
Vol.:(0123456789)

Geneva Risk Insur Rev (2019) 44:87–135
https://doi.org/10.1057/s10713-018-0036-9

ORIGINAL ARTICLE

Insurer commitment and dynamic pricing pattern

Ruo Jia1 · Zenan Wu2

Received: 8 December 2017 / Accepted: 5 October 2018 / Published online: 7 November 2018 
© International Association for the Study of Insurance Economics 2018

Abstract A central issue in dynamic contracting is the type of inter-temporal pric-
ing pattern. Some insurance products exhibit a highballing (front-loaded) pattern 
and others a lowballing (back-loaded) pattern, while still others are flat. We develop 
a unified competitive dynamic insurance model with asymmetric learning to inves-
tigate the impact of insurer commitment on the equilibrium inter-temporal pric-
ing pattern. The model predicts that the equilibrium contract exhibits highballing 
under one-sided commitment and lowballing under no commitment. We then use a 
unique empirical setting of two products from one insurer, eliminating heterogene-
ity in firm, market, time horizon, and learning environment, to isolate the role of 
insurer commitment in determining the pricing pattern. Consistent with our theoreti-
cal predictions, we find that (i) the dynamic contracts exhibit a highballing pattern 
in loaner’s personal accident insurance, a one-sided commitment scenario, and (ii) 
a lowballing pattern in group critical illness insurance, a no-commitment scenario.
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1 Introduction

Multi-period relationships are prevalent in insurance markets and appreciated by 
both policyholders and insurers. The policyholder is willing to pay more for long-
term coverage (Kunreuther and Michel-Kerjan 2015) and the insurer is willing to 
provide more comprehensive coverage if the long-term insurance relationship is 
sustainable1 (Crocker and Moran 2003). Dynamic insurance contracting is also eco-
nomically relevant given that the majority of insurance products, either long-term or 
short-term with renewals, involve multi-period relationships.2

The dynamic nature of multi-period insurance contracting, which is absent in a 
static setup, motivates both the theoretical and empirical investigations in the shape 
of the inter-temporal pricing pattern. Premiums can be different from one period to 
the next, either through a pre-agreed premium schedule under a long-term contract 
or through premium adjustments upon the renewals of short-term contracts. Previ-
ous studies predict different inter-temporal pricing patterns, which can be catego-
rized as lowballing (or back-loaded (Kunreuther and Pauly 1985)), highballing (or 
front-loaded (Cooper and Hayes 1987)), and flat (Watt and Vazquez 1997). These 
dynamic pricing patterns result from an insurer’s deliberate pricing strategy: The 
insurer may discriminate among cohorts of different policy ages and then charge 
high or low prices on average for early or late policy periods.3

Previous literature suggests that the equilibrium dynamic pricing pattern is sensi-
tive to the contractual parties’ commitment to the contract and to the type of infor-
mation environment (see Table 1). Commitment to contract refers to the insurer’s 
and policyholder’s ability to leave or modify the contract at the end of each period. 
Typical forms of insurer commitment include long-term and short-term contracts 

1 For example, Swiss insurers usually give a premium discount to policyholders who accept 3- to 5-year 
contracts, indicating a strong preference for long-term coverage.
2 It is less common to observe single-period insurance relationships in practice. Even for project-based 
coverage, such as protections for construction projects or satellite launches, the project owner tends to 
continuously work with the same insurer on one project after another; hence, it is essentially a multi-
period relationship.
3 The dynamic pricing pattern is in essence an insurer’s pricing strategy to charge upfront the value of its 
own commitment (highballing), or to pay for the opportunity of learning the risk type (lowballing). See 
Definition 1 in the next section for formal definitions of the highballing, lowballing, and flat pricing pat-
terns. It is useful to point out that insurers will take into consideration the policyholder’s possible action 
(a choice of contracts or a claim) when they make pricing decisions at the beginning. For instance, a 
policyholder in our theoretical model can lapse his/her contract at the beginning of the second period and 
select an alternative one from the competing insurers. The insurers expect such policyholder action when 
they offer insurance contracts. Therefore, such a pricing strategy can coexist in parallel with the actu-
arial pricing based on risk discrimination (e.g., a bonus-malus system) and with the policyholders’ self-
selection process (e.g., the design of menu contracts). See Cohen (2012) and Shi and Zhang (2016) for a 
detailed discussion on how the lowballing strategy works in a bonus-malus system. See also Cooper and 
Hayes (1987) for how the highballing strategy works when menu contracts are offered by the insurer. In 
our theoretical model below, the insurers can adjust their insurance prices based on policyholders’ claim 
histories, and thus a bonus-malus system or other form of experience rating is allowed. Like de Garidel-
Thoron (2005) and Hendel and Lizzeri (2003), we assume away period-1 adverse selection in our model. 
Therefore, the insurers have no incentive to design menu contracts to screen policyholders. See footnotes 
11 and 15 for discussions of the presence of adverse selection.
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with guaranteed renewability, while lack of insurer commitment is often associated 
with renewable short-term contracts. The information environment regarding the 
policyholder’s risk type involves two layers: information (a) symmetry between the 
policyholder and the insurer when signing the contract; and that between the incum-
bent insurer and competing insurers concerning the policyholder’s risk type (i.e., 
whether learning is symmetric among all insurers). Different theoretical predictions 
based on various assumptions regarding commitment and information have fueled 
empirical investigations of the dynamic pricing pattern in several insurance markets 
(see Table 2).

Focusing on the competitive insurance market, in this paper, we first comprehen-
sively review and structuralize the extant theoretical models and empirical evidence 
in dynamic insurance contracting. Next, we develop a unified two-period competi-
tive dynamic insurance model with asymmetric learning to predict the equilibrium 
pricing pattern under two commitment scenarios, i.e., one-sided commitment and no 
commitment. We find that with one-sided commitment, where the insurer is able to 
commit to the contract but the policyholder is not, the equilibrium contract exhibits 
a highballing pricing pattern. More formally, the insurer charges a higher premium 
in the first period and a lower premium in the second period than the actuarially fair 
one. In the case of no commitment, however, where both contractual parties lack 
commitment power to the contract, the equilibrium contracts exhibit a lowballing 
pricing pattern: the insurers charge a lower premium in the first period and a higher 
premium in the second than the actuarially fair one. These results are robust to dif-
ferent assumptions about policyholder’s risk changes.

Last but not the least, we empirically identify insurer commitment as an impor-
tant determinant of the dynamic pricing pattern, using a unique empirical setting 
of two products from one insurer. The existing empirical tests on the dynamic pric-
ing pattern are performed using a single insurance product. Therefore, it is difficult 
to conclude whether the observed pricing pattern is due to the commitment or the 
information environment. To remedy this deficiency, we present a pair of samples 
(group critical illness insurance and loaner’s personal accident insurance) from the 
same insurance company. The two products share a similar information environment 
but differ in the insurer’s ability to commit to the contract. This unique empirical 
setting isolates the role of insurer commitment from that of information, as well as 
other potential determinants (see Table 3) of the shape of the dynamic pricing pat-
tern. We document evidence consistent with our theoretical predictions in that the 
group critical illness (CI) contracts exhibit a lowballing pattern, whereas the loan-
er’s personal accident (PA) contracts exhibit a highballing pattern.

This paper contributes to the literature on competitive dynamic contracts in the 
following aspects. First, we develop a unified two-period model of asymmetric 
learning (also called private learning) based on de Garidel-Thoron (2005), to pre-
dict the dynamic pricing pattern under one-sided commitment. By comparing our 
results with those in the literature (Hendel and Lizzeri; 2003; de Garidel-Thoron 
2005; Pauly et al. 2011), we are able to theoretically disentangle the impact of com-
mitment from learning on the equilibrium contract, and identify insurer commitment 
as the driving force behind the shape of the dynamic pricing pattern. Second, we 
present a comprehensive literature review on both theoretical models (see Table 1 
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and “Appendix 1”) and empirical evidence (see Table 2 and “Appendix 2”). These 
two reviews structuralize the roles of commitment and information in determin-
ing the equilibrium dynamic pricing patterns, and might be useful to students and 
researchers studying the topic on dynamic pricing. Third, we conduct a two-sample 
empirical test, eliminating heterogeneity in firm, market, time horizon, information 
frictions, and learning environment in order to isolate the role of insurer commit-
ment. We document evidence consistent with the theoretical predictions. Our results 
expand the empirical evidence on insurer learning (Hendel and Lizzeri 2003; Cohen 
2012; Kofman and Nini 2013; Shi and Zhang 2016) and on contractual commitment 
(Dionne and Doherty 1994; Hofmann and Browne 2013). Last but not the least, our 
empirical test using loaner’s PA insurance fills the gap in the investigation of pricing 
pattern with one-sided commitment and asymmetric learning.

This paper also contributes to the ongoing discussion on the determinants of 
insurance companies’ pricing strategy. For instance, Chan et  al. (2016) predict 
that the insureds with lower loss probability and higher income level receive more 
premium discounts using a sequential insurance bargaining model and document 
empirical evidence from Taiwanese automobile liability insurance to support their 
theoretical predictions. Aiming to rationalize the “underwriting cycle,” Henriet et al. 
(2016) develop a continuous-time general-equilibrium model and highlight the role 
of financial frictions in shaping firm’s pricing dynamics. Our paper complements 
these papers by analyzing the inter-temporal pricing pattern, a new dimension of 
pricing strategy attaching to insurance product in addition to the pricing discount 
and underwriting cycles.

The remainder of the paper is structured as follows. In the next section, we review 
the theoretical and empirical literature on dynamic insurance contracting. The fol-
lowing section proposes a unified two-period model with asymmetric learning, and 
proves associated propositions. The subsequent section presents the empirical analy-
ses including sample, methodology, results, and robustness tests. The final section 
concludes, and suggests directions for future research. All proofs are relegated to 
“Appendix 3.”

2  Literature review

2.1  Theories on competitive dynamic insurance contracts

The equilibrium of a competitive dynamic insurance contract can be characterized 
under various commitments and informational assumptions. There are three com-
mon assumptions on commitment: (i) no commitment, where neither the insurer nor 
the policyholder pre-commits to a multi-period insurance relationship; (ii) one-sided 
commitment, where the insurer pre-commits to a multi-period insurance relation-
ship but the policyholder does not; and (iii) full commitment, where both the insurer 
and the policyholder commit to a multi-period insurance relationship when sign-
ing a contract (Dionne and Doherty 1994). The typical form of no commitment is 
the annual contract (e.g., automobile insurance), which is renewable but without a 
renewal guarantee from either side. Typical forms of one-sided commitment include 
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a long-term contract (e.g., 10-year term life insurance) and an annual contract with 
guaranteed renewability (e.g., individual health insurance with a guaranteed renewal 
clause). One of the common features of these forms is the insurer’s commitment to 
a pre-agreed premium schedule, which can either be contingent or non-contingent 
on claim experience. Contracts with full commitment are rarely observed in prac-
tice because the insurance law in most markets allows policyholders to cancel their 
insurance policies at any time.

The informational assumptions in multi-period insurance contracting involve two 
layers: information (a)symmetry between the policyholder and the insurer(s); and 
that between the incumbent (current) insurer and competing (rival) insurers. The 
first layer has been extensively studied in the single-period setup, within the context 
of adverse selection and moral hazard.4 The second layer stems from the dynamic 
nature: the incumbent insurer may obtain information advantages over its com-
petitors, due to its learning5 from the contractual experience with the policyholder. 
Pauly (2003) proposes the following three information environments based on these 
two layers of informational assumptions: (i) classic adverse selection, where the 
policyholder has private information that no insurers know; (ii) symmetric informa-
tion, where the policyholder and all insurers share the same information initially 
and learn the evolving risks symmetrically in each period; (iii) asymmetric learning, 
where the policyholder and the incumbent insurer learn the evolving risks symmetri-
cally, but the competing insurers do not. In this paper, we extend Pauly’s (2003) 
information structures to four categories based on the presence of adverse selection 
in period 1 and on the type of learning in period 2.

Table 1 summarizes the theoretical literature on dynamic insurance contracting 
into 12 assumption sub-categories by three commitment types and four informa-
tion possibilities. Most of the models are discussed in a two-period setup, where the 
long-term contract lasts two periods and the short-term contract lasts one period. 
Theoretical predictions regarding the types of inter-temporal pricing pattern are 
summarized in each category. See “Appendix 1” for a detailed discussion of each 
paper in Table 1.

Three papers closely related to our theoretical framework are Hendel and Lizzeri 
(2003), de Garidel-Thoron (2005), and Pauly et  al. (2011).6 Hendel and Lizzeri 
(2003) develop a model of life insurance assuming symmetric learning and one-
sided commitment. They predict that the equilibrium contract is highballing. In 
their model, the highballing pricing strategy serves as an important device to lock 

6 Also related, Kunreuther and Pauly (1985) and Nilssen (2000) develop models of multi-period insur-
ance markets with asymmetric learning and no commitment. Unlike our framework, they assume the 
presence of adverse selection in the first period and predict a lowballing pricing pattern, as in our Propo-
sition 2. See Footnote 15 for discussions in detail on the connections of these two papers with Proposi-
tion 2 in this paper.

4 All models discussed in this paper (implicitly) assume away moral hazard. A separate stream of 
dynamic contracting studies investigates moral hazard issue (see e.g., Rubinstein and Yaari 1983; Rog-
erson 1985).
5 Learning partly reflects the updates in the initial (but unknown) differences in risks, and partly the sig-
nal (and real) changes in risks (Pauly 2003).
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in low risks. It is useful to point out that their conclusion relies on both the assump-
tions of symmetric learning and one-sided commitment. We analyze the role of each 
assumption in our model and show that the highballing feature remains if insurer 
learning is asymmetric (see Proposition 1 in the main text, and Proposition 3 in 
“Appendix 5”).

Using a two-period asymmetric learning model of insurance, de Garidel-Thoron 
(2005) shows that the equilibrium contract exhibits lowballing when both parties 
lack commitment power, and the contract displays a realistic bonus-malus pat-
tern (i.e., experience rating) with one-sided commitment. The focus of de Garidel-
Thoron (2005) is, however, the welfare analysis of enforcing information-sharing. 
He does not predict whether the equilibrium contract exhibits a highballing, lowball-
ing, or flat pattern in the case of one-sided commitment and asymmetric learning. 
Our theoretical counterpart (Proposition 1 and Remark 1) fills this gap under certain 
mild assumptions on the insurer learning or on consumer preference.

Assuming asymmetric learning and one-sided commitment, Pauly et  al. (2011) 
conclude that the equilibrium contract exhibits highballing by restricting attention 
to contracts with guaranteed renewability (i.e., experience rating on an individual 
level is not allowed). They claim that this result will not hold if “the insurer that sold 
guaranteed renewable (GR) coverage is able to use the information it has acquired 
on each insured’s risk to modify the contract quoted to that person on an individual 
basis, or if it can reduce service or in other ways lower the quality of the product for 
the high risks once those who have become higher risks are locked in” (p. 138). We 
contribute to Pauly et al. (2011) by showing that the equilibrium contract is indeed 
highballing (Proposition 1) even if the insurer is free to use the new information on 
risks in future periods (i.e., experience rating is allowed), again under the aforemen-
tioned assumptions.

2.2  Empirical evidence on dynamic insurance pricing pattern

Table 2 summarizes the existing empirical evidence concerning the dynamic insur-
ance pricing pattern (see “Appendix  2” for a detailed discussion of each paper). 
Table 2 sheds some light on the relationships between the dynamic pricing pattern 
and commitment, as well as the information environment. In terms of insurer com-
mitment, if the insurer offers short-term contracts without a renewal guarantee (i.e., 
the insurer has no commitment power), the inter-temporal pricing pattern is lowball-
ing (all four pieces of evidence support this statement, columns 1–4). In contrast, 
the pattern is mostly highballing (six out of seven support this statement,7 columns 
5–11) if the insurer offers long-term contracts or a sequence of short-term contracts 

7 This exception may be due to different interpretations of Cox and Ge’s (2004) results. Their empirical 
model includes the policy age and its square term as the key explanatory variables, and the loss ratio of 
each policy as the dependent variable. They document a positive coefficient for policy age and a negative 
coefficient for its square term. We believe that this result should be interpreted as a highballing profit 
pattern with a decreasing speed of profit increase. In this sense, their empirical results also confirm the 
highballing strategy.
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with guaranteed renewability (i.e., the insurer has commitment power). In terms of 
the information environment, the extant evidence does not reveal a systematic rela-
tionship between the presence of adverse selection and the pricing pattern, nor one 
between the insurer’s types of learning and the corresponding pricing pattern.

3  Theoretical model and propositions

In this section, we develop a unified dynamic insurance model with asymmetric 
learning to investigate the equilibrium pricing pattern for the one-sided commitment 
case and the no-commitment case. Our baseline model builds on de Garidel-Thoron 
(2005), who assumes that policyholder’s risk does not change over time.8 We adopt 
this assumption also because the risks employed in our subsequent empirical tests 
can be considered as unchanged over time. De Garidel-Thoron (2005) characterizes 
the equilibrium contract for both the one-sided and the no-commitment cases, but 
only predicts a lowballing pricing pattern under no commitment. Whether the equi-
librium contract for the one-sided commitment case exhibits highballing or lowball-
ing remains unknown. In Proposition 1, we show that the equilibrium contract is 
indeed highballing if an insurer’s learning is significant (in a sense to be made pre-
cise below), or if consumers’ preference exhibits hyperbolic absolute risk aversion 
(HARA).

Consider a two-period insurance market in which each consumer is endowed with 
income W and may suffer a loss of size L in each period. The consumers’ period 
utility function u(·) is strictly increasing in consumption, twice differentiable, and 
strictly concave (i.e., u″ < 0 < u′). Consumers and insurers share the same discount 
factor � ∈ (0, 1].

In the first period, consumers are indexed with a probability of loss p ∈ (0, 1) 
drawn from a distribution with CDF F(·) and PDF f (·). The probability of loss p is 
assumed to be fixed across the two periods. In addition, we assume that consumer’s 
type—the probability that the consumer suffers a loss in a period—is unknown to 
both consumers and all insurers, but everyone shares a common prior. Therefore, 
adverse selection is absent in the first period.9 For notational convenience, we denote 
the expected first-period loss probability by p1 , which equals ∫ 1

0
pdF(p). After the 

first period, information asymmetry between the incumbent insurer and competing 
insurers endogenously arises. Specifically, if an accident occurs in the first period, 

8 In “Appendix 5,” we relax the no-risk-change assumption and again show that the results derived in 
Proposition 1 and Remark 1 (i.e., highballing under one-sided commitment) and Proposition 2 (i.e., low-
balling under no commitment) are robust.
9 The presence of adverse selection introduces the possibility of a separating equilibrium. In a separating 
equilibrium, both the incumbent insurer and the competing insurers learn policyholders’ risk type imme-
diately from policyholders’ contract choices. As a result, learning is of no value and there is no informa-
tion asymmetry between the incumbent and its rivals in the second period. We discuss in footnotes 11 
and 15 the scenarios incorporating adverse selection, which do not change our predictions.
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both the consumer and the incumbent insurer update the period-2 probability of loss 
into p2 = pA

2
 . Similarly, if no accident occurs in the first period, both parties update 

the second-period probability of loss into p2 = pN
2

 . The algebra yields

It can be verified that 0 < pN
2
< p1 < pA

2
< 1 , and that the martingale property 

p1 = p1p
A
2
+ (1 − p1)p

N
2

 holds. We assume that insurer learning is asymmetric in the 
sense that the competing insurers do not see whether a claim is filed. This assump-
tion is made because the information-sharing system among the insurers is absent 
for most insurance products in most markets, including the two products in subse-
quent empirical analyses. Moreover, consumers lack commitment power, that is, 
they may opt out of the insurance contract at the beginning of the second period and 
purchase an alternative short-term contract available on the spot market.

In each period, an insurance contract consists of a premium Q, and an indemnity 
R̄ > 0 paid in the case of a loss L. Let R = R̄ − Q , where R is the net reimburse-
ment paid to a consumer. Therefore, an insurance contract can be represented by 
C ≡ (Q,R) , and a two-period insurance contract offered by the incumbent insurer 
can be indexed by (C1,C

A
2
,CN

2
) ≡ (Q1,R1), (Q

A
2
,RA

2
), (QN

2
,RN

2
) , where C1 ≡ (Q1,R1) 

is the first-period contract and Ck
2
≡ (Qk

2
,Rk

2
) is the second-period contract, contin-

gent on k ∈ {A,N} . Next, we define highballing, lowballing, and flat pricing pat-
terns as follows:

Definition 1 A contract (C1,C
A
2
,CN

2
) is highballing (front-loaded) if 

Q1 > p1∕(1 − p1)R1 , lowballing (back-loaded) if Q1 < p1∕(1 − p1)R1 , and flat if 
Q1 = p1∕(1 − p1)R1.

A competitive market implies zero total profit over the two periods. If the 
period-1 premium is higher than the expected indemnity and generates a positive 
profit in equilibrium, then the period-2 premium must be lower than the expected 
indemnity for insurers to break even across the two periods. We call this pricing 
pattern highballing. Similarly, if the premium in the first period is lower than (equal 
to, respectively) the expected indemnity, we call this pricing pattern lowballing (flat, 
respectively).

3.1  One‑sided commitment scenario (Proposition 1)

We first analyze the case of one-sided commitment. In the first period, insurers 
independently and simultaneously choose a dynamic contract, consisting of a 
first-period premium and coverage; and a second-period contract that is contin-
gent on whether the consumer suffers a loss or not in the first period. An insurer 
pre-commits to the long-term contract that a policyholder purchases at the begin-
ning of the first period, whereas policyholders are free to lapse the contract with 

pA
2
=

∫ 1

0
p2dF(p)

p1
and pN

2
=

∫ 1

0
p(1 − p)dF(p)

1 − p1
.
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the incumbent insurer and switch to an entrant (i.e., competing insurer) that offers 
a short-term contract C�

2
≡ (Q�

2
,R�

2
) without learning the first-period claim his-

tory. The timeline of the dynamic insurance contracting game is the same as in de 
Garidel-Thoron (2005) and is summarized in Fig. 1.

Note that full insurance has to be offered in each period, that is, 
Q1 + R1 = L,QA

2
+ RA

2
= L , and  QN

2
+ RN

2
= L must hold. Otherwise, compet-

ing insurers can craft a contract with full insurance in each period and strictly 
increase a consumer’s expected utility. Graphically, contracts (C1,C

A
2
,CN

2
) must 

lie on the line Q + R = L in the ( R, Q ) space (see Fig. 2). Therefore, the number 
of variables can be reduced to three, and the equilibrium contract is fully charac-
terized by the sequence of premiums (Q1,Q

A
2
,QN

2
) . It is useful to denote consum-

ers’ indifference curve that crosses a contract Ck
2
≡ (Qk

2
,Rk

2
) for type k ∈ A,N by 

R = ICk
2
(Q;Ck

2
) , which is the solution to 

In words, (Q, ICk
2
(Q;Ck

2
)) is the contract that generates the same expected util-

ity to a type k consumer as that with contract Ck
2
≡ (Qk

2
,Rk

2
) . As Rothschild and 

Stiglitz (1976) suggest, the two indifference curves ICN
2
(Q;CN

2
) (e.g., the lower 

solid line in Fig. 2) and ICA
2
(Q;CA

2
) (e.g., the upper solid line in Fig. 2) obey a 

single-crossing condition, and ICA
2
(Q;CA

2
) is steeper than ICN

2
(Q;CN

2
) . Following 

de Garidel-Thoron (2005), Fig. 2 is drawn in the (net indemnity, premium) space. 
The diagram redrawn in the contingent wealth space as in Rothschild and Stiglitz 
(1976) is presented in “Appendix 6.”

De Garidel-Thoron (2005) shows that a pure-strategy competitive equilibrium 
of the specified extensive-form game can be obtained by solving the following 
program:

Lemma 1 The equilibrium premium profile (Q1, Q
A
2
, QN

2
) maximizes consumers’ 

expected utility

subject to the following constraints:

(
1 − pk

2

)
u(W − Q) + pk

2
u
(
W − L + ICk

2

(
Q;C2

))
=
(
1 − pk

2

)
u
(
W − Qk

2

)
+ pk

2
u
(
W − L + Rk

2

)
.

max
{Q1,Q

A
2
,QN

2
}
u(W − Q1) + �[p1u(W − QA

2
) + (1 − p1)u(W − QN

2
)],

Fig. 1  Timeline of dynamic insurance contracting
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Proof The proof closely follows that of Lemma 1 from de Garidel-Thoron (2005), 
and is omitted.□

Clearly, consumer’s welfare must be maximized in a perfectly competitive 
insurance market, as the objective function illustrates. Constraint (1) states that 
the insurer earns zero inter-temporal profits in a competitive insurance market. 
Constraint (2) guarantees that attracting type-A consumers alone in the second 
period is not profitable for the entrant. Similarly, constraint (3) guarantees that in 
equilibrium it is not profitable to offer a separating contract to attract type-N con-
sumers. Lastly, constraint (4) guarantees that offering a pooling contract to both 
types is not profitable in the second period. Note that constraint (2) indicates that 
the incumbent insurer will either break even or suffer a loss on type-A consumers 
and constraint (3) implies instantly that CN

2
 must lie above the zero-profit curve of 

type-N consumers (i.e., (1 − pN
2
)Q − pN

2
R = 0 and, hence, the incumbent insurer 

earns profits from type-N consumers. Therefore, whether the incumbent insurer 
earns profits or suffers losses in period 2, that is, whether the equilibrium contract 
is lowballing or highballing, is non-trivial.

The shape of the equilibrium dynamic pricing pattern is characterized in the 
following proposition:

(1)(Q1 − p1L) + �
[
p1
(
QA

2
− pA

2
L
)
+ (1 − p1)

(
QN

2
− pN

2
L
)]

= 0,

(2)QA
2
≤ pA

2
L,

(3)ICN
2

(
Q;CN

2

)
and ICA

2

(
Q;CA

2

)
cross on the line

(
1 − pN

2

)
Q − pN

2
R = 0,

(4)ICN
2

(
Q;CN

2

)
and

(
1 − p1

)
Q − p1R = 0 do not intersect.

Fig. 2  Graphical illustration for 
proof of Proposition 1
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Proposition 1 The equilibrium contract exhibits a highballing (front-loaded) pric-
ing pattern under one-sided commitment and asymmetric learning if the insurer’s 
learning is significant (i.e., if  pA

2
∕pN

2
 is above a critical ratio).

Proof See “Appendix 3.”□

Proposition 1 contributes to the literature in two ways. First, we prove that de 
Garidel-Thoron’s (2005) realistic bonus-malus system exhibits highballing when 
learning is significant (i.e., when pA

2
∕pN

2
 is sufficiently large). Second, we show 

that the highballing pricing pattern predicted in Pauly et al. (2011) remains if the 
contract space is enriched to allow for experience rating. Thus, our Proposition 1 
contributes new results to the literature.

The idea of the proof is as follows and is illustrated in Fig.  2. For an equilib-
rium contract, denoted by (C1,C

A
2
,CN

2
) , that does not exhibit highballing, we can 

construct a new contract that generates a strictly higher utility and satisfies con-
straints (1)–(4) in two steps. Thus, the equilibrium dynamic pricing pattern must 
be highballing. In the first step, we slightly lower QA

2
 and QN

2
 such that ICN

2
(Q;CN

2
) 

and ICA
2
(Q;CA

2
) cross below the line (1 − pN

2
)Q − pN

2
R = 0 as the two dashed curves 

illustrate in Fig. 2, and increase the first-period premium Q1 accordingly to satisfy 
the zero-profit condition. This constructed new contract, denoted by (Ĉ1, Ĉ

A
2
, ĈN

2
) , 

satisfies all constraints except (3), which will be addressed in the second step, and 
generates a strictly higher expected consumer utility than that under the contract 
(C1,C

A
2
,CN

2
) . The intuition is as follows. Relative to the original contract, consumers 

obtain a lower expected utility in the first period and a higher expected utility in the 
second period. Because the original contract is not highballing, the corresponding 
consumption in the first period is no less than the average consumption in the second 
period. Therefore, the marginal cost of decreasing the first-period consumption is no 
greater than the average of the marginal benefits of increasing consumption in states 
A and N in the second period, given that pA

2
∕pN

2
 is sufficiently large, indicating that 

the constructed contract is welfare-improving.
In the second step, we keep the first-period premium constructed in the first step, 

decrease the premium in state A, and increase the premium in state N such that the 
two new indifference curves cross on the line (1 − pN

2
)Q − pN

2
R = 0 again, as the 

two dotted curves illustrate in Fig. 2. It is straightforward to see that the constructed 
contract (Ĉ1, Ĉ

A
2
, ĈN

2
) satisfies all four constraints, including constraint (3). Note that 

the contract (ĈA
2
, ĈN

2
) leads to smoother consumption across states A and N relative 

to that under the contract (ĈA
2
, ĈN

2
) . Because the policyholder has an incentive to 

insure against reclassification risk10 and smooth consumption across the two states 
in period 2, this modification is, again, welfare-enhancing.11

10 The reclassification risk in the model refers to the period-2 risk change and the premium adjustment 
based on the past claim experience.
11 Proposition 1 is robust to period-1 adverse selection. Focusing on the separating equilibrium, Cooper 
and Hayes (1987) extend Rothschild and Stiglitz’s (1976) single-period adverse selection model to multi-
periods and discuss the case of one-sided commitment. They assume that the competing insurers in 
period 2 learn neither the policyholders’ histories nor their choices of contract in period 1. They show 
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Suppose that consumers’ preference exhibits hyperbolic absolute risk aversion 
(HARA), that is,

where a, b, and η satisfy aW/(1 − η) + b > 0 and a(W − L)/(1 − η) + b > 0, and a > 0.12 
The following result is then established in parallel to Proposition 1:

Remark 1 The equilibrium contract exhibits a highballing (front-loaded) pricing 
pattern under one-sided commitment and asymmetric learning if consumer prefer-
ence exhibits HARA.

Proof See “Appendix 3.”□

Remark 1 states that the equilibrium contract exhibits highballing regardless of 
the degree of insurer learning if consumers have a HARA utility function. Recall 
that Proposition 1 requires pA

2
∕pN

2
 to be above a threshold but does not assume a spe-

cific utility function. Remark 1 indicates that our result continues to hold when the 
learning condition is not satisfied (i.e., when pA

2
∕pN

2
 falls below the threshold). In 

addition, the simulation results in “Appendix  4” suggest that Proposition 1 holds 
for a wide array of non-HARA utility functions and for all values of pA

2
∕pN

2
> 1.13 

Therefore, we believe that the significant insurer learning and the functional form of 
utility are not crucial to the highballing prediction although we have not been able to 
provide a formal proof.

u(c) =
1 − �

�

(
ac

1 − �
+ b

)�

,

12 Almost all empirical work uses some members of HARA utility functions. Specifically, the utility 
function exhibits constant absolute risk aversion (CARA, i.e., u(c) = −exp(−ac) ) if b = 1 and � → ∞ ; the 
utility function exhibits constant relative risk aversion (CRRA, i.e., u(c) = 1−�

�

(
ac

1−�

)�

 ) if b = 0 . The 

commonly used utility functions, such as ln(c) and 
√
c , are all members of HARA.

13 Specifically, the condition of a sufficiently large ratio of pA
2
∕pN

2
 is used to establish the inequality (9) 

in the proof of Proposition 1. Our numerical results in “Appendix 4” indicate that (9) holds for all values 
of pA

2
∕pN

2
> 1 , under the expo-power (EP) utility functions (Saha 1993), the power risk aversion (PRA) 

utility functions (Xie 2000), and the flexible three parameter (FTP) utility functions (Conniffe 2007).

that the incumbent insurer offers contracts that are independent of histories and are actuarially fair in 
both periods to the high risks, and experience-rated contracts to the low risks. Specifically, in the first 
period, the incumbent insurer charges the low-risk policyholder a higher premium than they would pay in 
a standard Rothschild and Stiglitz (1976) model; in the second period, the incumbent insurer gives those 
low risks without any period-1 claims a heavy discount, and thus charges them a lower premium than 
they would pay in a standard Rothschild and Stiglitz (1976) model. To summarize, the pricing pattern is 
again highballing for the low risks and flat for the high risks, with one-sided commitment.

Footnote 11 (continued)
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3.2  No‑commitment scenario (Proposition 2)

Next, we consider the case where both parties lack commitment power. Specifically, 
the incumbent insurers can renege on the contract at the beginning of the second 
period, that is, they can unilaterally modify or withdraw the contract.14 The dynamic 
insurance pricing game runs the same as that under one-sided commitment, except 
that the incumbent insurer is free to tear up the second-period component of the 
contract. The equilibrium pricing pattern in the absence of insurer commitment is 
shown to exhibit lowballing in de Garidel-Thoron (2005). This result is restated in 
the following proposition for completeness.

Proposition 2 (de Garidel-Thoron 2005) The equilibrium contract exhibits a 
lowballing (back-loaded) pricing pattern under no commitment and asymmetric 
learning.

It is useful to point out that the equilibrium two-period contract (C∗
1
,CA∗

2
,CN∗

2
) 

in the absence of insurer commitment is strategically equivalent to, and can be 
implemented by, a short-term contract C∗

1
 in the first period and a pair of short-term 

contracts (i.e., CA∗
2

 and CN∗
2
) in the second period because consumers form correct 

expectations of the contracts offered in the second period in equilibrium.
The intuition of Proposition 2 is as follows. Due to lack of insurer commitment, 

no loss can be made ex-post on both type-A and type-N consumers in the second 
period for the incumbent insurer. This is because the incumbent insurer can simply 
withdraw the contract at the beginning of the second period to avoid any period-2 
losses when the incumbent insurer learns the risk type from the first-period experi-
ence. In fact, type-A consumers receive an actuarially fair premium in equilibrium 
in the second period. Meanwhile, because competing insurers cannot differentiate 
between type-A and type-N consumers due to asymmetric learning, the incumbent 
insurer is able to obtain positive information rents from type-N consumers and 
simultaneously prevent ex-post entry. Finally, competition at the beginning of the 
first period will force the incumbent insurer to pass the second-period profits on to 
consumers in the form of a first-period premium that is lower than the actuarially 
fair one, implying a lowballing pricing pattern.15

14 Note that reneging differs from Dionne and Doherty’s (1994) renegotiation. When reneging, the 
insurer can change or cancel the contract unilaterally in the second period; whereas with renegotiation, 
the contract can be changed if—and only if—this modification is mutually agreed by both the insurer and 
the policyholder. Therefore, reneging is a scenario of no commitment, and renegotiation can be consid-
ered as a weaker form of one-sided commitment.
15 The above intuition applies, and Proposition 2 remains valid, if adverse selection is present at the 
beginning of the first period. Indeed, Kunreuther and Pauly (1985) and Nilssen (2000) investigate the 
equilibrium contracts in a similar setup except that they assume adverse selection is present in the first 
period. They show that the equilibrium contract is lowballing in a pooling equilibrium where all risk 
types are provided with the same contract in the first period. Again, lack of insurer commitment implies 
directly that the incumbent insurer will not suffer a loss on any type of policyholder in the second period 
because it can simply withdraw the contract to avoid losses. Moreover, asymmetric learning endows the 
incumbent insurer with some market power from which positive profits can be earned on low risks. As 
a result, Kunreuther and Pauly (1985) and Nilssen (2000) establish the same lowballing pricing pattern.
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Before we proceed to the empirical analysis, it is worth noting that our theoreti-
cal results, together with those in de Garidel-Thoron (2005) and Hendel and Lizzeri 
(2003), suggest that the type of insurer commitment is more important than the type 
of learning environment in determining the inter-temporal pricing pattern. Specifi-
cally, Hendel and Lizzeri (2003) show that the equilibrium contract exhibits high-
balling under one-sided commitment and symmetric learning. Making the same 
assumption on the insurer commitment, our Proposition 1 (see also Proposition 3 
in “Appendix  5”) again predicts a highballing pricing pattern under asymmetric 
learning. This implies that the learning environment does not determine equilibrium 
pricing pattern. In contrast, holding fixed the learning environment (i.e., asymmet-
ric learning), our Proposition 2 (as well as de Garidel-Thoron 2005) predicts a low-
balling pricing pattern under no commitment, whereas our Proposition 1 predicts a 
highballing pattern under one-sided commitment, indicating the importance of the 
type of insurer commitment in shaping the pricing pattern.

4  Empirical analysis

4.1  Data and samples

We explore data concerning two products from a Chinese life and health insurer 
to test Propositions 1 and 2. The two products are group critical illness insurance 
(Sample A) and loaner’s personal accident insurance (Sample B). The insurer oper-
ates nationwide, with a broad spatial range that covers over 90% of the Chinese pop-
ulation. It has ranked among the top ten life insurers in China over the past 15 years 
in terms of premium volume and total assets. Its core business comes from the open 
market and is thus not concentrated in any particular industry or region. Its opera-
tional model, growth path, risk portfolio, and performance are typical in the com-
petitive Chinese insurance market.16

The group critical illness (CI) insurance in Sample A is a type of loss-occurrence 
health insurance. It is the most popular health insurance product in the Chinese mar-
ket due to its simple claim payment feature.17 The claim benefit is paid in a lump 
sum without additional benefits, such as medical service, and equals the insurance 

16 Our theoretical model assumes a competitive market. We maintain the hypothesis of competition in 
the empirical analyses. The A&H lines, including the two products concerned, are the most open product 
markets in China in the sense that all L&H and P&C insurers are allowed to sell these products. The spa-
tial segmentation in the Chinese market may reduce the degree of competition. Some insurers are only 
licensed to operate in one or a few provinces (e.g., AIG) but not nationwide. Although we are not able to 
empirically conclude for a fully competitive market, we cautiously maintain the competition hypothesis 
following the extant literature (Chan 2009; Lu et al. 2014).
17 We note that many other insurance products feature no-commitment and asymmetric learning, for 
example, automobile insurance used by D’Arcy and Doherty (1990), Cohen (2012), Kofman and Nini 
(2013), and Shi and Zhang (2016). This paper first-time presents a non-automobile short-term health 
insurance portfolio to show the lowballing premium pattern.
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amount.18 It is paid to the policyholder when an insurer-recognized hospital pro-
vides the first-time diagnosis of the covered disease during the policy period. Usu-
ally, there is a 30- to 90-day waiting period for first-time purchasers. The claim 
payment does not require actual medical expenditure or hospitalization. Thus, CI 
insurance is immunized from many common problems observed in medical expense 
health insurance, such as moral hazard. In 2007, the Insurance Association of China 
and the Chinese Medical Doctor Association issued guidelines that define 25 types 
of critical diseases, and almost all insurers strictly follow the CI coverage guideline, 
standardizing CI insurance products. In this sample, all group policies and insured 
individuals have the same coverage for the 25 critical diseases. There are no restric-
tions regarding risk classification based on age, gender, occupation, region, or other 
possible pricing factors. The insurer has sole discretion to determine the premiums 
offered for both the new and the renewed contracts. Employee benefits constitute the 
majority of group CI insurance market. Usually, the employer pays the premium, the 
employees enjoy the coverage, and participation is voluntary.

The loaner’s personal accident (PA) insurance in Sample B operates as follows. 
The borrower (policyholder) of a bank purchases the coverage from an insurer to 
cover his/her accidental death and disability during the loan period. The policy ben-
eficiary is the bank, and the insurance amount usually equals the outstanding loans 
plus interests. The bank serves as the sales agent of the insurer, who recommends 
the product to its borrowers and receives sales commission as a percentage of the 
insurance premium from the insurer. The bank may sell the loaner’s PA exclusively 
for one insurer or for multiple insurers. Although the borrowers can buy the product 
either from the bank or from other channels, almost all borrowers buy the product 
the bank recommends, mainly due to the concern that products from other chan-
nels may not 100% meet the bank’s requirements.19 Villeneuve (2014) confirms this 
channel stickiness for a similar mortgage life product on the French market.

Both samples include all the information used by the insurer for underwriting and 
pricing, as well as the claim records. Sample A covers all group CI policies issued 
between January 2008 and June 2013 and all claims settled between January 2008 
and August 2012 under the corresponding policies.20 Sample B covers all loan-
er’s PA policies issued between January 2008 and December 2011, and all claims 
under these policies. The two samples are selected based on the same procedure as 

18 In critical illness insurance, the insurance compensation paid after the occurrence of the insurance 
event is always equal to the insurance amount (i.e., the sum insured). In loaner’s personal accident insur-
ance, the insurance compensation paid is less than the insurance amount (i.e., the sum insured) when 
partial disability occurs or equal to the insurance amount when death or complete disability occurs.
19 Borrowers may prefer bank channels for other reasons. For instance, shopping for products from other 
channels requires additional effort and professional knowledge. In addition, products from other channels 
may be more expensive because individual borrowers may not enjoy a group discount from being pooled 
together with all borrowers from the bank.
20 The claim information is electronically recorded in real time but only retrieved and organized by the 
actuarial team once per year. At the time the data for sample A were obtained, the claim information 
from September 2012 to June 2013 was not yet available. In the subsequent analysis, in order to avoid the 
potential truncation problem, the claim status of polices expiring after August 2012 is coded as missing 
values.
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follows. First, we only use policies with a duration between 360 and 366 days (i.e., 
1-year policy), and thus policy age and number of renewals are aligned with each 
other.21 Second, policies whose renewal status cannot be identified are dropped from 
the sample. Third, the premium rates are truncated at the 1st and 99th percentiles to 
avoid the potential bias of extreme values. Sample A thus contains 5570 group pol-
icy-year observations purchased by 3152 groups, representing more than 1880,000 
individual-years. Sample B contains more than 12,80,000 individual policy-year 
observations purchased by over 800,000 individual policyholders.22

4.2  Qualitative sample comparison

The purpose of the two-sample empirical setting is to establish the contrast of 
insurer commitment and thus to isolate its role in determining the inter-temporal 
pricing pattern. Table 3 summarizes and compares the two sampled products quali-
tatively. The key difference between the two products is in the insurer commitment 
type and other factors are the same, except a shorter period of Sample B.

The group CI insurance (Sample A) falls into the scenario of no commitment with 
asymmetric learning. The insurer is free to terminate the group contract at the end of 
each policy period. The employer (the group insured) is also free to switch to other 
insurers or to terminate the current group contract at any time. The lack of insurer 
commitment in the group CI insurance is primarily driven by the nature of group 
insurance. The composition of a group can change from year to year because people 
join and leave the employer. Thus, it is very difficult for the insurer to offer a long-
term contract or guarantee the renewability of any group insurance. On the contrary, 
individual CI insurance is almost always offered through long-term contracts as the 
dreadful deceases usually occur at very advanced ages. The incumbent insurer is 
allowed to adjust the group premium based on the group’s past claim experience, 
which is not known by competing insurers. Using a sub-sample of the same portfo-
lio, Eling et al. (2017) confirm the presence of asymmetric learning. They also show 
that the adverse selection in this portfolio is non-persistent and disappears after the 
second policy period.

The loaner’s PA insurance (Sample B) falls into the scenario of one-sided com-
mitment. The loaner’s PA features a 1-year policy with implicit guaranteed renew-
ability until the borrowers clear their loans, indicating the insurer’s commitment to 
the contract. This implicit guarantee is strong because the bank, as the beneficiary, 
would expect the insurer to cover all its loaners and thus does not accept the insurer’s 
cherry picking, leaving the bank itself at risk before the loans are cleared. The bank, 
as the sales agent, also has the market power to enforce this implicit guarantee.23 

21 For Sample A, group policies with a 1-year duration account for 62% of all policy-year observations; 
for Sample B, individual policies with a 1-year duration account for 82% of all policy-year observations.
22 The original dataset A has 11,185 group-year observations from 4516 groups. The original dataset B 
has 1.6 million policyholder-year observations from 1.1 million individual policyholders.
23 The individual insureds buy this product at the request of their bank and thus they do not care very 
much about whether the insurer commits to multiple periods or not. In practice, when we discuss with 
the insurance company, it acknowledged that the renewal process is rather automatic; the insurer essen-
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Specifically, the bank is free to terminate the agent agreement with the insurer at 
any time and switch to competing insurers, leading most individual policyholders to 
also switch at the time of their next renewal. In addition, the individual policyholder 
can terminate the coverage or significantly reduce the insurance amount at any time 
by paying back (part of) his/her loans early, a common phenomenon in the Chinese 
market. These facts indicate the lack of commitment by individual policyholders and 
the bank. The loaner’s PA market also features asymmetric learning. The incumbent 
insurer learns borrowers’ risk over time and adjusts the rating tariff for a bank. The 
parameters used in setting tariffs include age, gender, and occupation accidental cat-
egories. Although premiums are not updated based on an individual policyholder’s 
past claim experience (non-discriminatory (Pauly 2003)), the tariff at the bank level 
is updated from time to time based on the “community rating,” suggesting the pres-
ence of learning. Information-sharing is not available among the insurers, indicating 
that the learning is asymmetric. Lastly, because the product has a compulsory insur-
ance feature, that is, almost all banks require all borrowers to present a loaner’s PA 
for the loans, the market presents little adverse selection.

Among all the similarities summarized in Table  3, we discuss the information 
environment in greater detail. The two products have the same information environ-
ment, i.e., they are free of adverse selection, during the periods when the pricing 
patterns are significant (i.e., from the second renewal onward in Sample A, and for 
all periods in Sample B). In Sample B, the loaner’s PA insurance is free of adverse 
selection because the insurance demand is not driven by risk but by demand for 
the loans. The loaner’s PA insurance can be considered as compulsory insurance 
for any loaner. In Sample A, the individual level (within-group) adverse selection is 
eliminated by the group insurance setup. The between-group adverse selection does 
exist in the initial two periods of group CI insurance but disappears in later periods 
due to the insurer’s learning (Eling et al. 2017). Successful risk discrimination (i.e., 
learning) yields two simultaneous effects: the disappearance of adverse selection as 
shown by Eling et al. (2017), and the significant lowballing (back-loaded) pattern as 
shown in Table 5. In this sense, at the periods when we observe the significant low-
balling/highballing patterns, adverse selection is absent from both samples.

The risk exposures and product types also differ in the two products, with one 
being critical illness risk and group insurance, and the other accident risk and indi-
vidual insurance through underwriting via a bank. Despite the difference, they are 
quite similar in terms of pricing. First, both products have the same individual pric-
ing factors: age, gender, and occupation. Second, individual pricing results are fur-
ther adjusted based on the group/bank characteristics. For instance, those insured by 
CI insurance can negotiate with the insurer to obtain discounts based on either group 
size or insurance amount for each individual insured. So can the bank. The bank 
can ask for a group discount for the PA insurance when it sells many policies or 
policies with greater coverage, which brings the insurer more premiums. Third, both 

Footnote 23 (continued)
tially delegates the underwriting authority to the bank; and thus hardly declines any renewal requests 
from the bank’s clients.
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products are subject to the experience rating at the group/bank level based on past 
claims (i.e., community rating). Last but not least, both products feature low loss fre-
quency and numerous homogeneous risks. Thus, the difference between group and 
individual policies should be considered non-material in terms of the insurer pricing 
practice. In addition, the pricing patterns are measured on a relative-to-actuarially 
fair-premium basis, and we control all risk classification factors when identifying 
the pricing pattern.

In practice, the insurer strategic considerations, the market environment, and the 
underwriting cycle may also influence an insurer’s pricing decision. For example, an 
insurer may be under growth pressure from shareholders in certain years. A product 
sample from this period may yield a lowballing pricing pattern due to the target of 
attracting new clients; however, in normal periods, without such a growth pressure, 
the contract can be a highballing one. Another example is the insurance underwrit-
ing cycle (Henriet et  al. 2016), which reflects the long-term pricing pattern of an 
insurance market and is mingled with the temporal pricing pattern. Propositions 1 
and 2 are tested with two product samples from the same A&H team of the same 
insurer,24 the same market, and almost the same time horizon. Therefore, if differ-
ent pricing patterns are found in these two samples, it is less likely driven by these 
firm-, market-, or time period-specific factors. Such an empirical setting is new to 
the empirical literature on dynamic insurance contracting and enhances the credibil-
ity of the detected pricing pattern.

The group CI insurance corresponds to the case of no commitment, and the loan-
er’s PA insurance corresponds to the case of one-sided commitment. As stated pre-
viously, insurer’s commitment can be in the form of either guaranteed renewability 
(GR) or long-term (LT) contract. We use a sample of accident insurance with guar-
anteed renewability in the empirical analyses, and we expect the same conclusions if 
we use a sample of long-term policy, for example, the life insurance.

4.3  Quantitative sample comparison

Table 4 quantitatively compares the two samples. Both samples are characterized by 
a low claim frequency, a relatively small insurance amount for most policies, and a 
mixture of ages, genders, and occupations. The loaner’s PA portfolio contains far more 
males than females, which we believe reflects the Chinese family tradition whereby the 
man usually manages the household’s external financial relationships, such as loans. It 
also reflects the fact that businessmen outnumber businesswomen in China. The aver-
age occupational category in Sample B (2.72) is slightly more dangerous than that in 
Sample A (2.01), possibly because Sample A consists mostly of group insurance in the 

24 These two products are managed by a single A&H team. The size of the two product portfolios is sim-
ilar and large to that team. The sales teams for these two products approach the groups (CI) or the banks 
(PA) to compete for business with other insurers. On the individual-risk level, the group (or the bank) 
usually enrolls most of its employees (borrowers) in the insurance coverage. We are not aware that the 
insurer or the A&H team has different commercial or marketing considerations to weigh the importance 
of these two products differently.
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form of employee benefits and thus more white-collar employers are able to afford and 
willing to offer such benefits than blue-collar employers, yielding occupational catego-
ries that are safer overall. We note that basing the occupational categories on accident 
tendency may not fit perfectly for the assessment of illness risk. However, doing so is 
the current market practice and these occupational categories are standard in the insur-
ance market of China. The area distributions of the two portfolios are significantly dif-
ferent, with group CI concentrated more in the developed areas relative to the loaner’s 
PA due to the fact that firms that can afford employee benefits tend to be located in 
more developed and affluent areas.

Table  5 presents the distribution of the policy ages in both samples, from which 
a sufficiently high lapse rate in both samples is observed. We observe a higher por-
tion of old policies in Sample A than in Sample B, because the period of Sample A 
(2008–2013) is 2  years longer than that of Sample B (2008–2011). Interestingly, 
although Sample B is much larger than Sample A due to the fact that Sample A is 
group policies and Sample B is individual policies, the total number of individual-years 
in Sample A (1.88 million) is greater than that in Sample B (1.28 million).

The risk changes are insignificant and are not major concerns for these two products. 
The risk changes of group health insurance are less a problem than that of individual 
health insurance. The health condition deteriorates as age increases, and thus the indi-
vidual health risk usually deteriorates at each renewal. However, group average risk 
does not necessarily follow this trend as young employees continuously join firms. This 
is true in our Sample A, for group policies renewed at least three and at least four times, 
the mean differences of groups’ average ages over policy years are insignificant at 95% 
confidence levels, subject to the mean difference F tests. The personal accident risk is 
stable for mid-aged individuals over a 3–5 year period. All risk classification factors 
were controlled when we identify the pricing pattern.

4.4  Methodology

Equation (5) below is applied to Samples A and B, respectively. The actual premium 
rate is regressed on the complete risk classification variables. Risk classification refers 
to the use of observable characteristics by insurers to determine the premiums (Dionne 
and Rothschild 2014). It is important to control for the complete risk classification fac-
tors used by the insurer for pricing. Thus, any trend found between the actual premium 
rate and the policy age captures the residual effect net of the insurer’s understanding of 
the underlying risk and the risk changes (Eling et al. 2017). Such residual effect is thus 
an insurer’s inter-temporal pricing strategy. The observed trend does not necessarily 
indicate the change in the nominal premium rate but a change relative to the actuarially 
fair premium (Kunreuther and Pauly 1985; Pauly et al. 1995). This setting is commonly 
used in the previous empirical studies (see Table 2 and “Appendix 2” for a review). We 
acknowledge that ideally, we should use the actuarially fair premium as the dependent 
variable, which is however not available to us, so as to previous empirical studies.

(5)premium ratei,t = �0 + �1policy agei,t + �2Xi,t + �3areai + �4yeart + �i,t.
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We measure the premium rate with the natural logarithm of the average annualized 
premium rate per person. We measure the policy age with the number of renewal 
counts. All policies in both samples are yearly policies, and the number of renewals 
thus fully captures the policy experience with the insurer. Xi,t is a vector of control 
variables, including policy features (insurance amount per person and, for Sample 
A, group size) and the risk classification factor (age, sex, and occupation catego-
ries). Areai and yeart control for area and year fixed-effects, respectively.

Equation (5) is estimated with OLS. Random-effects and firm fixed-effects mod-
els are used as robustness tests (Zhang and Wang 2008; Eling et al. 2017), and the 
results are consistent with that in the OLS (see Table 7).25 The variance inflation 
factors of the independent variables range from 1.02 to 1.63 for Sample A and from 
1.00 to 1.67 for Sample B, suggesting that multicollinearity is not a problem. The 
Wooldridge test for autocorrelation in panel data does not reject the null hypothesis 
(i.e., no first-order autocorrelation) in both samples with p value of 0.67 for Sample 
A and with p value of 0.15 for Sample B, respectively.

Chiappori and Salanié (2000) emphasize that the use of simple, linear functional 
forms on insurance policy-level data should be restricted to homogeneous popula-
tions. Both samples meet the homogeneous criterion because (i) the business nature 
is largely the same within each sample as employee benefits in Sample A and as 
mortgage PA in Sample B; (ii) the model includes all relevant pricing factors that 
account for potential heterogeneity among policies; and (iii) robust standard errors 
clustered at the insured level (i.e., the group insured for Sample A and individual 
insured for Sample B) further control for heterogeneity. As the relationship between 
premium rate and policy age may be non-linear (Cox and Ge, 2004), we conduct two 

Table 5  Distribution of policy age

a Lapse rate captures the percentage of policyholders left the incumbent insurer in the next policy period. 
The lapse rates in both samples suggest that the dynamics from period to period are large enough to 
identify the inter-temporal pricing pattern. The high lapse rates in Sample B might be driven by the short 
sampling period, which truncates the policies with longer policy ages

Policy age Sample A Sample B

No. of poli-
cies

Portion (%) Lapse rate 
(%)a

No. of policies Portion (%) Lapse rate (%)a

0 2,516 46.9 36.7 955,752 76.9 79.5
1 1,593 29.7 58.8 195,538 15.7 57.4
2 657 12.2 44.7 83,355 6.7 93.6
3 363 6.8 53.7 5,327 0.4 51.1
4 168 3.1 57.1 2,605 0.2 NA
5 72 1.3 0 0.0
Total 5,369 100.0 1,242,577 100.0

25 We choose the OLS as our core model because one insured may buy two or more policies in the nth 
year. All these policies have the same policy age of n; however, only one of them can be incorporated in 
the panel regressions. Thus, 14.8% of Sample A and 7.9% of Sample B have to be dropped if using the 
panel regressions, reducing the estimation efficiency.
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additional tests. First, we use sub-samples including policies having two adjacent 
ages, i.e., new and first-time renewed policies, first- and second-time renewed poli-
cies, etc. (see Table 5).26 Second, as a robustness test, we include the square term of 
policy age and alternatively take the natural log of policy age. The results of these 
tests are consistent with our conclusions (see Table 7).

Our selected two products also minimize the endogeneity problem with the stand-
ard coverages. For the loaner’s PA portfolio, the insurance coverage is the same for 
all loaners; the insurance amount is determined by the amount of the loans rather 
than the individual’s choice; and the renewal decision is not driven by the price 
but the clearance of the loans. For the group CI insurance, the insurance coverage 
strictly follows a nationwide guideline issued by the Chinese Insurance Industry 
Association, covering the same 25 diseases for all insureds. As a group insurance, 
the renewal and insurance amount decisions are more driven by the corporate budget 
and the risk types of the group rather than by a competitive market price (Eling et al. 
2017). Thus, the reverse causality from premium rate to policy features is remote.27

4.5  Empirical results

Table 6 reports the main results, identifying the dynamic pricing pattern based on 
Eq. (5). The Sample A results in Panel A show significantly positive coefficients of 
policy age, indicating a lowballing (back-loaded) pricing pattern, and thus support 
Proposition 2. In column 2, panel A, we include an additional independent variable, 
the group claim frequency at t − 1, to capture the experience rating at the group level 
for Sample A. The positive coefficient of claim frequency indicates that a last-period 
high claim frequency is associated with a high premium rate in the current period. 
The sub-sample results in columns 3–6 suggest that the premium pattern is flat for 
the first two periods (i.e., from new to 1st renewal, and from 1st renewal to 2nd 
renewal) and then increases with the policy age in the second, third, and subsequent 
renewals.28 These results also confirm Proposition 2. Looking at the control vari-
ables, the actual premium rates are negatively associated with the insurance amount 
(group size), suggesting discounts for large quantities of insurance (large clients). 
Older people have a much higher CI risk than younger people.

The flat premium pattern for the first two periods is mainly due to insufficient 
insurer learning. As our theoretical model predicts, higher profits or prices are 

26 Consistent with the full sample analysis, OLS regressions are used for sub-sample analyses with con-
secutive renewal policies. Alternatively, we conduct the Bayesian information updating regressions for 
the sub-sample analyses, with the prior assumption that the coefficient of policy age follows N(�, �2) , 
where � and �2 are estimated based on the OLS coefficient of a prior period. For example, in the sub-
sample regression with first- and second-time renewed policies, the prior coefficient distribution is 
assumed to follow the corresponding coefficient in the sub-sample of the new and first-time renewed 
policies. The results of Bayesian regressions are consistent with the OLS results and are available from 
the authors upon request.
27 Additionally, we conduct the 2SLS regressions to address the endogeneity concern. The results are 
consistent with those of the OLS and are available from the authors upon request.
28 As shown in Tables 5 and 6, we note that in each sub-sample in Table 6, the variation of policy age is 
large enough to yield significant results. For instance, the ratio of new policies to first-time renewed poli-
cies is 3:2 in Sample A and 5:1 in Sample B.



112 Geneva Risk Insur Rev (2019) 44:87–135

Ta
bl

e 
6 

 M
ai

n 
re

su
lts

Th
e 

ta
bl

e 
re

po
rts

 th
e 

es
tim

at
ed

 c
oe

ffi
ci

en
ts

 o
f O

LS
 re

gr
es

si
on

s. 
Ro

bu
st 

st
an

da
rd

 e
rr

or
s c

lu
ste

re
d 

at
 (g

ro
up

) i
ns

ur
ed

s l
ev

el
 a

re
 p

re
se

nt
ed

 in
 p

ar
en

th
es

es
. S

ig
ni

fic
an

t d
iff

er
en

ce
s o

f c
oe

ffi
ci

en
ts

 fr
om

 0
 

at
 th

e 
*1

0%
, *

*5
%

, a
nd

 *
**

1%
 le

ve
ls

, r
es

pe
ct

iv
el

y.
 C

on
st

an
t, 

lo
ca

tio
n 

fix
ed

 e
ffe

ct
s, 

an
d 

ye
ar

 fi
xe

d 
eff

ec
ts

 a
re

 in
cl

ud
ed

 b
ut

 n
ot

 re
po

rte
d

a  W
or

k1
 to

 W
or

k5
 a

re
 o

cc
up

at
io

na
l c

at
eg

or
ie

s 
ca

pt
ur

in
g 

th
e 

te
nd

en
cy

 o
f o

cc
up

at
io

na
l a

cc
id

en
ts

. W
or

k1
 is

 th
e 

sa
fe

st 
ca

te
go

ry
 in

cl
ud

in
g,

 fo
r e

xa
m

pl
e,

 o
ffi

ce
 w

or
ke

rs
; a

nd
 W

or
k5

 in
cl

ud
es

 re
la

tiv
el

y 
da

ng
er

ou
s o

cc
up

at
io

ns
, s

uc
h 

as
 p

ol
ic

e 
offi

ce
rs

. S
am

pl
es

 A
 a

nd
 B

 fo
llo

w
 th

e 
sa

m
e 

oc
cu

pa
tio

na
l c

la
ss

ifi
ca

tio
ns

Pa
ne

l (
Sa

m
pl

e)
 A

: g
ro

up
 c

rit
ic

al
 il

ln
es

s i
ns

ur
an

ce
Pa

ne
l (

Sa
m

pl
e)

 B
: l

oa
ne

r’s
 p

er
so

na
l a

cc
id

en
t i

ns
ur

an
ce

Sa
m

pl
es

Fu
ll 

Sa
m

pl
e 

A
Fu

ll 
Sa

m
pl

e 
A

N
ew

 →
 1s

t 
re

ne
w

al
1s

t →
 2n

d 
re

ne
w

al
2n

d 
→

 3r
d 

re
ne

w
al

3r
d 

an
d 

su
bs

eq
ue

nt
 

re
ne

w
al

s

Fu
ll 

Sa
m

pl
e 

B
N

ew
 →

 1s
t 

re
ne

w
al

1s
t →

 2n
d 

re
ne

w
al

2n
d 

an
d 

su
bs

e-
qu

en
t r

en
ew

al
s

Po
lic

y 
ag

e
0.

01
92

* 
(0

.0
10

3)
0.

06
90

**
* 

(0
.0

15
8)

−
 0

.0
24

4 
(0

.0
16

7)
0.

02
00

 
(0

.0
21

0)
0.

10
5*

**
 

(0
.0

29
8)

0.
08

76
**

* 
(0

.0
30

3)
−

 0
.0

79
0*

**
 

(0
.0

00
52

8)
−

 0
.1

00
**

* 
(0

.0
00

63
8)

−
 0

.0
04

21
**

* 
(0

.0
00

92
3)

−
 0

.0
01

49
 

(0
.0

03
01

)
Ln

(in
su

ra
nc

e 
am

ou
nt

)
−

 0
.1

32
**

* 
(0

.0
10

7)
−

 0
.1

38
**

* 
(0

.0
16

3)
−

 0
.1

31
**

* 
(0

.0
10

5)
−

 −
 0.

14
6*

**
 

(0
.0

15
2)

−
 0

.1
38

**
* 

(0
.0

24
5)

−
 0

.0
51

9 
(0

.0
38

0)
−

 0
.0

34
2*

**
 

(0
.0

00
44

3)
−

 0
.0

33
1*

**
 

(0
.0

00
41

7)
−

 0
.0

58
6*

**
 

(0
.0

01
18

)
−

 0
.0

62
0*

**
 

(0
.0

02
28

)
Ln

(g
ro

up
 si

ze
)

−
 0

.0
85

9*
**

 
(0

.0
07

55
)

−
 0

.0
59

7*
**

 
(0

.0
10

9)
−

 0
.0

89
8*

**
 

(0
.0

07
06

)
−

 0
.0

71
1*

**
 

(0
.0

09
63

)
−

 0
.0

66
7*

**
 

(0
.0

15
5)

−
 0

.0
17

2 
(0

.0
21

1)
Se

x
−

 0
.2

07
**

* 
(0

.0
45

5)
−

 0
.0

02
03

 
(0

.0
74

5)
−

 0
.2

74
**

* 
(0

.0
44

2)
−

 0
.0

00
41

1 
(0

.0
71

6)
0.

16
9 

(0
.1

25
)

0.
21

6 
(0

.1
67

)
−

 0
.0

14
5*

**
 

(0
.0

01
17

)
−

 0
.0

14
5*

**
 

(0
.0

01
11

)
−

 0
.0

28
9*

**
 

(0
.0

02
11

)
0.

01
54

**
* 

(0
.0

03
27

)
A

ge
0.

04
30

**
* 

(0
.0

01
74

)
0.

04
04

**
* 

(0
.0

02
62

)
0.

04
46

**
* 

(0
.0

01
65

)
0.

04
38

**
* 

(0
.0

02
30

)
0.

03
93

**
* 

(0
.0

03
37

)
0.

05
07

**
* 

(0
.0

04
28

)
−

 0
.0

00
48

6*
**

 
(3

.8
8e

 −
 05

)
−

 0
.0

00
33

8*
**

 
(3

.6
3e

 −
 05

)
−

 0
.0

01
14

**
* 

(7
.8

0e
 −

 05
)

−
 0

.0
01

23
**

* 
(0

.0
00

12
0)

W
or

k1
a

−
 0

.1
06

**
* 

(0
.0

00
79

3)
−

 0
.0

94
8*

**
 

(0
.0

00
75

2)
−

 0
.2

99
**

* 
(0

.0
01

86
)

−
 0

.3
43

**
* 

(0
.0

03
88

)
W

or
k2

a
−

 0
.0

67
6*

* 
(0

.0
29

7)
−

 0
.0

94
6*

* 
(0

.0
46

4)
−

 0
.0

00
97

1 
(0

.0
29

4)
−

 0
.0

71
5*

 
(0

.0
38

3)
−

 0
.2

65
**

* 
(0

.0
61

0)
−

 0
.3

47
**

* 
(0

.0
76

2)
−

 0
.1

19
**

* 
(0

.0
01

54
)

−
 0

.1
15

**
* 

(0
.0

01
46

)
−

 0
.1

58
**

* 
(0

.0
02

99
)

−
 0

.1
57

**
* 

(0
.0

04
88

)
W

or
k3

a
−

 0
.2

12
**

* 
(0

.0
27

8)
−

 0
.1

47
**

* 
(0

.0
43

2)
−

 0
.2

10
**

* 
(0

.0
27

0)
−

 0
.1

79
**

* 
(0

.0
36

9)
−

 0
.2

42
**

* 
(0

.0
60

8)
−

 0
.3

80
**

* 
(0

.0
88

1)
−

 0
.0

63
6*

**
 

(0
.0

00
97

5)
−

 0
.0

75
3*

**
 

(0
.0

00
92

5)
−

 0
.1

48
**

* 
(0

.0
02

19
)

−
 0

.1
43

**
* 

(0
.0

04
37

)
W

or
k4

a
−

 0
.0

49
3 

(0
.0

43
2)

−
 0

.0
03

67
 

(0
.0

48
2)

−
 0

.0
68

3 
(0

.0
47

3)
−

 0
.0

35
7 

(0
.0

50
1)

−
 0

.0
15

4 
(0

.0
66

4)
−

 0
.1

28
 

(0
.1

04
)

W
or

k5
a

0.
07

66
 

(0
.0

68
2)

0.
18

2*
* 

(0
.0

85
2)

−
 0

.0
01

49
 

(0
.0

76
8)

0.
20

6 
(0

.1
32

)
0.

02
67

 
(0

.1
90

)
0.

01
19

 
(0

.1
58

)
Pr

io
r c

la
im

 fr
eq

ue
nc

y
3.

69
7*

* 
(1

.7
29

)
R

2
0.

36
8

0.
35

4
0.

39
9

0.
37

7
0.

32
2

0.
39

3
0.

16
1

0.
11

4
0.

39
1

0.
51

4
ob

se
rv

at
io

ns
5,

36
9

2,
26

9
4,

10
9

2,
25

0
1,

02
0

60
3

1,
24

2,
57

7
1,

15
1,

29
0

27
8,

89
3

91
,2

87



113Geneva Risk Insur Rev (2019) 44:87–135 

Ta
bl

e 
7 

 R
ob

us
tn

es
s t

es
ts

Sa
m

pl
es

:
A

B
A

B
A

(3
rd

 +
)

B
(3

rd
 +

)
B

(2
nd

 +
)

A
B

A
B

M
od

el
s:

R
E

R
E

FE
FE

O
LS

O
LS

O
LS

O
LS

O
LS

O
LS

O
LS

Po
lic

y 
ag

e
0.

00
70

4 
(0

.0
06

73
)

−
 0

.0
02

97
**

* 
(0

.0
00

13
6)

0.
01

94
* 

(0
.0

11
6)

−
 0

.0
01

90
**

* 
(0

.0
00

14
8)

0.
10

3*
**

 
(0

.0
25

5)
−

 0
.0

01
36

b  
(0

.0
01

02
)

−
 0

.0
10

8*
**

 
(0

.0
00

44
0)

0.
01

77
* 

(0
.0

10
2)

−
 0

.0
78

9*
**

 
(0

.0
00

51
7)

Po
lic

y 
 ag

e2 
a

0.
01

84
**

* 
(0

.0
04

55
)

0.
02

29
**

* 
(0

.0
00

51
9)

ln
(p

ol
ic

y 
ag

e)
0.

02
53

 
(0

.0
21

8)
−

 0
.1

41
**

* 
(0

.0
00

86
5)

ln
(in

su
ra

nc
e 

am
ou

nt
)

−
 0

.1
42

**
* 

(0
.0

08
69

)
−

 0
.0

25
8*

**
 

(0
.0

00
42

4)
−

 0
.1

16
**

* 
(0

.0
35

8)
−

 0
.0

47
7*

**
 

(0
.0

05
60

)
−

 0
.0

44
0*

**
 

(0
.0

01
95

)
−

 0
.1

29
**

* 
(0

.0
10

7)
−

 0
.0

34
8*

**
 

(0
.0

00
44

4)
−

 0
.1

39
**

* 
(0

.0
10

8)
−

 0
.0

34
6*

**
 

(0
.0

00
44

3)
ln

(g
ro

up
 

si
ze

)
−

 0
.0

80
1*

**
 

(0
.0

05
57

)
−

 0
.0

74
4*

**
 

(0
.0

19
6)

−
 0

.0
83

6*
**

 
(0

.0
07

53
)

−
 0

.0
87

3*
**

 
(0

.0
07

70
)

Se
x

−
 0

.1
84

**
* 

(0
.0

40
7)

−
 0

.0
13

5*
**

 
(0

.0
00

95
2)

0.
04

99
 (0

.1
40

)
0.

02
16

**
 

(0
.0

10
2)

0.
00

77
2*

**
 

(0
.0

02
86

)
−

 0
.2

07
**

* 
(0

.0
45

4)
−

 0
.0

13
3*

**
 

(0
.0

01
17

)
−

 0
.2

23
**

* 
(0

.0
46

0)
−

 0
.0

13
6*

**
 

(0
.0

01
17

)
A

ge
0.

03
76

**
* 

(0
.0

01
35

)
−

 2
.5

5e
 −

 05
 

(3
.4

0e
 −

 05
)

0.
03

91
**

* 
(0

.0
04

24
)

−
 0

.0
01

44
**

* 
(0

.0
00

39
4)

−
 0

.0
01

05
**

* 
(0

.0
00

10
4)

0.
04

31
**

* 
(0

.0
01

73
)

−
 0

.0
00

50
0*

**
 

(3
.8

7e
 −

 05
)

ln
(a

ge
)

1.
37

7*
**

 
(0

.0
75

3)
−

 0
.0

23
2*

**
 

(0
.0

01
50

)
W

or
k1

−
 0

.1
22

**
* 

(0
.0

00
72

9)
−

 0
.3

43
**

* 
(0

.0
10

5)
−

 0
.3

43
**

* 
(0

.0
03

60
)

−
 0

.1
05

**
* 

(0
.0

00
79

2)
−

 0
.1

05
**

* 
(0

.0
00

79
2)

W
or

k2
−

 0
.0

09
22

 
(0

.0
18

2)
−

 0
.1

60
**

* 
(0

.0
01

15
)

−
 0

.2
45

**
* 

(0
.0

71
0)

−
 0

.1
74

**
* 

(0
.0

16
2)

−
 0

.1
31

**
* 

(0
.0

04
43

)
−

 0
.0

68
5*

* 
(0

.0
29

6)
−

 0
.1

17
**

* 
(0

.0
01

53
)

−
 0

.0
76

6*
* 

(0
.0

30
5)

−
 0

.1
17

**
* 

(0
.0

01
53

)
W

or
k3

−
 0

.1
00

**
* 

(0
.0

17
9)

−
 0

.1
08

**
* 

(0
.0

00
79

0)
−

 0
.3

71
**

* 
(0

.0
76

4)
0.

02
06

 (0
.0

12
8)

−
 0

.0
97

4*
**

 
(0

.0
03

92
)

−
 0

.2
12

**
* 

(0
.0

27
8)

−
 0

.0
61

5*
**

 
(0

.0
00

97
2)

−
 0

.2
31

**
* 

(0
.0

27
9)

−
 0

.0
62

0*
**

 
(0

.0
00

97
2)

W
or

k4
−

 0
.0

04
34

 
(0

.0
32

5)
0.

04
11

 
(0

.0
89

9)
−

 0
.0

49
8 

(0
.0

42
6)

−
 0

.0
73

2*
 

(0
.0

43
1)

W
or

k5
−

 0
.0

10
3 

(0
.0

64
3)

0.
22

0*
 (0

.1
26

)
0.

06
03

 
(0

.0
67

0)
0.

04
75

 
(0

.0
67

8)
R

2
0.

35
4

0.
13

8
0.

04
2

0.
20

5
0.

31
1

0.
45

2
0.

56
9

0.
37

0
0.

16
2

0.
36

3
0.

16
2

O
bs

er
va

tio
ns

4,
80

3
1,

14
9,

54
1

4,
91

6
1,

16
4,

75
9

1,
48

4
26

,0
32

25
5,

95
9

5,
36

9
1,

24
2,

57
7

5,
36

9
1,

24
2,

57
7

St
an

da
rd

 e
rr

or
s 

ar
e 

pr
es

en
te

d 
in

 p
ar

en
th

es
es

. S
ig

ni
fic

an
t d

iff
er

en
ce

s 
of

 c
oe

ffi
ci

en
ts

 f
ro

m
 0

 a
t t

he
 *

10
%

, *
*5

%
, a

nd
 *

**
1%

 le
ve

ls
, r

es
pe

ct
iv

el
y.

 C
on

st
an

t, 
lo

ca
tio

n 
fix

ed
 

eff
ec

ts
 (e

xc
ep

t F
E 

m
od

el
s)

, a
nd

 y
ea

r fi
xe

d 
eff

ec
ts

 a
re

 in
cl

ud
ed

 b
ut

 n
ot

 re
po

rte
d

a  C
en

te
re

d 
to

 av
oi

d 
m

ul
tic

ol
lin

ea
rit

y
b  p 

va
lu

e 
eq

ua
ls

 0
.1

85



114 Geneva Risk Insur Rev (2019) 44:87–135

viable in later periods because the incumbent insurer is able to learn the policy-
holder’s risk type in the early periods and thus to obtain information rents from the 
low risks through a premium above the actuarial fair one. Due to the low-frequency 
nature of CI insurance, the insurer’s learning process may require more than 1 year. 
The insured groups may have not yet revealed their risk types in claim experience in 
the first two periods. This is particularly true for small groups as they may simply 
be lucky in not having any claims. Since effective learning is a necessary condi-
tion to implement a lowballing pricing strategy, the pricing pattern is expected to 
be flat in the first two periods. This flat-then-lowballing pattern is expected because 
the backloading only becomes viable and materializes when the incumbent insurer 
privately learns the risk types of insureds, so that it can discriminate the low risks 
by “over-charging” them. This explanation is consistent with Eling et  al.’s (2017) 
findings, where they use a different sub-sample of the same portfolio and show that 
the learning of the incumbent insurer eliminates adverse selection only after the first 
two periods.

The Sample B results in panel B of Table 6 show significantly negative coef-
ficients of the policy age, indicating a highballing (front-loaded) pricing pattern 
and supporting Proposition 1.29 The sub-sample results in columns 8–10 show 
that the premium rate decreases with the policy age. The magnitude of coef-
ficients between policy age and premium rate becomes smaller over time, sug-
gesting that the scale of premium reduction decreases as time passes. Looking 
at the control variables, the female is less likely to have accidents than the male, 
and older people have a lower accident risk than younger people. The occupa-
tion types, by definition, reflect the propensity for accidents, rather than illness. 
Thus, as expected, people in the safer categories have a lower premium rate of 
accident insurance.

Samples A and B yield contrasting inter-temporal pricing patterns, which cannot 
be attributed to the idiosyncrasies of insurers, markets, time horizons, information 
frictions, or the learning types in our two-sample setting, but, reasonably, to the dif-
ferences in the insurer’s commitment type, as highlighted in Table 3 and suggested 
by our theoretical models.

4.6  Robustness tests

To test the robustness of our empirical results, we conduct the following three tests. 
First, we estimate Eq.  (5) with random-effects and firm fixed-effects models.30 
The benefit of introducing firm fixed-effects is that they better capture the pricing 
dynamics of one firm over the years. However, the cost is also significant as it omits 

29 The practice including experience rating factor is not applicable to Sample B because the loaner’s PA 
is experience-rated at the bank level instead of at the individual policyholder level.
30 The panel is set up with the (group) insured as i  and with the renewal counts as t  . For example, sup-
pose that insured X and Y have their first policy with the insurer in 2009 and 2010, respectively. Then 
these two policies are (X, 0) and (Y, 0) although they are in different years. Therefore, t  varies from 0 
to 5 in Sample A and from 0 to 4 in Sample B. The year fixed-effects are then controlled by year dum-
mies in the regressions. See Zhang and Wang (2008) for a detailed discussion on why and how to apply 
random-effects models to dynamic insurance markets.
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all time invariant or less variant variables, such as gender, occupation, age, insur-
ance amount, and group size, which are important pricing factors. Moreover, fixed-
effects models may significantly reduce the estimation efficiency in a short panel, as 
with the two samples used in this paper. The results in columns 1–4 of Table 7 are 
consistent with our main results, and support the theoretical predictions in the sense 
that the signs of policy age coefficients remain unchanged and significant. The price 
decrease in the highballing pricing pattern becomes milder in Sample B.

Second, to address the concern on the unbalanced panel, i.e., smaller number of 
policies with older policy age, we restrict our sample to contracts observed at least 
the 3rd renewals. If a contract renews with the insurer for at least three times, we 
then include all contracts of this policyholder into the sub-sample. The results in 
columns 5–7, Table 7 show that the signs of all coefficients remain consistent with 
our main results. The significance level in Sample B  (3rd +) reduces to a p value of 
0.185, due to reduced sample size. However, if we incorporate policyholders having 
at least the 2nd renewal in Sample B, the coefficient becomes significant.

Third, we test the potential non-linear impact of policy age on pricing.31 Intui-
tively, the insurer collects more and more information regarding the policyholder’s 
risk as the learning process continues, and it might be able to organically apply the 
learned information to better implement the pricing strategies. Therefore, the degree 
of frontloading or backloading may depend on the insurer’s learning, and thus may 
differ across cohorts of policy ages. Formally, we investigate the potential non-linear 
impact of policy age by (i) adding the square term of policy age; and (ii) replacing 
policy age by its natural log in Eq. (5). The results in columns 8 and 10 of Table 7 
suggest that the price increase in the lowballing pricing pattern is accelerating in 
Sample A. In contrast, the results in columns 9 and 11 of Table  7 indicate that 
the price decrease in the highballing pattern is slowing down in Sample B. These 
contrasting results imply a subtle interaction between the pricing pattern and the 
insurer’s learning: Although the direction of the pricing pattern is determined by 
insurer commitment as predicted in our theoretical model, the insurer’s learning has 
a second-order impact on the curvature of the pricing pattern, which again turns out 
to hinge on the type of insurer commitment. The insurance and economics theory 
has so far provided little guidance in predicting how the dynamic pricing pattern 
depends on the insurer’s learning over time and how the pricing pattern applies to 
the policy age cohorts under different types of insurer commitment. To answer these 
questions, a model of three or more periods is required. It would be interesting to 
generalize our theoretical framework to rationalize the above findings. We leave the 
exploration of this possibility for future research.

5  Conclusion

In this paper, we investigate the role of insurer commitment in determining the 
inter-temporal dynamic pricing pattern in competitive insurance markets by (i) com-
prehensively reviewing the extant theoretical and empirical literature in dynamic 

31 We thank one reviewer for suggesting this robustness check.
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insurance contracting; (ii) predicting the equilibrium pricing patterns under one-
sided and no-commitment assumptions using a two-period competitive insurance 
model with asymmetric learning; (iii) empirically identifying the highballing pric-
ing pattern in a sample of loaner’s personal accident insurance, a one-sided com-
mitment scenario, and the lowballing pricing pattern in a sample of group critical 
illness insurance, a no-commitment scenario.

Our theoretical results indicate that the type of insurer commitment is more 
important than the type of information friction or the type of learning environment 
in determining the inter-temporal pricing pattern. Our theoretical model (empirical 
evidence) suggests that the presence of insurer commitment predicts (is associated 
with) the highballing or front-loaded pricing pattern (Proposition 1). In contrast, 
the lack of insurer commitment to a multi-period insurance relationship leads to (is 
associated with) the lowballing or back-loaded pricing pattern (Proposition 2). Our 
theoretical model proves that these two opposite predictions are robust to the first-
period adverse selection (see footnotes 11 and 15), to the learning environment (see 
the last paragraph in the Sect. 3), and to the risk dynamics (see “Appendix 5”). Our 
empirical results are also consistent with these theoretical predictions.

The economic insight that links the insurer’s commitment to its pricing strategy 
may be applicable to and can be tested in other industries, where the information 
problem and the commitment problem coexist. One potential application is the com-
mercial banking industry, where loan applicants rejected by one bank can apply 
again at other banks (Shaffer 1998) and loan applicants may switch banks from time 
to time. Commercial banks mostly offer renewable short-term loans (lack of com-
mitment). Ioannidou and Ongena (2010) show that loans granted by a new (outside) 
bank carry loan rates that are significantly lower than the rates on comparable loans 
from the firm’s current (inside) banks, i.e., the banks apply a lowballing strategy. 
They attribute this interest rate pattern to both informational lock-in and hold-up 
costs (i.e., commitment problem). It would be interesting to theoretically and empir-
ically disentangle the contribution of informational lock-in and the commitment 
problem in the banking industry. The approaches found in this paper may provide a 
potential identification path.

There are several additional interesting directions for future research. First, it 
would be interesting to develop a theoretical framework to better understand the 
interaction between insurers’ learning and their pricing decisions, and then empiri-
cally investigate the impact of learning on the dynamic pricing pattern. Second, it 
is important to examine the risk-based dynamic selection, i.e., the policyholder’s 
lapsation and insurer’s selection behaviors based on risk types (Finkelstein et  al. 
2005; Hendel 2016). We are not able to conduct these analyses due to data limita-
tions. Specifically, we cannot isolate the impact of risk type on risk dynamics from 
other unobservable factors that also influence the demand and supply of insurance. 
Third, in practice, two products may exhibit the same highballing (or lowballing) 
pattern but with one being more front-loaded (or back-loaded) than the other, and it 
would be interesting to investigate the determinants of the degree of frontloading or 
backloading in a contract, both empirically and theoretically. In this regard, meta-
analysis (Kysucky and Norden 2014) may serve as an important tool to compare the 
magnitude of pricing strategies across different products and markets. Last but not 
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least, the recent development of digitalization enables insurers to understand the risk 
type earlier and more accurately than via the conventional learning process. How 
technological progress will change the dynamic equilibrium as well as the pricing 
pattern remains a green field to explore.

Acknowledgements The authors thank Christian Biener, Alexander Braun, Martin Brown, Richard 
Butler, Martin Eling, Roland Füss, Felix Irresberger, Andreas Landmann, Tore Nilssen, Joan Schmit, 
Ruilin Tian, and Wei Zheng, as well as participants in the 2016 ARIA and APRIA conferences, and the 
2017 Risk Theory Society Annual Seminar for useful comments and discussions. We thank Shuyan Liu 
and Linsheng Zhuang for their assistance. We thank the financial support from National Natural Science 
Foundation of China (Nos. 71703003 and 71803003), and the seeds fund of School of Economics, Peking 
University. All remaining errors are our own.

Appendices

In “Appendix  1,” we review the theoretical literature on competitive dynamic insur-
ance contracts. In “Appendix 2,” we provide a review of empirical literature on dynamic 
insurance pricing pattern. In “Appendix 3,” we present the detailed proof of Proposi-
tion 1 and Remark 1. In “Appendix 4,” we provide the simulation results and show that 
Proposition 1 holds for a wide array of non-canonical utility functions and for all values 
of pA

2
∕pN

2
> 1 . In “Appendix 5,” we assume policyholder’s risk type deteriorates over 

time and show that our theoretical results in the main text are robust. In “Appendix 6,” 
we redraw Fig. 2 in the contingent wealth space as in Rothschild and Stiglitz (1976).

Appendix 1: Review of theoretical literature on competitive dynamic insurance 
contracts

The dynamic insurance contracting models can be traceable to, among others, con-
tract theories in labor (Harris and Holmstrom 1982), procurement (Laffont and 
Tirole 1990), and credit (Sharpe 1990) markets. The development of contract theory 
leads modern insurance economics in three directions (D’Arcy and Doherty 1990; 
Chiappori and Salanié 2013). The first is the classic single-period contracting in 
competitive insurance markets (e.g., Rothschild and Stiglitz 1976; Miyazaki 1977; 
Wilson 1977; Spence 1978). The second direction is the multi-period contracting in 
a monopolistic insurance market, where the role of experience rating is highlighted 
to solve the adverse selection problem (e.g., Dionne 1983; Dionne and Lasserre 
1985, 1987; Hosios and Peters 1989). The third direction is the dynamic insur-
ance contracting in competitive markets, on which this paper will focus. Recently, a 
growing literature has focused on the underwriting cycles, i.e., the mid- to long-term 
pricing dynamics in the insurance market (see, e.g., Henriet et al. 2016). A detailed 
discussion of papers is provided in Table 1.

Panel A: adverse selection is present in period 1

Cooper and Hayes (1987) and Kunreuther and Pauly (1985) initiate the modeling 
of multi-period contracting in the insurance context, in which an important feature 
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is the presence of adverse selection. Assuming no commitment, Kunreuther and 
Pauly (1985) and Nilssen (2000) model the scenario of asymmetric insurer learning; 
Watt and Vazquez (1997) model symmetric learning. Kunreuther and Pauly (1985) 
focus on the equilibrium that involves pooling in the first period. In equilibrium, 
the insurer offers the same contract to both risk types with a premium reflecting the 
average of low and high risks. In the second period, risks who had claim(s) in the 
first period (high risks) switch to competing insurers. This is because the incumbent 
insurer can increase the premium for the period-1 claimant; however, the competing 
insurers cannot differentiate who had a claim in period 1. Risks who did not have a 
claim (low risks) stay with the incumbent insurer in equilibrium because the incum-
bent insurer will keep their premium unchanged. Therefore, in period 2, the insurer 
can earn positive profits by over-charging the staying (low) risks. Under the zero-
profit constraint, the insurer must suffer a loss in the first period to attract new cus-
tomers, which is considered as the cost of acquiring knowledge about the insured’s 
risk type. The incumbent insurer earns an informational quasi rent in period 2 while 
the competing insurers do not. This pricing pattern for a sequence of the contracts is 
hence lowballing.

Kunreuther and Pauly (1985) assume that policyholders are completely myopic 
when making the initial purchase decision, and that insurers are not allowed to offer 
menu contracts to screen policyholders. Nilssen (2000) relaxes these two assump-
tions and shows that: (i) a separating equilibrium is less likely to be sustained in a 
two-period model than in a one-period one; and (ii) a lowballing pricing pattern is 
possible but not necessary to emerge in equilibrium.

Watt and Vazquez (1997) consider a multi-period model with the presence of 
period-1 adverse selection. They assume that all insurers learn the insured’s risk 
type over time, and that learning is thus symmetric. They show that a pooling equi-
librium with full coverage exists if low risks are patient enough, or a semi-pool-
ing equilibrium exists where a portion of impatient low risks choose a sequence of 
Rothschild and Stiglitz’s (1976) partial coverages and all high risks and patient low 
risks choose a sequence of full coverages. In equilibrium, no inter-temporal subsidi-
zation is inferred. In period 1, the insurer undercharges high risks and overcharges 
low risks, generating zero profits in aggregate. In future periods, full information 
contracts are in place and thus all risks are charged at an actuarially fair rate. There-
fore, the equilibrium pricing pattern is flat.

Assuming one-sided and/or full commitment, Cooper and Hayes (1987) and 
Dionne and Doherty (1994) model the scenario of asymmetric learning. The sce-
nario of symmetric learning has not yet been covered by the literature. Focusing 
on the separating equilibrium, Cooper and Hayes (1987) extend Rothschild and 
Stiglitz’s (1976) single-period adverse selection model to multi-periods and discuss 
both the cases of one-sided and full commitment. They make an extreme assumption 
on insurers’ learning: the competing insurers in period 2 learn neither the policy-
holders’ histories nor their choices of contract in period 1. With one-sided commit-
ment, the incumbent insurer offers contracts that are independent of histories and 
actuarially fair in both periods to the high risks, and experience-rated contracts to 
the low risks. Specifically, in the first period, the incumbent insurer charges the low-
risk policyholder a higher premium than they would pay in a standard Rothschild 



119Geneva Risk Insur Rev (2019) 44:87–135 

and Stiglitz (1976) model; in the second period, the incumbent insurer gives those 
low risks without any period-1 claims a heavy discount, and thus charges them a 
lower premium than they would pay in a standard Rothschild and Stiglitz (1976) 
model. To summarize, the pricing pattern is highballing for the low risks and flat 
for the high risks, with one-sided commitment. Intuitively, the insurer tilts payoffs 
towards the future to provide an incentive for the insureds to remain with the incum-
bent insurer. With full commitment, it shows that the high-risk policyholder receives 
the same contract as s/he does in the case of one-sided commitment, whereas the 
low-risk policyholder is offered an experience-rated contract. Their model does not 
provide predictions on the dynamic pricing pattern for low risks in the case of full 
commitment.

Dionne and Doherty (1994) introduce the possibility of renegotiation into the one-
sided commitment model by allowing the insurer to commit to a long-term contract 
in period 1 and to offer a revised short-term contract in period 2. The insured may 
stick to the long-term contract, accept the revised period-2 short-term contract, or 
switch to competing insurers in period 2. They characterize the equilibrium involv-
ing semi-pooling in period 1 followed by separation in period 2. In such an equilib-
rium, a fraction of the high-risk policyholders chooses full coverage and the rest of 
the high risks and all the low risks receive partial coverage in period 1. In period 2, 
the high risks switch to a short-term contract with full coverage, either offered by 
the incumbent insurer as a result of renegotiation or by a competing insurer, and 
the low risks stay with the long-term partial coverage. Dionne and Doherty (1994) 
show that Cooper and Hayes’s (1987) result is robust to the introduction of renegoti-
ation. In equilibrium, the insurer earns positive period-1 expected profits and suffers 
period-2 expected losses from the low risks, implying a highballing pattern.

Panel B: adverse selection is not present in period 1

Assuming symmetric learning, Pauly et  al. (1995) and Hendel and Lizzeri (2003) 
develop models with one-sided commitment. Pauly et  al. (1995) assume that the 
insurer pre-commits to the long-term contract. To simplify the analysis, the cover-
age of the risk in their model is assumed to be exogenous. Therefore, insurers only 
engage in price competition on premiums. They construct a guaranteed renewability32 
insurance with a sequence of premiums that survives in a competitive equilibrium 
and show that such a contract is Pareto optimal. By their construction, this guaran-
teed renewability insurance exhibits a highballing premium pattern. Specifically, the 
insurer charges all risks a premium that is higher than the actuarially fair one in period 
1 so as to upfront charge for its commitment and to lock in the low risks. Although the 
insured is allowed to cancel the contract, s/he would not do so in equilibrium because 
leaving for a spot market would not make him/her strictly better off.

Hendel and Lizzeri (2003) extend Pauly et al. (1995) by allowing insurers to 
choose both the premium and the coverage of a contract. The pricing pattern is 

32 Guaranteed renewability not only guarantees renewals but also guarantees to only change a premium 
to the same extent for all in the initial rating class or following a pre-agreed premium schedule in subse-
quent periods. Experience rating based on an individual’s risk change or claim experience is not allowed.
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again highballing, which is an important device to lock in low risks. In equilib-
rium, consumers with low risks tend to depart from the incumbent insurer. They 
show that more front-loaded contracts provide more insurance against reclassifi-
cation risk and are selected by consumers with a lower income growth.

Assuming asymmetric learning, Pauly et al. (2011) relax the assumption of sym-
metric learning in Pauly et al. (1995) and focus on contracts with guaranteed renew-
ability. With asymmetric learning, the result of highballing in Pauly et al. (1995) may 
not hold because the fact that the competing insurers cannot identify low risks directly 
provides incentives to the incumbent insurer to obtain information rents in later peri-
ods and to reduce the degree of frontloading. Again, they show that the highballing 
pricing pattern will not be overturned. They first argue that the optimal guaranteed 
renewable contract, which is essentially the same as in Pauly et al. (1995), is indeed 
immune to the information problem due to asymmetric learning. They then argue that 
the attempt to alter frontloading cannot be sustained in equilibrium because otherwise 
the competing insurers can craft a policy to attract only the low-risk consumers and 
earn profits by the standard Rothschild–Stiglitz argument.

De Garidel-Thoron (2005) presents a two-period model in which both the insured 
and the incumbent insurer learn the policyholder’s risk type from her/his period-1 
claim history, but competing insurers do not. He derives the equilibrium contract 
and shows that information-sharing between insurers is detrimental to consumer 
welfare, independent of an insurer’s ability to commit to a long-term contract. The 
intuition is as follows. Although asymmetric information between incumbent and 
competing insurers generates information frictions and welfare loss to the policy-
holders, it also weakens the competing insurer’s ability to exercise a cream-off strat-
egy and thus improves the long-term commitment of both parties. In equilibrium, 
this welfare gain outweighs the welfare loss due to information asymmetry. As a 
result, consumer welfare is higher when information-sharing is prevented than when 
information-sharing is allowed. In terms of the dynamic pricing pattern, assuming 
asymmetric learning, de Garidel-Thoron (2005) shows that the equilibrium contracts 
exhibit lowballing when insurers lack commitment power a bonus-malus pattern 
when insurers are able to commit. However, de Garidel-Thoron (2005) does not con-
clude whether the contract is highballing or lowballing in the latter case.

Recently, Hendel (2016) has proposed a simple framework in the spirit of Har-
ris and Holmstrom (1982) to survey the theory and evidence on dynamic contract-
ing under different environments of learning and commitment. Unlike our review 
in Appendices 1 and 2 that focuses on the dynamic pricing pattern, his survey 
focuses on other issues, such as the relationship between dynamic selection and pol-
icyholder’s lapsation behavior and the welfare consequences due to lack of insurer 
commitment.

Panel C: discussions connecting Panels A and B

Pauly (2003) provides an informal discussion on three scenarios. First, he takes de 
Garidel-Thoron’s (2005) no-commitment scenario and concludes a pooling equilib-
rium in period 1 and lowballing pricing pattern. Second, he discusses the one-sided 
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commitment scenario in Pauly et al. (1995) and Hendel and Lizzeri (2003). A pool-
ing equilibrium with a highballing pricing pattern is expected. Third, he attempts 
to build the connection between models with the adverse selection and those with-
out. He argues that the period-1 adverse selection should not change the highballing 
implication embedded in insurer commitment (guaranteed renewability).

Appendix 2: Review of empirical literature on dynamic insurance pricing 
pattern

A detailed discussion of papers is provided in Table 2.

Testing dynamic pricing pattern in markets with no commitment

D’Arcy and Doherty (1990) pioneered empirical investigation of multi-period insur-
ance contracting. They presented the aggregate loss ratios by policy age cohorts of 
automobile insurance from seven US insurers. All seven portfolios showed that loss 
ratios decline almost monotonically with policy age, suggesting a lowballing pricing 
pattern that supports Proposition 2 in this paper. They also looked at three new mar-
ket entrants, who have only new policies but no private information. They found that 
these three new insurers’ loss ratios were indeed high (low profit) in the beginning 
and gradually converged with those of other matured firms, supporting the lowball-
ing pricing pattern predicted in Proposition 2.

Cohen (2012) presented the first policy-level analysis of repeated short-term 
insurance contracts using an Israeli automobile insurance portfolio. During the 
entire sample period, no information-sharing platform among insurers was available 
and asymmetric learning thus best captured the nature of the market. He showed that 
(i) profits from the repeat insureds were higher than those from the new insureds 
(i.e., a lowballing pattern); and (ii) the insurer reduced the price charged to repeated 
insureds with a good claim history by less than the reduction in expected costs asso-
ciated with such insureds (i.e., premium downward stickiness). The evidence was 
obtained after controlling for all risk classification factors and hence directly sup-
ports Proposition 2. Cohen’s (2012) sample matches Kunreuther and Pauly’s (1985) 
and Nilssen’s (2000) assumptions, and he points out the role of asymmetric learning 
in determining the lowballing pricing pattern accordingly.

Kofman and Nini (2013) examined the Australian automobile insurance market, 
where a claim information-sharing platform is in place to support a bonus-malus 
rating system. They believe that the publicly available data in the Australian sys-
tem captures all relevant information regarding the policyholders’ risk types, with 
the only exception being brand-new policies. Thus, the market matches Watt and 
Vazquez’s (1997) assumptions (i.e., adverse selection in period 1, symmetric learn-
ing in later periods, and no insurer commitment). They documented evidence of 
lowballing pricing patterns and support our Proposition 2. Their evidence challenges 
Cohen’s (2012) argument regarding the important role of asymmetric learning in 
determining pricing pattern.
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Shi and Zhang (2016) investigated an intermediate learning scenario in 
between the no information-sharing market in Cohen (2012) and the complete 
information-sharing market in Kofman and Nini (2013). The Singapore auto-
mobile insurance market has a no-claim-discount (NCD) system and a public 
information-sharing platform. However, the platform contains only informa-
tion regarding the NCD status and contains no information regarding either the 
insureds’ claim history or policy choice. This implies a partial information-shar-
ing system among insurers (Shi and Zhang, 2016). Their conclusions again sup-
port Proposition 2 and suggest that pricing pattern may not depend on insurer’s 
learning type.

Testing dynamic pricing pattern in markets with one-sided commitment

Dionne and Doherty (1994) examined a special automobile liability insurance port-
folio from California, where two types of policies are offered: a long-term policy 
(one-sided commitment with renegotiation) and a short-term policy (no commit-
ment). They approximated the average policy age in a portfolio by the premium 
growth of that portfolio (i.e., a high/low premium growth indicates an average 
younger/older policy age) and found a positive correlation between average policy 
age and loss ratio in the sub-sample of the low risks, which is in line with the high-
balling prediction of the one-sided commitment model (Proposition 1).

Hendel and Lizzeri (2003) presented the first piece of evidence controlling for 
underlying risk differences (i.e., risk classification) in multi-period insurance con-
tracting. They looked at three products of life insurance from 55 US life insurers: 
20-year term life insurance with level premium each year (TL), annual renewable 
term life insurance with premiums that depend only on age (ART), and annual 
renewable term life insurance with premiums that depend on age and time elapsed 
since last medical examination (Selection & Ultimate ART). They found that TL 
and ART are significantly front-loaded, where the insurer pre-commits to a long-
term contract (LT) or to the guaranteed renewability with a determined rating sched-
ule (ART). The relative price to the risk almost monotonically decreased through the 
20 years, supporting Proposition 1. However, for Selection & Ultimate ART, where 
the premiums in later periods depended on whether the insured passed the medical 
re-examination (a weakened commitment with re-underwriting elements), frontload-
ing existed only in the first year but not in the following years. They approximated 
the risk by the current values of premiums and found a negative correlation between 
the degree of frontloading and the policyholder’s risk: more front-loaded contracts 
insured a higher fraction of low-risk policyholders. They also showed that a more 
front-loaded contract (LT) has a lower lapse rate than a less front-loaded contract 
(ART), indicating that the low-risk lock-in effects are associated with the highball-
ing pricing pattern.

Cox and Ge (2004) presented a panel data from the US long-term care (LTC) 
insurance market with cohort-specific information. They found a positive correlation 
between policy age and loss ratio but argued that this reflected the risk changes over 
time and was thus not a highballing pricing pattern. They found a negative coef-
ficient for policy age2, indicating that the loss ratio increases became slower and 
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slower over time. As previously mentioned, we, as well as other empirical works, 
have interpreted the above findings differently to Cox and Ge (2004). The positive 
coefficient of policy age is a direct indicator of a highballing pattern and the nega-
tive coefficient of policy age2 suggests that the price decrease in the highballing pat-
tern becomes milder over time. This result is consistent with our Sample B results.

One way to solve this apparent theoretical (highballing, Proposition 1) and 
empirical (lowballing in Cox and Ge, 2004) contradiction is to use the policy-level 
data and control for risk classification, so that the coefficient between policy age 
and price/profit can directly reveal the pricing pattern. Finkelstein et  al. (2005) 
examine the US LTC market in just such a direct way. They documented pricing 
highballing evidence consistent with Hendel and Lizzeri (2003), thus supporting 
Proposition 1.

Herring and Pauly (2006) numerically developed an ideal/optimal incentive com-
patible premium schedule for individual health insurance with guaranteed renew-
ability, based on Pauly et  al.’s (1995) one-sided commitment model. In addition, 
they estimated the actual market premiums for individual health insurance using a 
Medical Expenditure Panel Survey, Community Tracking Study Household Survey, 
and National Health Interview Survey. They found that the actual premium schedule 
and the estimated ideal premium schedule do “appear to be surprisingly consistent,” 
thus supporting the highballing prediction in Proposition 1. They concluded that the 
front-loaded premium is necessary for health insurers to provide guaranteed renew-
ability and to insure the reclassification risk.

Pinquet et  al. (2011) examine the dynamic lapsation behavior in a long-term 
package of coverages of health, life, and LTC from the Spanish market. Premiums 
were paid annually and experience rating on an individual basis was not allowed. 
They found a highballing pricing pattern (Proposition 1) in all three coverages, evi-
denced by the increased benefit ratios from younger to older groups.

Hofmann and Browne (2013) presented evidence from the German long-term 
private health insurance (one-sided commitment), where insurers commit to offer 
renewal at a premium rate that does not reflect the revealed future information about 
the insured’s risk. They support the theoretical predictions in Hendel and Lizzeri 
(2003): a highballing pricing pattern generates the effect of insured lock-in. The 
evidence from the German private health market demonstrates the robustness of 
the correlation between insurer commitment and the inter-temporal pricing pat-
tern, which is immunized from strict regulation and from the existence and possible 
domination of social insurance programs. Their work also contributes to the debate 
on how private health solutions can insure the reclassification risk. The empiri-
cal evidence demonstrates the viability of the front-loaded premium schedule with 
guaranteed renewability (Pauly et al. 1995), at least in a strictly regulated and social 
insurance dominated market. In such a market, the accessibility of health coverage is 
much less a problem than in a private market.
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Appendix 3: Proof of Proposition 1 and Remark 1

It is useful to first prove a lemma. Denote 
(
Q

A†

2
,Q

N†

2
,Q†

)
 as the solution to the fol-

lowing non-linear system of equations:

with Q† ∈ [0, pN
2
L] . In words, (QA†

2
,Q

N†

2
) refers to the premium profile that gen-

erates zero profits in the second period and satisfies constraint (3). It is clear that 
Q

A†

2
> Q
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2
 . Moreover, it can be verified QN†

2
 and QA†

2
 are both strictly decreasing in 

Q† from (7) and (8) for Q ∈ [0, pN
2
L] . Therefore, there exists a unique solution to the 

above non-linear system of equations.

Lemma 2 Suppose that (i) pA
2
∕pN

2
 is large enough; or (ii) consumer’s preference 

exhibits HARA . Then the following inequality holds:

Proof We first prove part (i) of the lemma. Holding fixed (W, L, p1) , consider pN
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which indicates immediately that (9) holds if pA
2
∕pN

2
 is large enough.

Next, we show that (9) holds under HARA preferences. Substituting (6) into (9) 
yields

With HARA utility, the marginal utility is u�(c) = a
(

ac

1−�
+ b

)�−1

, and the above 

inequality can be simplified as
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Case I: 0 < 𝜂 < 1 . It is clear that 𝜇 > 1 under such a scenario, and hence 
𝜇𝜂 > 1 > pN

2
∕pA

2
 . Therefore, g(�) is strictly decreasing in � for 𝜇 > 1 , and hence 

g(𝜇) < g(1) = 1.
Case II: 𝜂 < 0 . Again, 𝜇 > 1 . Moreover, �� can be bounded from below by,

where the second equality follows directly from the assumption of HARA utility, the 
third equality follows from (7) and (8), and the inequality follows from the fact that 
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This completes the proof of Lemma 2.□
Now we can prove Proposition 1 and Remark 1. Suppose, to the contrary, that 
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≤ p1L ), then we can construct an alternative con-

tract that yields a strictly higher expected utility and satisfies constraints (1)–(4) 
by the following two steps:
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It is obvious that the sequence of premiums (Q̂1(𝜀), Q̂
A
2
(𝜀), Q̂N

2
(𝜀)) satisfies con-

straints (1), (2), and (4). Next, we show that the constructed contract generates a 
strictly higher expected utility than that under contract (Q∗
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) . Note that 
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where the first and third inequalities follow from the monotonicity of u�(⋅) , and the 
second inequality follows directly from Lemma 2. This completes the proof of Step 
1.

Step 2 Fixing Q̂1 , we increase Q̂N
2
 and decrease Q̂A

2
 to satisfy constraints (1) and (3) 

simultaneously. Specifically, constraint (1) is always satisfied if we increase Q̂N
2
 by x > 0 

and decrease Q̂A
2
 by 1−p1
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(
Q̂1, Q̂

A
2
−

1−p1

p1
x̃, Q̂N

2
+ x̃

)
 satisfies constraint (3). Therefore, the constructed 

contract satisfies constraint (1)–(4). To complete the proof, it suffices to show that the 
contract 

(
Q̂1, Q̂

A
2
−

1−p1

p1
x̃, Q̂N

2
+ x̃

)
 generates a strictly higher expected utility than does 

the contract 
(
Q̂1, Q̂

A
2
, Q̂N

2

)
 , which is equivalent to show

Note that

and

The fact that Q̂N
2
< Q̂N

2
+ x̃ < Q̂A

2
−

1−p1

p1
x̃ < Q̂A

2
 together with the strict concavity of 

u(⋅) implies instantly that

and

(13)
p
1
u
(
W − Q̂A

2

)
+
(
1 − p

1

)
u
(
W − Q̂N

2

)

< p
1
u

(
W − Q̂A

2
+

1 − p
1

p
1

x̃

)
+
(
1 − p

1

)
u
(
W − Q̂N

2
− x̃

)
.

W − Q̂A
2
+

1 − p1

p1
x̃ =

1−p1

p1
x̃

Q̂A
2
− Q̂N

2

(
W − Q̂N

2

)
+

Q̂A
2
− Q̂N

2
−

1−p1

p1
x̃

Q̂A
2
− Q̂N

2

(
W − Q̂A

2

)
,

W − Q̂N
2
− x̃ =

Q̂A
2
− Q̂N

2
− x̃

Q̂A
2
− Q̂N

2

(
W − Q̂N

2

)
+

x̃

Q̂A
2
− Q̂N

2

(
W − Q̂A

2

)
.

(14)

u

(
W − Q̂A

2
+

1 − p1

p1
x̃

)
>

1−p1

p1
x̃

Q̂A
2
− Q̂N

2

u
(
W − Q̂N

2

)
+

Q̂A
2
− Q̂N

2
−

1−p1

p1
x̃

Q̂A
2
− Q̂N

2

u
(
W − Q̂A

2

)
,

(15)u
(
W − Q̂N

2
− x̃

)
>

Q̂A
2
− Q̂N

2
− x̃

Q̂A
2
− Q̂N

2

u
(
W − Q̂N

2

)
+

x̃

Q̂A
2
− Q̂N

2

u
(
W − Q̂A

2

)
.
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Multiplying (14) by p1 , (15) by 1 − p1 , and summing them yields (13). This com-
pletes the proof of Step 2. Therefore, the equilibrium contract must be highballing 
under one-sided commitment and asymmetric learning.□

Appendix 4: Simulation results

In this part, we provide some numerical results, which suggest that the requirement 
of a sufficiently large ratio between pA

2
 and pN

2
 in Proposition 1 is not crucial to drive 

the highballing pricing pattern.
Fixing (W, L, p1) , consider pA

2
 and 

(
Q

A†

2
,Q

N†

2
,Q†

)
 as functions of pN

2
∈ (0, p1) . 

From the martingale property, we have that

Moreover, 
(
Q

A†

2
,Q

N†

2
,Q†

)
 solves Eqs. (6)–(8). For Proposition 1 to hold, it suffices 

to show that condition (9) is satisfied for all pN
2
∈ (0, p1) , which is equivalent to

To proceed, we set (W, L) = (1, 0.5), and consider the following families of utility 
functions:

(a) The expo-power (EP) utility functions (Saha 1993):

(b) The power risk aversion (PRA) utility functions (Xie 2000):

(c) The flexible three parameter (FTP) utility functions (Conniffe 2007):

pA
2
= 1 −

1 − p1

p1
× pN

2
.

𝜓
(
pN
2

)
∶ =

(
1 −

1 − p
1

p
1

× pN
2

)
×

u�
(
W − p

1
L
)

u�
(
W − Q

A†

2

(
pN
2

))

+

(
1 − p

1

p
1

× pN
2

)
×

u�
(
W − p

1
L
)

u�
(
W − Q

N†

2

(
pN
2

)) < 1.

u(c) = −exp(−𝛽 ⋅ c𝛼), with 𝛼 ≠ 0, 𝛽 ≠ 0, and 𝛼𝛽 > 0.

u(c) =
1

�

{
1 − exp

[
−�

(
c1−� − 1

1 − �

)]}
, with � ≥ 0, and � ≥ 0.

u(c) =
1

𝜃

{
1 −

[
1 − 𝜆𝜃

(
c1−𝜏 − 1

1 − 𝜏

) 1

𝜆

]}
, with 𝜏 > 0, 𝜃 > 0, and 𝜆 ≤ 1.
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Note that the EP and the PRA forms are equivalent. To translate parameters, let 
σ = 1 − α and γ = αβ. Figure 3a, b plot �(pN

2
) with different parameters of the above 

utility functions, assuming the first-period loss probability is small (p1 = 0.2) and 
large (p1 = 0.8) , respectively. It is clear that 𝜓(pN

2
) < 1 is satisfied for all pN

2
∈ (0, p1) , 

suggesting that Proposition 1 holds regardless of the size of the ratio pA
2
∕pN

2
.

Appendix 5: Robustness of Propositions 1–2 under an alternative assumption 
of risk dynamics

In the main text, we assume that policyholder’s risk type does not change (e.g., acci-
dent insurance). In this part, we relax this assumption and assume that policyholder’s 

Fig. 3   
a 
(
W,L, p

1

)
= (1, 0.5, 0.2) ,  

b 
(
W,L, p

1

)
= (1, 0.5, 0.8)
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type worsens over time (e.g., life insurance) as in Hendel and Lizzeri (2003). Again, 
we can show that the equilibrium pricing patterns predicted in Propositions 1 and 2 
hold under this alternative assumption of risk changes.

More formally, we assume that the second-period loss probability is 
p2 ∈ {pA

2
, pN

2
} , with pA

2
> pN

2
> p1 and Pr(p2 = pA

2
) = 1 − Pr

(
p2 = pN

2

)
= p̃ ∈ (0, 1) . 

The second-period loss probability p2 is learned by the incumbent insurer and the 
policyholder, but not observed by the entrants.

Proposition 3 Suppose that policyholder’s risk type worsens over time and learn-
ing is asymmetric. Then the equilibrium contract exhibits:

 (i) highballing (front-loaded) pricing pattern under one-sided commitment;
 (ii) lowballing (back-loaded) pattern under no commitment.

Proof Denote p̃ × pA
2
+ (1 − p̃) × pN

2
 by p̄2. It is clear that 

p̄2 ≡ p̃ × pA
2
+ (1 − p̃) × pN

2
> p̃ × p1 + (1 − p̃) × p1 = p1 . Note that the proof of 

our Proposition 2 is exactly the same as that of Proposition 2 in de Garidel-Thoron 
(2005), which does not rely on the martingale property p1 = p1p

A
2
+
(
1 − p1

)
pN
2

 and 
the distribution of p2 . Therefore, the equilibrium contract still exhibits lowballing 
with the alternative assumption pA

2
> pN

2
> p1 ; and it remains to prove part (i) of the 

proposition. The equilibrium contract solves the following maximization problem:

subject to

Suppose, to the contrary, that the equilibrium contract, denoted by (Q∗∗
1
,QA∗∗

2
,QN∗∗

2
) , 

maximizes consumer’s expected utility and is not front-loaded (i.e., Q∗∗
1

≤ p1L . Then 
we can construct an alternative contract that yields a higher expected utility and satis-
fies constraints (16)–(19) by the following two steps:

Step 1 Fix QA∗∗
2

 , decrease QN∗∗
2

 by �′ , and increase Q∗∗
1

 by 𝛿(1 − p̃)𝜀� for a suffi-
ciently small 𝜀′ > 0 . It is clear that constraints (16), (17) and (19) are still satis-
fied but constraint (18) is violated. Denote consumer’s expected utility with contract (
Q∗∗

1
+ 𝛿(1 − p̃)𝜀

�

,QA∗∗
2

,QN∗∗
2

− 𝜀
�) by U(��) . It can be verified that

max{Q1,Q
A
2
,QN

2 }
u
(
W − Q1

)
+ 𝛿

[
p̃u

(
W − QA

2

)
+ (1 − p̃)u

(
W − QN

2

)]
,

(16)
(
Q1 − p1L

)
+ 𝛿

[
p̃
(
QA

2
− pA

2
L
)
+ (1 − p̃)

(
QN

2
− pN

2
L
)]

= 0,

(17)QA
2
≤ pA

2
L,

(18)ICN
2

(
Q;CN

2

)
and ICA

2

(
Q;CA

2

)
cross on the line

(
1 − pN

2

)
Q − pN

2
R = 0,

(19)ICN
2

(
Q;CN

2

)
and

(
1 − p̄2

)
Q − p̄2R = 0 do not intersect.

dU(𝜀�)

d𝜀�

||||𝜀� =0 = 𝛿(1 − p̃) ×
[
u�(W − QN∗∗

2
) − u�(W − Q∗∗

1
)
]
.
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From constraint (18) and the shape of ICN
2
(Q;CN

2
) , we have QN∗∗

2
≥ pN

2
L . Together 

with the postulated Q∗∗
1

≤ p1L , we must have that

which in turn implies that u�(W − QN∗∗
2

) > u�(W − Q∗∗
1
) and 

dU
(
𝜀
�
)

d𝜀
�

|||||𝜀� =0
> 0 . By the 

continuity of the utility function u(⋅) , there exists 𝜀′
1
> 0 such that the contract with 

the premium profile 
(
Q∗∗

1
+ 𝛿(1 − p̃)𝜀

�

1
,QA∗∗

2
,QN∗∗

2
− 𝜀

�

1

)
≡
(
̂̂
Q1,

̂̂
QA

2
,
̂̂
QN

2

)
 generates 

a strictly higher expected utility than does the equilibrium premium profile (
Q∗∗

1
,QA∗∗

2
,QN∗∗

2

)
.

Step 2 Fixing ̂̂Q1 , we increase ̂̂QN
2

 and decrease ̂̂QA
2
 to satisfy constraints (16) 

and (18) simultaneously. It is clear that the constructed contract satisfies con-
straints (16)–(19). By the same argument as in Step 2 in the proof of Proposition 
1, this contract generates strictly higher utility to the policyholders than does the 
contract with the premium profile 

(
̂̂
Q1,

̂̂
QA

2
,
̂̂
QN

2

)
.□

Proposition 3 complements Hendel and Lizzeri (2003) by showing that the 
highballing pricing pattern under one-sided commitment is robust across differ-
ent learning environments. It should be noted that both symmetric learning and 
one-sided commitment play indispensable roles in shaping the highballing pric-
ing pattern in Hendel and Lizzeri (2003). On the one hand, symmetric learning 
indicates that an insurer faces fierce competition with the entrant in every state 
in the second period, and, hence, the incumbent insurer cannot obtain informa-
tion rents in the second period. To see this more clearly, suppose to the contrary 
that the incumbent insurer offers a contract that generates positive profits for 
some state in the second period. The entrant can then earn profits by providing 
a contract that yields less profit and a strictly higher expected utility to attract 
policyholders in that state. Therefore, the incumbent insurer must earn zero or 
negative profits in the second period. On the other hand, one-sided commitment 
implies that insurers have incentives to insure against the period-2 reclassifi-
cation risk in terms of level premiums to maximize consumers’ inter-temporal 
expected utility. This implies directly that policyholders of low-risk types will 
lapse the contract in the second period, yielding zero profits to the incumbent 
insurer, while policyholders of high-risk types will stick with the contract, gen-
erating losses instead. As a result, a highballing pricing pattern emerges in the 
competitive equilibrium in Hendel and Lizzeri (2003). Note that their result 
cannot be directly generalized to the environment of asymmetric learning as is 
assumed in this paper because the incumbent insurer earns profits from type-N 
consumers [see constraint (8)] and suffers losses from type-A consumers [see 
constraint (7)].

Q∗∗
1

≤ p1L < pN
2
L ≤ QN∗∗

2
,
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Appendix 6: Figure 2 in the contingent wealth space

In this section, we redraw Fig.  2 in the contingent wealth space as in Rothschild 
and Stiglitz (1976). Before we proceed, it is useful to first introduce several nota-
tions. In each period, an insurance contract can be represented by c ≡ (x̄, x

−
) , where 

x̄ specifies the consumption level when no accident occurs, and x
−
 refers to the con-

sumption level when an accident occurs. Therefore, a two-period insurance contract 
can be indexed by 

(
c1, c

A
2
, cN

2

)
≡
(
x̄1, x1

)
,
(
x̄A
2
, xA

2

)
,
(
x̄N
2
, xN

2

)
 , where c1 ≡

(
x̄1, x1

)
 is 

the first-period contract and ck
2
≡
(
x̄k
2
, xk

2

)
 is the second-period contract contingent 

on k ∈ {A, N} . Fixing (R,Q) as specified in the main text of the paper, it is clear that 
(x̄, x

−
) can be derived as the following:

Moreover, consumers’ indifference curve that crosses a contract ck
2
≡
(
x̄k
2
, xk

2

)
 for 

type k ∈ {A, N} , which we denote by x
−
= ICk

2

(
x̄;ck

2

)
 , is the solution to

Then Fig. 2 can be redrawn as Fig. 4 in the (x̄, x
−
) space as follows.

x̄ = W − Q, and x
−
= W − L + R.

(
1 − pk

2

)
u(x̄) + pk

2
u
(
ICk

2

(
x̄;ck

2

))
=
(
1 − pk

2

)
u
(
x̄k
2

)
+ pk

2
u
(
xk
2

)
.

Fig. 4  Graphical illustration 
for proof of Proposition 1 in the 
contingent wealth space
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