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Government’s Role in Private Health Insurance

• Adverse selection, consumption externalities, and affordability concerns justify
government intervention.

• Adverse selection occurs when individuals with higher health risks are more likely to
purchase insurance, leading to higher costs for insurers.

• Consumption externalities arise when the health outcomes of individuals impact
others, justifying subsidies to increase coverage.

• Affordability concerns are addressed by government interventions to ensure that
lower-income individuals have access to health insurance.

• Examples include premium subsidies, regulations on minimum coverage standards,
and financial assistance programs.
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Affordable Care Act (ACA) Subsidies

• The ACA aims to make health insurance
affordable for low- and middle-income
individuals by providing income-based subsidies.

• Subsidies are designed to cap the maximum
percentage of income that eligible individuals
and families have to pay for health insurance.

• This design ensures that older individuals, who
generally face higher premiums, receive
sufficient subsidies to make coverage affordable.

• The goal is to balance affordability, equity, and
market efficiency.

• ACA subsidies vary with income but not with
age.
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Research Objectives

• Analyze the interaction between insurers’ competition and the design of premium
subsidies in determining equilibrium outcomes

• Market Enrolment: How many people enroll in the insurance plans. Different
subsidy designs, such as the ACA subsidies or fixed vouchers, impact enrolment rates
in small and large regions.

• Plan Premiums: The equilibrium premium levels set by insurers. For example,
under ACA price-linked subsidies, premiums may rise, while fixed vouchers tend to
reduce premiums

• Consumer Surplus: The net benefit consumers derive from purchasing insurance.
In equilibrium, consumer surplus can increase if subsidies encourage broader
enrolment and lower premiums.

• Subsidy Levels: The financial support provided to consumers by the government.
On the gov’s side, the overall cost to the government.

• Insurer Profits and Medical-Loss Ratio: Equilibrium impacts on insurer
profitability and how much of premiums are spent on healthcare (medical-loss ratio).
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Findings and Marginal Contributions
• Demand and cost Estimation

• Demand estimation: Younger individuals are less willing to pay for insurance and
more responsive to price changes, indicating higher price elasticity.

• Cost estimation: Indicate adverse selection in the market, where individuals with
higher expected medical costs are more likely to enroll.

• Counterfactual analysis
• Analysis of alternative subsidy designs, including age-adjusted and income-based

subsidy structures
• Counterfactual scenarios show that shifting subsidy generosity towards younger

individuals could lower premiums and increase overall enrolment

• Marginal contributions
• Allowing premiums to re-equilibrate, and lead to different policy conclusions
• Quantify the effects of different subsidy designs on premiums/enrolment/insurer

behavior.
• Assess how alternative subsidy structures could improve market outcomes(lower

premiums and higher enrolment)
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Institutional Background and Regulations

• Established in 2014 to address the uninsured population in the U.S. (17% under
65 without coverage)

• Created state-based health insurance marketplaces

• Key objectives: Expand health coverage, reduce healthcare costs, and regulate
insurance

• Modified by the Tax Cuts and Jobs Act (2017), American Rescue Plan Act
(2021), and Inflation Reduction Act (2022)
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Key ACA Regulations

• Rating Regions: Geographic areas determining insurance offerings and premiums
• Metal Tiers:

• Bronze (60% coverage), Silver (70%), Gold (80%), Platinum (90%)

• Adjusted Community Rating: Premiums vary by age, restricted adjustments
based on tobacco use

• Premium Subsidies: Based on income, subsidies reduce the cost of the
second-lowest Silver plan

• Cost-Sharing Reductions: For low-income individuals, increases actuarial value
of Silver plans

• Risk Adjustment: Budget-neutral transfer system to balance insurer risk
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Insurance Plan Characteristics

• Standardized plan characteristics in 2015 covered California
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Data Sources

• Enrolment Files
• 3.38 million individual plan choices (2014-2017) from Covered California.
• Includes age, region, income, and selected plan details.
• Focus on adults aged 26-64, representing 78% of total plan selections.

• Rate Review Filings
• Data from the Center for Medicare & Medicaid Services (CMS) on average claims

per plan.
• Covers 1,099 unique insurer-region combinations.
• Example of claims data:

• Bronze: $2,199 per year.
• Silver: $3,908 per year.
• Gold: $4,834 per year.

• Survey Data
• ACS: Data on potential buyers’ age, income, and location.
• MEPS: Medical spending data, with an average annual spending of $4,111.
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Summary Statistics

• Average age: 45.8 years

• Income: 214.2% of the Federal Poverty Level (FPL) on average
• Enrolment by Metal Tier

• Bronze: 24%
• Silver: 68%
• Gold: 4%
• Platinum: 4%

• Premiums
• Average premium paid: $1,477 annually
• Average subsidy: $3,928 annually

• Medical Spending
• Average medical spending: $4,111 per year
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Premiums by age and income

• average revenue collected by the insurer (gray line)/ average subsidized premium
paid by the individual (black line)/ average difference between Bronze and Silver
premiums for the individual (dashed line)
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Enrolment, medical spending, and rating adjustments by age

• The left panel: the probability of choosing a marketplace (Bronze) plan Back

• The right panel: Annual medical expenditure/ the corresponding ACA age rating
adjustment
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Demand Model Overview

• The demand model estimates individual insurance choices based on:
• Observable characteristics: age, income, region.
• Unobservable characteristics: individual preferences and expected costs.

• Individuals choose from various insurance plans based on the utility derived from
plan features:

• Premium paid (adjusted for subsidies).
• Actuarial value (coverage generosity).
• Provider networks and insurer brand.

• The demand is modeled as a mixed-logit discrete choice model using enrolment
data from Covered California.
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Demand Model Equations

• The probability of individual i purchasing plan j in region m at time t is given by:

qjmt(z , θ) =
e−αt(zi )Pj (bmt ,zi )+δjmt(z,θ)

1 +
∑J

k=1 e
−αt(zi )Pk (bmt ,zi )+δkmt(z,θ)

• Total enrolment in plan j is then:

Qjmt =

∫
qjmt(z , θ)dGmt(z , θ)

• Change in enrolment with respect to plan k ’s premium is given by:

∂Qjmt

∂bkmt
=

J∑
=1

∫
∂P(bmt , z)

∂bkmt
(αt(z)qjmt(z , θ)qmt(z , θ)) dGmt(z , θ)
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Cost Model Overview

• The cost model estimates expected medical spending for individuals based on:
• Age, insurance preferences, and health status.

• Medical costs are calculated using plan-level average claims data.

• The model incorporates adverse selection, where individuals with higher
willingness-to-pay for generous coverage also tend to incur higher medical costs.
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Cost Model Equations

• Insurer expected claims from covering individual i under plan j , region m, and
year t are modeled as:

κjmt(zi , θi ) = AV S
j Ljmt(zi , θi )

• Where medical spending Ljmt(zi , θi ) is modeled as:

Ljmt(zi , θi ) = eϕjmt+η(zi ,θi )

• Plan-level expected average cost is then:

ACjmt =
1

Qjmt

∫
κjmt(z , θ)qjmt(z , θ)dGmt(z , θ)

Back
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Cost and Demand Interaction

• Adverse selection is key in linking the demand for insurance with the cost to
insurers.

• Higher willingness-to-pay for coverage correlates with higher expected medical
costs.

• The model’s findings illustrate that the joint distribution of preferences and costs
plays a significant role in determining equilibrium outcomes in health insurance
markets.
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Identification: Setup

Parametric Assumptions (Demand Model) Details

• Age bins: A1 = {26, ..., 31},A2 = {32, ..., 37}, ...,A7 = {62, 63, 64}
• Log-normally Distribution: implied by the definition of βt(z, θ) and G (θ|z)
• Independence: Gmt(z, θ) = Gmt(z)G (θ), where Gmt(z) is observed

• 644 parameters = 7 bins× 4 years× (13 insurer indicators + 10 paramters)

Functional Form

η(z, θ) = ηAgezAge + ηWTPβt(z, θ)

αt(z)
, and ϕjmt = ϕ1

t + ϕ2
m + ϕ3 Insurerjmt

• individual medical spending vary with age and WTP for generosity of coverage

• cost parameters: combination of a constant, year, region and insurer indicators



INTRODUCTION ACA REGULATIONS AND DATA MODEL EQUILIBRIUM COUNTERFACTUAL SUMMARY APPENDIX References

Identification: Demand
Variations

• regional variation in premiums (conditional on age-bin and year)

• variation in the set of insurers and plans across markets

• discontinuous variation in acturial value (AV) of Silver plans

Control Function

• Waldfogel IV (Berry and Waldfogel, 1999) (Waldfogel, 2003)

E [ξjmt | Gmt , z, x] = 0, while E [bjmtGmt | z, x] ̸= 0 ⇒ E[Pj(bmt , z)Gmt |z, x] ̸= 0

• use the residual ξ̂jmt to obtain control function

bjmt = λ35

∫
1
[
zAge ≤ 35

]
dGmt(z) + λTier + λYear + λInsurer + ξjmt

the effect of AV on indirect utility: βt(z, θ) (Lavetti et al., 2023)

• three discontinuities: z Inci = 150, 200, 250, AV Silver = 95, 88, 74, 70
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Identification: Demand

(a) First stage OLS estimate: λ̂35 = −5, 208

• 0.1 increase in the share of potential buyers aged under-35 ⇒ $521 reduction of b

(b) Strongest Effect: z Inci = 200

• 16% drop in AV ⇒ 9.8% reduction in the probability of choosing a Silver plan
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Identification: Cost

Intuition: “residual average cost” (similar to Bundorf et al. (2012)

Cj =

∫
c (ui )dF (ui | i chooses j)

• Demand: individual level, Cost: plan level

• F (ui | i chooses j): composition of buyers of j in terms of preferences for insurance

• Key requirement of identification: shifters of buyers’ composition excluded
from cost functions

Calibration Illustration

• ηAge: MEPS, age evolution of average annual medical spending when insured

• ηWTP: empirical relationships between average claims and composition of
enrolment in terms of βt(z,θ)

αt(z)
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Identification: Cost
If residualized claims are higher for plans covering a larger share of individuals with
high βt(z,θ)

αt(z)
Back

• ηWTP > 0, and vice versa (Adverse Selection)
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Estimation: Demand

• Distribution of WTP for AV: mean WTP increase steadily with age

• Extensive margin semi-elasticity of demand: much smaller for older buyers

• Average own-price elasticity of demand for Silver: smaller for older buyers

• Interpretation: highlight the model of plan choice is static Limitation
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Estimation: Cost
ηAge = 0.038: 1 year of age ⇒ ≈ 3.8% higher expected medical spending
ηWTP = 0.08: $100 increase in βt(z,θ)

αt(z)
⇒ ≈ 8% higher expected medical spending

Compare Silver and Bronze
• enrolees of Silver plans have higher βt(z,θ)

αt(z)
⇒ higher expected average claims

• relative difference increases with age ⇒ larger premium differences
• following ACA rating regulations
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Estimation: Cost

Relevance of heterogeneity and adverse selection

• Higher WTP ⇒ Higher expected cost

• Steeper for older individuals, significant heterogeneity in preferences

• Joint distribution is important for market design in a health insurance marketplace
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Expected Profit

Recall

• Each insurer f offers the plans in the set J (f ) in region m, year t

• Base premiums bfmt = {bjmt}j∈J (f )

Expected Total Revenues for each product j ∈ J (f )

Rjmt (bfmt ,b−fmt) =

∫
Adjustment

(
zAge

)
bjmtqjmt(z, θ)dGmt(z, θ)

Expected Total Costs

TCjmt (bfmt ,b−fmt) =

∫
κjmt(z, θ)qjmt(z, θ)dGmt(z, θ)
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Expected Profit
Risk Adjustment (Saltzman, 2021) (Pope et al., 2014) Details

RAjmt (bfmt ,b−fmt) = Qjmt

∑
k Rkmt∑
k Qkmt︸ ︷︷ ︸

average premium

in region-year

(Relative Riskjmt−Relative Adjustmentjmt)

• Risk adjustment transfer follows the ACA formula (ensure transfers sum to zero)

• Costlier-than-average individuals ⇒ Positive transfers

Expected Profits for insurer f in region-year mt

Πfmt =
∑

j∈J (f )

[Rjmt − TCjmt + RAjmt ]

• Different subsidy design ⇒ different R, TC and RA functions
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Insurers’ Conduct

Two Alternative Models

• Static Multi-product Nash Pricing (Bertrand) (Bundorf et al., 2012) (Starc, 2014) (Decarolis et al.,

2020) (Saltzman, 2021) (Curto et al., 2021)

∂Πf

∂bjmt
=

∑
k∈J (f )

∂Rkmt

∂bjmt
− ∂TCkmt

∂bjmt
+

∂RAkmt

∂bjmt
= 0

• Perfect Competition (every plan breaks even in expectation) (Azevedo and Gottlieb, 2017)

ΠAG
jmt = RAG

jmt − TCAG
jmt + RAAG

jmt = 0
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Insurers’ Conduct
An Informal Test

• (a) per-enrolee MR for every jmt combination nearly equals to risk-adjusted MC

• (b) Large number of jmt estimated risk-adjusted AC significantly lower than AR

• Evidence against perfect competition

• A static oligopoly model seems to perform well



INTRODUCTION ACA REGULATIONS AND DATA MODEL EQUILIBRIUM COUNTERFACTUAL SUMMARY APPENDIX References

Counterfactual 1: Vouchers

Two Subsidy Designs

• ACA Subsidies: Price-linked (Jaffe and Shepard, 2020)

• “equivalent” Fixed Vouchers: subsidies that do not adjust endogenously with
base premiums

Intuition

• Voucher increase the own-premium semi-elasticity for the Silver plan in the
region-year (under Nash Pricing)

• ACA: increase base premium ⇒ only lower other plans’ premiums
• Voucher: Silver plan has incentives to charge lower premiums

• Larger effects in less-competitive markets

Jaffe and Shepard (2020) discuss this for single-plan insurers

• pre-ACA Massachusetts marketplace
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Counterfactual 1: Vouchers

• Right (perfect competition): ACA is non-distortionary
• equilibrium premiums depend only on enrolees expected costs

• Left: Vouchers ⇒ Slightly higher marketplace enrolment
• Consumer Surplus ➚, insurer profitability ➚
• Share of bronze plan ➘, medical-loss ratio ➘

• Distortion larger in small regions (2-3 insurers, more concentrated)

• Similar to the results in Jaffe and Shepard (2020)
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Counterfactual 2: Subsidies to the Young Invincibles

Details

• individuals aged between 26 and 35

• cheaper to cover, price sensitive

• lower premiums ⇒ higher enrolment and higher CS

• rating regulations: more gains

Two Alternative Ways of Measurement

• maintain price-linked design, lower the max affordable amount for young

• increase vouchers for the “young”, lower vounchers for the “old”

Two Effects

• First Order: “off-equilibrium” effect (holding base premiums fixed)

• Second Order: “equilibrium” effect (endogenous pricing behaviour)
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Counterfactual 2: Subsidies to the Young Invincibles
Measurement 1

• Change the ACA price-linked design
• Lower the Max Affordable Amount (MAA) for young invincibles by 30%

Effects
• increase enrolment in all demographic groups, annual per-person CS
• average cost and average subsidies are lower
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Counterfactual 2: Subsidies to the Young Invincibles
Measurement 2

• Modify ACA-euivalent vouchers
• raise annual under-35 vouchers by $600, lower over-35 vouchers by $100

Effects
• “Off-equilibrium”: young invincibles better off, older buyers worse off
• “Equilibrium”: larger enrolment share of under-35 individuals ⇒ reduction in

base premiums ⇒ all buyers better off
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Counterfactual 2: Subsidies to the Young Invincibles
Measurement 2: Modified ACA-equivalent vouchers

Consider Nash pricing (Results are robust to assuming perfect competition)

• Younger Composition: under-35 enrolment (0.28 ➚ 0.39); over-35 (0.32 ➚ 0.33)

• Subsidized premiums of over-35 buyers: $76 lower; average costs: 7.6% lower

• per-person CS increase by $104 per-year, average per-enrolee subsidies $68 lower
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Counterfactual 2: Subsidies to the Young Invincibles
Measurement 2: Modified ACA-equivalent vouchers

Improvement for all buyers (while not increase average subsidies)
• (a) under-35 experience a net gain, over-35 are worse off
• (b) over-35 are better relative to the ACA-voucher equilibrium

• annual amount between $10 and $100
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Takeaways
Health insurance market

• Government-sponsored: Expanding coverage while limiting public costs

• Adjustment: Possible under heterogeneity in preferences

Main Conclusions

• Price Competition: support oligoboly pricing over imperfect competition

• Subsidy Design: shift subsidy generosity toward young uninsured

Limitation: w/o Dynamic and Behavioural aspects
• Model: plan switching, consumers’ inertia, state dependence back

• Drake et al. (2022), Saltzman (2021)

• Identification: richer data + measures of health risk and healthcare utilization at
individual level

Extension: alternative subsidy schemes & other market design

• role of a public option, different risk adjustment models, quality regulations...
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Let’s think...

• Why is the cost function set as exponential form?
Details

• How should we understand the term β
α?

Details

• (open-ended) What are the policy implications for
China’s medicare design?

• (open-ended) What is the policy implications of
this paper considering the urban-rural dual
structure of China?
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Thank You!
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Appendix A: Parametric Assumptions in Demand Model
Letting A1 = {26, ..., 31},A2 = {32, ..., 37}, ...A6 = {56, ..., 61},A7 = {62, 63, 64}

αt(z) =


α0,1
t + α1,1

t z Inc if zAge ∈ A1

α0,2
t + α1,2

t z Inc if zAge ∈ A2

· · ·
α0,7
t + α1,7

t z Inc if zAge ∈ A7

Coefficient on actuarial value is log-normally distributed

βt(z, θ) =


eβ

1
t +σ1

t θ, if zAge ∈ A1

· · ·
eβ

7
t +σ7

t θ, if zAge ∈ A7

, where θ ∼ G (θ) = N (0, 1)

where N indicates the standard normal distribution, θ and z are independent:

Gmt(z, θ) = Gmt(z)G (θ)
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Appendix A: Parametric Assumptions in Demand Model

µt(z)xjmt allows the value of marketplace coverage to vary piecewise linearly

µt(z)xjmt =


µ0,1
t + µ1,1

t z Inc + µ2,1
t zAge + µ3,1

t HMOjmt + µ4,1
t Insurer jmt if zAge ∈ A1

· · ·
µ0,7
t + µ1,7

t z Inc + µ2,7
t zAge + µ3,7

t HMOjmt + µ4,7
t Insurer jmt if zAge ∈ A7

Let γt to be a cubic function of ξjmt , specific to every year and every age bin:

γt (ξjmt ; z) =


γ1,1t ξjmt + γ2,1t ξ2jmt + γ3,1t ξ3jmt if zAge ∈ A1

· · ·
γ1,7t ξjmt + γ2,7t ξ2jmt + γ3,7t ξ3jmt if zAge ∈ A7

Back
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Appendix B: Robustness to Moral Hazard
• lack of data ⇒ assume no moral hazard
• Re-estimate cost parameters and simulate policy counterfactuals under varying
degrees of moral hazard (Pope et al., 2014) (Lavetti et al., 2023)

• Medical spending augmented for moral hazard (ζ = 0 ⇒ no moral hazard)

LMH
jmt (zi , θi ) = (1 + ζ × χij) Ljmt (zi , θi )
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Appendix C: Relative Risk & Adjustment

Relative Risk Back

Relative Riskjmt ≡
IDFjAV

S
j Q

−1
jmt

∫
Lmt(z, θ)qjmt(z, θ)dGmt(z, θ)

(
∑

ℓQℓmt)
−1∑

k IDFkAV
S
k

∫
Lmt(z, θ)qkmt(z, θ)dGmt(z, θ)

Relative Adjustment

Relative Riskjmt ≡
IDFjAV

S
j Q

−1
jmt

∫
Adjmt(z

Age)qjmt(z, θ)dGmt(z, θ)

(
∑

ℓQℓmt)
−1∑

k IDFkAV
S
k

∫
Adjmt(z

Age)qkmt(z, θ)dGmt(z, θ)
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