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I. Introduction

Existing empirical studies in the life insurance
industry in the United States and Canada find
evidence of economies of scale in at least some
aspects of the production of life insurance, with
consequent implications for the efficiency of life
insurance markets. However, these empirical re-
sults are inconsistent with the institutional facts
in the industry. First, overall economies of scale
(Houston and Simon 1970) are at odds with the
evidence that over a substantial period of time,
the life insurance market in Canada and the
United States has supported a large and growing
number of independent firms of vastly different
sizes.' Second, if economies of scale account for
the differences in firm size, with small firms ex-

* We wish to thank Jack Carr, Mel Fuss, and Herb Mohr-
ing for helpful comments and suggestions.

1. For life insurance firms, we may identify four product
lines as ordinary (individual) and group insurance and ordi-
nary and group annuities. Over the period 1961-76 in
Canada, the number of firms selling ordinary insurance in-
creased by 40%, group insurance by 45%, for ordinary an-
nuities by 37%, and group annuities by 27%. Further, sum-
mary concentration statistics (4, 7, 16, 30 firm concentration
ratios and Herfindahl indices) calculated by product line re-
veal decreasing levels of concentration through time. Vastly
different firm sizes prevail throughout the period (e.g., the
smallest firm's assets are approximately .01 times the largest
firm’s assets). Stigler's (1958) survivorship principle empha-
sizes a natural selection argument for firm sustainability.
Continuing observable economies of scale are inconsistent
with increasing numbers of firms of varying sizes in an indus-
try over a relatively long period of time.
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This article estimates
the production parame-
ters for life insurance
firms. To do so, we
first build a firm and in-
dustry model which
yields an equilibrium
distribution of firm

size predicated on the
firm’s maximizing
profits and segmenting
markets in the face of
variability in the degree
of information held by
consumers on the attri-
butes of life insurance
policies issued by dif-
ferent firms. We es-
timate directly the
first-order conditions
defining the optimal
outputs for each firm.
Our results indicate the
absence of any natural
monopoly effects and
are consistent with the
hypothesis of zero
profits in the industry.
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isting only temporarily, then prices for the large firms should be lower
than the small firms. Casual evidence indicates that, on the contrary,
price and firm size are positively correlated.” Third, economies of scale
in some part of the life insurance production process—for example,
head-office functions (Geehan 1977)—are inconsistent with the lack of
any move toward specialization in that activity, especially in a growing
market for the product (as argued by Stigler [1951]).

We argue in this paper that there is an alternative explanation of the
institutional facts in this industry, embedded in a competitive industry
model. This model is characterized by identifiable differences in pre-
purchase product information among consumers, caused by: variation
in their search costs, market segmentation by life insurance firms, open
entry into the industry, efficient life insurance and annuity prices equal
to marginal costs, efficient but diverse firm sizes (with larger firms
characterized by higher prices and selling expenditures and with long-
run plant scale never characterized by increasing returns), and compet-
itive long-run rates of return to all firms regardless of size. Conditional
on this competitive specification for firms in this industry, our principal
contribution is to estimate a set of first-order conditions for profit-
maximizing output decisions by life insurance firms to discover that (1)
as we predict, we cannot reject the hypothesis of nonincreasing returns
to plant scale in this industry; (2) production functions for life insur-
ance are not Cobb-Douglas; (3) pairwise economies of scope for joint
outputs in this industry have disappeared by the late 1970s; and (4) on
average, firms in this industry earn competitive rates of return.

All of these results are consistent with our competitive model. The
conclusion that the market works has even greater force in the United
States, where there is a renewed questioning of the exemption of life
insurance firms from federal antitrust law (see, e.g., U.S. Department
of Justice 1977). (U.S. life insurance firms are currently exempt from
federal antitrust law because they are state regulated.)

Of more general interest is our explanation of the diversity of firm
size. It is important for the model to generate an explanation of firm
size not only for consistency with industry history but to justify our use
of cross-sectional data. Our model is estimated at several points using
data for the worldwide operations of a set of Canadian life insurance
firms (Superintendent of Insurance for Canada 1961, 1966, 1971, 1976).

2. Price comparisons require a simple life insurance contract to keep the product
standardized across companies. Such a contract is yearly renewable nonparticipating
term insurance issued to males at age 25, renewable at constant rates to age 70, convert-
ible to whole life insurance with no further evidence of insurability. For example, in a
sample of six firms selling this product in Canada (McLeod 1978), the rank correlation
coefficient between price (annual premium) and firm size (measured as total premiums
collected by the firm) is .94 with a probability of .04 that the two measures are not
positively related. (For this product and sample, the maximum price is 37% higher than
the minimum price.)
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An explanation for the diversity of firm size circumvents Friedman’s
(1955) objection that in an industry with identical technologies, all firms
in equilibrium should be alike so that firm differences represent tempo-
rary disequilibria rendering cross-section estimation invalid.

At the heart of our explanation of the diversity of firm size is our
contention that consumers of life insurance products hold varying
stocks of prepurchase information about the product (i.e., have vary-
ing price elasticities of demand for death benefits or annuity size in
contracts underwritten by different firms) and that life insurance firms
segment the retail market to specialize and to offer consumers cover-
age and sales effort—advertising (service) packages that are appropriate
for their level of information. Consumers hold varying levels of infor-
mation on product substitutes because of variability in their marginal
costs of search across competing underwriting firms. Market segmen-
tation by firms is feasible, as each contract sale is a negotiated bilateral
exchange in which we assume that agents estimate accurately con-
sumer price elasticities for coverage, because consumers reveal exten-
sive personal and financial information to agents to facilitate risk rating
and policy recommendations.® Consumers who hold higher price elas-
ticities for coverage from any single firm are aware of the attributes of
insurance or annuities and other substitute products and, therefore,
require less advertising and direct selling effort. In the limit, knowl-
edgeable consumers buy from firms that incur no selling or advertising
expenditures (direct writers).

There are large numbers of competing underwriting firms and open
entry into the industry. This has two consequences for our model.
First, while premium prices for each firm depend on items of “*quality™
such as advertising, sales effort, and coverage, there is no reason to
assume that the price for each contract sold by the firm (total premiums
per contract net of the actuarial costs of the contract) should depend on
the number of contracts underwritten by each firm. Therefore, firms
are price takers and prices per contract should equal the marginal costs
of each contract. Second, all firms should earn zero expected profits in
long-run equilibrium. If entry improves the productivity of consumer
search, then entry by stimulating search should increase consumer
awareness of alternative underwriting sources and increase each con-
sumer’s price elasticity of coverage from a particular firm. In turn, this
should reduce the price of each contract in the conventional competi-
tive fashion to yield efficient firm size. If we order firms according to
the prepurchase knowledge or price elasticity of coverage of their con-

3. This consumer prepurchase search model is not formalized or tested here. In a
separate paper, Mathewson (1983) tests predictions generated by this model on the
distribution of life insurance prices. In general, the results offer support to the market
segmentation price-quality consumer search model.
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sumers, then the model predicts that in long-run equilibrium, break-
even output levels, prices, advertising, and direct selling expenses per
contract for each respective firm are positively correlated and increase
as consumer price elasticities for coverage fall.

Therefore, the equilibrium distribution of firm size is determined by
the underlying (common) production and marketing technologies and
the density of consumers holding various price elasticities of coverage,
that is, the variance of consumer search costs. The model predicts that
the smaller the distribution of consumer search costs (the more alike
consumers are in terms of ignorance), the tighter the distribution of
firm size. A lowering of high search costs results in a shift in market
share toward low-priced, low-advertising small firms and away from
high-priced, high-advertising firms. These predictions are similar to
those developed in a more formal and general model of consumer
sampling by Lynk (1981).

Section II sets forth the details of insurance or annuity sales in a one-
output (for simplicity) model of a life insurance firm together with a
characterization of industry equilibrium. Section III sets out and esti-
mates directly the analogous set of first-order conditions for a multiple-
output firm that determines the profit-maximizing output levels in each
insurance or annuity activity. We report our tests on production struc-
ture and on long-run industry equilibrium. Finally, Section IV contains
our summary comments and conclusions.

II. A Model of a Life Insurance Firm and Industry

Our model of a life insurance firm and industry is conditional upon six
assumptions:

1. Independent of their corporate structure (joint stock or mutual),
life insurance firms seek to maximize expected profits.

2. Consumers of life insurance firms respond differently to individ-
ual sales effort and advertising; further, firms segment the retail market
according to this characteristic and possess some price-setting powers
in negotiating the size of each contract.

3. Save for some joint set-up costs, life insurance firms are charac-
terized by two separable technologies, marketing and production.

4. The risk of death for each consumer is uncorrelated across con-
sumers; further, all firms completely diversify away any insurance risk
either by writing a sufficiently large number of contracts and/or by
exchanging risk through a complete and perfect reinsurance market.

5. Capital markets for the investment of each firm’s portfolios are
competitive and in equilibrium, in the sense that life insurance firms
neither outperform nor underperform other financial intermediaries in
the construction of optimal investment portfolios.

6. Entry into the life insurance industry is unlimited.
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Each of these assumptions deserves some comment. We recognize
that mutual ownership (firms are mutualized when they purchase their
own shares) constitutes a nontransferable form of ownership that is
typically less concentrated than a joint stock company. Therefore, as
ownership control is more costly, there appears to be a greater poten-
tial than usual for managers in these organizations to pursue non-profit-
maximizing objectives. However, in the absence of any forces that
generate rents (e.g., natural monopoly tendencies) that may be dis-
sipated in this fashion and any differences in tax treatment, the pres-
ence of joint stock firms, supplying substitute products to the market at
profit-maximizing prices, should discipline mutual firms to pursue the
same profit objective.

Our second assumption is that consumers of life insurance products
differ in their response to both the direct sales effort of agents and
advertising of life insurance firms. Further, agents can readily identify
consumers according to this characteristic and know that consumers
have downward sloping demand curves for insurance coverage. The
basis for this assumption lies in an argument about consumer search
and information. We begin by asserting that initially uninformed con-
sumers are capable of prepurchase search across both product types
and selling agents. As long as consumers have varying marginal oppor-
tunity costs to search, they hold varying levels of knowledge on the
value of these substitute products supplied in the marketplace. Each
contract sale is a negotiated bilateral exchange. Consumers reveal ex-
tensive personal and financial information to agents to facilitate risk
rating and policy recommendations. This information permits agents to
sort consumers by their knowledge of product and firm alternatives,
that is, their individual price elasticities for coverage.* It then pays to
offer different sales effort, coverage, and price packages to consumers
according to this price elasticity. Increased knowledge about brand
alternatives should yield increased individual price elasticities for
coverage by any single firm, that is, reduced price-setting powers on
coverage for individual sellers. For simplicity, we assume that each
firm services only one segment of the retail market. By this, we mean
that each firm sells a homogeneous commodity to consumers charac-
terized by a common knowledge of life insurance alternatives and,
consequently, a common price elasticity of demand for death benefits.

Production and marketing technologies that are separable except for
joint set-up costs lead us to asssume that, except for these set-up costs,

4, In describing the functions and powers of the life insurance agent, Mowbray, Blan-
chard, and Williams (1969) point out that the agent armed with a rate book specifying
rates, surrender values, and policy features as well as sample policies and application
blanks is expected to screen the field for his employer, operating with explicit instruc-
tions on potential clients, *‘canvassing only the types of person covered by his instruc-
tions"' (p. 396).
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no economies of scope exist between producing and selling insurance
and other annuity contracts. Given the vertical relation between the
activities of producing and marketing and advertising policies within
the firm, this is a reasonable assumption.

Uncorrelated insurance risk and complete reinsurance markets mean
that all insurance firms, independent of their size, can successfully
diversify away any underwriting risk. Therefore, smaller firms are not
at an underwriting disadvantage to larger firms simply because of size.
This is a reasonable assumption given the existence of active reinsur-
ance markets and the size of most insurance firms.’ This assumption
eases considerably the specification burden in our model, for it means
that, without loss of generality, we may consider a ‘‘typical’’ consum-
er's risk of death within each information class of consumers.

Our similar assumption of equal competitive returns on investment
portfolios across institutions means that, in equilibrium, there are no
special advantages due to size (and, therefore, ability to diversify away
investment risk) accruing either to insurance firms as a group or to
large insurance firms within the group.

We assume that there are no capital market barriers to entry into the
industry. Freedom of entry is the standard condition that firms enter
the most profitable segment of the industry until, in equilibrium, ex-
pected profits are zero everywhere.

While our empirical investigation recognizes several potential out-
puts for each firm, for reasons of diagrammatic simplicity and ease of
economic interpretation, without loss of generality, we assume here
that each firm sells a single product, a one-period nonparticipating
insurance policy. We proceed to specify a corresponding single-output
firm model and describe the industry equilibrium. At the empirical
stage, we permit firms to have multiple outputs and multiple sales
efforts corresponding to each output to facilitate tests on the sustain-
ability of product bundles.

First, for each firm, we derive an expression for the revenue per
policy underwritten and retained (i.e., net of reinsurance ceded) net of
actuarial costs. Typical consumers face with probability I'0 < T"' =< 1)
the event that they die during the period, an event that represents in
our model a loss of income for their family. With family utility func-
tions concave in income, consumers purchase life insurance contracts
that pay death benefits to their heirs. We define the inverse demand
function for death benefits for a consumer of a typical firm as: P =
P(p, Z; T'), where P is the premium price of insurance conventionally

5. In 1976, e.g., the average Canadian life insurance firm serviced 760,000 insurance
and annuity contracts. If the probability of collecting on any contract is on average .2 and
the value of the contract is $25,000, then the coefficient of variation for payouts per
contract for the average firm is .0023, a number which indicates that any underwriting
risk is low relative to the expected payout per contract.
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measured per dollar of death benefits per contract, w is the size of the
contract in dollars of death benefits (aP/dp. < 0), and Z measures the
firm’s goodwill (aP/dZ > 0). (As well, aP/aI" > 0.) By assuming that
d*PlapdZ > 0, we guarantee that increases in goodwill increase the
demand elasticity of the individual consumer for a given contract size
(i.e., if e measures demand elasticity, then de/0Z(jp) > 0).°

Premium revenue from each policy may earn additional investment
revenue. If we define the portion of premium revenues invested in an
investment portfolio as A, the expected rate of return as r, and the
opportunity cost per dollar of premium revenue to the policyholder of
this investment portfolio as p (p depends on the nondiversified risk-
iness of the investment portfolio and the capital structure of the com-
pany), then the expected premium revenue from the sale and retention
of one contract may be written as (defined to be net of any reinsurance
ceded, given assumption 4) [P(w, Z; I')(1 + N(r — p) — I'ln. Invoking
our capital markets assumption (assumption 5) means that in equilib-
rium » = p. Therefore, we may define the solution to the firm’s optimal
contract size problem for that market segment it chooses to enter as:

®(Z) = max[P(p, Z; T) — T, (1)

where we assume that ®(Z) is concave (I', which has no further inter-
est, is suppressed.)

Next, we specify sales and production technologies together with
corresponding costs. Firm goodwill with each consumer (Z) is created
by variable expenditures on sales effort and advertising. We define N
as the hours of sales effort by an agent to sell each contract. Although
salesmen are paid on commission that is a proportion of gross premium
revenues, the absence of barriers to entry into the ranks of agents
means that in equilibrium salesmen earn a competitive hourly wage of
w. Total dollars of advertising by each firm are measured by A, and B is
a parameter that reflects the response of each consumer group to ad-
vertising and sales effort. This response is conditional on the prepur-
chase level of information held by each consumer on the product’s
attributes and alternatives. Consumers are ordered so that higher B’s
mean an increase in the marginal productivity of both salesmen’s ef-
forts and advertising. Therefore, the marketing technology is Z =
Z(N, A; B) where Z is concave with dZ/dN, dZ/dA > 0 and #*Z/oNap,
3*Al0A B > 0.

The output of each firm is the number of policies written and retained
(i.e., again net of reinsurance ceded) by each firm and defined as m.

6. This assumption on the impact of firm-specific goodwill on individual price elas-
ticities for consumers is consistent with Nelson’s argument that in the aggregate, adver-
tising informs consumers of alternative products increasing their price elasticities and
thus increasing the degree of competition in the market (Ferguson 1974, pp. 31-33).
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Price per contract, ®(Z), is independent of m due to the levels of
competition faced by each firm. Defining output for firms in terms of
contracts retained after reinsurance is sensible as we expect the non-
sales and advertising expenses of the firm to vary with this measure of
the physical volume of output independent of the size (death benefits)
of each contract. Therefore, the costs of production assuming the stan-
dard cost minimizing selection of inputs, are written as G(m, w), where
the inclusion of w serves to remind us that head-office production costs
depend on factor prices. The average cost curve G(m, w)/m is assumed
to exhibit the traditional U shape. Under our assumptions and given (1)
and our marketing technology, the expected profit problem for a typi-
cal life insurance firm may be written as:

Jmax EIl = m[&N, A; B) — wN] — G(m, w) — A, (2)
where &N, A; B) = P[Z(N, A; B)] and & is concave.

We proceed to describe an equilibrium in this model. A firm equilib-
rium is characterized by the usual marginal conditions:

m: &N, A; B) = G,, + wN (3)
N: EN’ =W (4)
A: mEs < 1. (5)

Equation (3) tells us that profit-maximizing contract levels occur
when marginal revenue from the sales of an additional contract equals
marginal head-office expenses plus marginal commissions to salesmen
to sell that contract. It is the multiproduct analogue to (3) that forms
part of our estimated system. Equations (4) and (5) define optimal
levels for N and A that appear in (3). The inequality signs refer to direct
writers of insurance. Equation (4) tells us that profit-maximizing sales
effort per contract occurs where the increase in the value of goodwill
from a salesman’s efforts just equal the competitive wage rate. Sales
agents’ efforts are on a per contract basis as there is no word-of-mouth
creation of goodwill in this world. Equation (5) tells us that profit-
maximizing firms should advertise until the marginal value product of
advertising (over all consumers) just equals $1.00 (the marginal cost).

An industry equilibrium occurs when ETI = 0 or when &N, A; B) =
[G(m, w) + Al/m + wN. In this case, (3) is replaced by the usual
result:

(G, + wN) = {{G(m, w) + Al/m + wN}. (6)

At the industry level, we assume an inelastic number of consumers, all
buying life insurance contracts. The questions for each consumer are
(i) how much coverage and (ii) at what price and level of information.
Entry squeezes prices in two directions. First, more firms mean that
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consumers are spread more thinly across firms, reducing price. Sec-
ond, more firms, by improving the productivity of search, should stim-
ulate consumer search. This, in turn, should lower contract prices by
increasing consumer price elasticities for coverage. In an industry
equilibrium, returns to firms are competitive, the standard result. As
(6) holds only when (G,, + wN) = [G(m, w)/m + wN] in this model,
long-run firm sustainability and free entry mean that we never expect to
observe any economies of scale in the production of life insurance
contracts in the long run. This is consistent with our entry observations
and concentration measures for the industry.’

Our empirical work directly estimates a multiproduct analogue of (3)
and a specification of total head-office production costs conditional on
optimal levels of advertising and sales effort given by multiproduct
analogues of (4) and (5). We then test the consistency of our estimates
with an industry equilibrium. Before we turn our attention to this task,
we investigate the nature of an equilibrium distribution of firm size in
this model. As we have argued, an explanation of the distribution of
firm size is important both to explain the institutional facts of the
industry and to justify the use of cross-sectional estimation.

In our model, for an industry equilibrium (described by [4], [5], and
[6]), conventional comparative statics (using routine, if tedious, mathe-
matics and therefore omitted) yield the predictions that am/ag, aA/aB,
dN/ap > 0. Therefore, larger firms have larger advertising expenditures
and larger direct sales expenses per contract sold and higher prices.
Figure 1 illustrates the nature of the firm long-run equilibrium in this
industry.

In figure 1, for consumers of type B*, who receive N* hours of direct
agent effort per contract and A* dollars of advertising expenditures, a
long-run equilibrium for the firm exists with sales of m™* contracts, that
is, (N*, A*, M*) simultaneously satisfy (3), (4), (5), and (6) for consum-
ers of type B* (m* is a zero-profit output, as the average cost curve
with advertising and sales expenditures set at the optimal levels corre-
sponding to m* is minimized at m*).®

In industry equilibrium, there is a distribution of firms that is demand
determined. Corresponding to each value of B, there is an industry
equilibrium along the corresponding (G,, + wN) marginal cost curve.
The number of firms in each segment of the retail market is determined

7. Potential exists for increasing returns in the production of goodwill. Data at our
disposal do not afford a test of this possibility. In regulatory regimes such as the United
States where life insurance has always been distributed through independent agents (in
Canada, regulatory rules have historically constrained life insurance agents to work for
only one company), the large number of agencies suggests the absence of any economies
of scale in sales distribution.

8. The nature of an industry equilibrium here is similar to the monopolistically com-
petitive equilibrium described in Demsetz (1959, 1968) and Rosse (1978), only simpler
because of the price-taker assumption for firm output (m).
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G +wN*®
Gm

[G{m.w)+A"}/m+wN*

G(m,w)/m
E(N*A%B) \

mO m* m
FiG. 1.—Industry equilibrium for life insurance firms

by technological considerations and the density of consumers at any
level of B. Because the efforts of agents to sell contracts is on a per
contract basis, increases in wiN in response to higher 8’s increase each
firm’s marginal cost but in the one-output model leave efficient plant
scale unchanged. However, changes in A in response to higher B’s are
similar to increments in fixed costs and, therefore, increase efficient
plant scale.

In principle, these equilibrium conditions are similar to competitive
equilibrium conditions. For a firm to exist in any part of the retail
market, consumers must be sufficiently dense in number to support
that firm's earning a normal rate of return. Starting from a market
where consumers are sufficiently knowledgeable that there are no sales
expenditures (£5 < w) and no advertising expenditures (m&4 < 1) and
firm output is illustrated in figure 1 as m° (these firms are the direct
writers), providing consumers are sufficiently dense in number, firm-
size and goodwill expenditures increase as  increases (for less knowl-
edgeable consumers). As figure 1 illustrates, in industry equilibrium,
life insurance firms always produce on that portion of their marginal
cost curve (G,, + wiN) that lies above their corresponding average cost
curve, G(m, w)/m + wN. Therefore, in an industry equilibrium, life
insurance firms are never characterized by increasing returns to scale
in production. Life insurance firms are in fact multiproduct firms that
produce insurance and annuities sold to individuals and groups. The
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principal contribution of this paper is to use a multiproduct analogue of
the profit-maximizing marginal conditions for the firm to estimate di-
rectly the production characteristics for life insurance and then to test
the consistency of these parameter estimates with an industry
equilibrium.

III. Empirical Estimation of the Life Insurance Firm Model

For empirical purposes, we recognize four potential contract types that
firms write in each year: ordinary life insurance policies written for
individual consumers (m;); group life insurance policies written for
groups of consumers (m,); ordinary annuities sold to individual con-
sumers (m3); and group annuities sold to groups of consumers (m,). We
measure m; and my as the total number of individuals in groups ser-
viced by each company, in each year, thus ignoring any substitution
between numbers of groups and group size. Our estimation proceeds
directly from the corresponding set of first-order conditions for a
multiple-output firm. Conditions corresponding to (4) and (5) gener-
ate optimal sales effort by salesmen and advertising. While we exclude
word-of-mouth goodwill creation across consumers purchasing a par-
ticular line of insurance, we can permit information spillovers across
lines of insurance in a multiple-output setting. It is reasonable to expect
life insurance firms that accumulate brand names in life insurance prod-
ucts, for example, should be able to trade on that reputation in annuity
markets. In this case, our specification for the marketing technology
producing goodwill in activity i may be written as:

Z; = Z'(N, A; B), (7)

where N = (N,,N,,N3,N,) and N, represents the hours of sales effort
per contract line i. Firms then allocate sales effort to each activity to
capture not only the direct increase in revenue in that line but also the
indirect effect of an improvement in the firm’s general brand name that
increases revenues from other lines of activity. A similar condition
holds for advertising.

With the inclusion of these indirect effects, the marginal conditions
determining sales effort and advertising, analogous to (4) and (5) be-
come, respectively,

> mey = wm, (8)
J

Z m; g;’; = 1, (9)

J

where §IN = 0t7/oN;, £}y = 9E//0A, and & iis the net expected revenue per
contract line j; i, j = 1, ..., 4.
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If we use asterisks to denote optimal solution values for decision
variables, then, for these multiple-output lines, the optimal number of
contracts by line, conditional upon the optimal production of goodwill,
given by (8) and (9), is described by:

EI(N*, A*; B) = aGlom; + wN¥ i=1,...,4, (10)

where G = G(m, w), m is a vector of contract outputs, and N* is a
vector of optimal sales efforts.

Due to the multiproduct nature of production and sales, (8), (9), and
(10) are more complex than before. However, the same general charac-
teristics still prevail for an industry equilibrium.

As (10) is the multiproduct analogue of (3), economic interpretations
are identical. One slight manipulation in (10) is required for empirical
purposes. Upon multiplication by m}/G(m*, w) to yield an elasticity
formulation, (10) may be evaluated at the optimal values (m*, A*, N*)
as:

m:-"ﬁ"(N*,A*; B)G(m*, w) = m¥/G(m*, w) - 0G/om; + wm}*‘N}“/G(m*,('ﬂj
SN TR i

Equation (11) and the production cost function G(m*, w) with an
appropriate functional form and error specification, lend themselves to
estimation using Zellner’s (1962) multivariate regression technique of
“seemingly unrelated estimation.”” Our sample consists of the set of
Canadian-owned life insurance firms selling in Canada for 1961, 1966,
1971, and 1976. For each of these years, the data are taken from the
consolidated balance sheets and income statements for the worldwide
operations of these firms (Superintendent of Insurance for Canada
1961, 1966, 1971, 1976). The sample consists exclusively of Canadian-
owned firms, as the data available on foreign-owned firms selling in
Canada are solely for their Canadian branch plant operations and
therefore, exclude head-office expenses. The data do not measure fac-
tor prices (w) for each firm. However, as life insurance firms compete
in competitive factor markets, it is reasonable to assume that factor
prices are constant across firms in each of our cross-section samples
and may be safely ignored. However, factor prices do vary through
time if only for reasons of inflation, and such variation cannot be ig-
nored. Consequently, we estimate the model separately for each of the
4 years of cross-section data.

One potential problem that arises from the direct estimation of our
system of equations is possible simultaneous equation bias due to the
endogenous nature of m* and N*, variables appearing on the right-hand
side of (11), and the total cost function. In this cross-section sample,
there are no exogenous final demand or factor supply variables avail-
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able to facilitate any simultaneous equation methodology for avoiding
potential simultaneous equation bias.’

Insurance and annuity contracts extend on average beyond one year.
However, our model is atemporal. With some care, each variable in
our static model has a measured counterpart in the data. Expected net
premium revenues, that is, total premium revenues net of expected
payouts and reinsurance, are required on the left-hand side of (11). The
multioutput analogues to the firm’s optimal death benefits problem of
contract size (given by [1] for the single-output firm) yield, by
definition,

miE(N*, A*; B) = m*[Pi(p¥, Z¥; T — I, (12)

where Z¥ = Z'(N*, A*; B).

Contracts sold by each underwriting firm are measured as the con-
tracts in force for the firm in each sample period. In this case, total
premium revenues by line net of reinsurance ceded, m}P'(uw¥, Z¥; IM)p¥,
required in (12) for each firm are directly measurable. For each life
insurance or annuity contract, regulation requires the firm to establish
minimum policy reserves, calculated as the present value of future
claims minus the present value of future premiums using prescribed
discount rates and mortality tables. These reserves appear as liabilities
on the firm’s balance sheet in anticipation of future payouts over the
life of the contract.'® Aggregating over all contracts in force in any line
for each sample period, we measure the expected payouts associated
with any revenue stream (m}T"'u}) as the difference in these regula-
tory—constrained reserve liabilities for each line between the sample
year and the previous year.

As agent-related expenses (commissions, agent convention ex-
penses, agent pension contributions, etc.) are aggregated to provide
estimates of wm N} for each line of activity, G* includes all other
head-office expenses except advertising.!" To the extent that these
measurements reflect arbitrary accounting convention, such as the cal-
culation of depreciation on fixed assets, such accounting expenses in-

9. Ina simultaneous equation model of property-liability insurance firms, Halpern and
Mathewson (1975) were able to construct firm-specific exogenous demographic variables
to facilitate a two-stage estimation procedure. Such a procedure was made possible by
information on the geographical distribution of firm sales. No information is available on
the distribution of the sales of the life insurance firms in this sample.

10. The accounting procedures used in the Canadian industry are described in Cana-
dian Institute of Chartered Accountants (1973, pp. 102-14). Policy reserve liabilities
record the present value of future claims minus the present value of future net premiums.
The choice of mortality tables and discount rates obviously affects these calculations.

11. Advertising appears explicitly as a decision variable, determined by (9), which
through the marketing technology affects the left-hand side of (11). However, advertising
expenditures are not required explicitly for purposes of estimation.
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corporate measurement bias. There is every reason to believe that such
bias is minimized in these cost figures. Most expenses incurred by life
insurance firms reflect factor purchases through market-determined
prices. The principal fixed asset for life insurance firms is their head-
office building. For the regulatory accounting statements, life insur-
ance firms are required to impute a rental rate to their use of head-
office space equal to either the rental rate charged to other firms renting
space in these buildings or the rental rate for equivalent commercial
space in neighboring sites. Therefore, G* is relatively free of the usual
accounting biases due to arbitrary depreciation rules.

Not all firms in our sample produce in all four lines. Therefore, we
must select a functional form for G(m*, w) which permits outputs to be
zero by some firms in some lines. For any study of economies of scope,
inclusion of such firms is important. We use a translog approximation
to our cost function with a Box-Cox metric on the output lines to
facilitate zero outputs in some lines by some firms. Consequently,
following Caves, Christensen, and Tretheway (1980), under our condi-
tion of constant factor prices for all firms in each of our cross samples,
G(m*, w) may be approximated as:

InG = o + Za,-(m}“" = 1)/)\
: (13)
+ '/’zZZSU[(m;”‘ — DAL - [ — DAL

Substituting the marginal cost relation corresponding to (13) mto
(11), the first-order conditions for profit-maximizing contract levels,'?
plus (13) itself, all conditional on profit-maximizing levels of sales ef-
fort and advertising, yields a five-equation nonlinear estimation prob-
lem for each of the 4 sample years amenable to multivariate regression
techniques. Here, we use Zellner’s (1960) ‘‘seemingly unrelated™ esti-
mation technique which permits symmetry constraints on parameters
across equations (d; = 9;) and captures any mutual correlations on the
regression dlsturbances (and therefore, is known to be more efficient
than ordinary least squares). Our system of equations is linear condi-
tional on A. We proceed by specifying a set of values for A, estimating
the remainder of the parameters conditional on A, and selecting those
parameter estimates that correspond to that A which maximizes the log
of the likelihood function for the system.

Parameter estimates together with their standard errors are reported
in table 1. While these estimates yield no direct economic interpreta-
tion, it is worth noting that the values of A that maximize the likelthood

12. The first-order conditions, which together with (13) constitute the estimated equa-
tions, are: m*&(N*, A*B)/G(m*,w) = m} e, + Z8,(mf* — D/A] + wm! N} /G(m*,w),
=5 n s
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TABLE 1 Estimates of Cost Function Parameters for a Sample of
Canadian-owned Life Insurance Firms
Estimates
Parameter 1961 1966 1971 1976
o 108E + 02* A22E + 02% A17E + 02* 647E + 01*
(.279) (.133) (.226) (.104E + 01)
o 252E — 01* 445E — 02 301E — 01* S95*
(.754E — 02) (.455E — 03) (.295E — 02) (L968E — 01)
D11 943E — 04 —.177E — 05* — .848E — 04* 231E — 02
(.130E — 03) (.443E — 06) (.208E — 04) (.344E — 02)
d12 — .583E — 04 A7IE — 06 269E — 04% —.113E — 01*
(.682E — 04) (.260E — 06) (.112E — 04) (.444E — 02)
di3 =914E — 05 —919E — 06 —.128E - 04 637E — 02%
(.348E — 04) (.358E — 06) (.860E — 05) (.280E — 02)
B4 —.115E — 03* —-.173E — 05* —.463E — 04* J97E — 02
(.218E — 04) (.439E — 06) (.616E — 05) (.273E — 02)
0s J93E — 02 —.181E — 03 —.208E — 02 175%
(.526E — 02) (.298E — 03) (.153E — 02) (.531E — 01)
B2z JI5TE — 05 286E — 06 282E — 05 280E — 02
(.538E — 04) (.226E — 06) (.649E — 05) (.170E — 02)
B2 —.687E — 04* — 408E — 06 —.298E — 04* A4E — 03
(.240E — 04) (.326E — 06) (.482E — 05) (.367E — 03)
Ba4 .671E — 05 —.898E — 06* —.319E — (04* 631E — 03
(.143E — 04) (.256E — 06) (.931E — 03) (.376E — 03)
0 J68E — 02% —.222E — 03 — 445E — 02* 214E — 01
(.159E — 02) (.194E — 03) (.987E — 03) (418E — 01)
d13 .798E — 03* J08E — 04* 224E — 03* —.164E — 01*
S08E — 04 (.211E — 03) (313E — 04) (.018E — 02)
B34 —.I88E — 03* .281E — 05 S40E — 04* .846E — 02*
291E — 04 (.175E — 05) (.243E — 04) (.832E — 03)
oy 146E — 02 —.107E — 03 654E — 02 —.120*
ASTE — 02 (.246E — 03) (.685E — 03) (.322E — 01)
(PP J84E — 02* 974E — 05* 210E — 03% —.101E - 02*
(.566E — 04) (.210E — 05) (315E - 04) (.414E — 03)
A .30 .50 .35 025

Note.—Standard errors in parentheses under coefficient estimate.
* Variables are significant at the 5% level, two-tailed.

function are positive.'* Before we use these parameter estimates to
analyze the nature of underlying production in this industry, we may
easily test whether or not the underlying structure is Cobb-Douglas, a
structure frequently imputed to insurance production (e.g., Cummins
and Vanderhei [1979, p. 713] specify Cobb-Douglas production func-
tions for property-liability insurance). Table 2 reports the results of log
likelihood tests where rejection of the Cobb-Douglas structure appears
possible in all 4 years. This suggests that previous work that imputes a
Cobb-Douglas production to insurance firms may be incorrect.

Table 3 contains the summary statistics for our tests of the structure

13. Positive finite A's mean that the transformed variables converge to a finite value as
m; goes to zero; i.e., lim (m> — YA = =1/\, m; — 0.
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TABLE 2 Test of the Production Structure
Test
Log Statistic Critical

Year and Structure Likelihood (=2In L,/Ly) df Value (5%)
1976:

Joint cost function

(maintained hypothesis) —465.75 T e o

Cobb-Douglas -517.14 102.78 10 20.5
1971:

Joint cost function

(maintained hypothesis) —262.29 = i ST

Cobb-Douglas —338.33 152.08 10 20.5
1966:

Joint cost function

(maintained hypothesis) —172.20 e e e

Cobb-Douglas -202.29 60.18 10 20.5
1961:

Joint cost function

(maintained hypothesis) —287.36 e 5 e

Cobb-Douglas —341.24 107.76 10 20.5

of production. Overall scale elasticity may be measured as (Panzar and
Willig 1977) SE = 1/(X;0lnG/dlnm;). Point estimates together with es-
timated standard errors are reported in table 3 for an “‘average’ firm,
that is, a firm whose output in each line is the average over all firms in
the industry. The results for 1966 and 1971 indicate that the hypothesis
of scale economies for the average firm may be rejected safely. For
1961 and 1976, only weaker statements are possible. Although the 1976
results indicate economies of scale as a point estimate, rejection of
nonincreasing returns to scale is possible only with significant risk of
error.

Multioutput production requires consideration of the optimal output
packages, economies of scope. Panzar and Willig (1979) show that a
sufficient condition for a twice differentiable multiproduct cost func-
tion to exhibit economies of scope is that a'-’G/am,-am,- < 0. In the trans-
log structure, using the Box-Cox transform on outputs, approximate
tests for this condition, identical to those developed by Denny and
Fuss (1977), are that «; * o; + 8; < 0, where the data are scaled so that
m; = 1 for all i at the point of approximation. This requires division of
each output variable by its respective sample mean. Table 3 indicates
that there are pairwise scope economies between certain lines in cer-
tain years, for example, ordinary insurance and group annuities in
1961, 1966, and 1971. Other scope economies for which we could not
test with our data could arise from production jointness in marketing,
that is, brand-name effects. There are also positive estimates of some
cross-partial derivatives which indicate that some joint production may
be uneconomic, for example, ordinary and group annuities in 1971 and
ordinary insurance and group annuities in 1976. In the presence of fixed
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costs, positive cross partials of the cost function are necessary but not
sufficient for uneconomic multiproduct production. If demands for the
products of the industry were truly independent, with uneconomic
joint production, then specialized firms would drive multiproduct firms
from the market. This is not necessarily the case where there are some
demand interdependencies, for example, where goodwill of the firm
crosses product lines. Table 3 does not reveal any consistent pattern of
scope economies through time for the average firm.

One fact does emerge for the average firm. By 1976, any significant
economies of scope had disappeared. If this is the case, we would
expect new firms who should exhibit the greater flexibility on the
choice of product lines not to produce in all four lines. Of the 24 new
foreign and domestic firms that entered the Canadian market between
1971 and 1976, one entered producing in all four lines, the others pro-
ducing in fewer lines. At best, such evidence is very casual. While our
estimates of the sign of 3*G/am;dm; are for the average firm, there is no
guarantee that the cost surface is identical in shape for other feasible
output levels. However, it is possible to conduct these tests for any
output levels simply by the appropriate scaling of the output variables.

Our final inquiry is whether or not our firm model is consistent with a
zero-profit industry equilibrium. At any moment, expected profits for
firms in our model may not be zero due to lags in entry and/or exit
responses by firms or transitory efforts that may be firm specific (e.g.,
errors by firms in identifying one or more optimal decision margins
specified in the model) or industry specific (e.g., an unanticipated in-
fluenza epidemic that dramatically alters mortality experience). We
observe a large distribution of firm size in this industry. We have
already demonstrated that this observation is consistent with an indus-
try equilibrium as an equilibrium distribution of firm size in our model,
conditional upon a distribution of consumer ignorance (i.e., B’s). Zero
expected profits plus profit maximization for each firm in the industry
yield the following condition as the multioutput analogue of (6):

> dlnGlolnm; = 1 + A*/G* =, (14)

where A* represents optimal advertising expenses and G* is total pro-
duction costs at optimal output levels measured for each firm.

An alternative estimate of X;dlnG/dlnm; may be derived from our
estimated cost function. We denote this measure as 7. Our test of the
consistency of our cost function parameter estimates with zero profits
is to test whether the calculated mean of d = 7y — 7 is equal to zero.
This tests whether on average the industry is in equilibrium.'* Table 4

14. We would also be interested to know whether each firm is in equilibrium. While we
can calculate the sample variance of 7, we do not know the underlying distribution for
A*/G* (or 7), so that significance tests are not possible.
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TABLE 4 Tests of the Consistency of the Cost Function Parameter Estimates with
an Industry Equilibrium

Year M & Test Statistic Critical Value (5%)

1961 1.04 85 —.58 2.0

1966 1.03 .56 —.84 2.0

1971 1.05 .96 =170 2.0

1976 1.02 78 - .53 2.0

reports the t-statistic appropriate for the null hypothesis that d = 0.
This test reveals that we cannot reject the null hypothesis that our
production parameter estimates based on a firm equilibrium are on
average consistent with the industry equilibrium generated by open
entry into our model for each of our sample years.

Summary and Conclusions

This paper builds a model of profit-maximizing life insurance firms in
an industry with open entry. Market segmentation based on the re-
sponse of consumers to firm expenditures on goodwill is sufficient to
yield an equilibrium distribution of firm size. Based on the marginal
conditions for profit maximization, we estimate the production param-
eters for life insurance firms. There is no evidence of any natural mo-
nopoly tendencies in the production of life insurance. While this result
is at odds with the empirical results of other authors, it is consistent
with the institutional evolution of the industry in the United States and
Canada over the past 20 or so years. We find evidence of some econo-
mies of scope at points during the period for some product lines evalu-
ated at the size of an average firm. Scope economies may exist for
other product combinations for firms of a different size and may also
result from the presence of fixed costs independent of the bundle of
products produced. The absence of scope economies does not rule out
the existence of multiproduct firms due to demand interdependencies
such as the firm’s brand name. Our production parameter estimates are
consistent with a zero-profit industry equilibrium. If the industry is in
equilibrium at each point of time over the sample period, then observed
entry is a response to the growth in demand for the product rather than
a competitive response to excess profits.

Our results are a strong statement about certain elements of the
operation of the competitive marketplace in one industry. With respec-
tive insurance prices defined as net premium (premiums net of ex-
pected payouts) in each line, price appears to equal marginal cost. The
market is sufficiently large that there are no advantages to size from
any fixed costs. Firm size for our sample is consistent with zero profits.
In this sense, the market works in this industry.
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