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ABSTRACT

This paper tests for asymmetric information in the U.K. annuity market by testing for the
presence of unused observables, attributes of individual insurance buyers that are correlated both with
subsequent claims experience and with insurance demand but that insurance companies do not use to set
insurance prices. Unlike the widely-used positive correlation test for asymmetric information, which
searches for a positive correlation between insurance demand and risk experience, the unused observables
test is not confounded by heterogeneity in individual preference parameters that may affect insurance
demand. We identify residential location as an unused observable, and show that the socio-economic
status of the annuitant’s place of residence is correlated both with annuity demand and with prospective
mortality. Thus even though residential location is observed by all market participants, the decision not to
condition prices on it creates the same types of market inefficiencies that arise when annuity buyers have
private information about mortality risk. Our findings raise interesting questions about how insurance
companies select the set of buyer attributes that they use in setting policy prices. We speculate that
political economy concerns may figure prominently in decisions to forego the use of some information in
risk classification.
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Asymmetric information is widely recognized as hindering the efficient operation of insurance
markets, but whether it is present in specific markets remains a subject of considerable controversy and
active research. Numerous studies have tested for asymmetric information in a variety of different
insurance markets, typically using what Chiappori et al. (2006) label the positive correlation test. This
test rejects the null hypothesis of symmetric information when there is a positive correlation between
insurance purchases and risk occurrence, conditional on the buyer characteristics that are used to set
insurance prices. However, Finkelstein and McGarry (2006) and Chiappori et al. (2006) have noted that
the positive correlation test breaks down when individuals have private information about characteristics
other than risk type, such as risk preferences, and when these other characteristics affect insurance
demand. Recent empirical evidence, reviewed by Cutler, Finkelstein, and McGarry (2008), suggests that
this type of preference heterogeneity plays an empirically important role in many insurance markets.

This paper illustrates an alternative, and quite straightforward, test for asymmetric information that is
robust to the existence of preference heterogeneity in insurance demand. When some attributes of
insurance buyers that are correlated with insurance demand and subsequent risk experience are not used
to price insurance policies, then insurance buyers effectively have private information about their risk
type. This may occur even when insurance companies observe, or could observe, the relevant individual
characteristics, but choose not to use them in pricing. Asymmetrically used information that results from
insurer choices has the same implications for market equilibrium and market efficiency as asymmetric
information that results when features of the contracting environment make it impossible for the insurer to
observe characteristics of the insured. We test for asymmetrically used information by trying to identify
individual characteristics that are risk-relevant and correlated with insurance demand, but that are not
used by insurance companies in designing the contract menus facing individuals.

Regulation can create information asymmetries in insurance markets. When insurance companies are
prevented from using some individual characteristics in pricing insurance policies, buyers who know
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markets, however, asymmetrically used information occurs because insurance companies voluntarily
choose not to price on the basis of risk-related buyer information that they collect, or could collect. We
explore this ostensible puzzle in more detail below, and suggest that concerns about regulatory response
and consumer backlash may contribute to this behavior.

We illustrate the use of the unused observables test in the retirement annuity market in the United
Kingdom, where those who save for retirement through tax-preferred savings vehicles — the equivalent of
IRA’s or 401(k)’s in the United States — are required to purchase annuities. Annuity buyers nevertheless
have substantial flexibility with regard to their contract choice, and we test for whether asymmetric
information appears to affect these choices.

Understanding the nature of the information structure in retirement annuity markets is of substantial
interest in its own right. Annuity markets have attracted increasing attention and interest in light of Social
Security reform proposals in various countries to partly or fully replacing government-provided defined
benefit, pay-as-you-go retirement systems with defined contribution systems in which individuals would
accumulate assets in individual accounts. Whether the government should require individuals to annuitize
some or all of their balance, and whether it should allow choice over the type of annuity product
purchased, are two important policy design issues. The relative attractiveness of these various options
depends critically on the information structure in the private market. We implement the unused
observables test with a new data set containing information on the annuity policies sold by a large U.K.
insurance company. The company collects information on the annuitant’s place of residence but does not
use this information to set prices — a standard practice in the industry. We find that conditional on the
insurance company’s risk classification, which is based on the annuitant’s age and gender, place of
residence contains information about an annuitant’s socio-economic status that helps to predict future
mortality experience. Moreover, annuitants in higher socio-economic status residential locations purchase
larger annuities. These two findings lead us to conclude that place of residence is an unused observable
variable that, when not used in annuity pricing, gives rise to a market that operates as though there was
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In Finkelstein and Poterba (2004), we applied the positive correlation test in U.K. annuity market,
using data from a different insurance company, and rejected the null of symmetric information
Implementing the unused observables test in the same market serves several purposes. First, as we discuss
in more detail below, the unused observables test is a more robust test of asymmetric information than the
positive correlation test. Second, the unused observables test offers some insight into the sources of
private information about mortality risk In particular, it suggests that socio-economic status is a key
source of mortality information that is not priced by insurance companies. Finally, our current analysis
raises interesting questions concerning Why insurance companies voluntarily forgo pricing on risk-
relevant observable characteristics. .

This paper is divided into six sections. The first describes previous work on asymmetric information,
in particular the widely-used positive correlation test. The second section explains the unused
observables test and its relationship to earlier tests. Section three summarizes our data set, which was
provided by a large U.K. annuity seller. Section four presents our key findings and discusses their
interpretation. The fifth section discusses why insurance companies voluntarily choose not to price on
risk-relevant observable characteristics and suggests that political economy concerns are likely to be an
important component of the explanation. A brief conclusion considers the implications of our findings
for equilibrium in other insurance markets.

1. Testing for Asymmetric Information in Insurance Markets: The Positive Correlation Test

Cawley and Philipson (1999), Chiappori and Salanie (2000), and many others have observed that
most models of equilibrium with either adverse selection or moral hazard predict that those with more
insurance should be more likely to experience the insured risk. With moral hazard, insurance coverage
lowers the cost of the insured outcome and thus increases the expected loss. With adverse selection, the
insured knows more about risk type ex-ante than the insurance company does. Since the marginal utility
of insurance at a given price is increasing in the risk of the insured event, those who know that they are
high risk will select contracts with more insurance than those who know that they are low risk.

This insight underlies the most common test for asymmetric information in insurance markets: the



positive correlation test. This test estimates the correlation between the amount of insurance an individual
buys and his ex-post risk experience, conditional on the observable characteristics that are used in pricing
insurance policies. It is essential to condition on all the information that is used to set insurance prices.
Finding, for example, that smokers demand more life insurance than non-smokers, and that they also have
higher mortality risk, does not provide evidence of asymmetric information since the price of insurance
for smokers is adjusted to reflect this differential. Results from the positive correlation test as well as the
unused observables test are always conditional on the risk classification that the insurance company
assigns to the individual.

The canonical positive correlation test involves estimating two reduced-form econometric models:
one for insurance coverage (C) and the other for risk of loss (L). For simplicity we present linear versions
of both models. The explanatory variables (X) in both equations are the set of variables that the insurance
company uses to place the buyer into a risk class. The estimating equations are:

(1a) Ci=X;*P+g

and

(1b) Li=X;*y+u.

Under the null hypothesis of symmetric information, &; and p; should be uncorrelated. A statistically
significant positive correlation between the two rejects the null hypothesis and points to asymmetric
information.

Positive correlation tests have yielded a variety of findings in different insurance markets. Cutler and
Zeckhauser (2000) review the findings for health insurance and conclude that the preponderance of
evidence suggests a positive correlation between insurance coverage and risk occurrence, although there
are important exceptions such as Cardon and Hendel (2001). In other health-related markets, however, the
findings are less supportive. Finkelstein and McGarry (2006) find a negative correlation between
insurance coverage and risk occurrence in long-term care insurance, and Fang, Keane and Silverman
(2006) present a similar finding for Medigap insurance. In the automobile insurance market, Chiappori
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occurrence are uncorrelated, while Cohen (2005) finds a positive correlation.

A striking — and potentially revealing — difference emerges when the positive correlation test is
applied in life insurance and annuity markets, two markets that insurance opposite mortality risks. In the
life insurance market, Cawley and Philipson (1999) and McCarthy and Mitchell (forthcoming) find no
evidence of a positive correlation; those who buy life insurance are not higher mortality than those who
do not. However, in the annuity market, Finkelstein and Poterba (2002, 2004) and McCarthy and Mitchell
(forthcoming) find a positive correlation between annuity demand and longevity. One possible
explanation for these different findings is that insurance demand is determined not only by private
information about risk type but also by heterogeneity in risk tolerance. All else equal, more risk-averse
individuals are likely to demand more annuity coverage and more life insurance. Wealthier individuals
might also demand more insurance of both types. However, risk aversion and wealth are likely to be
negatively correlated with the risk of dying early, and positively correlated with the risk of living a long
time, since more risk averse and wealthier individuals may invest more in life-extending activities.
Cutler, Finkelstein and McGarry (2008) provide evidence consistent with this explanation.

As this discussion illustrates, when individuals have different tastes for insurance, the correlation
between g; and L; in equations (1a) and (1b) can no longer be attributed only to unobserved differences in
risk of loss. When individuals have private information about their risk type (Z,) and that they also
exhibit different degrees of risk aversion (Z,), the residuals from (1a) and (1b) can be written
(2a) & = Zij*m + 2y + 0
and
(2b) W= Zy*pr+ Zoi*par v
The logic of the positive correlation test assumes that private information risk type (Z;) is positively
correlated with both insurance coverage and the risk of loss (m; > 0 and p; > 0). If risk aversion (Z,) is
also positively correlated with coverage, but it is negatively correlated with risk of loss (m, > 0 and p, < 0)
then the correlation between ¢; and p; may be negative or zero. In this case, the positive correlation test

would fail to reject the null hypothesis of symmetric information even in the presence of private



information about risk type.

This example illustrates how unobserved heterogeneity in individual preferences can lead to Type 11
errors in applications of the positive correlation test. De Meza and Webb (2001), Jullien, Salanie, and
Salanie (2007), Chiappori et al. (2006) and others develop equilibrium models that illustrate how
preference-based selection may offset risk-based selection, making insurance coverage and risk
occurrence uncorrelated or even negatively correlated. Several recent empirical studies suggest the
substantive importance of this insight. ; Davidoff and Welke’s (2005) analysis of the reverse annuity
mortgage market, Fang, Keane and Silverman’s (2006) study of the Medigap market, and Finkelstein and
McGarry’s (2006) study of the long-term care insurance market provide evidence that unobserved
preferences for insurance are negatively correlated with unobserved risk type. In contrast, Cohen and
Einav’s (2007) study of auto insurance and Einav, Finkelstein and Schrimpf’s (2007) analysis of the U.K.
annuity market suggest that greater unobserved preferences for insurance is positively correlated with
unobserved risk type, thus reinforcing the positive correlation between insurance coverage and risk
occurrence created by private information about risk type. Regardless of the sign of the correlation
between the insurance demand and risk of loss residuals, private information about risk type may impair
market efficiency because the buyer’s private information affects the supplier’s cost of providing
insurance, buyers therefore do not face their own-type actuarially fair price on the margin.

2. Testing for Asymmetric Information Using Unused Observables

In a symmetric information environment, when it is costless for an insurance company to observe
buyer attributes and condition the price of insurance policies on these attributes, insurance contracts
should be conditioned on any buyer characteristics that are correlated with both demand for insurance
coverage and risk of loss. Finding a buyer characteristic that is either unknown to or unused by the
insurer, and that is correlated both with demand for insurance coverage and with ex-post risk of loss,
implies that the insurance market operates as if there were asymmetric information. The “as if” statement
is important, because even if there are no technical barriers to the insurer observing some buyer attributes,

if insurers do not condition policy prices on this information, the efficiency attributes of the market



equilibrium will resemble those of a market in which sellers cannot observe buyer type.

The unused observables test that we implement involves a straightforward search for observable
buyer attributes that are both demand-related and correlated with risk of loss. This test can be formalized
using the foregoing notation in which X denotes the attributes that are used to assign a potential insurance
buyer to a risk class, C denotes insurance coverage and L denotes risk of loss. W, a candidate unused
observable variable, could be an element of either Z, (risk type) or Z, (risk preference). The estimating
equations for the unused observable test are:

(Ba) C=Xi*p +W;*a+g’

and

(Bb) Li=X;*y +W;*5+w’.

Rejecting {o. =0, 3 = 0} is tantamount to rejecting the null hypothesis of symmetric information,
regardless of the signs of o and 6. By investigating several candidate variables for W, we can also learn
something about the nature of private information in the insurance market.

Implementation of the unused observables test requires individual data on insurance coverage, ex-post
risk experience, the characteristics used by insurance companies in pricing insurance, and at least one
individual characteristic that is not used in setting prices. The positive correlation test requires the first
three types of data, and the settings in which it has been applied often provide opportunities for collecting
the fourth. Household surveys, for example, have been used to implement the positive correlation test in
various insurance markets. Such surveys often include information on individual attributes such as
wealth, parental health history, seat belt use, and occupation, most of which are not used to condition
insurance prices. Proprietary data provided by insurance companies, the other type of data used in
positive correlation tests, sometimes include data that companies have not used in pricing, and in some
cases they may be supplemented with survey data that contain unused observables. For example, a
policyholder’s address is almost always collected and kept in the data for billing purposes, but it is not
always used in setting prices. In addition, the insurance company data may be supplemented with survey
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insurance purchases among rental car drivers, and Ivaldi (1996) supplemented a French data set on
automobile insurance with a survey of the insured’s smoking behavior. Neither variable is used in pricing
the respective insurance products.

The unused observables test complements the tests designed by Chiappori et al. (2007) to counter the
limitations of the positive correlation test when there is unobserved preference heterogeneity. Their tests
use data on the claims distributions associated with two distinct insurance policies to test whether
insurance buyers who select less-generous insurance contracts when more generous ones are available
receive higher expected income, net of losses and premiums, with the less generous than the more
generous policy. Their tests require assumptions about the cost structure of the insurance companies
offering policies, while the unused observables test does not. In addition, their tests only apply to pairs of
insurance contracts, while the unused observables test can be applied to any number of insurance
products. A drawback of the unused observables test, however, is that failure to find individual
characteristics that are not used in pricing, but that are correlated with risk of loss and insurance demand
may simply reflect a lack of sufficiently rich data, rather than the absence of asymmetric information.

3. Place of Residence as an Unused Observable in the United Kingdom Annuity Market

We apply the unused observables test to the United Kingdom’s compulsory annuity market.
Annuities pay a pre-specified payment stream to their beneficiaries, the annuitants, for as long as they are
alive. They provide a way of spreading an accumulated stock of resources over a lifetime of uncertain
length and thus provide insurance against the risk of outliving one’s resources. From the perspective of
an insurance company, a high risk annuitant is one who has a substantial chance of living a long time. 3.1
Insurance Company Data and Descriptive Statistics

Retirees who have accumulated savings in tax-preferred retirement saving accounts in the United
Kingdom are required to annuitize a large portion of their accumulated balance. They can, however,
choose among a number of annuity options that offer different amounts of insurance. There are currently
no restrictions on the characteristics that U.K. insurance companies may use in pricing annuities in this
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annuities, including all of the ones sold by the company that provided data for this study, were priced
solely on the basis of the annuitant’s gender and age at the time of purchase. To apply the unused
observables test, we need data on these characteristics as well as another characteristic that is related to
both survival prospects and annuity demand.

We obtained data from one of the largest U.K. annuity sellers. The data set includes information on
all of the company’s compulsory annuities that were in force in 1998 and that were sold between January
1, 1988 and December 31, 1998. We observe the annuitant’s date of death if he died over the six-year
period between January 1, 1998 and February 29, 2004. We also observe detailed information on the type
of annuity purchased, and the three characteristics of the annuitant that are used in pricing the annuity: the
date of purchase, the annuitant’s date of birth, and the annuitant’s gender. Finally, we observe a
characteristic not used in pricing: the individual’s post code, which indicates his place of residence.

For analytical tractability, we restrict our sample in several ways. We focus on the approximately
sixty percent of the sample firm’s annuities that insure a single life. The mortality experience of the single
life annuitant provides a convenient ex-post measure of risk type; measuring the risk type of a joint life
policy which insures multiple lives is less straightforward. We also restrict the sample to the
approximately eighty percent of annuitants who hold only one annuity policy, thereby avoiding the
complexity of modeling the total annuity stream for individuals who hold multiple policies. We restrict
attention to the approximately ninety percent of policies sold in England or Wales because we cannot map
postcodes in Scotland into the same type of geographic unit that we can for England and Wales. Finally,
we exclude annuitants who purchased annuities before age 50, and limit our sample to those who
purchased annuities with guarantee periods of five or ten years. These exclusions affect less than one
percent of our sample. Our final sample consists of 52,824 annuitants.

Table 1 presents summary information on our data sample. The average age at annuity purchase is
62, and 59 percent of the purchasers are male. Our sample characteristics appear to match the
characteristics of the broader market, described by Murthi et al. (1999), and of other individual firms in

the market, such as the one studied in Finkelstein and Poterba (2004).



3.2 Residential Location as an Unused Observable

Each postcode lies wholly within a ward. Wards consist of about 9,000 individuals, while there are
about forty individuals per postcode. Our sample includes annuitants from 49,123 unique postcodes and
8,941 unique wards, out of a possible 1.24 million postcodes and 9,527 wards in England and Wales. We
link the annuitant’s ward to ward-level data on socio-economic characteristics from the 1991 U.K.
Census. The public use version of the U.K. Census does not contain postcode-level data.

Two measures of ward-level socio-economic status are available in the U.K census: educational
attainment and occupation. Educational attainment is reported as the percent of the ward population aged
18 and over that is “qualified,” which requires an educational credential above the level of the A-level
standard, the equivalent of a good high school degree in the United States. Table 2 provides summary
statistics on educational attainment. We report two sets of summary statistics, one weighting each ward
by its population, and the other weighting each ward by the number of policies from that ward in our
sample. The average person in England and Wales comes from a ward in which about 13 percent of
individuals are qualified. The average annuitant in our sample, however, comes from a ward in which
about 16 percent of individuals are qualified.

The ward-level census data also report the percent of employed people in each ward in different
“social classes,” which are roughly occupational categories. We compare three groups: professional and
managerial (social classes I and II), skilled manual or non manual (social class III), and partly skilled or
unskilled (social classes IV and V). Table 2 shows that the average person in England and Wales lives in
a ward in which about one-third of the employed individuals are in professional and managerial
occupations, two-fifths are in skilled manual or non-manual occupations, and one-fifth are in partly
skilled or unskilled occupations. The average annuitant in our sample is drawn from a higher social class
ward than the average individual in the population. This is consistent with Banks and Emmerson’s (1999)
findings on annuitants in the U.K. Family Resources Survey.

Census data provide a number of other measures of the attributes of each ward’s population. One is a

variable on the percent of persons in the ward having a “long-term illness, health problem, or handicap
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which limits his/her daily activities or the work he/she can do.” The average person in England and
Wales comes from a ward in which about 12 percent of the population reports having a long-term illness;
our average annuitant lives in one in which about 11 percent of the population reports such illness. We
investigate whether this ward characteristic helps to predict annuitant survival, since it represents a
variable that is not directly related to socio-economic status but that may provide annuitants with private
information about their mortality prospects.

Characteristics of the ward population convey some predictive information about the characteristics
of a randomly drawn individual within the ward, but substantially less information than knowing the
individual’s own characteristics. We calibrate the difference in information by computing the ratio of the
variance of an average characteristic across wards to the variance of the characteristic in the population.
This ratio is 0.11 for long-term illness, 0.23 for education qualification, 0.26 for an indicator variable for
membership in social class I or I, 0.14 for an indicator for social class III, and 0.21 for an indicator for
Social Class IV or V. These ratios suggest that using ward-level means to proxy for an individual’s
private information is likely to understate the actual degree of asymmetric information in insurance
markets. Our estimates of the informational value of the characteristics of an annuitant’s ward are also
likely to understate the information potentially available to insurers, who observe postcodes rather than
wards and correspondingly have more detailed information on their insurance buyers.

4. Results of the Unused Observables Test in the U.K. Annuity Market

We test whether the socio-economic characteristics of the annuitant’s ward help to predict the
annuitant’s survival probability, conditional on the other characteristics that are used in annuity pricing,
and then explore the analogous conditional relationship between socio-economic characteristics and
annuity demand. This section presents our key results and then discusses their interpretation.

4.1 Geographic Location and Annuitant Survival Rates

We estimate a modified version of equation (3b), which assumed a linear relationship between risk of

loss and the unused observable. In the annuity context, the “risk of loss™ is the risk of survival; this is

more appropriately estimated by a proportional hazard model of the length of time the annuitant lives

11



after purchasing an annuity:

4) AL, X, B, A ) = exp(X{ ) A, (1)

A(t, X;, B, 4,) denotes a hazard function for the probability that an annuitant with characteristics X; dies t

periods after 1998, conditional on living until t. Following Cox (1972, 1975), we estimate a continuous-

time, semi-parametric, partial likelihood proportional hazard model. This allows us to estimate the

P coefficients without making parametric assumptions about the form of the baseline hazard A,(t). The

Cox model readily handles the left truncation and right censoring in our data. In our earlier study of
another company’s annuitant data, Finkelstein and Poterba (2004), we obtained very similar results using
the Cox model and alternative models that allow for a discrete rather than continuous non-parametric
baseline hazard as in Han and Hausman (1990). The main covariates of interest are socio-economic

status measures of the annuitant’s ward and the annuitant characteristics that are used in pricing.

Table 3 presents our findings. The first column only includes covariates for the annuitant
characteristics used in pricing. The only coefficient shown is for the indicator variable identifying male
annuitants; mortality hazards are higher for males. The other covariates, single year- and age-specific
indicator variables, are not reported to conserve space. The second and third columns add ward-level SES
measures to the basic specification. Conditional on the characteristics that are used in pricing, the
socioeconomic status of the annuitant’s ward is statistically significantly and positively correlated with
annuitant survival. Column (2) indicates that annuitants from wards in which more individuals are
educationally qualified have a statistically significantly lower mortality hazard. Column (3) indicates that
those from wards with a greater proportion in managerial and professional occupations (social class I and
II) have a statistically significantly lower mortality hazard than both those in wards with a greater
proportion in skilled occupations (social class III) and those in our reference category, partly skilled or
unskilled occupations (social class IV and V). Finally, column (4) indicates that annuitants from wards in
which a greater proportion of the population suffer from long-term illness have a statistically significantly

higher mortality hazard.
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To illustrate the substantive importance of the findings in Table 3, we use the estimate of the baseline
hazard and the hazard model coefficients to compute the implied impact of a change in ward
characteristics on the 5-year annuitant mortality rate. Table 4 shows the results. We estimate, for example,
that a 65 year old male annuitant who purchases a policy in 1994 in a ward with the average proportion of
qualified individuals and survives until 1998 has a 10.7 percent chance of dying within the next five
years. The same individual from a ward one standard deviation above the average in the proportion
educationally qualified has only a 9.7 percent chance of dying. Similarly, a 65 year old male has only a
9.3 percent chance of dying if he is from a ward in which the fraction of the population from managerial
and professional occupations is one standard deviation above average.

Survival differences of this magnitude can affect the expected present discounted value of an annuity
payout stream. We illustrate this by computing how much annual annuity payments would change if
insurance companies adjusted prices in an actuarially fair way to account for the relationship we find
between ward-level socio-economic status and annuitant mortality. Our calculation ignores any demand
response to such price changes. The actuarially fair annual payment from an annuity depends on the
characteristics of the annuity, the annuitant mortality table used, and the interest rate. We focus on a
nominal annuity with no guaranteed payments. Since we can only estimate mortality over a six year span
using our data, for this illustrative calculation we use the annuitant mortality tables for the compulsory
annuity market described in Finkelstein and Poterba (2002) for our baseline mortality hazard. We
consider a 65 year old who purchases an annuity on January 1, 1998, and discount future annuity
payments using the zero-coupon yield curve of nominal U.K. Treasury securities.

The mortality differences associated with