurance markets, the problem of nonexistence of competitive equilibrium in
screening markets has been a puzzle. Whenever Rothschild and Stiglitz’s (RS’s)
competitive equilibrium exists, it consists of the pair of separating contracts which
give the insurance takers the highest possible payoff under the condition that each
contract makes zero profits. We call these theRS contracts. Often, RS’s com-
petitive equilibrium does not exist because each firm has an incentive to deviate
from offering an RS contract by offering a profitable pooling contract instead.
The nonexistence problem becomes even more severe in the variant of the RS
model where each firm may offer several contracts simultaneously; here, pairs of
cross-subsidizing contracts can be profitable deviations, too (see Mas–Colellet
al., 1995, p. 460).

Existing responses to RS tackle the nonexistence problem by changing the orig-
inal equilibrium concept, the firms’ strategy spaces, or the sequential structure
of the interaction. Dasgupta and Maskin (1986) show that a Nash equilibrium
in mixed strategies exists. Wilson (1977) assumes that a deviating contract that
would render some incumbent contracts loss-making, will be introduced only if it
stays profitable after the withdrawal of the loss-making contracts. In this model,
an equilibrium always exists; it consists of a single pooling contract whenever RS
get nonexistence. However, even if one follows Wilson in assuming that firms
anticipate the reactions of other firms before offering a deviating contract, it is
still not clear why a firm could not offer a deviating contract and make profits
until the other firms react. Miyazaki (1977) and Spence (1978) extend Wilson’s
approach by allowing, in addition, for cross-subsidizing contracts. In these mod-
els, equilibria always exist, but may include loss-making contracts. Why does no
firm withdraw the loss-making contract, letting the other firms carry the burden
of cross-subsidization? Riley (1979) introduces the concept ofreactive equilib-
rium. Here, it is the anticipation of further entry that deters firms from offering
a deviating pooling contract, thus the RS contracts always constitute the unique
equilibrium outcome. There exist a few models which vary the sequential struc-
ture of the interaction. In Grossman (1979), insurance takers first send a signal
before firms make their contract offers, while in Hellwig (1987) firms can decline
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to serve contracts after the insurance takers have made their choices. Although in
both models equilibria exist, it is not clear whether the sequential structures reflect
standard competitive markets.1

A gap in this literature is that, in Wilson’s (1977, p. 205) words, it lacks “an ex-
plicitly dynamicmodel, which describes how firms adjust their policies over time,”
although many of the proposed equilibrium concepts are motivated by dynamic
interpretations. Our model provides an explicitly dynamic solution to the equilib-
rium nonexistence problem, and thereby helps to evaluate some of the dynamic
interpretations suggested in the literature.2

In RS’s insurance market,3 there are at least two risk neutral firms and a large
population of risk averse individuals. Each individual is privately informed about
her probability of accident, which may be high or low. Firms offer insurance
contracts, each of which specifies a premium and an indemnity. Every individual
buys a contract which maximizes her expected utility.

We study a dynamic version of RS’s insurance market. At the beginning of each
period, each firm offers a menu of one-period insurance contracts to the individuals.
During the period, accidents occur and indemnities are paid accordingly. At the end
of each period, the firms revise their menus according to the following boundedly
rational rule. All competitors’ contracts which made profits areimitated (i.e.,
added to the firm’s menu), while all loss-making contracts arewithdrawn. With
some small probability, this imitation-and-withdrawal procedure is followed by
an innovation-experiment, which adds a random set of contracts to the menu, or
a withdrawal-experimentwhich removes a random set. Innovation-experiments
are local in the sense that each experimental contract lies in a certain “similarity
radius” of one of the currently offered contracts.4 (Our results continue to hold if
experiments beyond the similarity radius are possible, but occur with much smaller
probability than local experiments; cf. Section 4.)

The menu revision rule seems intuitively appealing. The core of the rule is im-
itation.5 Imitative behavior may be attractive to many decision makers because of
its low informational and computational requirements. Specifically, imitation of
contracts does not rely on information about the population’s characteristics which
may be difficult to obtain, such as risk types and their proportions, wealth levels,

1See also Jaynes (1978), Hellwig (1988), Asheim and Nilssen (1996), and Inderst and Wambach
(2001), for further variations of the sequential structure of the interaction.

2Nöldeke and Samuelson (1997) present a related dynamic model for signaling markets. In Section
5, we compare N̈oldeke and Samuelson’s results to ours.

3It is straightforward to reformulate the paper for Spence’s (1973) job market (cf. Tröger, 1999),
for Bester’s credit market which is described by Hellwig (1987), and also for the standard price-
discrimination setting with two consumer types (e.g., Fudenberg and Tirole, 1992, Section 7.1.1)).

4This assumption is suggested by RS (1976, p. 646): “firms experiment with contractssimilar to
those already on the market.”

5Behavior rules driven by imitation have been analyzed in various contexts; see Björnerstedt and
Weibull (1996), Binmore and Samuelson (1997), Vega-Redondo (1997), Schlag (1998), and Gale and
Rosenthal (1999), among others.
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and utility functions. Instead it solely relies on market experience. Imitation also
helps a firm to keep up with its competitors. Withdrawal of loss-making contracts
appears also natural. As for random local experiments, these may be just “trem-
bles” which result from imperfect imitation, occasional mispricing of contracts,
or distorted communications inside the firm. Alternatively, such experiments may
be a trial-and-error attempt of a firm with little information to increase its market
share. Here, the local nature of experiments may reflect the incentives of the firm’s
manager. If the comparison of the manager’s performance with that of her peers
(or her own past performance) plays a role in evaluating the manager, then she
might have an incentive to confine herself to local experiments. She might fear
that the performance of a non-local experiment can differ too much from that of
the contracts previously on the market, such that the failure of such an experiment
would be disastrous for her evaluation.

The market dynamics resulting from the menu revision rule constitute a ran-
dom (Markov) process. Any collection of firms’ menus is a possible state of the
process, and the transition probabilities depend on the probabilities of the vari-
ous experiments. In this process, the long-run relative frequency of each state is
nonrandom and independent of the initial state. If the long-run relative frequency
stays bounded away from zero for arbitrarily small experimentation probabilities
then the state is called along-run state(cf. Kandoriet al., 1993, and Young, 1993).
Assuming that experimentation probabilities are small, the market will almost al-
ways be in one of the long-run states. Therefore, our predicted market outcome
consists of the contracts which are traded in long-run states.

Without experiments, any steady state of the imitation-and-withdrawal dynam-
ics (“absorbing state”) would give rise to a possible market outcome. For example,
any pair of profitable separating contracts would be a possible market outcome.
Small-probability experimentation constitutes a perturbation which from time to
time triggers a sequence of imitation and withdrawal steps from one absorbing state
to another; those absorbing states which are most “robust” to this perturbation are
the long-run states.

Our main findings are as follows. (a) All states in which the RS contracts
are traded (“RS states”) are long-run states. I.e., the long-run prediction always
includes the RS contracts, no matter which contracts are initially on the market,
and independently of the similarity radius. In particular, neither cross-subsidizing
nor pooling contracts can ever be the unique long-run prediction; they are always
“dynamically unstable”. Cross-subsidizing contracts will successively become
loss-making and therefore be withdrawn one after the other, while any pooling
contract is upset by a local experiment. (b)Everylong-run state is an RS state if
(i) RS’s competitive equilibrium existsor (ii) the similarity radius is sufficiently
small. I.e., whenever RS’s competitive equilibrium exists, it is the unique long-
run prediction; if it does not exist, the RS contracts are still the unique long-run
prediction if experimentation is sufficiently local. The latter prediction relies on
the fact that firms are not able to find best replies; it could not have been obtained



EVOLUTION OF INSURANCE MARKETS 5

with best-response dynamics. (c) If RS’s competitive equilibrium does not exist
and the similarity radius is large (i.e., such that any two feasible contracts are
considered similar), then all absorbing states are long-run states; in particular, the
long-run prediction includes multiple outcomes.

The most important implication of these results is that there exists a unique
long-run prediction – the RS contracts – if one assumes that the similarity radius is
sufficiently small. This can be viewed as a dynamic solution to RS’s equilibrium
nonexistence problem. This solution agrees with the Riley equilibrium, but differs
from the other equilibrium concepts mentioned above. Our results make also clear
that the long-run prediction depends crucially on the size of the similarity radius.
In particular, if the similarity radius is large the equilibrium nonexistence problem
persists in the sense that the long-run prediction includes multiple outcomes.

The rest of the paper is organized as follows. Section 2 specifies the model.
Section 3 states and explains the main results. In Section 4, we discuss alternative
menu revision rules. Section 5 compares our model with related evolutionary
market models. Section 6 concludes. The Appendix contains the main proof.

2. THE MODEL

2.1. Rothschild and Stiglitz’s Insurance Market
Consider a countably infinite population of individuals facing the risk of losing

L > 0 in an accident. Each individual has an initial wealthW . There are two
types of individuals:high risksin proportionλ ∈ (0, 1), who have a probability of
accidentπh, andlow risksin proportion1− λ with a probability of accidentπl ∈
(0, πh). Each individual is privately informed about her risk type. The average
probability of an accident in the population is denotedπhl = λπh + (1− λ)πl.

There aren > 1 firms who may offer insurance to the individuals. Aninsurance
contractc = (I, P ) is characterized by an indemnity,I, and a premium,P . The
insurance taker paysP to the firm, but gets paidI in case the accident occurs.
Each firmj = 1, . . . , n offers a set of insurance contractsSj , its menu. By
s = (S1, . . . , Sn) we denote the collection of menus on the market. The set of all
contracts on the market,∪n

j=1Sj , will alsobe denoted bys (this abuse of notation
should not cause confusion).

Each individual has to decide whether to sign one of the insurance contracts in
s and which one. We assume that an individual’s utility from money is given by a
twice continuously differentiable functionu : IR → IR with u′ > 0 andu′′ < 0.
In particular, the individuals are risk averse. The payoff of an individual of type
i = l, h who buys the insurance contract(I, P ) is given by the expected utility

Ui(I, P ) = πiu(W − P − L + I) + (1− πi)u(W − P ).



6 ANIA, TRÖGER, AND WAMBACH

Each individual maximizes this payoff. If there exists a contractc ∈ s with
Ui(c) > Ui(0, 0) then each individual of typei buys one of the contracts in

arg max
c∈s

Ui(c);

otherwise, typei does not buy a contract. If a contract is offered by two or more
firms, each individual buys from each firm with the same probability. We call
c ∈ s activeif at least one individual buysc; otherwisec is calledidle.

The firms are risk neutral. The expected profit per contract(I, P ) bought by an
individual with expected probability of accidentπ is given by

V ((I, P ), π) = π(P − I) + (1− π)P = P − πI.

Let π(c, s) be the average probability of accident in the set of individuals who buy
c ∈ s; if c is idle we do not defineπ(c, s). Then, any firm which offersc obtains
the expected profitV (c, π(c, s)) per individual who buysc. The sets of contracts
which yield positive and negative expected profits are denoted

B+(s) = {c ∈ s | c is active, V (c, π(c, s)) > 0},
B−(s) = {c ∈ s | c is active, V (c, π(c, s)) < 0}.

Rothschild and Stiglitz (1976) present an analysis of this insurance market. As a
solution concept, RS propose thecompetitive equilibrium set of contracts, which
is defined by the following two conditions: first, each competitive equilibrium
contract is active and makes nonnegative expected profits, and, second, there is
no contract outside the equilibrium set that, if offered, would become active and
make nonnegative expected profits.

RS identify a particular set of contracts,{cRS
l , cRS

h }, as the unique candidate
for a competitive equilibrium set (see Fig. 1). Thehigh risks’ RS contract, cRS

h =
(IRS

h , PRS
h ), is defined byIRS

h = L andPRS
h = πhL. Thelow risks’ RS contract,

cRS
l = (IRS

l , PRS
l ), is defined byUh(cRS

h ) = Uh(cRS
l ) andV (cRS

l , πl) = 0.
Although being indifferent, all high risk individuals buycRS

h . Note that the RS
contracts can be characterized as the pair of separating contracts which give the
individuals the highest possible payoff under the condition that the firms make
zero profits with each contract.

RS point out that a competitive equilibrium set exists (if and) only if the set of
profitable pooling deviations,

P = {c ∈ IR2|V (c, πhl) > 0, Ul(c) > Ul(cRS
l )}

is empty. Indeed, ifP 6= ∅ then{cRS
l , cRS

h } cannot be a competitive equilibrium
set because any contract inP attracts both risk types and makes nonnegative profits.
Our analysis will also make use of theWilson (1977) pooling contract,

chl = (Ihl, Phl) = arg max
c∈IR2

, V (c,πhl)≥0

Ul(c),
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FIG. 1. The set{cRS
l , cRS

h } is RS’s candidate competitive equilibrium. The high risks’ RS
contract,cRS

h , maximizes the high risks’ payoff under the condition that firms make zero profits. The
low risks’ RS contract,cRS

l , is such that that firms make zero profits and the high risks are indifferent
betweencRS

l andcRS
h . Each contract inP is a profitable deviation.

which maximizes the low risks’ payoff among all contracts that yield nonnegative
profits when sold to both types.

2.2. Discretization of the Contract Space
So far, we have assumed that any contract in IR2 can be offered. However, for

our dynamic analysis it is convenient to reduce the contract space to a discrete and
finite grid with a (small)step sizeδ > 0, a largest feasible indemnity,̄I, and a
largest feasible premium,̄P . Precisely, we assume that only contracts in the set

Γδ ≡ {δ, 2δ, . . . , Ī} × {δ, 2δ, . . . , P̄}

are feasible. We also assumeĪ > IRS
h andP̄ > PRS

h ; i.e.,Γδ is large enough to
contain a contract close to the high risks’ RS contractcRS

h (the same is then also
true forcRS

l ). Finally, we make several genericity assumptions.

Assumption 2.1. We haveUi(c) 6= Ui(c′) andUi(c) 6= Ui((0, 0)) for c, c′ ∈
Γδ with c 6= c′, andi = l, h. Moreover,P/I /∈ {πl, πh, πhl}, for all (I, P ) ∈ Γδ.

I.e., no individual is indifferent between different contracts, or between buying
a contract and abstaining from the market; moreover, active contracts make either
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profits or losses in expectation. An important implication of Assumption 2.1 is
that in each state at most two contracts can be active.

The discrete competitive equilibrium setis defined by the same conditions as
its continuous counterpart, except that the set of feasible contracts isΓδ, instead
of IR2. The unique equilibrium candidate are thediscrete RS contracts, {cδ

l , c
δ
h},

defined by

Uh(cδ
h) = max

c∈Γδ, V (c,πh)>0
Uh(c), (1)

Ul(cδ
l ) = max

c∈Γδ, V (c,πl)>0, Uh(c)<Uh(cδ
h
)
Ul(c). (2)

These contracts constitute the discrete competitive equilibrium set if and only if
the set ofdiscrete profitable pooling deviations,

Pδ = {c ∈ Γδ | V (c, πhl) > 0, Ul(c) > Ul(cδ
l )},

is empty. Our analysis will also make use of thediscrete Wilson pooling contract,

cδ
hl = arg max

c∈Γδ, V (c,πhl)>0
Ul(c).

The discrete model approximates its continuous counterpart in the following sense.6

Remark 2. 1.For δ → 0, we havecδ
h → cRS

h , cδ
l → cRS

l , cδ
hl → chl, and

Pδ → P.

In particular, ifδ is sufficiently small, thenPδ = ∅ if and only ifP = ∅.

2.3. Stage Game
The firms’ interaction corresponds to the game in which the firmsj = 1, . . . , n

offer menus,Sj ∈ Mδ ≡ {S|S ⊆ Γδ}, simultaneously and firms’ payoffs are
determined by the anticipated choices of the individuals; we call this thestage
game. The set of strategy profiles is denotedΩδ ≡ (Mδ)n.

The discrete RS contracts are a Nash equilibrium outcome of the stage game
if Pδ = ∅ and a certain “no cross subsidization” condition is fulfilled (cf. Mas–
Colell et al., 1995, p. 465). On the other hand, ifPδ 6= ∅ andδ is small, then the
discrete RS contracts are not a Nash equilibrium outcome (this is because some
profitable pooling deviation is more profitable than both RS contracts together).

2.4. Similar Contracts
Our menu revision rule will assume that firms experiment “with contractssimilar

to those already on the market” (RS, 1976, p. 646). It is convenient to define

6We use the standard topology to define convergence of contracts; i.e.,(Iδ , P δ) → (I, P ) if and
only if Iδ → I andP δ → P . The Hausdorff distance topology is used for convergence of sets,
Pδ → P.
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similarity on IR2; fix a norm|| · || on that space,7 and asimilarity radiusr > 0.
Contractsc, c′ ∈ IR2 are calledr-similar if ||c − c′|| < r. We define ther-
neighborhoodof a set of contractsS ⊆ IR2 with respect to the discrete contract
space; i.e.,

N δ
r (S) = {c′ ∈ Γδ| ∃ c ∈ S, c is r-similar toc′.}.

By r0 we denote the largest similarity radius such that no profitable pooling devi-
ation is similar to a contract that the high risks do not prefer to their RS contract;
i.e., if P 6= ∅ let

r0 = inf
d∈IR2

, Uh(d)≤Uh(cRS
h

), c∈P
||c− d||;

if P = ∅, let r0 = ∞. Note thatr0 > 0. Let us now define an equivalent tor0 in
the discrete contract space. IfPδ 6= ∅, let

rδ
0 = min

d∈Γδ, Uh(d)≤Uh(cδ
h
), c∈Pδ

||c− d||;

if Pδ = ∅, let rδ
0 = ∞. Remark 2.1 impliesrδ

0 → r0 asδ → 0. Therefore:

Remark 2. 2. Let r < r0. Then,r < rδ
0 if δ is sufficiently small.

Note that ifr < rδ
0 then no discrete profitable pooling deviation isr-similar to

a discrete RS contract. Hence, Remark 2.2 implies that ifr < r0 and the step size
δ is sufficiently small and each firm’s menu consists of the discrete RS contracts,
then there exists no profitable single-contract deviation in ther-neighborhood of
this menu. With this in mind, the RS contracts may be called a “local equilibrium”
outcome of the stage game (cf. RS, 1976, p. 646).

2.5. Dynamic Behavior of the Firms
Suppose the insurance market described above opens every periodt = 1, 2, . . ..

Our goal is to determine which contracts are active most frequently in the long run if
menus are periodically revised according to a rule based on imitation, withdrawal,
and occasional experiments.

Any collection of menus,s ∈ Ωδ, is called astate. We call a stateseparating
if two different contracts are active, both make profits, and both are offered by all
firms. Note that in a separating state each firm may offer any set of idle contracts
in addition to the active contracts. A separating state is called anRS stateif the
discrete RS contracts are the active ones. I.e.,s = (S1, . . . , Sn) ∈ Ωδ is an RS
state if (i) {cδ

l , c
δ
h} ⊆ (S1 ∩ . . . ∩ Sn), and (ii) all contracts ins \ {cδ

l , c
δ
h} are

7Our results hold for all norms because of the well-known “equivalence” of norms on IR2. Any two
norms|| · ||1, || · ||2 on IR2 are equivalent in the sense that there existα > 0 andα > 0 such that, for
all c ∈ IR2, α ||c||2 ≤ ||c||1 ≤ α ||c||2.



10 ANIA, TRÖGER, AND WAMBACH

idle. A state is calledpooling if there exists a single active contract, the active
contract is offered by all firms, is bought by both risk types, and makes profits. A
high-risks-onlystate is like a pooling state except that the active contract is bought
by the high risks only, while the low risks do not buy any contract.Idle states are
those in which all contracts on offer are idle. A particular idle state is thedead-
marketstate in which no contract is on offer. States which involve loss-making
contracts belong to none of these categories. There exist separating, pooling, and
high-risks-only states with lots of different active contracts.

Imitation and Withdrawal
Suppose, at the beginning of periodt the market is in state

s(t) = (S1(t), . . . , Sn(t)).

After contracts ins(t) have been traded, accidents have occurred, and profits have
been realized, each firm revises its menu. On making this decision, the firms take
into account the observed profits of the contracts ins(t).

Assumption 2.2. At the end of each period, each firm observes which con-
tracts made positive profits, and which contracts in its own menu made losses.

Given these observations, firms add all profitable contracts to their menus, while
withdrawing all loss-making contracts. I.e., firmj revises its menuSj(t) to the
menu8

S′j(t) =
(
Sj(t) ∪B+(s(t))

)
\B−(s(t)).

Local Experimentation
After imitation and withdrawal have taken place, each firm experiments with

a certain probabilityε < 1 independent across firms and across time. For each
firm j, an experiment is either the withdrawal of a random subset of (idle and/or
active) contracts from its current menu,S′j(t), or the innovation of a random set
of contracts, each of which isr-similar to a contract ins(t). Moreover, firms
may always experiment with small-premium-small-indemnity contracts; i.e., with
contracts that arer-similar to (0, 0). Hence, firmj’s menuSj(t + 1) at the
beginning of periodt + 1 has the following properties.

Sj(t + 1) = S′j(t) if j does not experiment,
Sj(t + 1) ⊆ S′j(t) if j makes a withdrawal-experiment,
S′j(t) ⊆ Sj(t + 1) ⊆ N δ

r (s(t) ∪ {(0, 0)}) if j makes an innovation-experiment.

8 Since the population is countably infinite, by the strong law of large numbers, with probability 1
the set of contracts with positive (resp. negative) realized profits equalsB+(s(t)) (resp.B−(s(t))).
In Section 4 we further discuss the role of the population size.
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The smaller the similarity radiusr is, the more “local” the firms’ experiments
might be called. Ifr is sufficiently large, experimental contracts can be anywhere
on the contract space; for suchr, we say that experimenting isglobal.

The probability distribution over experiments is assumed to be independent of
the period numbert (it depends, however, on the current states(t)). The exact
specification of this distribution will turn out to be irrelevant for the results, up to
the following restrictions.

Assumption 2.3. Each of the following experiments occurs with positive
probability for every firmj: withdrawal of any single contract inS′j(t), and
innovation of any single contract inN δ

r (S′j(t) ∪ {(0, 0)}).

In particular, no firm is required to innovate a contract that is similar only to a
loss-making contract or a competitor’s contract, nor is any firm required to innovate
several contracts simultaneously. Finally, we assume the step sizeδ is so small that
starting from any state (even the dead-market state), an innovation-experimental
contract exists.

Assumption 2.4. We have||(0, δ)|| < r, ||(δ, 0)|| < r, and||(δ, δ)|| < r.

Markov Process
Imitation, withdrawal and experimentation induce the transition from states(t)

at the beginning of periodt to states(t + 1) = (S1(t + 1), . . . , Sn(t + 1)) at
the beginning of periodt + 1. For every pair of statess, s′ ∈ Ωδ the probabil-
ity of transition froms to s′ is denotedP ε,δ

r (s, s′). Note that, by construction,
the transition probabilities do not depend directly ont. The Markov process
P ε,δ

r = (P ε,δ
r (s, s′))s,s′∈Ωδ is called theevolutionary insurance market (with ex-

perimentation rateε, step sizeδ, and similarity radiusr).
A states is calledabsorbingif P 0,δ

r (s, s) = 1; i.e., the absorbing states are
the steady states of the market without experiments (ε = 0). Proposition 2.1
characterizes the absorbing states and shows that the market without experiments
will end up in an absorbing state; before it ends up there, the set of contracts on the
market may shrink, but cannot increase. The RS states are absorbing, but many
other states are, too.

Proposition 2.1. A state is absorbing if and only if it is a separating, pooling,
high-risks-only or idle state. Starting from any states(t), the marketP 0,δ

r reaches
an absorbing states(t′) with s(t′) ⊆ s(t) in some periodt′ ≥ t.

Proof. We start with the characterization of the absorbing states. The “if” part
is immediate from the definition of imitation and withdrawal. For the “only if”
part it is sufficient to show that, starting from any state in periodt, by imitation and
withdrawal a separating, pooling, high-risks-only or idle state is reached. Note
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that the set of contracts on the market cannot increase,

s(t) ⊇ s(t + 1) ⊇ s(t + 2) ⊇ . . . .

Hence, there exists a periodt′′ such that

s(t′′) = s(t′′ + 1) = s(t′′ + 2) = . . . .

By construction, in states(t′′) no firm offers a loss-making contract. There-

fores(t′) (t′ ≡ t′′ + 1) is a separating, pooling, high-risks-only or idle state.

The proof relies on the fact that without experiments no innovations can occur;
after some periods an absorbing state is reached because all loss-making contracts
have been withdrawn, and all possibilities of imitation have been exhausted. The
market is then in a separating, pooling, high-risks-only or idle state, and all such
states are trivially absorbing.

The properties of the market with experiments (ε > 0) are very different from
those of the market without experiments. In particular, no steady state exists
because every state can be left by an experiment. The following remark shows
that the long-run properties of the market are captured by a single probability
distribution which is independent of the initial state. This is a straightforward
implication of standard results (see Freidlin and Wentzell, 1984, Fudenberg and
Levine, 1998, p. 170).9

Remark 2. 3. Consider a processP = P ε,δ
r with ε > 0. There exists a

probability distributionµε,δ
r overΩδ such that

(i) µε,δ
r is the (unique) invariant distribution (i.e.,P · µε,δ

r = µε,δ
r ),

(ii) µε,δ
r = limT→∞ PT · µ0, for every initial distributionµ0,

(iii) for all initial states and with probability 1, the relative frequency of state
s ∈ Ωδ in the firstT periods, converges toµε,δ

r (s) for T →∞.
The limit distributionµδ

r = limε 6=0, ε→0 µε,δ
r exists. Ifs ∈ Ωδ andµδ

r(s) > 0,
thens is absorbing.

A states ∈ Ωδ is called along-run state ifµδ
r(s) > 0 (see Kandoriet al.,

1993, and Young, 1993). Note that only absorbing states can be long-run states.
Assuming that the experimentation rateε is small, (ii) implies that no matter in
which state the market is initially, after a long time it will most probably be in a
long-run state, and (iii) implies that if one looks at the market for a long stretch
of time, one will almost always observe a long-run state. Due to (ii) and (iii),
the contracts which are active in long-run states may be predicted as the long-run
market outcome.

9In particular, ergodicity holds because from any state, the dead-market state can be reached with
positive probability, by simultaneous withdrawal-experiments of all firms, and once in the dead-market
state, there is positive probability of remaining there for one period.
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3. CHARACTERIZATION OF THE LONG-RUN STATES

In this section, we determine the long-run states of the evolutionary insurance
market. We find that (a) the RS states are long-run states for any similarity radius.
Moreover, (b) the RS states are theonly long-run states if RS’s competitive equi-
librium exists or the similarity radius is small. (c) If RS’s competitive equilibrium
does not exist and experimentation is global, every absorbing state is a long-run
state. All results require that the step sizeδ is small. The proof is relegated to the
Appendix.

Proposition 3.1. For all r > 0, there existsδ(r) > 0 such that for all
δ < δ(r),
(a) every RS state is a long-run state,
(b) if Pδ = ∅ or r < r0 then every long-run state is an RS state,
(c) ifPδ 6= ∅andr is sufficiently large then all separating, pooling, high-risks-only
and idle states are long-run states.

The most important implication is obtained from (a) and (b): there exists a
unique long-run prediction – the discrete RS contracts – if one assumes that the
similarity radius is sufficiently small (r < r0). This uniqueness result can be
viewed as a dynamic solution to RS’s equilibrium nonexistence problem. It holds
even if the RS states do not correspond to Nash equilibria of the stage game. If,
however, one cannot assume a small similarity radius, the uniqueness result breaks
down and the set of long-run outcomes is rather large, as shown in (c).10

In the following we outline the market dynamics which underly Proposition 3.1.
Throughout the outline we assume that the step size is sufficiently small; the quali-
fication “discrete” is left out everywhere. We call an experimentisolatedif (i) it is
made in an absorbing state and (ii) after the experiment imitation and withdrawal
will bring the market back to an absorbing state before a further experiment occurs.

To get (a), we show that starting from any absorbing state, there is some sequence
of isolated experiments which brings the market to an RS state. This is sufficient
because the small probability of experiments implies that they will almost always
be isolated. We distinguish four cases (see Fig. 2).

Starting in an absorbing state where the high risks buy their RS contract.(“A”)

We construct a finite sequence of contracts for the low risks, each contractr-
similar to the previous one, which ends with the low risks’ RS contract. All the
contracts in the constructed sequence can be introduced by successive isolated
experiments. Each experimental contract will be imitated. The sequence starts
with the contract which the low risks are buying in the current state; if the low

10It seems also worth mentioning that the expected waiting time until the market first reaches a
long-run state is small, namely of orderε−1; this follows from Ellison (2000).
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FIG. 2. The diagram indicates how starting from any absorbing state, an RS state can be reached
by a sequence of isolated experiments. Every absorbing state is an element of one of the setsA, B, C,
D. The setA includes the RS states. Arrows indicate sequences of isolated experiments.

risks are currently buying no insurance, the sequence starts with a contract that is
r-similar to (0, 0) and provides a bit insurance, such that it attracts the low risks
only and makes profits. The next contract in the sequence is constructed such
that it is profitable and attracts the low risks away from the first contract because
it provides a bit more insurance or is cheaper. In this way, the construction is
continued until a contract is reached such that any other contract that is yet more
attractive to the low risks, while not attracting the high risks, would makes losses;
at this point, the low risks’ RS contract has been reached, and the market is in an
RS state.

Starting in an absorbing state where the high risks do not buy their RS contract,
and the contract they buy would stay profitable if the low risks left the market.
(“B”)

There exists an experimental contract which attracts the high risks (it may also
attract the low risks) and would stay profitable if the low risks left the market.11 If
the new contract is the high risks’ RS contract, an absorbing state of classA above
is reached by imitation. Otherwise, the new absorbing state belongs to classB
again, but the payoff of the high risks has increased in this “loop.”. After finitely

11That such a contract exists is obvious if the current contract is not close to the high-risk zero-profit
line; the experiment consists then in a slight reduction of the premium. Suppose now the current contract
is close to this zero-profit line. If the high risks are about fully insured (i.e., if the current indemnity
is aboutL), then the current contract is similar to the high risks’ RS contract, and thus the latter may
occur by an experiment. If the high risks are currently underinsured, there exists an experiment which
provides a bit more insurance while keeping about constant the profit which is obtained from the high
risks; the overinsurance case is treated analogously.
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many such loops, classA will be reached because the range of feasible payoff
levels is finite.

Starting in a pooling state where the active contract would make losses if the low
risks left the market.(“C”)

First, all idle contracts are removed from the market by a sequence of isolated
withdrawal-experiments. Letc = (I, P ) be the active contract. We may construct
a contractc′ = (I ′, P ′) which is r-similar to c, offers less insurance (I ′ < I)
and has a reduced premium (P ′ < P ). Because the high risks require a larger
reduction of premium than the low risks to accept less insurance,c′ can be chosen
such that it attracts the low risks only. Moreover, choosingc′ sufficiently close toc
assures thatc′ is profitable. A firm which experiments withc′ can be characterized
as “cream-skimming” the low risks. After an experiment withc′, the incumbent
contractc makes losses because only the high risks buy it. Consequently, all firms
withdrawc while imitatingc′. Thenc′ becomes the unique active contract, and it
is bought by everybody.

Suppose first thatc′ now makes losses. In this case, it will be withdrawn and
the dead-market state is reached. I.e., we have described an isolated experiment
which leads to an idle state (classD). Second, suppose thatc′ is still profitable.
In this case, we have described an isolated experiment which leads to classB, or
again to a state of classC, but the payoff of the low risks is increased in this “loop.”
Therefore, eventually classB orD is reached.

Starting in an idle state.(“D”)

Ther-neighborhood of the contract(0, 0) contains a pair of separating profitable
contracts (this holds because each individual is risk averse, and the types differ by
their probabilities of accident). Suppose, a firm makes an isolated experiment with
the contract which is designed for the high risks. This contract makes profits (even
if the low risks buy it, too). Therefore, the experiment is followed by imitation.
Now the contract which is designed for the low risks may be introduced by another
isolated experiment. The result is a separating state (classA orB). This completes
the proof that an RS state can be reached from anywhere by a sequence of isolated
experiments.

To get (b), it is sufficient to show that the RS states are stable with respect to
all isolated experiments ifPδ = ∅ or r < r0. By stability we mean that after any
isolated experiment made in an RS state imitation and withdrawal will bring the
market back to a, possibly different, RS state.

Stability is most obvious for withdrawal-experiments: after one period, the ex-
perimenting firm will imitate from the other firms whatever RS contract it had
withdrawn. Let us turn to innovation-experiments. We can confine ourself to ex-
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periments with at least one profitable contract because in all other cases withdrawal
will bring the market back to an RS state within one period.

Stability with respect to an innovation-experiment with a single contract.

RS’s (1976) original arguments show that to be profitable, an experimental con-
tract must be a profitable pooling deviation; i.e., must be taken fromPδ. However,
if a profitable pooling deviation exists (Pδ 6= ∅) then it cannot be in introduced by
an isolated experiment because the similarity radius is too small (r < r0).

Stability with respect to an innovation-experiment with a pair of cross-subsidizing
contracts.

In the spirit of Miyazaki (1977) and Spence (1978), a firm might innovate two
contractsc andc′ simultaneously:c attracts the low risks because it offers a bit
more insurance than the RS contractcδ

l , andc′ attracts the high risks because it
has a lower premium than the RS contractscδ

h. While c′ obviously makes losses,
it is useful for distracting the high risks fromc so thatc attracts the low risks only
and makes profits; i.e.,c andc′ “cross-subsidize” each other. If the proportion of
low risks in the population is large enough, the overall profit ofc andc′ can be
positive.

However, in the third period after the pair of cross-subsidizing contracts has
occurred, the market will have returned to an RS state. In the first period after the
experiment, all firms will imitate the low risks’ contractc, while still offering the
(idle) RS contracts. At the same time, the experimenting firm will withdrawc′.
Therefore, two periods after the experiment,c will attract both types and thus will
make losses. Consequently, at the end of the periodc will be withdrawn such that
the market is again in an RS state.

No new issues arise from innovation-experiments with three or more contracts:
at least one experimental contract will make losses, and after it is withdrawn an-
other experimental contract will start making losses so that the market eventually
returns to an RS state.

To get (c), it is sufficient to construct a sequence of isolated experiments from the
RS state without idle contracts toanyabsorbing state. The construction begins with
an innovation-experiment with the Wilson pooling contract. After it is imitated, the
RS contracts are removed by a sequence of withdrawal-experiments. Now a cream-
skimming experiment leads to the dead-market state. From there, any absorbing
state with a unique active contract is reached by an innovation-experiment with just
this contract, followed by a sequence of innovation-experiments with idle contracts.
To reach a separating state instead, it is sufficient that an isolated experiment with
the high-risks’ contract is followed by an isolated experiment with the low risks’
contract, and this is followed by the innovation of any idle contracts.
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4. SOME REMARKS ABOUT THE MENU REVISION RULE

Items 1–4 discuss alternative imitation-and-withdrawal rules, items 5–8 discuss
alternative experimentation rules, item 9 highlights the role of the population size,
and item 10 is about best-response dynamics.

1. The assumption that each period all firms imitate all profitable contracts can
be weakened. First of all, inertia (cf. Kandoriet al., 1993) could be introduced, in
the sense that each period each firm with some probability smaller than 1 does not
imitate. Secondly, it is not crucial that an imitating firm always addsall profitable
contracts to its menu; rather, each profitable contract must be added with positive
probability which may, e.g., depend on the contract’s profitability or on the number
of firms offering this contract. If, however, all firms are so cautious that each
period only themostprofitable contract is imitated, and innovation-experiments
are restricted to contracts similar to those in the experimenter’s own menu (rather
than to any current market contract), the RS contracts are in some cases not the
unique long-run outcome even if the similarity radius is arbitrarily small,12 in
contrast to Proposition 3.1 (b).

2. According to Assumption 2.2, each firm is able to identify the set of profitable
contracts on the market. Alternatively, we may assume that firms only observe
competitors’ menus andtotal profits, while the profitability ofindividualcontracts
is not generally observable. Under this assumption, our imitation rule is not
feasible, but firms might still imitate the contracts of the most successful firm
and withdraw loss-making contracts, as follows. Denote byJ∗(t) the set of firms
which have maximum profits among all firms. Any firmj 6∈ J∗(t) changes its
menu to

S′j(t) = (Sj(t) ∪ Sj∗(t)) \
(
B−(s(t)) ∩ Sj(t)

)
,

with anyj∗ ∈ J∗(t); any firmj ∈ J∗(t) changes its menu to

S′j(t) = Sj(t) \B−(s(t)).

This rule yields essentially the same market dynamics as the rule analyzed in the
main text.

3. We have defined imitation such that profitable contracts of competitors are
addedto the imitator’s menu, while existing profitable contracts in the imitator’s
menu areretained. Alternatively, imitation could be defined as thesubstitutionof
the imitator’s existingmenufor a more profitable competitor’s menu. That would
be closer to the existing literature on imitation (see footnote 5 and Section 5),

12Consider, for instance, the case where the high risks’ discrete RS contract would be less profitable
than the low risks’ even if the former were offered by one firm and the latter by all. In this case, the dead-
market state is a long-run state because starting from the RS state without idle contracts, a sequence of
isolated withdrawal-experiments removes the high risks’ contract from the market, implying that the
low risks’ contract makes losses and the dead-market state is reached by withdrawal.
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where imitation is usually defined as the substitution of one’s strategy by that of
someone else with higher payoff. No imitation rule of that kind, however, makes
the RS contracts the unique long-run outcome, no matter how small the similarity
radius is. This is because, in contrast to the discussion on p. 16, the RS states are
not stable with respect to cross-subsidizing experiments. To restore stability, one
has to assume that no experiment innovates more than one contract.13

4. We have assumed that idle contracts are not withdrawn except via an ex-
periment. A maybe more plausible alternative assumption would be that firms
withdraw all contracts that stay idle for a fixed numberm of consecutive peri-
ods.14 In such a market, Proposition 3.1 (a) and (c) hold (with appropriately
adapted definitions of the various types of absorbing states). However, it is easy
to see that (b) fails ifm = 1; i.e., our solution to the equilibrium nonexistence
problem breaks down if idle contacts are withdrawn very quickly.15 Proposition
3.1 (b) goes through if the number of new contracts in innovation-experiments is
bounded above andm is sufficiently large. In other words, our solution to the
equilibrium nonexistence problem is restored if firms are conservative both in the
sense that they do not innovate too many contracts at once, and that they do not
withdraw idle contracts too quickly. For example,m ≥ 3 is sufficient to restore
Proposition 3.1 (b) if innovation-experiments do not involve more than two con-
tracts. To see this, suppose that at the end of a period where the market is in an
RS state, some innovation-experiment introduces up to two new contracts to the
market. Arguments like those on p. 16 show that each of the new contracts will be-
come loss-making, and thus be withdrawn, within at most two periods. Therefore,
the RS contracts are idle for at most two periods, and thus will not be withdrawn
if m ≥ 3.

5. We have assumed that no firmeverexperiments with a contract that is not
r-similar to one currently on the market or to(0, 0). This assumption can be
weakened: global experiments may occur if their probability is much lower than
that of local experiments. More precisely, we may allow that with probability
ε2 a firm makes a global experiment (the probability of no experiment is then
1−ε−ε2, so we add the assumptionε < 1/2). Our results continue to hold because

13We conjecture that this assumption restores all our results if imitation is based on substitution with
additional conditions like those introduced in Alós-Ferreret al. (2000).

14The state space of the underlying Markov process must be augmented in order to take account of
such a rule; i.e., the state at the beginning of periodt includes the current collection of menus as well
as the collections of menus offered during the periodst − m + 1, . . . , t − 1. As a consequence, a
state is absorbing only if all firms offer the same menuS for m consecutive periods and no contract in
S is idle.

15To see this, suppose the market is in an RS state. If one firm experiments, for example, with a
reduction of premium of the high risks’ RS contract, the experimental contract will make losses while
the high risks’ RS contract becomes idle. Hence, at the end of the period only the low risks’ RS contract
will remain on the market. In the subsequent period, this contract will make losses, too, because it
attracts all individuals. Therefore, the dead-market state is reached by an isolated experiment. Together
with Proposition 3.1 (a), this argument shows that ifm = 1 the dead-market state is a long-run state
for any similarity radius, in contrast to Proposition 3.1 (b).
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any sequence of isolated experiments has a much higher probability than a global
experiment if experiments are rare. Put differently, after any global experiment,
the market will usually reach an RS state long before the next global experiment
occurs.

6. According to Assumption 2.3, withdrawal-experiments may include prof-
itable contracts. This seems implausible if experiments are trial-and-error attempts
to increase market share, as we suggested in the Introduction. Fortunately, such
experiments are not needed anywhere except in the proof of Remark 2.3 (see
footnote 9). To restore Remark 2.3, it is sufficient to add the assumption of a
sufficiently small step size. To see this, note that the proof of Proposition 3.1 (a)
shows that the RS state without idle contracts can be reached from any state with
positive probability ifδ is sufficiently small; hence, this RS state, instead of the
dead-market state, can be used in footnote 9. Although withdrawal-experiments
with profitable contracts are not essential, we have allowed for such experiments
in order to make clear that, if isolated, they cannot destabilize the RS states (cf.
Proposition 3.1 (b)).

7. Our definition of similarity allows innovation-experiments with contracts
which neither underbid the premium nor overbid the indemnity, of any of the con-
tracts previously on the market. Such experiments will obviously not attract any
individual (unless other contracts are withdrawn). Therefore, such experiments
appear implausible in the context of our suggestion in the Introduction that experi-
ments are trial-and-error attempts to increase market share. Because the only step
where we use these implausible experiments is in the proof of Lemma A.3, none
of our predictions about long-run market outcomes would change without these
experiments; in particular, Proposition 3.1 would go through if (a) were changed
to: “the RS state without idle contracts is a long-run state.”

8. Innovation-experiments with small-premium-small-indemnity contracts are
essential to Proposition 3.1. Without such experiments, the dead-market state is
the unique long-run state, because it is reached with positive probability and cannot
be left.

9. Our assumption that the population is countably infinite simplifies the dy-
namics because it implies that realized profits equal expected profits (cf. footnote
8). If the population is finite, the dynamics depend on the size of the population,
N , relative to the experimentation rate,ε. Our results hold if, for any givenε,
N is large. In fact, the weak law of large numbers implies that ifN is suffi-
ciently large the probability that realized and expected profits differ significantly
is arbitrarily small. LetPN,ε,δ

r be the Markov process of the insurance market
with population sizeN ; let µN,ε,δ

r be the respective invariant distribution. Then,
P ε,δ

r = limN→∞ PN,ε,δ
r , which implies thatµδ

r = limε→0 limN→∞ µN,ε,δ
r .

It is easy to see that our results do not go through if the order of limits is re-
versed; i.e., if, for any givenN , ε is small. Indeed, any contract(I, P ) with
I > P can make losses because everybody in the whole population may have
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an accident. Moreover, individuals never buy contracts withI ≤ P . Thus, in
every feasible state there is positive probability that all active contracts are with-
drawn without an experiment. Therefore, for any fixed population size, the unique
long-run prediction is that no contracts are traded. In particular, the distribution
limN→∞ limε→0 µN,ε,δ

r puts all its weight on the idle states.
10. An important alternative to our menu revision rule isbest-response, where

firms play myopic best replies, with or without inertia, to the competitors’ previous-
period menus. Assume for simplicity that firms never offer contracts they expect to
be idle. Best-response dynamics are very different from our dynamics. First, any
absorbing state corresponds to a Nash equilibrium of the stage game. This situation
differs remarkably from the vast multiplicity of non-equilibrium absorbing states
identified in Proposition 2.1. Second, if RS’s competitive equilibrium does not
exist andδ is small then even the RS state without idle contracts fails to be a Nash
equilibrium of the stage game and thus also fails to be an absorbing state; in this
case, the discrete RS contracts cannot be the unique market outcome, in contrast
to Proposition 3.1.16

In Section 5, we discuss N̈oldeke and Samuelson’s (1997) perturbed best-response
dynamics for signaling games, adapted to the insurance market. These dynamics
are very different from the best-response dynamics discussed above. In partic-
ular, NS’s model predicts a vast multiplicity of absorbing states, each of which
corresponds to a sequential equilibrium of the underlying signaling game.

5. RELATED EVOLUTIONARY MARKETS

In this section we review related evolutionary papers. Our menu revision rule is
inspired by those in Vega-Redondo (1997) and Alós-Ferreret al. (1999). N̈oldeke
and Samuelson (1997) analyze evolutionary dynamics in signaling markets.

Vega-Redondo (1997) studies evolution in Cournot markets. There, each firm
has a one-dimensional decision variable, quantity. Hence, the firms’ strategy space
is quite different from that of the insurance market where each firm may offer any
finite menu of two-dimensional contracts. Vega-Redondo shows that imitation and
experimentation lead to the Walrasian market outcome. That is, as in our case,
the “competitive” outcome is selected. In Vega-Redondo, this selection is due to
the effect ofspite– a firm that experiments with the Walrasian quantity may hurt
itself in terms of profits, but it will hurt its competitors even more. However, in

16In addition to absorbing states, there may exist nonsingleton absorbing sets which represent
possible market outcomes. Characterizing all absorbing sets appears complicated. It is not even clear
whether the RS state without idle contracts is always contained in an absorbing set. A sufficient
condition would be that, starting from any state, some sequence of transitions leads to the RS state.
This condition would imply the existence of a unique absorbing set containing the RS state. In case
of nonexistence of RS’s competitive equilibrium, the absorbing set would also contain pooling states.
Furthermore, the absorbing set would be identical to the set of long-run states of the best-response
dynamics with random experimentation, whether local or global.
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our case, the competitive outcome is selected because by undercutting premium
or increasing indemnity, customers are attracted and competitors are hurt, as in
Bertrand competition.17

Al ós-Ferreret al. (1999) analyze a model closely related to the one in Vega-
Redondo (1997), but in a context where returns to scale may be increasing – the
Walrasian equilibrium may not exist – and with explicit entry and exit of firms.
Behavior there is based on imitation andlocalexperimentation. For a fixed number
of firms, it is shown that due to the effect of spite the dynamics lead to the quantity
corresponding to a symmetric marginal cost-pricing equilibrium as defined in the
theory of general equilibrium with non-convex technologies.18 For convex costs,
this corresponds to the Walrasian equilibrium.

Nöldeke and Samuelson (1997) present an evolutionary model for a wide range
of signaling markets.19 Adapted to RS’s insurance market – a screening market
– NS’s model reads as follows. The firms are represented by a single firm. Its
menu includes exactly one contract per feasible indemnity. The firm has a belief
about the proportion of insurance takers of each risk type who will choose each
contract. Premia are calculated such that, given the beliefs, the expected profits
with each contract are zero; i. e., the firm prices competitively. The underlying
idea is that the firms on the market are in Bertrand competition for each indemnity,
so all firms offer an identical menu: the menu of the representative firm. The state
of the market is given by the beliefs (or, equivalently, the current menu). Beliefs
are updated according to the previous period’s market experience, but occasionally
an off-play-path belief mutates randomly. Via the zero-profit condition, updates
and mutations, in effect, change premia. In particular, a mutation may result in
anypremium that can be rationalized by a belief.

NS’s model differs from ours in several respects. First, NS do not introduce a
concept of local mutation. Thus, their model lacks anything similar to our local
experiments. Second, NS’s model is best-response based, while ours is imitation
based. This implies quite different assumptions in terms of what firms observe.
In order to follow NS’s menu revision rule, firms must observe the population’s
characteristics (risk types and their proportions, wealth levels, and utility func-
tions), while our menu revision rule is independent of these characteristics. On
the other hand, our menu revision rule requires that firms observe profits of com-
petitors.20 Beyond that, an important difference is that imitation requires much
less sophistication than finding a best reply.

17Al ós-Ferreret al. (2000) analyze an evolutionary model based on imitation for the Bertrand
market.

18See Aĺos-Ferreret al. (1999) for the exact definition.
19A related model is Jacobsenet al. (2001).
20This raises the idea that, depending on what firms observe, they might use our menu revision rule

(or a different rule based on imitation) in some circumstances, but NS’s (or the best-response dynamics
discussed in Section 4) in others. Hucket al. (1999) present an experiment which supports a similar
idea in a Cournot market. We are grateful to a referee for pointing this out.
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Adapted to the insurance market, NS’s model predicts that whenever RS’s com-
petitive equilibrium exists, the RS contracts are the unique long-run outcome; in
case of nonexistence, the market has multiple long-run outcomes including the RS
contracts and the Wilson pooling contract.21 The multiplicity is not as severe as
in our model because of NS’s zero-profit condition. Still, our results with global
experimentation are similar to NS’s. This may seem remarkable, given that the
details of the dynamics are so different.22

6. CONCLUSION

We have tackled the equilibrium nonexistence problem in Rothschild and Stig-
litz’s insurance market in a dynamic context with boundedly rational firms. The
behavioral rule underlying our dynamics is based on imitation of profitable con-
tracts, withdrawal of loss-making contracts, and local experimentation. We show
that the RS candidate competitive equilibrium is the unique long-run market out-
come in that case. This result relies on both, imitation and local experimentation;
it would break down if either non-local experiments were as likely as local exper-
iments, or firms were able to find best replies. However, we believe that imitation
and local experimentation are plausible for firms operating in real markets with
incomplete information. It is unrealistic to assume that firms always have enough
information and computation capability to find best replies. It is also more realistic
to assume that an experimenting firm makes a local innovation rather than trying
out something completely novel.

21To see this, assume that there exists a fine grid of indemnities, including, in NS’s notation,x = Iδ
l ,

x = Iδ
h, andx∗ = Iδ

hl. NS’s Proposition 2 and Lemma 3 imply that the insurance market has a unique
recurrent set, the states of which are the long-run states. Hence, the RS contracts are the unique long-
run outcome if and only if RS’s competitive equilibrium exists (see NS, Proposition 3). The Wilson
pooling contract is never theuniquelong-run outcome (see NS, Proposition 4, [4.2](a)). In case of
nonexistence of RS’s competitive equilibrium, the Wilson pooling contract is a long-run outcome, but
not the unique one (see NS, Proposition 5). NS do not prove that the RS outcome is also a long-run
outcome in the nonexistence case. Here is a sketch of a proof. It is sufficient to construct a sequence of
isolated mutations from the Wilson outcome to the RS outcome. The sequence starts with mutations
which increase the premia of all contracts, except the Wilson pooling contract, such that these contracts
make zero profits when bought by the high risks only; at this point, the high risks’ RS contract is already
offered, but is idle. Then, starting from the Wilson pooling contract, a sequence of cream-skimming
mutations makes the low risks’ RS contract appear, and the risk types separate.

22In particular, our cream-skimming dynamics differ from NS’s. Suppose the current active contract
is the Wilson pooling contract. It is true that in both models, a cream-skimming mutation/experiment
will attract both risk types after one period (in our model, the previous contract is simply withdrawn,
while in NS’s model, the premium of the previous contract is increased so that it becomes unattractive
even for the high risks). Now making losses, the cream-skimming contract is then withdrawn according
to our model, so that the dead-market state is reached unless the previous state included idle contracts.
In NS’s model, however, the premium of the cream-skimming contract is increased, so that the contract
makes zero profits as a pooling contract. Hence, in their model another cream-skimming mutation may
occur, and the RS outcome can be reached by a sequence of such isolated mutations.
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The main contribution of our paper is that it offers a dynamic analysis of Roth-
schild and Stiglitz’s insurance market with boundedly rational firms, thereby over-
coming the problem of nonexistence of a prediction.

APPENDIX

Here we prove Proposition 3.1. The analysis of the market dynamics is done in
Lemmata A.3–A.6. To prepare that, we provide the technical Lemmata A.1 and
A.2. Some notation is introduced first. We think of individuals’ indifference curves
as functions that assign premia to indemnities. Given any contractc ∈ IR2, the
slope of typei’s (i = l, h) indifference curve atc is denotedsli(c) < 1. Continuity
of u′ implies thatsli reaches a maximum valuesi < 1 in [0, Ī]× [0, P̄ ]. Moreover,
becauseu′′(·) is continuous, there exist a finite upper bound−s̃1 < 0 and a finite
lower bound−s̃2 < 0 for the second derivative of the low risks’ indifference curve
at any contract in[0, I]× [0, P ].

The following sets will play a central role throughout the proof. For allδ > 0,
and allc ∈ Γδ, let

Uδ
h(c) = {c′ ∈ N δ

r (c) | Uh(c′) > Uh(c), V (c′, πh) > 0},
Uδ

hl(c) = {c′ ∈ N δ
r (c) | Ul(c′) > Ul(c), V (c′, πhl) > 0},

Uδ
l (c) = {c′ ∈ N δ

r (c) | Ul(c′) > Ul(c), V (c′, πl) > 0, Uh(c′) < Uh(cδ
h)}.

Lemma A.1 provides “local” characterizations ofcδ
h, cδ

hl andcδ
l .

Lemma A.1. Let r > 0. Then, there existsδ > 0 such that (i), (ii), and (iii),
hold for all 0 < δ < δ and all c ∈ Γδ.

(i)
(
V (c, πh) > 0 andUδ

h(c) = ∅
)
⇐⇒ c = cδ

h.

(ii)
(
V (c, πhl) > 0 andUδ

hl(c) = ∅
)
⇐⇒ c = cδ

hl,

(iii)
(
V (c, πl) > 0 andUh(c) < Uh(cδ

h) andUδ
l (c) = ∅

)
⇐⇒ c = cδ

l .

Proof. We only prove (i) (the proofs of (ii) and (iii) are similar and hence
omitted). The “⇐”-part of (i) is obvious, for allδ > 0. To prove “⇒” in (i),
considerI1, I2, P3 ∈ IR+ such thatI1 < L < I2 < I andπhI2 < P3 < P .
Define sets of contracts

M1 = {(I, P ) ∈ IR2
+|I < I1, πhI < P ≤ P3},

M2 = {(I, P ) ∈ IR2
+|I2 < I ≤ I, πhI < P},

M3 = {(I, P ) ∈ IR2
+|I ≤ I2, P3 < P ≤ P}.
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In fact, becausecRS
h = (L, πhL), we can chooseI1, I2, P3 such that1

∀c ∈ IR2
+, V (c, πh) > 0 : c ∈ Br/2(cRS

h ) ∪M1 ∪M2 ∪M3.

Together withcδ
h → cRS

h this implies that there existsδ0 > 0 such that

∀0 < δ < δ0, c ∈ IR2
+, V (c, πh) > 0 : c ∈ Br(cδ

h) ∪M1 ∪M2 ∪M3.(A.1)

Next we show fork = 1, 2, 3 the existence of aδk > 0 such that

∀0 < δ < δk, c ∈ Mk ∩ Γδ : Uδ
h(c) 6= ∅. (A.2)

We start withk = 1. ChooseI ′1 such thatI1 < I ′1 < L, andP ′3 such that
P3 < P ′3 < P . Define

M ′
1 ≡ {(I, P ) ∈ IR2

+|I < I ′1, πhIP ≤ P ′3} ⊇ M1.

Let s = infc∈M ′
1
slh(c) < sh < 1 be the infimum slope of allh-indifference

curves through contracts inM ′
1. BecauseI ′1 < L, we haves > πh.

For alld > 0 let

δ1(d) =
d(s− πh)

2
> 0.

For all c = (I, P ) ∈ IR2
+ andd > 0, we define an open square,

Q(c, d) =
]
I + d− δ1(d), I + d

[
×

]
P + πhd, P + πhd + δ1(d)

[
,

a cone section

N(c, d) = {(I ′, P ′) ∈ IR2
+|I < I ′ < I + d, πh <

P ′ − P

I ′ − I
< s},

and a rectangle

R(c, d) =]I, I + d[ × ]P, P + sd[.

A calculation shows

Q(c, d) ⊆ N(c, d) ⊆ R(c, d). (A.3)

Definingd = min{I ′1 − I1, (P ′3 − P3)/s}, we get

∀0 < d < d, c ∈ M1 : R(c, d) ⊆ M ′
1. (A.4)

1For allr > 0 andc ∈ IR2, the open|| · ||-ball with centerc and radiusr is denotedBr(c) = {c′ ∈
IR2| ||c′ − c|| < r}.



EVOLUTION OF INSURANCE MARKETS 25

In particular, (A.3) and (A.4) imply

Q(c, d) ⊆ R(c, d) ⊆ M ′
1 ⊆ [0, I]× [0, P ],

and hence (using thatQ(c, d) has the side lengthδ1(d)),

∀0 < d < d, 0 < δ < δ1(d), c ∈ M1 : Q(c, d) ∩ Γδ 6= ∅. (A.5)

From (A.3) and (A.4) we getN(c, d) ⊆ M ′
1. Together with the definition ofs this

yields

N(c, d) ⊆ {c′ ∈ IR2
+ | Uh(c′) > Uh(c), V (c′, πh) > 0}. (A.6)

Because all norms in IR2 are equivalent, there exists0 < d̃ < d such that

∀c ∈ IR2
+ : R(c, d̃) ⊆ Br(c). (A.7)

Definingδ1 = δ1(d̃), (A.3), (A.5), (A.6), and (A.7) imply that

∀0 < δ < δ1, c ∈ M1 : Q(c, d̃) ∩ Uδ
h(c) 6= ∅.

From this, (A.2) is immediate fork = 1.
For k = 2, the proof of (A.2) is obtained by a similar geometric construction.

We omit the details. We now show (A.2) fork = 3. Because all norms in IR2 are
equivalent, there existsδ

′
3 > 0 such that

∀c = (I, P ) ∈ IR2
+ : (I, P − δ

′
3) ∈ Br(c).

Therefore, definingδ3 = min{δ′3, P3 − πhI2} > 0 we get

∀c = (I, P ) ∈ M3 ∩ Γδ, 0 < δ < δ3 : (I, P − δ) ∈ Uδ
h(c).

This implies (A.2) fork = 3. Now defineδ = min{δ0, . . . , δ3}.
To complete the proof of “⇒” in (i), let 0 < δ < δ, c ∈ Γδ, V (c, πh) > 0 and

Uδ
h(c) = ∅. Then, (A.1) and (A.2) fork = 1, 2, 3 together imply thatc ∈ Br(cδ

h).
Consequently,cδ

h ∈ N δ
r (c), implying c = cδ

h.

Lemma A.2 considers contracts such that the indemnity is at leastν1 > 0 and
the profit with a low risk is at leastν2 > 0. The neighborhood of any such contract
is shown to contain a contract which attracts only the low risks and makes profits
if δ is sufficiently small.



26 ANIA, TRÖGER, AND WAMBACH

Lemma A.2. Let r > 0, ν1 > 0, ν2 > 0, and

K ≡ {(I, P ) ∈ IR2 | ν1 ≤ I ≤ Ī , πl · I + ν2 ≤ P ≤ P̄}.

There existsδ > 0 such that for all0 < δ < δ̄ and allk ∈ K ∩ Γδ, we have

∅ 6= Cδ(k) ≡ {c′ ∈ N δ
r (k) | Uh(c′) < Uh(k), Ul(c′) > Ul(k), V (c′, πl) > 0}.

Proof. We define

∆s = min
c∈[0,I]×[0,P ]

slh(c)− sll(c) > 0.

For all

0 < d < d ≡ min{∆s

2s̃2
, ν1,

ν2

sh
}, (A.8)

let δ(d) = (d∆s)/4 > 0. For allc = (I, P ) ∈ IR2
+ and0 < d < d, we define an

open square,

Q(c, d) =]I−d, I−d+δ(d)[× ]P−(slh(c)−∆s

2
)d−δ(d), P−(slh(c)−∆s

2
)d[,

a cone section

N(c, d) = {(I ′, P ′) ∈ IR2
+|I − d < I ′ < I, slh(c)− ∆s

2
<

P − P ′

I − I ′
< slh(c)},

and a rectangle

R(c, d) =]I − d, I[ × ]P − dsh, P [.

A calculation shows

Q(c, d) ⊆ N(c, d) ⊆ R(c, d). (A.9)

Moreover, usingd < min{ν1, ν2/sh} from (A.8), we get

∀k ∈ K : R(k, d) ⊆ {c′ ∈ [0, I]× [0, P ]|V (c′, πl) > 0}. (A.10)

In particular, (A.9) and (A.10), withc = k, imply

Q(k, d) ⊆ R(k, d) ⊆ [0, I]× [0, P ],
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and hence (using thatQ(k, d) has the side lengthδ(d)),

∀0 < d < d, 0 < δ < δ(d), k ∈ K : Q(k, d) ∩ Γδ 6= ∅. (A.11)

Moreover, a calculation yields that2

∀k ∈ K : N(k, d) ⊆ {c′ ∈ IR2
+ | Uh(c′) < Uh(k), Ul(c′) > Ul(k)}.(A.12)

Because all norms in IR2 are equivalent, there exists0 < d̃ < d such that

∀c ∈ IR2
+ : R(c, d̃) ⊆ Br(c). (A.13)

Definingδ = δ(d̃), (A.9), (A.10), (A.11), (A.12), and (A.13), withc = k, imply
that

∀0 < δ < δ, k ∈ K ∩ Γδ : Q(k, d̃) ∩ Cδ(k) 6= ∅,

which completes the proof.

Now we turn to the analysis of the dynamics. For any two statess, s′ ∈ Ωδ the
resistancer(s, s′) is the minimum number of experiments in any finite sequence
of transitions that brings the process froms to s′ (cf. Young, 1993). A nonempty
setQ ⊆ Ωδ is calledabsorbingif Q is minimal with respect to the property that
for all s ∈ Q, s′ /∈ Q we haver(s, s′) 6= 0. A states is calledabsorbingif {s}
is an absorbing set. Proposition 2.1 shows that every absorbing set is a singleton,
and characterizes the absorbing states.

A sequence of isolated experimentsfrom an absorbing states to an absorbing
states′ is defined as a finite sequence of absorbing statess1, . . . , sq (q ≥ 1)
such thats1 = s, sq = s′, and r(si, si+1) = 1 for i = 1, . . . , q − 1. If a
sequence of isolated experiments froms to s′ exists, we writes ⇒ s′. We write
s ⇐⇒ s′ if s ⇒ s′ ands′ ⇒ s. An equivalence classR of⇐⇒ is called alocally
stable componentif there do not exist absorbing statess ∈ R ands′ /∈ R with
r(s, s′) = 1. By Nöldeke and Samuelson (1993, Proposition 1) the set of long-run
states is the union of some of the locally stable components.

Lemma A.3 shows that if a locally stable component includes one RS state then
it includes all. Lemma A.4 shows that any locally stable component must include

2To see (A.12), letI′ 7→ f(I′) denote thel-indifference curve through the contractk. It is sufficient
to show the following: ifI′ ∈]I − d, I[ thenf(I′)− ((slh(k)−∆s/2)(I′ − I) + P ) > 0.
Usingf(I) = P , andf ′(I) = sll(k), andslh(k) − ∆s/2 ≥ sll(k) + ∆s/2, Taylor’s theorem
(expansion with centerI, first order approximation with second order error term) yields

f(I′) ≥ (I − I′)(
∆s

2
−

I − I′

2
(−f ′′(I∗)))

with someI∗ ∈ [I′, 2I− I′]. To get the desired inequalityf(I′) > 0, one now uses−f ′′(I∗) ≤ s̃2,
andI − I′ < d, and the assumptiond < ∆s/(2s̃2) from (A.8).
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an RS state. These two results imply (a). Lemma A.5 implies (b), and Lemma
A.6 implies (c).

Let Rδ be the set of RS states.

Lemma A.3. If s, s′ ∈ Rδ thens ⇒ s′.

Proof. By withdrawal-experiments,s ⇒ v ≡ (S, . . . , S), whereS = {cδ
l , c

δ
h}.

It remains to be shown thatv ⇒ s′.
Fix some(I, P ) ∈ S, and let(I ′, P ′) be an idle contract(I ′, P ′) offered by firm

j in states′. Note thatP ′ > P or I ′ > I. Assumej = 1, P ′ ≥ P , andI ′ ≥ I;
all other cases are omitted because they can be treated analogously.

Consider the following sequence of contracts (withq chosen appropriately):

(c1, . . . , cq) ≡ ((I, P ), (I, P + δ), (I, P + 2δ), . . . , (I, P ′),
(I + δ, P ′), (I + 2δ, P ′), . . . , (I ′, P ′)).

Fork = 1, . . . , q, let sk be the state in which firm 1’s menu is{c1, . . . , ck} ∪ S,
and each other firm’s menu isS.

All contracts{c2, . . . , cq−1} are idle in all statess1, . . . , sq (note thatc1 or
cq are preferred). Therefore, the statess1, . . . , sq are absorbing. In statesk

(k = 1, . . . , q − 1), the contractck belongs to the menu of firm 1. Hence, there
exists an experiment which adds contractck+1 to the menu of firm 1, implying

v = s1 ⇒ . . . ⇒ sq.

Repeating these arguments, one sees that there exists a sequence of isolated exper-
iments fromv to v′, wherev′ is an absorbing state such that (i) the set of profitable
contracts isS, and (ii) if any firm offers any idle contract in states′ this firm offers
the same idle contract also inv′. Using withdrawal-experiments with idle contracts,
it is clear that a sequence of isolated experiments fromv′ to s′ exists. In summary,

we have showns ⇒ v ⇒ v′ ⇒ s′.

Lemma A.4. Let r > 0. For all sufficiently smallδ > 0, the following holds.
For all absorbing statess ∈ Γδ there existsw ∈ Rδ such thats ⇒ w.

Proof. Let [s]i denote the contract bought by typei in states (and[s]i = (0, 0)
if type i abstains from the market). Each absorbing state belongs to one of the
following sets.

A = {s ∈ Γδ | s is absorbing, [s]h = cδ
h},

B = {s ∈ Γδ | s is absorbing, [s]h 6= cδ
h, V ([s]h, πh) > 0},
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C = {s ∈ Γδ | s is pooling, V ([s]i, πh) < 0},
D = {s ∈ Γδ | s is idle}.

Proving the statementsA toD below will complete the proof of the lemma because
of the following construction. Starting with anys, determine which of the setsA
to D containss and apply the appropriate statement A, B, C, or D, to get some
s′ with s ⇒ s′. Now apply the appropriate statement tos′ in the role ofs to get
somes′′ with s′ ⇒ s′′ (implying s ⇒ s′′), and so on. Eventually, statementA is
applied and one gets the desiredw ∈ Rδ (B andC occur only finitely many times
because the rangesUi(Γδ) are finite).

A. ∀s ∈ A ∃w ∈ Rδ : s ⇒ w.

B. ∀s ∈ B ∃s′ : s ⇒ s′, (s′ ∈ A or (s′ ∈ B, Uh([s′]h) > Uh([s]h))).
C. ∀s ∈ C ∃s′ : s ⇒ s′, (s′ ∈ B ∪ D or (s′ ∈ C, Ul([s′]l) > Ul([s]l))).
D. ∀s ∈ D ∃s′ ∈ A ∪ B : s ⇒ s′.

To proveA, we construct a finite sequence of contracts(c1, c2, . . . , cq) (q ≥ 1). If
[s]l 6= (0, 0) then letc1 = [s]l; otherwise, for all sufficiently smallδ, there exists
c1 ∈ N δ

r ((0, 0)) such thatV (c1, πl) > 0, Ul(c1) > Ul((0, 0)), andUh(c1) <
Uh(cδ

h) (the techniques used to prove this fact are similar to those applied in the
proof of Lemma A.1; note thatsll(0, 0) > πl). If c1 = cδ

l then setq = 1; otherwise,
Uδ

l (c1) 6= ∅ by Lemma A.1 (iii). Hence, ifc1 6= cδ
l then there existsc2 ∈ Uδ

l (c1).
If c2 = cδ

l then setq = 2; otherwise,Uδ
l (c2) 6= ∅, and the construction is completed

inductively (it ends with a finiteq becauseUl(c1) < Ul(c2) < . . .).
Starting in states, the contractsc2, . . . , cq (resp.,c1, . . . , cq if [s]l = (0, 0)) can

be introduced by successive isolated experiments of any firm. When a contract is
introduced, it attracts the low risks and only these, and thus all competitors will
imitate the experimenting firm. Aftercq is imitated, an RS state is reached.

Next we proveB. In states, there exists an experimentc′h ∈ Uδ
h([s]h) by

Lemma A.1(i). By construction,c′h is profitable. By imitation ofc′h, the market
reaches a new absorbing states′ with

[s′]h = c′h, [s′]l ∈ {[s]l, c′h}, Uh([s′]h) > Uh([s]h).

Eitherc′h = cδ
h (thens′ ∈ A) or c′h 6= cδ

h (thens′ ∈ B).
To proveC, denotec = [s]i. There exists a sequence of isolated withdrawal-

experiments which removes all idle contracts from the market. Hence, w.l.o.g.,
s = ({c}, . . . , {c}). First consider the casec 6= cδ

hl. In states, there exists an
experimentc′ ∈ Uδ

hl(c) by Lemma A.1(ii). Becausec′ attracts the low risks, it is
profitable. By imitation ofc′, the market reaches a statev with [v]l = c′ and either
[v]h = c (thenc will be withdrawn becauseV (c, πh) < 0, and then an absorbing
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states′ ∈ B ∪ C is reached) or[v]h = c′ (thenv ∈ C, and thus we can sets′ = v).
In both cases,Ul([s′]l) > Ul([s]l).

Secondly, consider the casec = cδ
hl. Recalling the notationchl = (Ihl, Phl) for

the Wilson pooling contract, we defineν1 = Ihl/2, ν2 = (Phl − πlIhl)/2, and
k = cδ

hl. The assumptions of Lemma A.2 are fulfilled for all sufficiently small
δ: we haveIhl > 0 (otherwisechl = (0, 0), thusUl(cδ

hl) < Ul((0, 0)) by the
definitions ofchl andcδ

hl, which contradicts that the low risks buyc = cδ
hl), and

cδ
hl ∈ K (becausecδ

hl → chl andK contains an open neighborhood ofchl). By
Lemma A.2, there exists (in states) an experimental contractc′ ∈ Cδ(cδ

hl) which
attracts the low risks only and is profitable, whilecδ

hl is then bought by the high
risks and makes losses. Hence, one period after the experimentc′ is imitated and
cδ
hl is withdrawn. Consequently, two periods after the experimentc′ is bought

by everybody and thus makes losses. Thus,c′ is withdrawn and the market has
reached the dead-market state(∅, . . . , ∅) ∈ D.

We now proveD. If δ > 0 is sufficiently small, there existν1 > 0 andν2 > 0
such that, withK defined as in Lemma A.2, there existsk ∈ K ∩N δ

r ((0, 0)) with
V (k, πh) > 0 andUh(k) > Uh((0, 0)) (the techniques used to prove this fact are
similar to those applied in the proof of Lemma A.1; note thatslh(0, 0) > πh).
Hence, by Lemma A.2 there exists a contractcl ∈ Cδ(k).

In states, there exists an experiment which addsk to some firm’s menu. By con-
struction,k makes profits and is imitated by all firms. In the absorbing state reached
then, there exists an experiment which addscl to some firm’s menu, and imitation

leads to an absorbing states′ with [s′]l = cl and[s′]h = k. Thus,s′ ∈ A ∪ B.

Lemma A.5. Let0 < r < r0. Then,Rδ is a locally stable component for all
sufficiently smallδ > 0.

Proof. By Lemma A.3, it is sufficient to show the following.

Suppose, at the beginning of periodt the current state is somes = s(t) ∈ Rδ, and
in periodt some firmj makes an experiment which leads to some states(t+1) 6∈
Rδ, and no experiment occurs from periodt + 1 onwards. Then there exists
t′ > t + 1 such thats(t′) ∈ Rδ.

First, consider the case where firmj makes a withdrawal-experiment. None of
firm j’s competitors will change its menu becausecδ

h andcδ
l remain profitable in

periodt + 1. Thus, firmj will imitate all the RS contracts it had withdrawn, and
we haves(t + 2) ∈ Rδ.

Second, suppose firmj makes an innovation-experiment. By Proposition 2.1,
in some periodt′ > t + 1 the market reaches an absorbing states(t′) with s(t′) ⊆
s(t + 1). It remains to be shown that (i){cδ

h, cδ
l } ⊆ Sj(t′), and (ii) all contracts in

N ≡ s(t′) \ {cδ
h, cδ

l } are idle.
We havecδ

h ∈ Sj(t′′) for all t′′ = t, . . . t′ becausecδ
h can never make losses,

no matter who gets attracted. Therefore,cδ
l does not attract the high risks in any
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periodt, . . . t′, implying that it cannot make losses in any of these periods either.
This showscδ

l ∈ Sj(t′) and thus (i) holds.
To prove (ii), suppose somec ∈ N is not idle. Note thatc is profitable because

s(t′) is absorbing. Also,c is not bought by the high risks only (otherwiseUh(c) >
Uh(cδ

h) andV (c, πh) > 0, a contradiction to the definition ofcδ
h). Neither is

c bought by everybody (otherwisec ∈ Pδ, a contradiction to Remark 2.2 by
assumptionr < r0). Hence,c is bought by the low risks only, and

Uh(c) > Uh(cδ
h) (A.14)

by definition ofcδ
l . Therefore, there existsc′ ∈ N with

Uh(c′) > Uh(c), (A.15)

and c′ is bought by the high risks only. From (A.14) and (A.15) we get that
Uh(c′) > Uh(cδ

h) and thusc′ makes losses by definition ofcδ
h. But this contradicts

thats(t′) is absorbing!

Lemma A.6. LetPδ 6= ∅ and r > maxc,c′∈Γδ ||c − c′||. Then, for all suf-
ficiently smallδ > 0, the following holds. Ifs ∈ Rδ and s′ is absorbing then
s ⇒ s′.

Proof. Given the methods introduced in the previous lemmata, the proof is

straightforward from the explanations on p. 16.
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