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l. Introduction

The market for employment-based group health insurance in the United States has
several interesting features. One of the most interesting features is the presence of
adverse selection inherent in the sale of insurance. Because a consumer's health "type” is
unknown to the insurance company, it is difficult for insurance companies to price
policies appropriately. Incorrect pricing could potentially lead to a market failure. This
implies that adverse selection creates problems when attempting to prove than an
equilibrium exists in thismarket. Another important feature of this market is the tax
subsidy for health insurance.

How does this tax subsidy work? Any money spent on a group health insurance
plan by employers can be deducted as a business expense. In addition, this money is not
taxed as income to the employee. Thus, employees can choose between buying health
insurance with pre-tax dollars or buying other goods with after-tax dollars. Obvioudly,
this tax subsidy has a profound effect on the demand for health insurance. Evidence that
health insurance |eads to the over-consumption of medical care impliesthereis concern
that subsidizing the purchase of health insurance is one factor leading to rising nominal
health care costs.

The classic papersin the theoretical literature on the market for health insurance
include Phelps (1973), Goldstein and Pauly (1976), Rothschild and Stiglitz (1976), and
Wilson (1977). Phelps (1973) carefully described the consumer optimization problem
associated with the purchase of health insurance. Unfortunately he only presented a
partial equilibrium model, so there was no mention of the production of insurance

policies or the existence of equilibrium. Phelps (1973) aso allowed consumers to buy



insurance policies directly, so there was no discussion of the impact of the provision of
insurance through the employer.

Goldstein and Pauly (1976) applied the model of local public good provision
presented in Tiebout (1956) to the employer provision of group health insurance. In their
model, employees vote on the insurance policy they are provided and the policy chosenis
that preferred by the median voter / employee. One implication of their model isthat, in
equilibrium, the employees of each firm will be homogeneous with respect to their
insurance preferences - a separating equilibrium. Although Goldstein and Pauly (1976)
discussed some of the necessary assumptions for the existence of equilibrium, they did
not formally state and prove an existence theorem. They also pointed out several cases
where equilibrium may not exist. Like Phelps (1973), Goldstein and Pauly (1976)
ignored the production of insurance in their model.

Rothschild and Stiglitz (1976) and Wilson (1977) presented “screening” models
that have consumers purchasing policies from different insurance companies. Like
Goldstein and Pauly (1976), both Rothschild and Stiglitz (1976) and Wilson (1977)
discussed the existence of equilibrium in their models. They describe both pooling and
separating equilibrium. Unfortunately, they also had problems proving that either of
these equilibriaexists. In addition, they excluded employer provision of health insurance
from their models.

The model | present in this paper will extend this analysis by combining the
careful description of insurance policies and consumer behavior presented in Phelps
(2973) with the discussion of the production of policies and the existence of equilibrium

presented in Rothschild and Stiglitz (1976), Goldstein and Pauly (1976), and Wilson



(2977). In my model, consumers purchase policies through their employers. This allows
me to examine the behavior of the three mgor players in the health insurance market
(consumers, employers, and the insurance company) in the same model. Another
advantage of thismodel isthat it suggests a specific empirical framework for the
calculation of the price elasticity of demand for health insurance.

An accurate calculation of the price elasticity of demand for health insuranceis
required to estimate the effects of the elimination (or reduction) of the tax subsidy. The
empirical literature in this area has come up with awide range of elasticity esti mates.E|
Thisistruein part because there is not a close connection between much of this
empirical work and the theoretical models | discussed above. | hope that the model that |
present in this paper will lend itself more easily to empirical applications than the
previous models.

The remainder of this paper is organized as follows: In section 11, | will present
themodel. Insection Ill, | will discuss an empirical application of the model. The
appendices will describe some of the details of the existence proof and lemmas.

. TheHealth Insurance M odel
1. Overview of the Model
Thismodel is best seen as agame with two stages. In Stage One there are an

infinite number of workers who inelastically supply one unit of |abor to one of

! The papers | am referring to include Goldstein and Pauly (1976), Long and Scott (1982), Talyor and
Wilensky (1983), Holmer (1984), and Phelps (1986b). Their price elaticity estimates range from the - .16
found in Holmer (1984) to the - 1.81 found in Phelps (1986b).



g={1, ..., Q} firms.EI Every worker is of a specific health “type.” Although the set of
health types is common knowledge, each worker’s health type is not directly observed
either by their employer or the insurance company. Each worker isone of afinite
number of ages (which is common knowledge). | will vary the amount of information an
employee's age conveys about their health type and examine how the set of equilibria
changes as this information changes. For example, in the zero information / zero
correlation case | will assume that aworker's age is not correlated with their health type.
Thisimplies that age conveys no information about health type. The perfect information
| perfect correlation case will assume that aworker’s age is perfectly correlated with their
health type. Therefore, knowing aworker’s age implies full knowledge of their health
type. | will show that both a unique separating equilibrium and multiple pooling
equilibriaexist in the zero information case. In the perfect information case thereis no
adverse selection problem, because an employee’ s health type is no longer private
information. Thisimplies that the insurance company can perfectly price discriminate
between health types and a unique equilibrium exists.

Firms produce the numeraire with a constant returns to scale technology. | will
also assume that thisis a perfectly competitive economy so the price of one unit of labor
isgiven. The numeraire firms then compete for labor by offering different portfolios of
insurance policies. Workers base their decision on where to work by evaluating the
utility they would receive from the particular set of polices offered by each numeraire

firm.

2 Here Q isastrictly positive integer greater than 1.



In Stage Two | will assume that different states of the world create different levels
of illness. Each numeraire firm has a Borel subset of the space of risk-averse employees.
These employees are all endowed with the same strictly positive level of pre-tax income
from supplying labor in Stage One. Because employees don’t know with certainty which
state of the world will occur, they use some of their endowment to purchase a health
insurance policy from the subset of insurance policies offered by their employer to
protect their income from random losses due to iliness. There is one risk-neutral
insurance company that uses premium payments from the employees to produce health
insurance policies using a constant returns to scale technology. Finally, sincethisisa
perfectly competitive economy, employees and the health insurance company take the
price of insurance policies as given.

In order for an equilibrium to exist in this model, the insurance company must be
able to charge a premium for each policy that allows them to at least break even. This
requires that the insurance company be able to acquire some information about each
employee's health type. How does the insurance company acquire this private
information in the zero information case? Their information comes from the policy
chosen by each employee in Stage Two out of the set of contracts offered in Stage One.
There are certain sets of contracts that provide the insurance company with asignal about
each employee's health type.

Consider a Pooling Equilibrium, where each health type buys the same policy.
Each numeraire firm will also hire the same proportion of workers from each health type,
so the distribution of health typesin every firmisidentical to the distribution of health

typesin the population. The insurance company can use actuarial datato estimate the



probability of each state of the world for the population and apply these population
estimates to each firm. This allows the insurance company to charge the correct premium
on average.

The optimal behavior for employees in this two-stage game is found by using
backward induction, so | will describe Stage Two, then Stage One. Finally, | will discuss
the existence of equilibrium in the model.

2. Stage Two—Thelnsurance Market
A. Statesof theWorld

Suppose that there are two states of the world. In state one no health careis
required and in state two h 0 [J.; units of medical careisrequired at a price of p0 [+ units
of numeraire.

B. Employees

Denote the measure space of employees in the economy by (C=[0, 1], B(0, A).
Here B(0 represents the Borel o-field of subsets of [J and A is the Lebesgue measure.
Denote atypical Borel subset of by | 0 3(0. In Stage Two | will focus on the
employeesin numeraire producing firm g. Firm g hires aBorel subset, 1, of the
continuum of workers in the economy.

Health Types

Employees can be divided into afinite set of different health types. | will denote
the set of health typesby i ={1, ..., T} with T astrictly positive integer greater than 1. A
health typeis defined by its probability of state two occurring. For example, employeei

faces the probability 1% of state two occurring and m < nimplies 1g, < 1. | will also



assume 0 <1y <1 < 1. Thisimpliesthat type 1 faces the lowest expected medical
expenses and type T faces the highest expected medical expenses.
Age
Each employee is one of afinite number of ages. Denote employeei 's age by
a 0 [+ and the set of agesby A ={&,, ..., ar}. Inthe zero information case, an
employee's age is not correlated with their health type. In the perfect information case, as
employee's age is perfectly correlated with their health type. In this case, | will assume
that health typei hasage g and a,, <a,for m<n.
I nsurance Policies
In order to describe what an insurance policy (the differentiated good) looks like
in this context, some notation is needed:
C; 0[O, 1] isthe coinsurance rate provided by policy j.
D; 0[O, p Oh] isthe deductible provided by policy | .EI
B; isthe benefit payment provided by policy j.
R; 0 [J isthe premium for policy j.
Aninsurance policy'slevel of coverage is defined by its coinsurance rate and its
deductible
Define the benefit payment of policy j as the amount of numeraire the insurance

company would pay in medical expensesif state two occurred:

% The existence of equilibrium in this model is unaffected by my choice of insurance policy characteristics.
Therefore | could add HMO-style insurance characteristics, such as the degree of choice among providers,
without losing my existence result.

* The deductible is a fixed amount a consumer must pay toward medical bills each year before their
insurance company beginsto pitch in. The coinsurance rate refers to the percentage, C, of the medical bill
paid by an insured consumer after they have exceeded their deductible. The insurance company pays the
other (1 - C) percent of the bill above the deductible.



Bi=(L-C)« (p+ h-min(p+ h, Dy)E
It should be clear that B; 0 [0, p Oh] O (4.

It will be more convenient to work with the benefit payment of policy j, Bj, to
describe the level of coverage provided by policy j. However, there is not a one-to-one
relationship between a (coinsurance rate, deductible) pairing, (C, D), and a benefit
payment B. It iseasy to derive two different (coinsurance rate, deductible) pairings that
produce the same benefit payment. | will later assume that an employee's utility depends
only on their income, so that they will be indifferent between different (coinsurance rate,
deductible) pairings that produce the same benefit payment. Thisis because these
pairings will produce the same level of residual income for a given premium.
Endowments

| will assume that all health types have an identical marginal product, denoted by
MP 0O [, in terms of their production of numeraire. Because workers are paid their

marginal product in Stage One, each health type enters Stage Two with an identical
endowment of pre-tax income, denoted by W’ =MPO .. AssumeO0 < p*h< w’.
Residual Income

Employeei is endowed with a pre-tax income of W’ from her work in Stage One.
Denote employeei 's marginal tax rate by t 0 (0, 1) and her after-tax income by W2 Due

to the tax subsidy on employer-provided health insurance, employee i pays her insurance

®Theterm (p+ h-min(p + h, D;)) represents any medical expenses above the deductible. For example, if
min (p = h, Dj) = p = h, then the medical expenses fall below the deductible and the employee must pay for
these medical expenses out of pocket. If min (p » h, D;) = Dj, then (p« h-min (p « h, D;)) = (p » h—D)).
This represents the portion of the medical expenses (above the deductible) that the insurance company
applies the coinsurance rate to.



premium R; with pre-tax dollars. She then pays for her remaining medical bills with
after-tax dollars. Thisimpliesthat employeei 's after-tax income can be written as:
WA= (1-1)« (W -R)=[(L-1)« W) +(t* R)] - R,
To simplify this notation, defineW =[ (1-t) = (Wp) +(t« Rj) ]. Thisimpliesthat
employeei 's after-tax income can be defined as:
W2=W -R,.

Define employeei 'sresidua income in each state with insurance policy (B, R;) as

follows:
State Residual Income
1 li=W-R
2 lo=W-R-p* h+B;

Notice that employeei will be fully insured whenever B = p» h. When thisis

true, in either state of the world employeei will have residual income equal to W - R;.
The Allowable Set of I nsurance Policies
| will restrict the set of policies considered in this model to those that generate
non-negative levels of consumption. Define the allowable set of policies as follows:
AP={ (B, R)0[0,psh]x0 | W-R>0 ad W-R-psh+8 20} 8

Hereisagraph of AP:

® It should be clear that AP is a compact set.
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p*h
Define AP, to be the compact subset of AP offered by numeraire producing firm
g. This meansthat the employees of firm g can choose between al of the benefit
payment, premium pairs contained in AP in Stage Two. Which pair will each employee
choose? That depends on their preferences, which are described next.
Preferences
Under fairly general conditions, Herstein and Milnor (1953) have shown that
i 's preferences over distributions of different states of the world can be represented by an
expected utility function. | will writei 's expected utility function as:
EUi = (1 - 1) OU(liy) + 15 OU(li2).
| will make several assumptions about utility in this model:
Ul.  Thesub-utility function U(() istwice continuously differentiable, strictly
increasing, and strictly concave function that maps from [, to [
U2. Each employee has the samelevel of risk aversion. Thisimplies that the marginal
utility of income is positive, but decreases as income increases. Therefore, i 's
preferences are monotone with respect to income.

U3.  Themarginal utility of incomeis bounded from below: U, >z > 0 for some

positive real constant z for s={1, 2}.

" In other words, U/ dlis = U, _>0and 0°U/ dli’ < 0 for s={1,2}.

11



U4. Thesub-utility function U(lis) =- o for [lis<0 for s={1,2} .EI

| can rewrite employee i 's expected utility function by plugging in the definition
of the budget constraint:

EUi=(1-m) OUW-R)+m OUW-p* h-R; +B)).

Lemma 1: EU; is a concave, twice continuously differentiable function.
Proof: See Appendix I1.
Commodity Space

| will show that an equilibrium existsin stage two by citing an existence theorem
presented in Marton (2000). In order to see that Stage Two of the Health Insurance
Model presented in this paper isjust a specia case of the more general model presented
in Marton (2000), | will describe the commodity space in Stage Two using the notation of
Marton (2000).

In this paper one can think of an insurance policy as a differentiated commodity.
Thisis because an insurance policy has multiple characteristics and it can only be
consumed in integer amounts. The other commodity in the Health Insurance Model is
numeraire. Numeraire can be thought of as a non-differentiated commodity. It isnot
necessarily consumed in integer amounts.

Since an insurance policies coinsurance rate and deductible can be described by
its benefit payment, | will define the insurance policy characteristics space as.

K=[0, pOh].

K%isacompact metric space. The overall commodity spaceis then defined to be:

8 This prohibits employee from using al of their endowment of wealth to purchase an insurance policy and
having no residual income.

12



K =K% O {numeraire} = [0, p Oh] O {numeraire}.

It should be clear that K is also acompact metric space. Let 3(K) bethe Borel o-field of
subsets of K and let V denote atypical Borel subset of K.

| will now informally describe the consumer’ s choice problem. The consumer is
endowed with some level of numeraire from their work in Stage One. They then choose
abenefit payment, B;, and apremium, R;, from the set of benefit payment, premium pairs
offered by their employer. They then consume their insurance policy and the numeraire
they have left over after paying their taxes and for their uninsured medical expenses (if
any).
Commodity Bundles

In this model an individual commodity bundle can be thought of as a non-
negative bounded Borel measure on K such that m(K% = 1. M(K) is defined to be the set
of bounded, signed measures on K. | will endow M(K) with the weak star topol ogy.

Define the individual commodity bundle, m;, associated with policy (Bj, Rj) 0 AP,
asfollows:

m,-|KdBj (V)=1 if BjOV and 0 dlsewhere”

The consumption set that each employeei of firm q faces, denoted Qq [0 M(K), is the set
of all individual commaodity bundles associated with each policy in AP, Qqisendowed

with the relative topology from M(K).

° Thisisjust the Dirac measure at B;.

13



Optimization Problem
As mentioned, employee i begins Stage Two with an endowment of W’ units of
numeraire from her work in Stage One to use towards the purchase of an insurance
policy. Therefore, one can think of her endowment as a measure w defined as:
w(numeraire) =W° =MPO0O O, and w|K®=0.
Given her endowment, employeei chooses the consumption bundle m; 0 Qg that
maximizes her expected utility.
Thisis equivalent to saying that employeei chooses the insurance policy
(Bj, Rj) 0 AP, that maximizes her expected utility:
EUi(B;, R) = (1- 1) OU(W - R) + T8 OU(W - p Oh - R; + B). (*)
Notice that the expected utility function can be expressed in terms of residual income or
in terms of an insurance policy (B;j, R;) and money, as in the equation () above. This
will be important in Appendix | where | show that consumers satisfy the assumptions of
the existence proof presented in Marton (2000).

Optimal Behavior for Employees

The slope of employeei ‘s indifference curve through policy (R;, B;) is defined as:

- 9EU, / 0B, mOUW-pxh-R +B)
MRSJ' = =
OEU; / R (1-m) OUW-R)+ 5 OUW -p+ h-R +B)

| | | |

Lemma 2 (Single Crossing Condition): 1i,> m,impliesthat MRSy > MRS;; > 0.

Proof: See Appendix I1.
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This says that when the benefit payment is measured on the horizontal axis, the
indifference curve of aless healthy type is always steeper than the indifference curve of a

more healthy type. Hereisan illustration of the single crossing condition for two health

types:

U sick

U healthy

L
B

The single crossing condition implies that a sick person must pay more (in terms of
utility) for agiven increase in coverage than a healthy person.

Define the highest level of expected utility that employeei can achieve from
choosing apolicy in AP, as.

EU; (AP, = max { EUi(B;, R) | (Bj, R)) 0 AP,}.
Next define the preferred set of employeei given AP, as the set of policiesin AP, that
provide this maximum level of expected utility:
Ki (APy) ={ (B}, R) 0AP, | EUi(B;, R) = EU;" (B}, R) }.
Lemma3: Leem<n. If (Bm, Rm) 0K and (By, Ry) 0K,y , then Bn < B and Ry < R,
Proof: See Appendix I1.

Thislemma says that if two different health types are faced with the same set of
insurance choices, the relatively sicker health type (n) will always prefer a policy with at
least as much coverage, if not more, than the relatively healthier type (m).

Lemma4: Leem<i<n. If Kn n K, #0,thenKy, n K, consists of exactly one

policy and K" =K n K, .
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Proof: See Appendix I1.

Lemma 4 says that only one policy can be in the most preferred set of two
different health types and if such apolicy exists, it must be the only policy in the
preferred set of the intermediate health types.

What premium, R;, would the insurance company offer with benefit payment B; to
employeei if it knew i 'shealth type?

The insurance company will offer a premium that at least covers the expected
benefit payment of the policy:

E(B) =i * B,

In addition, the insurance company incurs non-medical / administrative costs in the
process of honoring the policy. These administrative costs depend on the level of
coverage provided by policy j and will be described in more detail later. The premium
offered with policy j must also reflect these administrative costs. Define the increasing,
real-valued function P(B;) O L as the “loading fee” of policy j. Theloading feeisa
percentage of the expected benefit payment the insurance company charges on top of the
expected benefit payment to cover these administrative costs. Y ou can think of the
loading fee as the actual price of the pl an.lﬁ| Theloading feeis defined as an increasing
function of a policy's benefit payment because as a policy's coverage level increases the
administrative costs associated with the policy (such as the paperwork involved in

processing claims) increases.

191 will prove later that P(x) is continuous in equilibrium.
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Thisimplies that if the insurance company knew employeei 's health type, in

equilibrium, they would offer the following premium with benefit payment, B; :EI
Rij = (1+P(By) « E(By).

Again, | will assume that thisis a perfectly competitive economy so that employees and

the insurance company take the price of the policy, P(B;), as given.

B. Thelnsurance Company

Assume that there exists one risk neutral insurance company. The insurance
company uses the non-differentiated good, money/numeraire, as the input into the
production of insurance policies. Recall my assumption that thisis a perfectly
competitive economy, so the insurance company takes prices as given.

Insurance policy j is completely described by its benefit payment, B;, and its
premium, R;. | will define the increasing, real valued function G(B;) to be the non-
medical (administrative) costs associated with providing policy j. Gisanincreasing
function of a policy's benefit payment because as a policy's coverage level increases the
administrative costs associated with the policy (such as the paperwork involved in
processing claims) increases.

To make things ssimple, | will assume that administrative costs can be described as
afixed percentage, g 0[O, 1], of each dollar of apolicy's benefit payment. Thisimplies:

G(Bj) =g+ B;.
For example, if g = .10, then a policy's administrative cost equals 10 cents for every

dollar of coverage it provides.

! Phelps (1973) modeled a premium as proportional to the amount of medical care consumed.

17



Net-put M easures and the Production Set
| defined the compact metric space of overall commodity characteristics as:
K =K% O {numeraire} =[0, pOh] O {numeraire}.
Asabove, let B(K) bethe Borel o - field of subsetsof K and let V be atypical Borel

subset of K.

| will defineY  to be the followi ng subset of M(K):

[

Y ={y"OM(K) |y |K%=0 and y (numeraire) =" “quG dy™}.
Given this definition, | will define the insurance company’s production set, Y, as follows:
Y={yOM(K) | Oy 0Y suchthaty<y-}.
The interpretation hereis that y(numeraire) is the total amount of the input

(numeraire) required for the production of the outputs (insurance policies) described by

net-put measurey. |y d G dy isthe total administrative costs required for the production
q

of the policies described by y. It should aso be noted that Y is endowed with the relative
topology from M(K).
Expected Profits
Suppose that the insurance company sells policy (B;, R;) to employeei of firm q.
The expected profits from this sale are:
E(Profits)i j, ¢ = R - 8 UB; - G(B;).
Aggregating over all employeesin firm q gives the expected profits from selling policy |

to the employeesin firm q:

* Herey™ | K, isthe measure y™ restricted to the domain (K, B(K“))).
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E(Profits) j q = qu[ R - 5 OB;j - G(Bj) | dA.

Aggregating over al plans gives the insurance company's total expected profits from
selling policies to the employees of firm q:

E(PIOfitS). o= uup, [ R~ 7% 0B; - G(B;) ] dh d.

Optimization Problem

Given risk neutrality, the insurance company's optimization problem isto choose
the production vector y such that expected profits are maximized.
First Order Conditions

There are an infinite number of first order equations, one for each plan. A typical
FOC is given below:

“Iq[ Rj - Ty DBJ' - G(Bj)] dA =0.
This equation implies:

g RI A=y (7508, + G(B) ] oh.

Therefore, for each policy (B;, R)), the insurance company chooses a production level
such that the total premiums collected for policy | equals the total expected costs of
policy j.

Consider the sale of a policy to employee m. The set of policiesthat break even
when sold to employee m can be described by the following equation:

R = My OB+G(B) = Ty OB +g+ B = (Tt + g) OB.

Thisimplies that the insurance company will break even by charging aloading fee P(B) =
G(B). The set of polices that break even when sold to employee m is represented by the
line labeled m in the graph below. Also represented in the graph is the set of policies that

break even when sold to employee n, for n > m.
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A4

Lemma 5: If m < n, then for any policy (B;, R;), E(Profits),,j,. < E(ProfitS)m,;, . if and only
if Bj=0.
Proof: See Appendix I1.

Lemma 5 says that the insurance company will make at least as much money by
selling policy | to health type m as opposed selling policy j to health type n, when health
type misrelatively more healthy than health type n. Thisistrue aslong as the benefit
payment of policy j is non-negative.

C. Stage Two Equilibrium

Given an endowment of pre-tax income (Wp) for each employeein firm q from

their work in Stage One and one consumption set, Qq, from which they all must choose a

consumption bundle from, a Stage Two Equilibrium consists of:

i) A consumption bundle (measure) m* 0 Qqfor each employeein firm q that
describes the insurance policy (Bj*, Rj*) that maximizes their expected utility:
EUi(B*, R*) = (1- 1) DU(W - R*) + T8 DU(W - p* h- R* + Bj*).
i) A production measure y* 0'Y for the health insurance company that maximizes
its expected profits from selling policies to the employees of firm q:

E(PIOfits). .= pap, [ R~ 7% 0B; - G(B;) ] dh dy*.

20



i) aprice vector p* that describes the loading fee of each plan P(B;).
3. StageOne-TheLabor Market

The labor market in Stage One will be constructed as a screening model . I will
vary the amount of knowledge the numeraire firms (and the insurance company in Stage
Two) have about aworker's health type. Despite this lack of information, the numeraire
producing firms move first. They offer a wage rate and a subset of the insurance policy
characteristics space to potential workers. Workers then choose which numeraire firms
to work for based upon these offers.
Notation

As mentioned, the measure space of al workersis (C=[0,1], (0, A). Denotea
typical worker by i 0 [J Each worker is endowed with one unit of labor and inelastically
supplies that labor to one numeraire firm. | will assume thisis a competitive labor
market. Therefore the price of labor for each worker is defined to be their common
marginal product.
Labor Demand

Thereareq={1, ..., Q} numeraire producing firms, each with the same constant

returns to scale production function F(x):  — 0. Numeraire firm g hires a Borel subset

of workers, |y, of Cthat depends upon the portfolio of insurance options APy it offers.

The margina product for each worker i is the constant value M P.E|

3 The label "screening model" is used because the uniformed party (the numeraire producing firm) moves
first. For more on the difference between screening models and signaling models, see Stiglitz and Weiss
(1984).

14 As mentioned above, for each health typei, MP = w,
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Recall that A is the Lebesgue measure on the measure space of employees. Now
define the total labor input used by numeraire firm g, Lg, as:

La = iy (amy MP 9.

Firm g produces F(L) units of numeraire. The total cost of production for firm g,
TCy, is:

TCa= i (apy MP A

Now we can define the profit function for numeraire firm q:
Profitsy (APg) = F(Lg) - TC,.

In order to simplify things, | will assume that the production function for each
firm can be described as:

F(Lg) = Lq-

The intuition hereisthat firm q uses only labor to produce numeraire with no
fixed costs and a constant returnsto scale technology. If firm g hires aworker and each
worker’smarginal product is five, then this worker will produce five units of numeraire.
Firm g can sell these five units for five dollars, which it must pay to the worker for their
labor.

Numeraire firm g chooses the subset of allowable polices, AP, which maximizes
its profits. It should be pointed out that the numeraire firms bear none of the costs
associated with the provision of health insurance to their employees. Despite thisfact,
employees till prefer to acquire health insurance through their employer because of the
tax subsidy described earlier. The discussion above implies that each numeraire firm will
make zero profits in equilibrium no matter which insurance portfolio it offersor its level

of production of numeraire.
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Labor Supply

Workers must choose the numeraire firm to which they sell their endowment of
labor. They do so by evaluating the utility they would receive in Stage Two with the AP,
offered by each numeraire firm. Each worker chooses to work for the numeraire firm
with the AP, that maximizes their utility in Stage Two.

Define the indirect utility function of worker i asfollows:

IUi(AP,) = max EU;(Bj*, R*) = (1-m) DUW - R*) + 1 DU(W - p* h-R* + B*).

In other words, the worker’ s utility in Stage Two depends on their choice of insurance
policy (Bj*, Rj*), which in turn depends on the portfolio of choices (AP,) offered by their
employer in Stage One.
Stage One Equilibrium

A Stage One Equilibrium consists of:

i) A set of insurance contracts (AP, ..., APg) such that each numeraire firm q offers

the set of contracts AP, that maximizes their profitsin Stage One:
Profitsy (APg) = F(Lg) - TCq=0.

i) An alocation of disjoint subsets of [to the numeraire firms (I, ..., lo) such that
each worker i isworking for the firm q with the AP, that maximizes their indirect
utility in Stage One:

IUi(APy) = max EU;(B*, R*) = (1-18) OU(W - R*) + T8 OU(W - p* h- R* + Bj*).

i) A price system where each worker is paid their marginal product: w’=MP Oi.

4. Equilibrium
| will now define what an equilibrium looks like in this model. The key to the

existence of equilibrium in this model is whether or not a Stage One Equilibrium can be
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supported in Stage Two. In order for a Stage One Equilibrium to be supported in Stage
Two, the set of contracts offered by the numeraire firms in Stage One must be able to
convey enough information about employee's health types through their choicesin Stage
Two so that the insurance company can break even.

Definition: An Equilibrium in this model consists of a Stage One Equilibrium and a

Stage Two Equilibrium for each numerairefirmq={1, ..., Q}.

Lemma6: If K% represents an equilibrium set of insurance policies, then
Ng™ g

E(Profits), , 4= 0 Ua.

Lemma 6 says that in equilibrium the insurance company will make zero profits
from the sale of insurance policiesto the employees of firm g, forq={1, ..., Q}.

Proof: See Appendix I1.

The types of equilibria (pooling or separating) that we see in this model depend
upon the relationship between a worker’s age and their health type. As mentioned, | will
assume that aworker’s age (asignal) is common knowledge and break up the relationship
between age and health type into different cases.

A.Casel, ZeroInformation / Zero Correlation

Here aworker’s age provides no information to the insurance company about
their health type. In this case there exists a unique Separating Equilibrium, where each
health type purchases a distinct policy, and multiple Pooling Equilibria, where each
health type purchases the same policy.

The Separating Equilibrium
| will first describe the (unique) set of policies that are offered in the separating

equilibrium. The set of policiesis derived by first assigning employees of health type T
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their most preferred policy, among those which earn non-negative profits for employees
of type T. TypeT - 1 employees are next assigned their most preferred policy from
among those which earn non-negative profitsfor type T - 1 employees AND which are
not preferred by type T employees. This process continues until health type 1 is reached.
Define the set of policies that make non-negative expected profits when sold to
health type T as:
Sr={ (B;, R) 0 AP, | E(Profits)r; . >0} 1
Define policy (B, Ry) 0 Sy asthe policy in Sy that maximizestype T 's expected utility.
In other words, (B, Rr) 0 K+ (Sy).
For i < T, define the set of policies that make non-negative expected profits when
sold to health type i employees AND which are not preferred by typei + 1 employees as.
S ={ (B;, R) O AP, | E(Profits); ;= 0and EU;+1(Bj, R) < EUi+1(Bj 41, Ri+ 1) } &
Define policy (B, R) 0 S asthe policy in S that maximizestypei 's expected utility. In
other words, EUi(B;, Ri) =2 EU;(B;, R) for every (Bj, R;)) 0 S.
| will denote the set of policies described above as follows:
S={(BysRy), ..., B, R), ..., (Br,R) }.
Lemma 7: The following properties hold with respect to the set of policies S described
above:
(@ (Bi+1, Ri+1)>(Bi,R)>0.
(b) E(Profits); ;. =0.

() EUi+1(Bi+1, Ri+1) = EU;i +1(Bi, Ry).

5 5} isacompact set.
16 g jsalso acompact set for every i.
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(d) (Bi, R)) isuniquefor each .
Proof: See Appendix I1.

Condition (a) saysthat the optimal policy for health typei + 1 has a higher benefit
payment and premium than health typei. Condition (b) says that the insurance company
will make zero profits from selling typei his or her optimal policy. Condition (c) says
that health typei + 1 isindifferent between their optimal policy and the optimal policy of
typei. Finaly, condition (d) saysthat each health type' s optimal policy is unique.
Theorem 1: A unique Separating Equilibrium exists in the zero information case. The
set S of insurance policies described above constitute this unique Separating Equilibrium.
In other words, if this set of policiesis offered by employersin Stage One, each health
typei will maximize their utility by choosing to purchase policy i, the numeraire firms
will break even, and the insurance company will break even.

Proof: See Appendix I1I.

Hereisan illustration of the unique separating equilibrium for two health types:

sick
U sick

U healthy healthy

// "s

It should be mentioned that as long as the union of all policies offered by the
numeraire firmsin Stage One equals S, it does not matter which firms offer each plan.

For example, a Separating Equilibrium can exist where each firm offers a different plan
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(if the number of firms (Q) equals the number of health types (T)). Inthiscase, each firm
would specialize in hiring one specific health type. A Separating Equilibrium can aso
exist where each of the Q firms offersthe entire set S. In this case, each firm could
specialize in hiring one specific health type or they could each hire a representative
sample of the population. Obviously there are other possibilities.
The Pooling Equilibria

Define the intermediate health type, 1, as follows:

m=(m+mm+..+1)/T.
Define the set of policies that make zero expected profits when sold to the intermediate
health type as follows:
P.={(B;,R)0Aq: |R =1 = Bj+g= Bj}.

Theorem 2: Multiple Pooling Equilibria exist in the zero information case. Any policy

in the set P, described above constitutes a Pooling Equilibrium. In other words, if any

one policy in this set is offered by al employersin Stage One and each employer hiresa
representative sample of workers, each health type i will maximize their utility by
choosing to purchase this policy, the numeraire firms will break even, and the insurance
company will break even.

Proof: See Appendix I11.

Hereis agraph of one Pooling Equilibrium for two health types:
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U healthy

healthy

7/ >

How do theseresultsdiffer from what istypically found in theliterature?

In most screening models, a pooling equilibrium does not exist. The non-
existence of a pooling equilibrium is one of the major results both of Rothschild and
Stiglitz (1976) and Wilson (1977). Because thisis such afamousresult, | think that itis
important to explain why my model provides a different prediction. The primary
difference between my model and their modelsis that in my model the numeraire firms
choose which policiesto offer consumers. In both Rothschild and Stiglitz (1976) and
Wilson (1977), the insurance companies sell policies directly to consumers. In their
model a pooling equilibrium can aways be destroyed by an insurance company offering
anew policy that will only be preferred by the lower health typesin the pool (the
relatively healthy types) and that will make strictly positive profits. In the pooling
equilibrium the insurance company was making zero profits, so they have an incentive to
deviate from the pooling equilibrium and offer this new policy, thus breaking up the pool.
In my model thiswill not happen because the numeraire firms cannot increase their
profits by changing the set of policies being offered. Even though the insurance company

has something to gain by atering the set of policies being offered, the numeraire firms do
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not. Therefore, in my model the incentives of the numeraire firms and the insurance
company are not aligned.

Another common result in the screening literature isthat in certain situations a
separating equilibrium may also fail to exist. Again, the fact that the numeraire firms
choose the set of policies being offered assures the existence of a separating equilibrium
in my model.

B. Case 2, Perfect Information / Perfect Correlation

As mentioned, there is no adverse selection problem in this case. Assume that
each numeraire firm then offers the full set of allowable insurance policies, AP.
Lemma 8: In the perfect correlation case, each health type will choose the same benefit
payment, B*. This benefit payment is the same as that chosen by health type T in he
separating equilibrium of the zero information case. Therefore, B* = Br.
Proof: See Appendix I1.

For each health typei, the premium associated with this benefit payment is:

R* = (15 + g) * B*.
This defines a unique set of policies:
F={ (B*, R*), ..., (B*, Rr*) }.

Theorem: A unique equilibrium exists in the perfect correlation case. The set F of
insurance policies described above constitutes this unique equilibrium.
Proof: See Appendix I11.

Hereisthe graph for two health types:
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[11.  An Empirical Application - Estimating the Price Elasticity of Demand

The theory presented above suggests the following structural model of the market
for employer-provided group health insurance:
Supply Side:
Qs™P =By + B2 * price of policy C,D + B, * total administrative costs associated with
CD+u
Demand Side:
Qp°P = ag + a1 * price of policy C,D + a5 * health-type + a5 * age + a4 * pre-tax
income + as * price of medical care + ag * quantity of medical care + a7 * level of risk
aversion + v
Equilibrium condition:
QC,D — QDC,D — QSC,D

| plan on estimating this structural model using data from the 1987 National
Medical Expenditure Survey, alarge cross-sectiona survey compiled by the Agency for
Healthcare Research and Quality (AHRQ). | can then use the structural model to

estimate the price elasticity of demand for employer-provided group health insurance.

30



The difference between this approach and some of the studies mentioned in the
introduction is that many of these early studies wrote down areduced form insurance
demand equation without formally deriving the structural model from economic theory.
In doing so, these studies completely ignored the supply side of the market and market
clearing conditions.

Although | wrote the supply and demand relationships in the structural model as
linear equations, thereis no reason for thisto be the case. Therefore, | will estimate the
structural model using a non-parametric approach. The benefit of such an approach is
that you do not have to make assumptions about the specific functional form of the
eguations you are estimating.

V. Conclusion

The purpose of this paper isto present amodel of the market for health insurance
that focuses on two main issues. Thefirst isthe existence of equilibrium, whichis
complicated by the familiar adverse selection problem. Given the assumptions of the
model, | can show that a unique Separating Equilibrium and multiple Pooling
Equilibrium and exist in the Zero Information case. In the Perfect Information case, | can
show that a unique equilibrium exists. The second issue is applying the model to
estimating price elasticities. Thismodel suggests a structural model that can be used to

estimate the price elasticity of demand.

Appendix |
| will show that consumers and the insurance company in Stage Two satisfy the
assumptions necessary for the existence of equilibrium in amore general model presented

in Marton (2000). In Marton (2000), | proved the following existence theorem:
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Theorem 1 - Marton (2000): Suppose consumers satisfy assumptions P1 through P5

placed on preferences and assumptions C1 through C4 placed on consumer
characteristics. If, in addition, the firm satisfies assumptions F1 through F10, then an

equilibrium (p*, T, y*, €) exists for an economy €.

To apply this existence theorem to Stage Two of the Health Insurance Model, |
must show that consumers and the insurance company satisfy the assumptions listed in
the theorem. | will first show that consumersin the Health Insurance Model meet all of
the assumptions listed in the theorem. Next | will show that the insurance company
satisfies the assumptions for the firm listed in the theorem.

Step 1: Show that consumersin the Health Insurance M odel satisfy the assumptions
of the existence theorem

P1. Thisfollowsfrom equation () in Section Il and the continuity of U(x). Q.E.D.

P2. Thisistrue by the definition of the budget constraint in Section I1. Q.E.D.
P3. Here consumption bundle m offers no money. Thiswould imply an income less
than or equal to zero by the definition of the budget constraint in Section I1. Therefore,
assumption U4 in the Health Insurance Model implies that the expected utility associated
with mis- co. Because m' provides anon-negative level of income, m'is strictly
preferred to m due to the monotonicity of preferences with respect to income in the
Health Insurance Model. Q.E.D.
P4. Assumption P4 holdsin the health insurance model if for any consumption bundle
there is some amount of money that could be given to employeei that would make her

better off. Because preferences are monotone with respect to income or money and the
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marginal utility of income is bounded below, assumption P4 is satisfied in the Health
Insurance Model. Q.E.D.
P5. Thissaysthat if you consider two bundles m and m' such that both give the same
level of money and similar (but not identical) levels of health insurance, there is some
amount of money that can be added to bundle m which would make is strictly preferred
tom'. Theinteresting case here is where bundle m provides less insurance than bundle
m'.

The definition of the budget constraint in Section 11 implies that you can
compensate a bundle with alower level of insurance (m) with enough money such that it
would provide a higher level of income than any bundle with a higher level of insurance
(m"). Thisis because there is atrade-off between insurance and money in creating
income. Because expected utility is continuous and monotone with respect to income,
you can compensate a bundle with alower level of insurance (m) with enough money
such that it would provide a higher level of expected utility than any bundle with a
higher level of insurance (m’). Q.E.D.
C1. Thisholds because each employee has the same endowment, so Eisapoint. Q.E.D.
C2. This holds because each employee has the same sub-utility function. Q.E.D.
C3. Assumption C3 holds as long as assumptions P5 and C2 hold. Q.E.D.

C4. Because each employee is endowed with a strictly positive amount of income from
Stage One (WIO > 0), this holds in the Health Insurance Model. Q.E.D.
Step 2: Show that the insurance company in the Health Insurance Modd satisfies

the assumptions of the existence theorem

| will check each of the assumptions F1 through F10 individually below.
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F1. I must show thaty O Y impliesay OY for any scalar a > 0.
Case1l Assumea =0. Thisimpliesthat ay = 0. | have shown by verifying assumption

F5below that 00Y,soyO0Y impliesay 0Y fora =0.

Before proving Case 2, | must show that Y, oy implies ay’, 0Y fora>0. It

should be clear that ay’, |K9>0. Itisasoclear that 0(y~0(numerai re) =- pxd G day~0.

Thisimplies that y,0 YNimpIia ay~, 0 Y fora>0.
Case 2 Assumea > 0. Inthiscase, ay isobviously a bounded and signed measure on K,

so ay O M(K). Becausey 0, I know Oy, 0 Y such that ysyy, Thisimplies that
Oy, =ay’,0 Y such that aysy , =ay’, Therefore, ay 0Y.

Therefore, | have shownthaty 0 Y impliesay 0Y for any scalar a = 0. Q.E.D.
F1. Thisistrue becauseY is endowed with the weak star topology. See Theorem 6.1in
Parthasarathy (1967). Q.E.D.
F2. Thiswill hold in the Health Insurance Model since, by definition, the only measure
shared by both Y and Qg is the zero measure. Q.E.D.

F3. Before proving the main result, | must first prove that the set M(K) is closed under

addition and the set Y is closed under addition.

M (K) isclosed under addition: Consider two measures a0 M(K) and b 0 M(K). Define

the sum of these two measurestobec=a+ b. Itiseasy to seethat c isabounded and

signed measure. Thisimpliesc 0 M(K).



Y _isclosed under addition: Consider two measures y~0 0Y and y~l 0Y . Definethe

sum of these two measures as y~2 =y + y~1. Because M(K) is additive,

0
y~, OM(K). Itisalso easy toseethaty™, |K?=0 and y~ (numeraire) =~ |, a G dy™.
Thisimpliesy™,0Y .

To proveY isconvex, | must show that for any two plansyyp, y1 0Y, the plan

Yo=ayo+(1-a)y;0Y foral a0]0, 1]. BecauseY isaCRS technology, | know

ayoOY and(1-a)y: 0Y foral a 0[O0, 1]. Thisimplies:

Dy~0 0Y suchthat ayp < y~o and Dy~l 0Y suchthat Q-a)y1< y~1.
Because Y is closed under addition, y~2 = y~0 + y~l 0Y . Because M(K) is closed
under addition, | have:

yo=ayo+ (1-a)y; 0O M(K) foral a 0[O, 1].
Therefore Dy~2 = y~O + y~1 0Y suchthat Yo=ayo+ (1-a)y; < y~2for al a 0[O0, 1].
Thisimpliesy,0Y foral a 0[O, 1], so Y isconvex. Q.E.D.
F5. Consider - Qq. Thisset consists of all bounded measures m such that:
m|K? = m[K‘ (V)= -1 if BOV and O elsewhere.
Any measure in this subset is by definition amember of Y. Therefore, - Qa0 Y. Q.E.D.
F6. | will define-Y  to be the followi ng subset of M(K):
Y ={y OM(K) |y |K%<0 and y<(numesire)= ;4 G dy}.
Given this definition, | will define -Y asfollows:

.Y ={yOM(K) | Oy 0-Y suchthaty>y"}.
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The only measure shared by Y and this set is the zero measure. Q.E.D.
F7. Here W isthe aggregate initial endowment. Thisimpliesthat Q - W consists of all
consumption measures besides the aggregate initial endowment measure. The only
measure shared by thisset and Y isthe zero measure, Y n (Q - W) ={0}. Therefore, the
fact that the space Y n (Q - W) isbounded follows trivialy. Q.E.D.
F8. Thisfollowsfrom Lemma 6.3 of Parthasarathy (1967). Q.E.D.
F9. Inthe Health Insurance Model, the only input to production is money in the form of
premium payments. Q.E.D.
F10. Again, thisholdsin the Health Insurance Model since there is only one input,
money. Q.E.D.

Appendix I1: Proofs of the Lemmas

Lemma 1: Thisfollows from the definition of the sub-utility function U(x). Q.E.D.
Lemma 2: Thisisjust arestatement of Lemma 3 of Wilson (1977). Q.E.D.
Lemma 3: Thisisjust arestatement of part of Lemma 4 of Wilson (1977). Q.E.D.

Lemma 4: Thisis arestatement of the second part of Lemma4 of Wilson (1977). Q.E.D.
Lemma5: | will show that if B;= 0 and m < n, then for any policy (B; R;), E(Profits),,j, .
< E(ProfitS)m,j, .. AssumeB;>0. If m<n, then 1,> 1. Thisimpliesthe following
inequality:
[Ri- T OBj-G(B)] <[R-mmUB; - G(B)) ].

Therefore, E(Profits)y,j,. < E(ProfitS)m,j, .. Now suppose that Bj= 0. If thisistrue, then
E(Profits),,j, . = E(Profit)m,j,. = R;.

Proving the other case, if m < nand for any policy (B; R), if E(Profits), . <

E(Profits)m,j, ., then B;= O, istrivial. Q.E.D.
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Lemma 6:
Lemma 7: This proof will proceed by induction. Suppose for somei < T, it has been
shown that (a) through (d) hold Oj such that i <j <T. | will show that these conditions
hold for all i.
step 1, proof of (b): Thisisshown to be true in Lemma 9 of Wilson (1977).
step 2, prove B; < Bj:;and R; < Rj+1: Thisisshown to be truein Lemma 9 of Wilson
(1977).
step 3, proof of (c): Start by noticing that E(Profits); i . = 0 implies that:
(Bi, R) = (€, (15 + g) O€) for somee 0 [
By induction hypothesis (a) and the result B; < Bj +1and R < R; + 1, it followsthat € < Br.
By Lemma (I don't have), dEU;(g, (15 + g) [J€) / de > 0.
By the definition of S, EUi(g, (15 + g) 1€) > EUi(B, R) for every (B, R) 0 S.
Thisimplies EU; + 1(€, (15 + @) 0€) = EU; + 1(Bi + 1, Ri + 1). This proves that:
EUi+1(Bi, R) =EUi +1(Bi + 1, Ri +1).
step 4, proof of (d): Thisisshown to betrue in Lemma 9 of Wilson (1977).
step 5, prove B; > 0 and R; > 0: Note that by condition (a), | know
(Bi+1, Ri+1) = (& (T5+1+0) Jg) for some0< e <Br.
Lemma (I don't have), impliesthat EU; +1(0) < EU; + 1(Bi +1, Ri +1).
Therefore, the previous argument implies B; > 0 and R; > 0.
A similar proof can be used to establish (a) through (d) for i = (T - 1). Q.E.D.
Lemma 8:
Appendix I11: Proofs of Theorems

Theorem 1: Suppose that the union of the set of policies offered by each firm g,
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N AP, equals the set S described above. These firms have no incentive to deviate from

offering these policies because they will make zero profits regardless of the set of policies
they offer. According to Lemma 6, each worker i will maximize their utility given Sin
Stage Two by choosing to work for the firm that offers policy (Bi, R;) in Stage One. Each
worker will then receive their most preferred policy given Sin Stage Two and be paid
their marginal product. Thisimpliesthat workers have no incentive to switch firms
because they cannot increase their utility by doing so. Therefore all of the conditions for
a Stage One Equilibrium are satisfied.

Given APq [0 Sfor every numeraire firm q and the fact that each worker i chooses

in Stage One to work for the numeraire firm q that offers policy (Bi, R;), | can apply the
existence theorem from Marton (2000) to each firm g in order to show that an
equilibrium exists in Stage Two. | show in Appendix | that the health insurance model

satisfies the assumptions of this existence theorem. Q.E.D.

Theorem 2: Numeraire firms make zero profits regardless of the set of insurance policies

they offer. Assume that they each offer policy PO P, in Stage One. No numeraire firm

has any incentive to deviate and offer a different set of policies.

If workers are alocated to numeraire firms in the way described above, each
worker will receive awage equal to their marginal product and the ability to choose the
policy in Stage Two that maximizes their utility, given that there is only one choice.
Therefore, no worker has any incentive to move to a different employer in Stage One
because they cannot achieve ahigher level of utility by doing so. Therefore all of the

conditions for a Stage One Equilibrium are satisfied.
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As mentioned, in Stage Two employees will choose policy P, this maximizes their
utility given that thereis only one choice. Because each numeraire firm has the same
distribution of health types as the population, the insurance company can apply these
popul ation estimates to each firm and break even, on average, by producing and selling
policy P. Thisimpliesthat | can apply the existence theorem from Marton (2000) to each
firm g to show that an equilibrium existsin Stage Two. | show in Appendix | that the
health insurance model satisfies the assumptions of this existence theorem. Q.E.D.

Notice that this proof appliesto every PO P,.

Theorem 3: Because | have assumed that each numeraire firm q offers the full set of
insurance policies, | can focus on one numeraire firm without loss of generality. This
firm has no incentive to deviate from offering AP because they will make zero profits
regardless of the set of policiesthey offer. Each worker i will choose to work for this
firm in Stage One because they can then pick the policy, (B*, Ri*), that maximizes their
expected utility in Stage Two. Thisimpliesthat no worker has an incentive to switch to a
different employer. Therefore all of the conditions for a Stage One equilibrium are
satisfied.

In Stage Two, each worker chooses the policy that maximizes their utility given
their health type and the insurance company will break even by offering this set of
policies. Therefore, the fact that a Stage Two equilibrium exists can be proved by
applying the existence theorem from Marton (2000) to each health type, asif there are
identical numeraire firms for each health type. Because each numeraire firm hasa
constant returns to scale technology, there is no real difference between one firm hiring

all of the workers and each health type working for a different firm. Q.E.D.
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Uniqueness Theorem: The equilibrium price (premium) vector of insurance policiesin

Stage Two, p*, isunique.

Proof of Unigueness Theorem

Suppose first that the vector of premiumsis pp < p*. For any of the plans with the
premium set below the equilibrium premium, the insurance company cannot cover the
administrative costs involved in producing the plans. Thisimplies zero production of

those insurance policies and a“bidding up” of their premiums.
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Now suppose the premium vector is some p; = p*. For any of the plans with the
premium set above the equilibrium premium, the insurance company can never reach the
profit maximizing level of production because no one would want to buy these policies.

Thisimplies a“bidding down” of their premiums.

Extensions

One extension | am interested is to examining is the existence of equilibriain the labor
market when aworkers' marginal product isonly partially correlated with their health
type. | would like to see how strong the correlation must be before a separating

equilibrium exists.
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