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Motivation

Choice (and product variety) in markets is often thought of as broadly desirable.

Consumers able to closely match with the socially e�cient choice by revealed
preference.

However, in markets with selection (e.g. health insurance) the privately optimal choice
may not align with the socially optimal choice.

Due to asymmetric information, prices may not be set at marginal costs.
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Research Question

How much vertical choice should regulators allow in health insurance markets?

In insurance markets where moral hazard and adverse selection are present, how
much consumer choice is socially optimal?

Unique contribution: focuses on the financial dimension of insurance to determine when
and how choice over varying levels of coverage is desirable.
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Paper Overview

1 Develop a theoretical model of a two-stage health insurance market:
Consumers first purchase health insurance (over discrete choice set) under uncertainty
of future health.
Then upon realizing stochastically-determined health states, consumers decide the
amount of healthcare to utilize.

2 Parameterize and estimate consumer utility and distribution of health states.

3 Estimate and decompose the private and socially relevant components of household
willingness-to-pay:

Compartmentalize WTP to determine the social surplus generated by allocating
consumers to varying levels of financial coverage.

4 Counterfactual analysis:
Compare various market designs to establish welfare and distributional e↵ects.
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Presentation Outline

1 Theoretical Model

2 Data

3 Empirical Model and Estimation

4 Robustness and Counterfactual Analysis

5 Strengths

6 Limitations and Extensions
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Key Ingredients

In order for vertical choice to be e�cient, we require three basic ingredients:

1 Moral hazard spending,

2 Risk aversion,

3 Consumer heterogeneity.

Without each, the optimal contract would simply be 1) the highest coverage-level for all
households, 2) the lowest coverage-level for all households, or 3) a unique contract
solving the representative household’s problem, respectively.

In all three instances, vertical choice is ine�cient.
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Setup

Set of contracts X = {x0, x1, ..., xn}, x0 contract provides no insurance.

Consumers characterized by ✓ = {F , ,!}, F is the distribution of health states,  
is risk aversion, ! indicates preferences for healthcare utilization.

Consumers value healthcare utilization and residual income. Upon realizing health
state, l ⇠ F , consumers choose healthcare spending
m

⇤(l ,!, x) = argmaxm(b(m; l ,!)� cx(m)), where b is a financial private valuation
of spending and cx is out-of-pocket healthcare cost.

Thus, conditional expected utility prior to realization of their health state is given by:

U(x , p, ✓) = E[u (ŷ � p � c
⇤
x (l ,!, x) + b

⇤(l ,!, x)) | l ⇠ F ] (1)

Where u represents consumer preferences, l is the health state drawn from
distribution F , p is the premium, ŷ is initial income, c⇤x (l ,!, x) is the indirect
out-of-pocket cost, and b⇤(l ,!, x)) is the indirect benefit of healthcare utilization.
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Willingness-to-Pay and Social Surplus

v(l ,!, x) = b
⇤(l ,!, x)� b

⇤(l ,!, x0)| {z }
Benefit of moral hazard spending

� (c⇤x (l ,!, x)� c
⇤
x (l ,!, x0))| {z }

Cost of moral hazard spending

(2)

WTP(x , ✓) = E[c⇤x0(l ,!, x0)� c
⇤
x (l ,!, x0) | l ]| {z }

(1)

+E[v(l ,!, x) | l ]| {z }
(2)

+ (x , ✓)| {z }
(3)

(3)

Insurer costs given by kx(m) = m � cx(m).

SS(x , ✓) = WTP(x , ✓)� E[k⇤
x (l ,!, x) | l ]

=  (x , ✓)| {z }
(3)

�E[k⇤
x (l ,!, x)� k

⇤
x (l ,!, x0)� v(l ,!, x) | l ]| {z }

(4)

(4)

1 Expected reduction in out-of-pocket cost (holding behavior constant),

2 Expected payo↵ from moral hazard spending,

3 Value of risk protection,

4 Social cost of moral hazard.
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Private vs. Social Optimality

Socially optimal contract solves:

x
e↵ (✓) = argmax

x
SS(x , ✓).

Given premiums px , privately optimal contract solves:

x
⇤(✓, px) = argmax

x
(WTP(x , ✓)� px).

Regulator observes distribution of consumer types and sets premiums px to maximize
social welfare:

W (px) =

Z
SS(x⇤(✓, px), ✓)dG(✓). (5)
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Two-Contract Example

With two contracts (high vs. low coverage), the marginal social surplus (SS) from
enrollment in the high coverage contract is demand minus marginal cost.

Key di↵erence: in population A, marginal SS is increasing in marginal WTP (i.e. D).
Thus, there exists p⇤ that sorts consumers into high and low contracts.

When p 6= MC (i.e. CS 6= SS), e�ciency of vertical choice is determined by whether
SS crosses zero from above.
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Data

1 Market: Public schools employees in Oregon from 187 school districts.
2 Insurers: Moda (PPO), Providence (PPO), and Kaiser (HMO).

Within insurer, plans di↵erentiated only by coverage level, not network.

3 Timeframe: 2008 to 2013 (Providence 2008 - 2011).

4 Key fields: Employees’ plan menus, realized plan choices, plan characteristics,
claims, demographics (age, gender, ZIP, family type), health risk score, employee
occupation type.

Oregon Educators Benefit Board (OEBB) and insurers contract to determine the
state-level master list of plan menus and premiums each year.

Plan menus for each school district are then set by benefits committees and subsidies are
determined through bargaining agreements with teachers’ unions.
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Contracts Heavily Subsidized, Moda Largest Insurer in the Market

Actuarial value is the ratio of insured to total household spending.

Moda has on average over 70% of market share.
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Few Households Switch Insurers, Kaiser Omitted from Principal Analysis

78% of households always choose Moda/Providence, 19% always choose Kaiser,
only 3% switch between.

Average household premium only $880, median $0.
Sample Construction
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Exogenous Variation in Plan Menus is Key

Households who selected Moda (2009)

Decentralized determination of plan menus (by OEBB and benefits’ committees)
provides exogenous variation in plan menus for employees.

Conditional logit model of household plan choice (right panel) rea�rms pattern of
higher spending when employees are o↵ered higher coverage.
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Actual Sources of Variation in Plan Generosity

Possible issue: are plan menus actually independent of household unobservables
(conditional on observables)?

1 School districts could chose plan menu generosity based on unobserved employee
information, or

2 Households could choose which school district to work in based on health benefit
generosity.

However, lack of correlation between plan menu generosity and observables (e.g.
household risk score) indicate little risk of substantial endogeneity.

Menu Generosity & Health Scores

Conditional logit model identifies some of the variables actually driving variation in menu
generosity.

Conditional Logit Results
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Parametrizing Household Utility

Following established literature in healthcare spending, household k’s valuation of m
given state l :

b(m; l ,!k) = (m � l)� 1
2!k

(m � l)2. (6)

Therefore, to maximize private value the households solves:

m
⇤
jt(l ,!k) = argmax

m
(b(m; l ,!k)� cjt(m)). (7)

Taking FOCs yields m⇤ = !(1� c) + l and b
⇤ = !

2 (1� c
2), where c is the coinsurance

rate for linear out-of-pocket cost function c(m).

!k , household preferences for healthcare utilization, allows us to isolate the induced
incremental spending for a household going from none to full insurance.

Example with Moral Hazard
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Parametrizing Household Utility

Thus, the household maximizes expected utility by choosing plan j
⇤ s.t.:

j
⇤
kt = argmaxj2Jkt

Z
�exp(� kzkjt(l))dFkft(l)

| {z }
Ukjt

, (8)

where  k is a coe�cient of absolute risk aversion, Fkft is the distribution of health states
faced by insurer f (j), and zkjt is the payo↵ upon realizing state l , where:

zkjt(l) = �pkjt + ↵OOP(b⇤
jt(l ,!k)� c

⇤
jt (l ,!k)) + �f (j)kj + � inertia

kjt + �Xkjt + �✏✏kjt . (9)

pkjt : net household premium.

↵OOP : out-of-pocket cost valuation parameter.

b
⇤
jt(l ,!k)� c

⇤
jt (l ,!k): payo↵ from optimal healthcare utilization.

�f (j)kj : insurer FEs interacted with household characteristics.

� inertia
kjt : previous-year plan and insurer FEs interacted with household.

Xkjt : additional covariates (e.g. HRA/HSA and dental contributions, etc.).

✏kjt : household-plan-year idiosyncratic shock (magnitude �✏ estimated).
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Households Distribution of Health States Are Approximately Log-Normal

Assumption: Individuals face (shifted) log-normal distribution of health states,

log(̃l i + it) ⇠ N(µit ,�
2
it).

Support (�it ,1) captures the mass of individuals with zero spending.

Since the majority of households are comprised of multiple individuals, households
face the sum of state draws across all household individuals.

However, there is no closed-form for the distribution of the sum of log-normal
random variables.

Solution: Fenton-Wilkinson approximation. This approach approximates the
distribution of the sum of draws from independent log-normal distributions as a
log-normal distribution.

Along with parameter �f , which describes the exchange rate for states across
insurers, the distribution Fkft of money-metric health states l at the household-level
is described by,

l = �f l̃ ,

log(̃l + kt) ⇠ N(µkt ,�
2
kt).
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Identification Across Key Parameters

Main goal is to distinguish between:
1 Healthcare utilization preferences and private health information,
2 Out-of-pocket cost valuation and risk aversion,
3 Unobserved heterogeneity in risk aversion and moral hazard.

Strong positive correlation between ! and unobserved variation in µkt can be mostly
explained by household characteristics, but positive residual correlation attributable to
either moral hazard or private information on health (adverse selection).

Variation in choice within/across districts allows us to separate the two. Conditional on
household observables,

Moral hazard quantified by higher household healthcare spending when faced with
more generous plan menus;

Adverse selection, as well as magnitude �✏ of shock ✏k , identified by households
making di↵erent plan choices when faced with similar plan menus.

Victoria R. Marone, Adrienne Sabety Health Insurance Vertical Choice 21



Identification Across Key Parameters

Main goal is to distinguish between:
1 Healthcare utilization preferences and private health information,
2 Out-of-pocket cost valuation and risk aversion,
3 Unobserved heterogeneity in risk aversion and moral hazard.

↵OOP (out-of-pocket cost valuation) and  (risk aversion) impact preferences for higher
coverage but do not impact spending.

Identification comes from observably di↵ering households that face similar menus:

↵OOP is the rate households trade premiums with out-of-pocket spending, holding
uncertainty in out-of-pocket spending fixed;

 is the degree of positive correlation between taste for higher coverage and
uncertainty in out-of-pocket spending, holding expected out-of-pocket spending
fixed.
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Identification Across Key Parameters

Main goal is to distinguish between:
1 Healthcare utilization preferences and private health information,
2 Out-of-pocket cost valuation and risk aversion,
3 Unobserved heterogeneity in risk aversion and moral hazard.

Panel data allows us to observe the same households making di↵erent choices over time
with changes to plan o↵erings and plan/household characteristics. However, at most five
observations per household, therefore insu�cient variation to non-parametrically back out
distribution of  and !.

Solution:

Assume unobserved heterogeneity in risk aversion and moral hazard is normally
distributed;

Households making consistently di↵erent choices reflecting both high and low risk
aversion (or moral hazard) for otherwise similar households is evidence enough of
heterogeneity across these dimensions.
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Estimating Household Parameters Using Fenton-Wilkinson

µit ,�it ,it estimated using individual-level characteristics (such as health risk scores,
gender, and age):

µit = �µ
X

µ
it ,

�it = ��X�
it ,

it = �X
it .

Using the Fenton-Wilkinson approximation methodology, household health state
distributions are functions of individual-level parameters: Derivation

�2
kt = log

h
1+

hX

i2Ik

exp

⇣
µit +

�2
it

2

⌘i�2 X

i2Ik

(exp(�2
it)� 1)(exp(2µit + �2

it))
i
, (10)

µ̄kt = ��
2
kt

2
+ log

hX

i2Ik

exp

⇣
µit +

�2
it

2

⌘i
, (11)

kt =
X

i2Ik

it . (12)

Additionally, parameters µkt ,!k , log( k) are assumed to be jointly normally distributed:
0

@
µkt

!k

log( k)

1

A ⇠ N

0

@

0

@
µ̄kt

�!X!
k

� X 
k

1

A ,

0

@
�2
µ

�2
!,µ �2

!

�2
 ,µ �2

!, �2
 

1

A

1

A
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Model Estimated by Maximum Likelihood

The likelihood function for household k is the density of observed total healthcare
spending m conditional on observed plan choices:

LLk =
JX

j=1

dkjt

SX

s=1

Ws

TY

t=1

fm(mkt |✓,�kts , cjt ,Xkt)Lkjts (13)

dkjt = 1 if household k chose plan j in year t (else d = 0).

Ws : simulated Gaussian quadrature weights for each simulation, s 2 S .

fm: pdf of total healthcare spending conditional on plan, parameters, and household
observables.

Lkjts : conditional logit choice probabilities.

See Appendix C.2 for details (or link below).

MLE Methodology
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Approximately $1,500 of Moral Hazard Spending per Family

Moving a household that had not met deductible to plan where health state put
them past out-of-pocket maximum would increase total healthcare spending (due to
moral hazard) by 11.4% - 15.8%.
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Notable Results

1 Coe�cient of absolute risk aversion of 0.92 (in-line with literature).

2 Unobserved heterogeneity in risk aversion accounts for 93% of total variation.
Only 11% and 18% for µkt (mean of the monetary household health state distribution)
and !k (moral hazard), respectively.

3 Average disutility from switching insurer/plan of $2,408/$4,562, respectively. Large
estimates of inertia reflect the lack of voluntary (or involuntary) switching present in
the data.

4 Households value out-of-pocket costs 47% more than plan premiums (similar result
for vision/dental costs, while HSA/HRA dollars costs value 4x less than premiums).

Model Fit
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Evaluating Vertical Choice

The empirical model considers all coverage levels, but graphical analysis is restricted
to the following five contracts with varying actuarial values: Catastrophic (0.53),
Bronze (0.61), Silver (0.72), Gold (0.86), Full-Insurance (1.00).

This is done to focus on the relevant range of contracts given model estimates (from
$10,000 deductible & maximum out-of-pocket cost (Catastrophic = x0) to $0
out-of-pocket cost (Full-Insurance)).

Several additional simplifications to model:
1 Use only first year each household appears in data,
2 Fix �f = 1 (Moda),
3 Hold nonfinancials fixed, insurer fixed e↵ects cancel,
4 Remove inertia,
5 Fix ↵OOP = 1,
6 Ignore idiosyncratic shock ✏k for welfare analysis.
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Marginal WTP for Coverage Above Catastrophic

WTP(x , ✓k) = E
h
c
⇤
x0(l)� c

⇤
x (l) | l

i

| {z }
(Transfer)

+E
h!k

2
(1� c

0
x(m

⇤(l ,!k , x)))
2 | l

i

| {z }
(Moral Hazard Payo↵ )

+  (x , ✓k)| {z }
(Risk Protection)
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Transfer Drops Out of Social Surplus Evaluation

SS(x , ✓k) =  (x , ✓k)| {z }
(Risk Protection)

� E
h!k

2
(1� c

0
x(m

⇤(l ,!k , x)))
2 | l

i

| {z }
(Social Cost of Moral Hazard)
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The Gold Contract Provides Largest Social Surplus For All Levels of WTP

Choice is ine�cient, and the Gold contract yields on average $1,514/household of surplus.
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Vertical Choice E�cient When Contract Space is Denser

Results hinge on whether higher willingness-to-pay consumers have a higher e�cient
level of coverage.

Expanding contract space between Silver and Full-Insurance from just Gold to 20
contracts yields 4 optimal contracts: Gold (AV = 0.86), and 3 closest contracts
(AVs = {0.84, 0.83, 0.81}).

Average social surplus per household increased by only $14 ($1,528) over Gold
alone, and only $5 over optimal denser set contract (AV = 0.83).

Note, this surplus gain is gross of any costs associated with designing or
administering an expanded contract set (more on this later).
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Results are (Fairly) Robust to Alternative Contract Designs and Populations

Contracts:

A single contract is still optimal when considering five vertically di↵erentiated
contracts that have 1) no deductible, or 2) no coinsurance.

However, vertical choice is e�cient when the coinsurance region is extended (e.g.
remove deductible, coinsurance rate cut in half, total spending region at which
out-of-pocket cost met doubled).

Robustness Specifications I

Populations:

Estimating the model with Kaiser customers yields qualitatively identical results.

Estimating the model with changes to the three key consumer parameters (moral
hazard (!), risk aversion ( ), and distribution of health states (F )) again yields
similar results.

Optimal menus feature vertical choice with dense contract sets and when risk aversion
drives changes in WTP.

Figures with Kaiser Robustness Specifications II

Across all iterations, welfare gains from vertical choice do not exceed $10/household,
implying the benefits from vertical choice are negligible.
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Counterfactual Pricing Policies

1 Baseline: Regulated pricing with community rating,

2 Regulated pricing with type-specific prices,

3 Competitive pricing with community rating & mandate,

4 Competitive pricing with type-specific prices & mandate,

5 Premiums to support vertical choice.

Schemes (ii) and (iv) allow market segmentation across four consumer groups: 45+ with
children, >45 with children, 45+ childless, and >45 childless.

Benchmark the various pricing schemes against the first best world, where premiums are
set using all aspects of consumer type (unobservable to the insurer).
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Regulated Pricing Nearly Achieves First Best Surplus

The baseline scheme (i) does a good job approximating the first best outcome
(0.982 * $1,542 = $1,514).
Note, vertical choice would likely be necessary under (i) if the regulator needed to
break even, as is necessary in the competitive pricing schemes.
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High WTP Consumers Gain the Most From Lack of Vertical Choice

Healthcare spending bill = premiums + E [out-of-pocket costs] + evenly distributed tax.

Population faces minimum healthcare spending of $11,723/household under “All
Catastrophic” coverage.

Panel B consumer surplus again relative to “All Catastrophic” coverage.
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Appendix
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Return
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Menu Generosity Not Responsive to Observed Health Risk Scores;
Unlikely Unobserved Information Impacts Generosity

Return
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Conditional Logit Model: Explaining Plan Menu Generosity

Some of the variables driving variation in
menu generosity include:

1 Higher generosity for specific union
a�liation,

2 Lower generosity for
substitute/part-time employees,

3 Generosity decreasing in district house
price index, and

4 Generosity decreasing in Republican
party registration by district.

. Return
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Example contract with a deductible of $2,000, a coinsurance rate of 30%, and an
out-of-pocket maximum of $3,000.

Return
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Fenton-Wilkinson Approximation (Part 1)

Assumption: Individuals face (shifted) log-normal distribution of health states,

log(̃l i + it) ⇠ N(µit ,�
2
it).

Moment-matching conditions for the distribution of the household health state l̃ :

E(̃l + kt) =
X

i2Ik

E(̃l i + it),

Var (̃l + kt) =
X

i2Ik

Var (̃l i + it),

E(̃l) =
X

i2Ik

E(̃l i ),

where the third moment-matching condition is needed for su�cient moments to
estimate the “shift” parameter, k .
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Fenton-Wilkinson Approximation (Part 2)

Under the Fenton-Wilkinson assumption that l̃ + k is distributed approximately
log-normal, plug in the mean and variance of a log-normal distribution:

exp(µkt +
�2
kt

2
) =

X

i2Ik

exp(µit +
�2
it

2
)

(exp(�2
kt)� 1)(exp(2µkt + �2

kt)) =
X

i2Ik

(exp(�2
it)� 1)(exp(2µit + �2

it))

exp(µkt +
�2
kt

2
)� kt =

X

i2Ik

exp(µit +
�2
it

2
)� it

Solving for the household-level parameters yields:

�2
kt = log

h
1+

hX

i2Ik

exp

⇣
µit +

�2
it

2

⌘i�2 X

i2Ik

(exp(�2
it)� 1)(exp(2µit + �2

it))
i
,

µ̄kt = ��
2
kt

2
+ log

hX

i2Ik

exp

⇣
µit +

�2
it

2

⌘i
,

kt =
X

i2Ik

it .

Return
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Maximum Likelihood Estimation Methodology (Part 1)

The MLE selects the parameter values that maximize the conditional pdf of
households’ observed total healthcare spending given plan choices.

Using Gaussian quadrature with 27 support points, �kts(✓) = { ks , µkts ,!ks} denotes
the simulated points, and Ws the weights, for the set of parameters to be estimated.

Optimal predicted healthcare spending m
⇤
jt(l ,!ks) = max(0,!ks(1� c

0
jt(m

⇤)) + l)
allows one to back out the health state lkjts that yields spending mkt under !ks :

lkjts :

(
lkjts < 0 if mkt = 0,

lkjts = mkt � !ks(1� c
0
jt(mkt)) if mkt > 0.

1 Since lkjts = �f l̃kjts implies l̃kjts = ��1
f lkjts , and �f > 0, the probability that lkjts < 0 is

equal to the probability that l̃kjts  kt .

2 When mkt > 0, define �kjts = ��1
f lkjts + kt . Then, the density of mkt is the density

of �kjts .

Let � denote the standard normal CDF. Thus, the conditional pdf of m given plan,
parameters, and household characteristics is given by:

fm(mkt |✓,�kts , cjt ,Xkt) =

8
<

:
�
⇣

log(kt )�µkt
�kt

⌘
if mkt = 0,

��1
f �

0
⇣

log(�kjts )�µkt

�kt

⌘
if mkt > 0.
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Maximum Likelihood Estimation Methodology (Part 2)

Probability of plan choices: given ✓ and �kts , distribution of lkjtsd with D = 30
support points given by:

lkjtsd = �f (exp(µkts + �ktZd)� kt),
Where Zd is a vector approximating a standard normal distribution using Gaussian
quadrature with associated weights Wd .
Privately optimal mkjtsd then calculable for each health state realization.

Define the stop-loss level of total spending (the boundary between coinsurance
region and out-of-pocket max) as A = C

�1(O � D(1� C)), where D = deductible,
C = coinsurance, and O = out-of-pocket maximum.

Then optimal private spending falls into one of the three regions (coinsurance,
stop-loss, out-of-pocket max) depending on realized l and given !, with relevant
cuto↵s for each region:

Z1 = D � !(1� C)
2

, Z2 = O � !
2
, Z3 = A� !

⇣
1� C

2

⌘
.

Where Z1  Z2  Z3 whenever D  O and C 2 [0,1].

Optimal spending m
⇤ thus given by:

If A� D >
!
2

: m⇤ =

8
<

:

max(0, l) l  Z1,

l + !(1� C) Z1 < l  Z3,

l + ! Z3 < l ;
Else : m⇤ =

⇢
max(0, l) l  Z2,

l + ! Z2 < l .

⇤ All plans in data have A � D > !
2 , thus only the left panel is directly relevant to this setting.
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Maximum Likelihood Estimation Methodology (Part 3)

Using predicted privately optimal healthcare spending m
⇤
kjtsd , household expected

utility (in certainty equivalent units of utility) from enrolling in plan j given by:

U
CE
kjts = z̄kjts �

1
 k

log

✓ DX

d=1

exp

⇣
� k(zkjts(lkjtsd)� z̄kjts)

⌘
Wd

◆
,

Where z̄kjts = E[zkjts(lkjtsd ) | d ].

Conditional logit choice probabilities thus given by:

Lkjts =
exp(UCE

kjts/�✏)P
i2Jkt

exp(UCE
kits/�✏)

.

Lastly, the likelihood function for household choices and spending is given by:

LLk =
JX

j=1

dkjt

SX

s=1

Ws

TY

t=1

fm(mkt |✓,�kts , cjt ,Xkt)Lkjts ,

with corresponding log-likelihood function for parameters ✓ given by:

LL(✓) =
KX

k=1

log(LLk).
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