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1 Introduction

Governments commonly use subsidies to encourage quality provision in markets of

public concern. When subsidies increase with product quality, firms have stronger in-

centives to provide quality. At the same time, however, firms may also raise prices in

response to the outward shift in demand induced by the subsidy, capturing part of the

subsidy through higher markups.

In this paper, we study a subsidy design that simultaneously encourages quality pro-

vision and disciplines prices. The key feature of this design is that higher quality makes

consumer demand more sensitive to firms’ prices. Thus, as quality improves in response

to the incentive, demand becomes more sensitive to firm prices, which disciplines firms’

pricing incentives. We show that a quality-linked subsidy that adds a quality-price inter-

action can perform “double duty” by both incentivizing quality provision and disciplin-

ing prices.

Our setting is Medicare Advantage (MA), a public-private health insurance market

in which firms choose prices and quality and compete for enrollment. MA plans collect

part of their prices (known as bids) from the government and the remainder through

consumer premiums. Thus, government payments can be viewed as subsidies, and con-

sumer premiums as subsidized prices. In 2012, the MA program enacted the Quality

Bonus Program (QBP), which created two quality-linked subsidy incentives. The first is a

standard quality incentive: higher quality ratings increase a “bonus rate” subsidy param-

eter which raises the level of subsidies for any given bid. The second incentive performs

the double duty described above: higher quality ratings increase a “rebate rate” subsidy

parameter, which not only affects subsidy levels but also governs the pass-through from

bids (firm prices) to premiums (subsidized consumer prices). Specifically, a one-dollar

increase in a plan’s bid raises its premium by the rebate rate. We study these two quality

incentives and compare their effects on pricing incentives and welfare.

Our analysis begins with a conceptual discussion of MA subsidies and how each of

the two subsidy parameters shapes firm incentives. Since the bonus rate affects only the

level of subsidies, whereas the rebate rate also changes the pass-through from bids to

premiums, changes in the rebate rate affect firm incentives through additional channels.

Consider changes in the levels of the subsidy parameters. An increase in either param-

eter lowers premiums and raises demand, which tends to increase bids. An increase

in the rebate rate, however, also increases the bid sensitivity of demand, pushing bids

downward. Next we analyze the effects of linking these two parameters to quality as
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in QBP. When either parameter is linked to quality, quality begins to affect demand not

only directly through consumer preferences but also indirectly through the subsidy sys-

tem, strengthening firms’ incentives to provide quality. Because higher quality increases

demand, bids tend to rise. Linking the rebate rate to quality, however, also creates an

association between higher quality and greater bid sensitivity, which disciplines firms’

pricing incentives. Thus, linking the rebate rate to quality can simultaneously encourage

quality provision and restrain prices.

While this conceptual discussion clarifies how subsidy parameters and their linkage

to quality affect firm incentives, it also shows that the ultimate effects of quality-linked

subsidies are empirical questions. Thus, the overall effects of QBP, the contributions of

its constituent policy changes, and the relative performance of alternative quality-linked

subsidy designs are ultimately empirical questions.

To address these questions empirically, we develop and estimate a structural model

of MA demand and supply that captures quality incentives, pricing incentives, and their

interaction. On the demand side, consumers choose either Traditional Medicare or an

MA plan based on plan quality, premiums, supplemental benefits, and other plan char-

acteristics, with heterogeneous preferences across demographic groups. On the supply

side, insurers compete oligopolistically. MA plans choose bids, plan quality, and sup-

plemental benefits. We estimate the model using both aggregate plan-level data on plan

characteristics and enrollment and individual-level data on consumer demographics and

plan choices from 2010 to 2017.

Using the estimated model, we conduct three sets of counterfactual analyses. We com-

pare two alternative subsidy designs in which only one subsidy parameter—either the

bonus rate or the rebate rate—is linked to quality. We calibrate these two subsidy policies

to keep them budget-neutral. We find that linking quality to the rebate rate is more effi-

cient: the rebate-rate linkage generates higher quality, lower bids and premiums, larger

gains in both consumer and producer surplus, and a more favorable distribution of sur-

plus toward consumers. These findings are consistent with the mechanisms highlighted

in the paper: linking quality to the rebate rate not only rewards quality but also makes

demand more price-sensitive at higher levels of quality. This additional price discipline

lowers bids and shifts a larger share of the gains toward consumers.

We also evaluate the overall effects of QBP and decompose them into the effects of its

constituent policy changes. The reform consists of several changes to subsidy parame-

ters: it linked both the bonus rate and the rebate rate to quality ratings while also weakly
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raising bonus rates and strictly lowering rebate rates overall. Taken together, we find

that QBP improves MA plan quality but also induces plans to raise bids and reduce sup-

plemental benefits. Overall, QBP improves both consumer and producer surplus while

reducing government spending. Through decomposition exercises, we show that reduc-

ing rebate rates contributes to the reduction in government spending, although it also

decreases total surplus by more than the associated government savings. In contrast,

linking subsidies to quality, on its own, generates gains in total surplus twice the increase

in government spending.

Finally, we compare settings with no firm response, partial firm response, and full firm

response, highlighting the importance of accounting for firms’ endogenous responses in

both quality and pricing. We find that ignoring firm responses can yield qualitatively

incorrect predictions about the effects of QBP. Moreover, firms respond not only along

the quality margin—the direct target of QBP—but also through bids and supplemental

benefits. Ignoring these additional margins leads to misleading welfare conclusions: it

overstates consumer gains and understates producer gains.

This paper contributes to the literature on subsidies, which emphasizes that the wel-

fare effects of subsidy programs depend not only on consumer responses but also on

firms’ endogenous reactions to subsidies.1 As a result, subsidy design plays a central role

in determining welfare outcomes. We study a subsidy design that links product qual-

ity not only to subsidy levels but also to the pass-through from firm prices to consumer

prices. We show that such a design can promote quality while limiting subsidy capture

through higher firm prices.

This paper also contributes to the literature on endogenous quality choice. While

much of this literature focuses on how market power shapes firms’ quality choices,2 we

study how subsidy design shapes quality incentives. The subsidy design we study em-

beds quality incentives in subsidies, adding a positive relationship between quality and

price sensitivity in addition to any quality-price interaction arising from consumer pref-

erences.

We also contribute to a growing literature on the welfare effects of subsidy design in

MA.3 Like these papers, we incorporate firms’ endogenous responses to subsidy policy

and study how those responses affect both welfare and its distribution between firms and

1For example, Weyl and Fabinger (2013); Cabral, Geruso and Mahoney (2018); Polyakova and Ryan
(2021); De Groote and Verboven (2019); Decarolis, Polyakova and Ryan (2020); Fan and Zhang (2022).

2For example, Fan (2013); Crawford, Shcherbakov and Shum (2019); Fan and Yang (2020).
3For example, Curto, Einav, Levin and Bhattacharya (2021); Cabral, Geruso and Mahoney (2018); Miller,

Petrin, Town and Chernew (2023); Zahn (2025); Vatter (2025).

3



consumers. Our paper is distinct in analyzing quality incentives embedded in subsidy

design and in highlighting the separate roles of the two subsidy parameters in shaping

firms’ incentives for both quality provision and pricing.

Finally, we provide policy insights for a program that accounts for roughly six percent

of federal spending. Our paper is the first comprehensive evaluation of QBP, the most re-

cent major reform to MA. We highlight two avenues for improvement. First, concentrat-

ing quality incentives on the rebate-rate parameter generates substantial gains because it

creates an association between higher quality and greater bid sensitivity, causing bids to

fall as quality rises. Second, because the rebate-rate parameter governs the pass-through

from bids to premiums, the reduction in rebate rates implemented under the 2012 reform

nearly offset the reform’s welfare gains. Increasing the rebate rate would strengthen price

discipline in MA.4

More broadly, our paper speaks to how subsidy design affects quality, prices, and

welfare. When subsidies encourage quality provision, the resulting increase in demand

may induce firms to raise prices. We show that, relative to a flat subsidy, a quality-linked

subsidy can instead reduce prices while improving quality if it increases price sensitivity

for higher-quality products. We demonstrate this mechanism in a setting where the same

program employs two distinct quality incentives: one that operates through the stan-

dard demand-expansion channel and another that additionally increases price sensitivity

at higher quality levels. Our results show how subsidy design can simultaneously pro-

mote quality and discipline prices, improving efficiency without increasing government

spending.

2 The MA Market and the Roles of Subsidy Parameters

This section first provides a simplified description of the Medicare Advantage (MA)

market, summarizing its basic structure while abstracting from some institutional details.

It then clarifies how subsidy parameters and their linkage to quality affect firm incentives.

2.1 A Simplified Description of the MA Market

Although the MA market is institutionally rich, its basic structure can be analogized

to a market with consumption subsidies. MA plans are private insurance plans offered to

4Curto, Einav, Levin and Bhattacharya (2021) make a similar point for the pre-QBP period.
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Medicare beneficiaries under rules administered by the Centers for Medicare & Medicaid

Services (CMS). Each MA plan covers the basic benefits of Traditional Medicare (TM), and

many plans also provide supplemental benefits. For basic benefits, a plan submits a price,

called the bid (denoted by b), to CMS. CMS pays part of this amount, and consumers

pay the rest. Consumers pay for supplemental benefits, denoted by x, in full. Thus, a

plan receives a payment from CMS and collects b + x − CMSpayment from consumers.

Interpreting the CMS payment as a subsidy, the firm receives the unsubsidized price b+ x,

while consumers pay the subsidized price (i.e., premium) equal to b + x − subsidy.

Subsidies and Premiums To determine the subsidy amount, CMS sets a benchmark B,

adjusts it by a benchmark bonus rate λ, and compares λB with the plan’s bid b. If b < λB,

CMS pays the bid b plus a fraction η < 1 of the gap (λB − b) as a “rebate.” If b ≥ λB,

CMS sets the subsidy equal to λB. Formally,

subsidy(b; λ, η) =

b + η(λB − b) if b < λB,

λB if b ≥ λB.

The key subsidy policy parameters are therefore the benchmark adjustment factor λ (known

as the bonus rate) and the fraction of the benchmark–bid gap η (known as the rebate rate).

An increase in either parameter raises the subsidy. In the data, most plans (94%) bid be-

low the benchmark, so we focus on that empirically relevant case in this section.5

The premium paid by consumers is the difference between the unsubsidized price and

the CMS subsidy: p(b; λ, η) = b + x − subsidy(b; λ, η). For b < λB, this simplifies to

p(b; λ, η) = x − η(λB − b) = x − ηλB + ηb.

Thus, the premium consists of a fixed component, x − ηλB, and a bid-dependent compo-

nent, ηb. The rebate rate η therefore determines the pass-through from bids to premiums.

Quality Bonus Program (QBP) Beginning in 2012, CMS implemented QBP, which changed

both subsidy parameters, λ and η. Before QBP, λ = 1 and η = 0.75. After 2012, both de-

pend on plan quality, measured by the star rating r.

Figure 1 plots the subsidy parameters against r before and after QBP. It shows three

changes: both λ and η became increasing functions of quality; λ increased weakly across

5In Supplemental Appendix SA, we clarify why a majority of plans bid below the benchmark.
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quality levels; and η decreased strictly at all quality levels.

Figure 1: Subsidy Parameters Pre and Post QBP
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Note: Post-QBP represents 2017 subsidy parameters.

2.2 Roles of Subsidy Parameters

To illustrate how subsidy parameters and their linkage to quality affect firm incen-

tives, we consider changes in the subsidy parameters both in levels and in their depen-

dence on quality. Because subsidy parameters enter profits only through premiums in

demand,6 we focus on how they affect demand.

Consumer demand and effective demand To fix ideas, consider a demand function

s(p, r) that is decreasing in premium p and increasing in quality r. We refer to this as

“consumer demand” because it is a function of plan characteristics relevant for consumer

choice. We define “effective demand” as a function of firm choices (bid b and quality r)

by plugging the premium mapping into consumer demand: s̃(b, r; λ, η) = s
(

p(b; λ, η), r
)
.

Effective demand therefore embeds both underlying consumer preferences and the insti-

tutional rule that maps the bid into the premium. This is the relevant demand function

for analyzing firms’ incentives.

Level changes in subsidy parameters An increase in either λ or η lowers the premium

and raises demand for a given (b, r). Effective demand therefore shifts outward, pushing

bids upward.
6The profit margin (the unsubsidized price − marginal cost) is independent of subsidies.
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An increase in η has an additional effect: because η governs bid pass-through to pre-

miums, it makes premiums more responsive to bids and thus increases the bid sensitivity

of effective demand. In other words, it rotates effective demand in a way that increases

bid sensitivity, which pushes bids downward, offsetting the outward-shift effect.

Linking subsidy parameters to quality When λ or η depends on quality, effective de-

mand becomes s
(

p(b; λ(r), η), r
)

or s
(

p(b; λ, η(r)), r
)
. Quality then affects demand both

directly through consumer preferences and indirectly through the subsidy system. Adding

this indirect channel, which arises from the linkage, therefore affects effective demand

and firm incentives.

Specifically, linking either λ or η to quality increases demand sensitivity to quality and

therefore strengthens incentives for quality provision: higher quality raises demand not

only directly, but also indirectly through lower premiums.

Linking η to quality has a second effect. Because an increase in η also makes effective

demand more bid-sensitive, higher quality indirectly raises bid sensitivity through the

induced increase in η. This adds a positive association between higher quality and greater

bid sensitivity, which pushes bids downward. Intuitively, linking η to quality creates

a relationship between quality and bid–premium pass-through, and thus introduces a

positive force linking quality and bid sensitivity.

Difference between λ and η The key distinction is that λ affects only the level of pre-

miums, whereas η affects both premium levels and bid pass-through. As a result, there

are additional channels through which changes in η affect effective demand and firm in-

centives.

An increase in either λ or η raises demand and tends to push bids upward. But an

increase in η also increases the bid sensitivity of demand, pushing bids downward. Like-

wise, linking either parameter to quality strengthens incentives for quality provision. Be-

cause demand is higher at the induced higher quality, bids tend to increase. However,

linking η to quality additionally adds an association between higher quality and greater

bid sensitivity, pushing bids downward. Formally, the bid sensitivity is s̃b = sp pb = spη.

While quality r affects s̃b through sp (consumer preference) under both the λ-linkage and

the η-linkage, it affects s̃b mechanically through η (the bid–premium pass-through) only

under the η-linkage. Therefore, the linkage η(r) additionally adds a component spηr into

s̃br (the relationship between r and s̃b). Since spηr < 0, this term makes the slope of effec-

tive demand with respect to the bid more negative at higher quality. As a result, linking
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the rebate rate η to quality can both encourage quality provision and discipline bids.

3 Institutional Details and Data

In this section, we begin by providing a more detailed description of the MA environ-

ment, which motivates our empirical model in Section 4. We then describe our data and

document key data patterns.

Throughout the paper, we denote a plan by j, a year by t, a county by c, and a contract

(a set of plans offered by the same insurer in the same state) by k. We refer to the parent

insurer of a plan as its firm.

3.1 Institutional Details

Medicare is a federal health insurance program for people age 65 or older and younger

people with disabilities. Medicare beneficiaries choose to receive Medicare coverage

through either MA or TM based on benefits, premiums, and quality.

Benefits All MA plans provide basic benefits bbjt, with cost-sharing set at the TM-equivalent

level csjt. Some MA plans provide supplemental benefits (denoted by xjt), which are ben-

efits beyond TM-covered services, such as reductions in cost-sharing below csjt and extra

services (e.g., vision, dental, and hearing coverage). In addition, most MA plans have

a linked Part D plan for prescription drug coverage, which is not included in TM. Since

a consumer enrolled in such an MA plan is automatically enrolled in that linked Part

D plan, we consider an MA plan as a bundle that includes both medical and prescrip-

tion drug coverage. Let dbjt denote plan j’s Part D benefit. Then, the core benefits are

cbjt = bbjt − csjt + dbjt, and the supplemental benefits are xjt. In our empirical model,

we treat the core benefits as exogenous, while modeling the supplemental benefits as an

endogenous choice made by the firm.

Bids and Premiums MA plans submit their bids for basic benefits to CMS by filling out

a spreadsheet, the embedded formulas of which codify the CMS rules regarding bids,

premiums, and subsidies. According to the formulas, plan j’s bid for basic benefits is

determined as the sum of four components:

bjt(ρjt) = bbjt − csjt + cadmin
jt + ρjt, (1)

8



where cadmin
jt is administrative expenses, and ρjt is a positive or negative amount referred

to as the gain-loss amount. In our empirical model, we treat the first three components as

exogenous and assume that plans choose the gain-loss amount ρjt, which is equivalent to

choosing the bid bjt for purposes of our model.7

The formulas embedded in the CMS spreadsheet dictate that (i) the premium that

consumers pay equals the unsubsidized premium minus the subsidy; (ii) the unsubsi-

dized premium is bjt(ρjt) + xjt + djt, where djt is the Part D premium; and (iii) the MA

subsidy is determined by comparing an adjusted benchmark with the bid so that it is

bjt(ρjt) + ηkt(λktBjt − bjt(ρjt)) if bjt(ρjt) ≤ λktBjt and λktBjt otherwise. The combination of

(i)–(iii) determines that the premium is:

pjt(ρjt, xjt) =

djt + xjt − ηkt(λktBjt − bjt(ρjt)) if bjt(ρjt) ≤ λktBjt,

bjt(ρjt) + djt + xjt − λktBjt if bjt(ρjt) > λktBjt,
(2)

where the bonus rate λkt and the rebate rate ηkt vary at the contract level, indexed by k.

They are constant 1 and 0.75 before QBP and depend on star ratings after QBP.8 The term

Bjt denotes the benchmark for plan j in year t.9

Both bids and benchmarks—and as a result, subsidies and premiums—are risk ad-

justed. See Appendix SD for more details on risk adjustment.

Star Ratings Since 2007, CMS has used “star ratings” as a salient measure of contract

quality. First, a continuous quality score qkt is calculated for each contract k as a weighted

average of measures across five categories: outcomes, intermediate outcomes, access to

care, patient experience, and process.

Then, a star rating rkt is determined based on qkt + τkt, where τkt is an adjustment

factor that captures how the plan’s quality compares with that of competing plans as well

7Despite the isomorphism, it is cleaner to consider firms choosing ρjt because bjt actually depends
on another endogenous variables, xjt. More precisely, the bid for basic benefits is different from the ex-
pression in (1). It is bjt = bbjt − csjt + ψjt(cadmin

jt + ρjt). Correspondingly, the supplemental premium is

xjt + (1 − ψjt)(cadmin
jt + ρjt). Here, ψjt =

bbjt−csjt
bbjt−csjt+xjt

is the share of the net basic benefits bbjt − csjt in total
benefits (net basic plus supplemental). Therefore, strictly speaking, bjt depends on ρjt as well as xjt through
ψjt. However, because the ratio ψjt exceeds 0.9 for most plans, we ignore this detail here for expositional
simplicity but fully incorporate it in our empirical analysis.

8The full dependence of λ and η on r, which varies in the years after QBP and with a plan’s services
area, is described in Appendix SB.

9This benchmark is calculated by taking the weighted average, across counties, of a proportion of each
county’s average TM spending, where each county’s contribution is weighted by the plan’s projected en-
rollment in that county.
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Figure 2: Continuous Quality and Star Rating
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Note: This figure reports a scatter plot of star ratings (y-axis) against the continuous quality score qkt binned
in 0.05 increments for plan-years used in the analysis.

as with its own quality in the previous year. Formally, the star rating rkt is given by

rkt = round0.5(qkt + τkt) (3)

where round0.5 indicates rounding to the nearest half. The rating rkt is bounded below by

“< 2” and above by 5. We collect data on both qkt and rkt from CMS (CMS, 2021d).

In our empirical model, we model a firm’s quality decision as the choice of the quality

score qkt, which is then stochastically mapped into a star rating rkt. This is because a

firm does not have complete control over its realized star rating in the presence of the

adjustment factor τkt. Figure 2 plots the realized star rating rkt (y-axis) against the binned

quality score qkt (x-axis). Each point in the figure corresponds to an observed (qkt, rkt) pair,

with the size of the point indicating how many contract-year observations it represents.

The figure shows that contracts with similar qkt can receive different realized star ratings,

implying that firms may not be in complete control over their realized star ratings.

3.2 Data

Our analysis dataset combines plan-level and individual-level information and in-

cludes all plan-counties from 2010 through 2017. Appendix SB provides additional details

about the sample and the measurement of key variables.
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3.2.1 Plan and County Data

Plan Attributes Our primary source of plan data is the spreadsheets that plans sub-

mit to CMS, which are released publicly with a five-year lag (CMS, 2022a). From these

spreadsheets, we observe basic benefits bbjt, supplemental benefits xjt, TM-equivalent

cost-sharing csjt, bids bjt, benchmarks Bjt, premiums pjt, as well as the bonus rate λkt and

the rebate rate ηkt.10 The bid bjt and benchmark Bjt both reflect the plan’s risk profile (see

Appendix SD for a detailed discussion).

To characterize the prescription drug benefits of MA plans, we collect the Part D pre-

mium djt and invert it using CMS rules to obtain the Part D bid dbjt, which represents the

expected spending on a risk-neutral beneficiary (CMS, 2021a) and thus measures Part D

benefits.11,12

Using these data, we derive a risk-neutral core benefits measure to use in demand

estimation.

MA Plan Networks A key difference between MA plans and TM is that MA plans typ-

ically limit coverage to providers within their contracted networks, whereas TM permits

beneficiaries to visit any provider nationwide who accepts Medicare. Following Feyman,

Pizer, Shafer, Frakt and Garrido (2024), we infer the scope of an MA plan’s network using

prescription drug claims. We then classify MA plan-counties as having narrow, medium,

or broad networks according to the terciles of this measure. MA plan-counties with in-

sufficient data in the 20% prescription drug claims are assigned “medium”.

Characteristics of Traditional Medicare In our empirical analysis, we define TM en-

rollees as choosing the outside option. Since we treat an MA plan as a bundle of medi-

cal and prescription drug benefits, we correspondingly consider the outside option as a

bundle that also includes prescription drug benefits and label this outside option as TM.

Therefore, the core benefits of TM in county c and year t are cb0ct = bb0ct − cs0ct + db0ct.

Here, bb0ct is average TM spending in a county (CMS, 2022b), cs0ct is the expected cost-

sharing under the TM cost-sharing rules (measurement details in Appendix SB), and db0ct

is the Part D benefits of the most popular stand-alone Part D plan in a county (CMS,

10For some plans, certain bidding components are censored due to CMS disclosure limitations; we impute
these missing entries using the method outlined in Appendix SB.2.

11Part D premiums for MA enrollees are commonly offset by rebates as is shown in (2). The Part D
premium djt refers to the Part D premium prior to rebate offsets throughout the paper.

12For the small fraction of MA plans that do not offer a linked Part D plan, we assume that enrollees
choose the most popular stand-alone Part D plan in the county.
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2021c). The TM premium, p0ct, is set equal to the premium of this most popular Part D

plan.

County Characteristics We also collect county characteristics at the annual level from

various sources. These include county demographics (CMS, 2022b), the number of pri-

mary care physicians per capita (AHRF, 2021), the number of specialist physicians per

capita (AHRF, 2021), and the Herfindahl–Hirschman Index for hospital systems (AHA,

2016). As a measure of market size in each county-year, we use the total number of Medi-

care enrollees in that county-year (CMS, 2022b).

Summary Statistics on Plan Characteristics Table 1 reports the mean values of plan-

year and plan-county-year-level variables for our analysis sample, separately showing

simple averages and averages weighted by plan enrollment. In this sample, 93% of MA

plans bid below their benchmark. On average, plans choose a gain-loss amount of $339,

which translates into a bid of $9,331 — that is, $1,251 below their bonus-rate-adjusted

benchmark. The average unsubsidized premium is $11,982, whereas consumers pay an

average subsidized premium of $1,819, which is slightly above the outside option.

On average, plans provide core benefits worth $8,592. This amount reflects basic ben-

efit of $8,991, less $1,420 in cost sharing, plus approximately $1,021 in Part D benefits. The

value of their core benefit package is $776 less than the outside option. In addition, they

typically provide about $662 in supplemental benefits.

The average star rating across all plan-years is 3.54. Seventy percent of plans provide

linked Part D benefits, nearly half offer dental and hearing benefits, and the majority

include vision coverage. In addition, 29% of enrollees in the average plan are in a county

where the plan has a medium network, while 44% of enrollees in the average plan are in

a county where the plan has a broad network. Average enrollment is 1,137 members per

plan per county.

A comparison of unweighted and enrollment-weighted averages shows that enroll-

ment is disproportionately concentrated in plans with lower premiums, more gener-

ous supplemental benefits, higher star ratings, integrated Part D coverage, and broad

provider networks.
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Table 1: Summary Statistics on Plan Characteristics

Unweighted Weighted
average average

Panel A: Bid and Premium ($)
Bid bjt 9,331 9,358

Gain-loss ρjt 339 421
1(Bid>Benchmark) 0.07 0.03

Benchmark λktBjt 10,582 10,987
Unsubsidized premium Pjt 11,982 12,153
Premium pjt 1,819 1,701
Premium relative to TMjct 68 -82

Panel B: Benefits ($)
Supplemental benefits xjt 662 811
Core benefits cbjt 8,592 8,582

Basic benefits bbjt 8,991 8,996
Cost-sharing csjt 1,420 1,420
Part D benefits dbjt 1,021 1,006

Core benefits relative to TMjct -776 -1,142
Panel C: Other Characteristics

Star rating rj(k)t 3.54 3.77
1(linked Part D Plan)jt 0.70 0.82
Share of enrollment in medium networkjt 0.29 0.22
Share of enrollment in broad networkjt 0.44 0.46
1(dental)jt 0.49 0.50
1(vision)jt 0.84 0.90
1(hearing)jt 0.52 0.63

Panel D: Enrollment and Market Share
Enrollmentjct 1,137
Market sharejct 0.02

# Plan-year 14,271
# Plan-county-year 61,461

Notes: The table presents summary statistics on the characteristics of MA plans from 2010 to 2017. The first
column shows unweighted average values, and the second column shows averages weighted by
enrollment. Premium relative to TM, core benefits relative to TM, enrollment, and market share are
measured at the plan–county–year level, while the remaining variables are measured at the plan-year
level.
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Table 2: Summary Statistics on Demographic Variables

All TM MA
Age
< 65 0.157 0.167 0.102
∈ [65, 74) 0.471 0.467 0.491
≥ 75 0.372 0.366 0.407

High SES 0.542 0.549 0.501
Male 0.448 0.455 0.407
White 0.778 0.793 0.701

Notes: The table presents the summary statistics on the demographic characteristics of Medicare
beneficiaries for the years 2010 through 2017, where each observation corresponds to an individual-year.
The data includes 12.815 million MA individual-year observations and 68.098 million TM individual-year
observations.

3.2.2 Individual-Level Data

We obtain individual-level data on consumer demographics and plan choice from the

Medicare Basic Summary File (MBSF), which is a random 20% sample of Medicare bene-

ficiaries.13 For each Medicare beneficiary in MBSF, we observe her plan choice (including

TM), county, age, sex, race, Medicaid enrollment, and zip code. To construct a measure

for beneficiary socioeconomic status (SES), we first obtain the Social Deprivation Index

for each zip code (Robert Graham Center, 2018; Butler et al., 2013) and then assign a ben-

eficiary high SES if she is not Medicaid-enrolled and does not live in a zip code in the

lowest tercile of the Social Deprivation Index.

We report summary statistics on demographics by enrollment in Table 2. The first

column reports the summary statistics of the 20% random sample. The comparison of

the second and third columns shows that MA enrollment rates differ by demographics;

for example, individuals under age 65 (Social Security Disability Insurance recipients)

are much less likely to enroll in MA. Moreover, high SES, male, and white beneficiaries

are more likely to enroll in TM. These differences are accommodated in our empirical

model by demographic-specific valuations of plan characteristics and MA (versus TM) in

13We do not use survey data from the Medicare Current Beneficiary Survey (MCBS), as in Miller, Petrin,
Town and Chernew (2023) and Vatter (2025). Although the MCBS is attractive for demand estimation
because it contains richer demographic information, it covers only 10% of counties, raising concerns for
supply-side estimation. For the remaining 90% of counties, we lack the demographic information needed
to model plan demand and, in turn, to accurately capture firm incentives for plans whose enrollment in
those counties represents a substantial share of a plan’s total enrollment.
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general.

3.3 QBP and Market Responses to QBP

As previously noted, QBP introduces three main changes: it links bonus and rebate

rates to star rating, raises the bonus rate, and lowers the rebate rate. The program began

taking effect in 2012, with 2012–2014 serving as a transition phase as the bonus-rate and

rebate-rate schedules vary over time. These schedules have been stable since 2015. Ap-

pendix Figure SB.1 presents the bonus and rebate rates by star rating for each year from

2010 to 2017.

To see consumer responses to QBP, we plot in Figure 3(a) both the share of contracts

with 4 or more stars and the share of total enrollment accounted for by these high-quality

contracts. The figure shows that the high-quality contract share increases over time, with

a slightly higher slope after QBP. More importantly, the enrollment share of high-quality

contracts is larger than the high-quality contract share, and the gap widens following

QBP. This pattern is consistent with consumers shifting toward high-quality plans after

QBP introduced a negative relationship between quality and premiums.

To see firm responses, we plot in Figure 3(b) percentage changes in the average en-

dogenous plan attributes for each year relative to 2010. The figure shows that, on aver-

age, by the end of the sample period MA insurers increase their quality by 20%, raise their

bids by 10%, and decrease their supplemental benefits by 10%.

However, comparing consumer demand and plan characteristics before and after the

implementation of QBP does not identify its causal effect, because market conditions

were simultaneously changing along several dimensions. Over this period, the Medicare-

eligible population expanded, its demographic composition shifted—for example, the av-

erage age declined—and underlying healthcare costs and utilization patterns also changed.

These secular trends may affect both consumer demand and firms’ plan design decisions,

thereby confounding a simple before-and-after comparison.

To isolate the effect of the policy from these contemporaneous changes, we next esti-

mate a structural model of demand and supply that explicitly incorporates observed and

unobserved heterogeneity across consumers, firms’ strategic behavior, and time-varying

cost and demographic fundamentals.
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Figure 3: Share of High-Quality Plan Enrollment and Plan Attributes Over Years

(a) High-Quality Shares (b) Plan Attributes

Notes: Figure (a) presents the share of contracts with high star ratings and the share of enrollment in those
high-quality contracts from 2010 to 2017. Figure (b) displays the average percentage changes in quality,
bid, and supplemental benefits across plans, measured relative to their 2010 baseline levels, when the
respective averages are 2.83, $8,717, and $746.

4 An Oligopoly Model of Medicare Advantage

This section develops our full empirical model of the MA market, incorporating the

economics of quality-dependent subsidies from Section 2 and the institutional details

from Section 3. In our oligopolistic model, consumers (Medicare beneficiaries) choose

among MA plans available in the county or the TM outside option. In each market (state-

year), a firm (insurer) chooses the quality score qkt for each of its contracts and the gain-

loss ρjt and supplemental benefits xjt for each plan.

4.1 Demand

Consumer i in county c derives utility uijct from MA plan j in year t:

uijct = β
p
i pjt + βcb

i cbjt + βx
i xjt + βr

i rk(j)t + yjctβ
y + ziθ

z + ξ jct + ϵijct, (4)

where pjt is the premium, cbjt denotes the core benefits, xjt denotes the supplemental

benefits, and rk(j)t is the star rating for the contract to which plan j belongs, indexed by

k(j). The vector yjct includes dummy variables capturing other plan characteristics, such

as network breadth. The vector zi captures consumer i’s demographics. The term ξ jct
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captures unobserved demand shocks for plan j in county c in year t, while ϵijct captures

consumer i’s idiosyncratic taste, which we assume to be i.i.d. and to follow a type-I ex-

treme value distribution. We allow consumer tastes for plan premium and characteristics

to depend on demographics. Specifically, we assume β
p
i = β̄p + ziθ

p, βcb
i = β̄cb + ziθ

cb,

βx
i = β̄x + ziθ

x, and βr
i = β̄r + ziθ

r.

The utility from choosing TM is normalized to be:

ui0ct = β
p
i p0ct + βcb

i cb0ct + ϵi0ct, (5)

where p0ct and cb0ct are the premium and benefits of TM.

We define the “relative” mean utility, δjct, as the difference between the mean utility

from plan j and that from TM:

δjct = β̄p(pjt − p0ct) + β̄cb(cbjt − cb0ct) + β̄xxjt + β̄rrk(j)t + yjctβ
y + ξ jct. (6)

We collect consumer-specific terms, excluding the idiosyncratic shock, as:

µijct = ziθ
p · (pjt − p0ct) + ziθ

cb · (cbjt − cb0ct) + ziθ
x · xjt + ziθ

r · rk(j)t + ziθ
z. (7)

Under the type-I extreme value assumption for ϵijct, the probability that consumer i in

county c chooses plan j in year t is:

exp(δjct + µijct)

1 + ∑j′∈Jct exp(δj′ct + µij′ct)
, (8)

where Jct denotes the set of MA plans in county c in year t.

The market share of plan j in county c in year t is:

sjct(pct, xct, rct) =
∫ exp(δjct + µijct)

1 + ∑j′∈Jct exp(δj′ct + µij′ct)
dFz(zi), (9)

where Fz(·) denotes the distribution of demographics zi, the vector pct collects premiums

pjt for all MA plans in county c, and vectors xct and rct are defined analogously.

As in Section 2, we define an effective demand function that links consumer demand

to firm decisions. First, we substitute the mapping from firm choices (ρjt, xjt) to premiums

pjt(ρjt, xjt) (see (2)). Let pct(ρct, xct, rct) denote the resulting vector of premiums. Note that

the argument rct reflects that the mapping depends on the subsidy parameters, which in

17



turn depend on star ratings post QBP. Second, we plug in the stochastic mapping from

the firm’s quality choice qkt to the star rating rkt, i.e., rt(qkt + τkt) in (3), where τkt follows

a normal distribution. Because this mapping rounds (qkt + τkt) to the nearest 0.5 point, it

corresponds to an ordered Probit model. Let rct(qct + τct) denote the resulting vector of

star ratings. The effective market share is therefore:

s̃jct(ρct, xct, qct) = Eτct

[
sjct

(
pct(ρct, xct, rct(qct + τct)), xct, rct(qct + τct)

)]
, (10)

and the effective demand equals Mct s̃jct(ρct, xct, qct), where Mct is the market size.

4.2 Supply

MA firm f in each market (indexed by state s and year t) offers a set of plans denoted

by J f st, which are contained within a set of contracts denoted by K f st. Firms simulta-

neously choose plan-level gain-loss ρjt and supplemental benefits xjt and contract-level

quality score qkt. Let Jkt denote the set of plans belonging to contract k in year t and Cjt

denote the service area of plan j in year t.

Firm f ’s profit maximization problem is:

max
{qkt}k∈K f st

,{ρjt, xjt}j∈J f st

∑
j∈Jkt

[
(ρjt + xjt + ajt)−mcjt(xjt, qk(j)t)

]
∑

c∈Cjt

Mct s̃jct(ρct, xct, qct), (11)

where ajt = bbjt − csjt + cadmin
jt + djt captures the exogenous part of the unsubsidized

premium, so that ρjt + xjt + ajt represents the full unsubsidized premium, and mcjt(·)
denotes marginal cost.

We assume the marginal cost of each enrollee is:

mcjt(xjt, qkt) = (γx + ωx
jt)xjt + (γq + ω

q
kt)qkt + ζ jt, (12)

where (γx, γq) are parameters to be estimated,14 (ωx
jt, ω

q
kt) are shocks to the slope of

marginal cost with respect to xjt and qkt, respectively, and ζ jt captures exogenous com-

ponents such as the cost of providing core benefits.15

14 In Appendix SF we report estimates of a model that allows γq that vary over time to accommodate
potential changes in the quality score’s underlying composition components and their weights (Vatter,
2025). We find a mild time trend which does not affect our core supply-side estimates.

15We do not parameterize this term (as a function of core benefits, for example) because it is independent
of firm decisions and is unlikely to change in counterfactual scenarios we study.
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Letting Qjt = ∑c∈Cjt
Mct s̃jct(ρct, xct, qct) denote the effective demand for plan j, the

first-order conditions with respect to the three choice variables (ρjt, xjt, qkt) are, respec-

tively,

Qjt + ∑
j′∈J f st

(Pj′t − mcj′t)
∂Qj′t

∂ρjt
= 0, (13a)

(
1 −

∂mcjt

∂xjt

)
Qjt + ∑

j′∈J f st

(Pj′t − mcj′t)
∂Qj′t

∂xjt
= 0, (13b)

− ∑
j∈Jkt

∂mcjt

∂qkt
Qjt + ∑

j′∈J f st

(Pj′t − mcj′t)
∂Qj′t

∂qkt
= 0, (13c)

where Pjt = ρjt + xjt + ajt is the unsubsidized premium and Jkt denotes the set of plans

within a contract k. In (13),
∂Qj′t
∂ρjt

=
∂Qj′t
∂xjt

= 0 when plan j′ does not overlap in service area

with plan j (i.e., Cjt ∩ Cj′t = ∅). Similarly,
∂Qj′t
∂qkt

= 0 when plan j′ does not overlap with

any plans in contract k.

4.3 Discussion

The model makes several simplifying assumptions. First, the model is static: con-

sumer and firm decisions do not affect future choices. Capturing such dynamics would

require a fully dynamic model. Despite these simplifications, the model captures the

key economic forces in the MA market. In particular, quality affects profits through three

channels: (i) quality directly increases demand; (ii) under QBP, quality indirectly increases

demand by raising bonus and rebate rates, thereby reducing premiums; and (iii) provid-

ing quality is costly. Thus, the model captures the mechanisms central to our research

questions.

Second, within our static model we abstract from a timing issue: in year t, contract

k’s bonus and rebate rates actually depend on its star rating in the previous year. In our

baseline specification, we assume that firms make quality decisions based on current mar-

ket conditions. This is a good approximation if preferences, costs, and market structure

evolve slowly. In Appendix SC, we clarify why this simplification does not affect demand

estimation, explain how it can affect supply estimation, and estimate a specification ac-

commodating such a timing by adding an assumption on firms’ beliefs about both the

market environment and the endogenous choices for all firms in the following period.

We find very similar supply-side estimates.
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Third, the model abstracts from selection on enrollee risk. Since the risk composition

of a plan’s enrollees affects both marginal cost and the risk score that CMS uses to scale its

plan payments, firms may engage in risk selection. In Appendix SD, we explain in detail

how risk scores enter a firm’s profit function and clarify that the risk score that depends on

actual enrollment affects only one component of the profit function. We also explain why

our model captures a reduced-form relationship between marginal cost and enrollment

composition. Finally, in a robustness analysis, we no longer hold plan risk scores fixed at

their observed values in counterfactual simulations and instead update each plan’s risk

score to reflect the demographic composition of its enrollment under each counterfactual

scenario, using a demographic projection of risk scores recovered from the data. Our

results are very similar when accommodating risk score updating.

5 Estimation

5.1 Demand Estimation

We carry out the demand estimation in two steps, as in Goolsbee and Petrin (2004).16

In the first step, we leverage individual-level data and use maximum likelihood to esti-

mate the parameters that capture heterogeneity in consumer tastes, θ = (θp, θcb, θx, θr, θz).

The parameters θp, θcb, θx, and θr govern how consumer tastes for plan characteristics

vary with demographics, while θz governs how consumer preferences for MA plans rel-

ative to TM vary with demographics. We also recover the mean utility δjct for each plan-

county-year in this step. In the second step, we use an instrumental-variables approach

to regress mean utility δjct on plan characteristics to obtain estimates of parameters cap-

turing average tastes, β = (β̄p, β̄cb, β̄x, β̄r, βy).

To conduct the first step, we construct the likelihood function based on each individ-

ual’s choice probability. We denote the individual choice probability in (8) by sijct(δct, θ),

where δct = (δjct, j ∈ Jct) collects δjct for all plans in county c in year t. This function

depends on θ, while the parameters β are absorbed into δct. Let ji denote the observed

choice of individual i. The likelihood of observing individual i choosing plan ji is then

sijict(δct, θ).

Rather than jointly searching over θ and δjct for all plan-county-year combinations, we

invert out δjct(θ) and search only over the parameter space θ. Specifically, following Berry

16Other studies that use a similar two-step estimation procedure include Train and Winston (2007), Murry
and Zhou (2020), and Bachmann, Ehrlich, Fan, Ruzic and Leard (2023).
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(1994) and Berry, Levinsohn and Pakes (1995), we invert out δct(θ) by matching predicted

market shares to observed market shares for all plans in county c and year t. That is,

δct(θ) solves sjct(δct, θ) = sjct for all j ∈ Jct, where the right-hand side is the observed

market shares from plan-level enrollment data. Plugging δct(θ) into the likelihood yields

the log-likelihood function:

L(θ) = ∑
t

∑
c

∑
i∈Ict

log sijict(δct(θ), θ), (14)

where Ict denotes the set of consumers in county c and year t in the MBSF data. This step

yields estimates of θ and the mean utilities δjct.

In the second step, we regress the estimated mean utilities δjct on plan premiums

and characteristics based on equation (6) to estimate β, the parameters capturing average

tastes. In our setting, both the plan premium pjt and the plan characteristics xjt and rkt

are potentially endogenous. Premiums are endogenous because they depend on firms’

choices of gain-loss amounts and supplemental benefits, which may respond to unob-

served demand shocks. Supplemental benefits are directly chosen by firms, while star

ratings depend on firms’ endogenous quality choices; both may therefore also be corre-

lated with unobserved demand shocks.

To address the endogeneity of the plan premium, we use a plan’s Part D benefits as an

instrumental variable. Part D benefits are assumed to be uncorrelated with unobserved

demand shocks. Moreover, they enter the premium formula directly and therefore pro-

vide variation in pjt that is distinct from the variation in xjt and rkt. To address the en-

dogeneity of plan characteristics, we follow Fan (2013) and exploit a key feature of the

MA market: while demand is at the county level, premiums and plan characteristics are

constant across counties served by the same plan. When choosing plan characteristics, a

firm considers market conditions across the areas in which its plans operate. Given the

demographics of a county, the demographics of a plan’s broader service area affect that

demand in that county only through the plan’s endogenous characteristics. We construct

instrumental variables as market-size-weighted averages:

IVjt =
∑c∈Cjt

MctDct

∑c∈Cjt
Mct

,

where Dct includes county-level demographics such as average age, racial composition

of Medicare beneficiaries, per-capita numbers of primary care physicians and specialists,
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and the hospital-system Herfindahl-Hirschman index.

Table 3 reports the demand estimation results. Focusing first on the key endogenous

plan characteristics—premiums, supplemental benefits, and star ratings—we find that

utility declines with premiums and that high-SES consumers are less sensitive than low-

SES consumers. The estimated premium coefficient is −1.172 for low-SES consumers and

−0.810 for high-SES consumers. We also find that consumers value supplemental benefits

Table 3: Demand Estimates

Est SE

Premium ($1,000) -1.172 0.027
× High SES 0.362 0.001

Supplemental benefits ($1,000) 0.901 0.067
×High SES 0.122 0.001
× Age 75+ 0.314 0.001

Star rating 0.900 0.025
× High SES 0.051 0.001
× Age 75+ 0.108 0.000

Core benefits ($1,000) 0.164 0.007
× Age 75+ 0.316 0.000

Other plan characteristics (βy)
1(linked Part D Plan) 0.717 0.013
1(medium network) 0.210 0.015
1(broad network) 0.641 0.014

Demographics (θz)
Age ∈ [65, 74) 0.665 0.001
Age 75+ -0.007 0.001
Female 0.123 0.001
White -0.265 0.001
High SES -1.423 0.002

and star ratings, with stronger preferences among high-SES and older consumers. For

example, a one-point increase in star ratings is equivalent to a premium reduction of $768

(= 0.900/1.172 × 1000) for low-SES consumers and $1, 174 (= (0.900 + 0.051)/(1.172 −
0.362)× 1000) for high-SES consumers.

Turning to other plan characteristics and demographics, we find that consumers value

core benefits, with older consumers valuing them more. Consumers prefer integrated

Part D coverage and larger networks. Finally, older consumers, males, whites, and indi-

viduals with high socioeconomic status derive greater utility from TM relative to MA.

22



Table 4: Estimates of Cost Parameters

Est SE

Supplemental benefits (γx) 1.087 0.001
Quality (γq) 1.679 0.036

5.2 Supply Estimation

To estimate supply-side parameters, we first recover mcjt,
∂mcjt
∂xjt

, and
∂mcjt
∂qkt

from the first-

order conditions in (13) and then estimate the parameters using the Generalized Method

of Moments.

Table 4 reports the estimated cost parameters. Providing an additional $1 of supple-

mental benefits increases marginal cost per enrollee by approximately $1.09. A one-point

increase in the continuous quality score increases marginal cost by $1,679 per enrollee.

On average, marginal cost is $8,242 per enrollee, implying an average markup of $1,609,

or 17%. These estimates are comparable to those in previous studies: Vatter (2025) reports

an average markup of 11.2%, while Curto, Einav, Levin and Bhattacharya (2021) report

an average markup of 19%.

In Appendix SF, we assess the robustness of our results by allowing the marginal

cost of quality to vary across years. The estimates suggest that the cost of quality varies

somewhat over time and shows a slight upward trend, while the estimated cost of sup-

plemental benefit is essentially unchanged. Our main counterfactual exercises under this

more flexible specification yield very similar qualitative conclusions.

6 Counterfactual Simulations

In this section, we conduct three sets of counterfactual simulations. In the first set, we

compare the effects of incentivizing quality provision through the bonus rate parameter

versus through the rebate rate parameter. In the second set, we quantify the overall effects

of QBP and decompose these effects into those attributable to each of the program’s three

changes. In the third set, we highlight the importance of considering firm responses in

both pricing and quality when studying the effects of QBP. We conduct all counterfactual

simulations for 2017, the last year of our sample.

Throughout this section, we use a no-QBP scenario as the benchmark scenario for com-

parison. In this counterfactual scenario (“No-QBP”), we restore the subsidy parameters
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to their pre-QBP levels, λpre = 1 and ηpre = 0.75.

For each counterfactual scenario, we hold the set of MA plans fixed and recompute

equilibrium bid bjt, supplemental benefits xjt, and contract-level quality qkt. We simulate

star ratings rkt at the equilibrium qkt using the empirical model described in Section 3.1,

calculate outcomes such as the MA share at each simulation draw, and then take the

average across simulation draws.

For welfare, we report consumer surplus, producer surplus, and government spend-

ing. Total government expenditure on the Medicare program equals the sum of CMS

payments to MA plans and CMS spending on TM enrollees. We use the average CMS

spending per TM enrollee at the county-year level for computing the CMS TM expendi-

ture.17

6.1 Incentivizing Quality Provision Through λ(r) or η(r)

As highlighted in Section 2, linking λ to r and linking η to r have different economic

implications. Motivated by this insight, we now compare two subsidy designs in which

only one subsidy parameter—either λ or η—is linked to quality. Our goal is to assess

which approach is more effective at promoting quality and improving welfare without

increasing government spending.

Specifically, we conduct two counterfactual simulations. In CF1, we link the bonus

rate to star ratings via κλλQBP(r) while holding the rebate rate at its pre-QBP level, ηpre =

0.75. In CF2, we link the rebate rate to star ratings via κηηQBP(r) while holding the bonus

rate at its pre-QBP level, λpre = 1. We calibrate the scale factors to κλ = 0.971 and

κη = 1.163 so that total government spending in both CF1 and CF2 matches the level in

the no-QBP scenario, making each subsidy policy budget-neutral.

Table 5 reports the simulation results, with the upper panel reporting plan-level aver-

ages and the lower panel reporting aggregate market outcomes. These result show that

linking η to r leads to higher quality and lower prices than linking λ to r. Specifically,

column (1) shows that a budget-neutral bonus-rate linkage induces small adjustments in

firm decisions: On average, star ratings increase by 0.12, supplemental benefits decrease

17Following many papers in the literature, for example, Miller, Petrin, Town and Chernew (2023), our
counterfactuals treat the spending of a TM enrollee as fixed at its county-year data value. In other words,
we assume that as consumers switch into or out of the MA market, the average TM spending in that county
does not change, ruling out changes in the risk profile or realized utilization. This assumption is relaxed in
the robustness exercise in Appendix SD, showing only small differences in spending when accounting for
risk re-sorting.
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Table 5: Bonus-Rate Linkage vs. Rebate-Rate Linkage

(1) (2)
Bonus-Rate Linkage Rebate-Rate Linkage
(κλλQBP(r), 0.75) (1, κηηQBP(r))

(CF1 − No-QBP) (CF2 − No-QBP)
Plan-Level Average Outcomes
(1) Star rating 0.12 0.34
(2) Supplemental benefits ($) -5 11
(3) Gain-loss ($) 21 -47
(4) Bid ($) 19 -44
(5) Rebates ($) -43 28
(6) Subsidy ($) -28 -8
(7) Premium ($) 44 -28
Aggregate Outcomes
(8) MA share (%) 1.12 7.28
(9) Government spending ($b) -0.01 -0.04

(9a) Payment to MA ($b) 4.14 29.56
(9b) Payment to TM ($b) -4.14 -29.60

(10) Total CS ($b) 0.79 4.56
(11) Total PS ($b) 1.01 2.93

by $5, and bids increase by $19. In contrast, column (2) shows that a budget-neutral

rebate-rate linkage leads to a larger increase in star ratings, with an average increase of

0.34, or about 10% of the average star rating in the data. It increases average supple-

mental benefits rather than reducing them. It also leads to opposite price changes from

a budget-neutral bonus-rate linkage: average gain-loss amounts and bids decrease under

the rebate-rate linkage, whereas bids increase slightly under the bonus-rate linkage. As a

result, the average premium increases under the bonus-rate linkage but decreases under

the rebate-rate linkage (row (7)). Combined with the stronger increase in star ratings, the

rebate-rate linkage leads to a larger increase in MA enrollment (7.28% versus 1.12%, row

(8)).

Turning to welfare, we find that the rebate-rate linkage generates substantially larger

welfare gains at essentially the same government spending. Specifically, consumer sur-

plus increases by $4.56 billion under the rebate-rate linkage, compared with $0.79 billion

under the bonus-rate linkage, an increase about four times as large. Similarly, producer

surplus increases by $2.93 billion under the rebate-rate linkage, compared with a $1.01

billion increase under the bonus-rate linkage. Therefore, the rebate-rate linkage leads to

both a larger total efficiency gain and a more favorable division of the gains between
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consumers and producers.

Overall, these results indicate that the rebate-rate linkage is more cost-effective: hold-

ing government spending fixed, it generates higher quality, lower premiums, larger gains

in both consumer and producer surplus, and a more favorable division of total surplus

between consumers and producers.

These findings are consistent with the mechanisms described in Section 2. Linking

either the bonus rate λ or the rebate rate η to quality strengthens incentives for qual-

ity provision. Because higher quality shifts demand outward and thereby increases the

marginal profit of raising bids, such a linkage can raise bids. However, when η is quality-

dependent, it also creates a positive relationship between quality and the pass-through

from bids to premiums. As a result, higher quality makes effective demand more sensitive

to bids, which pushes bids downward and shifts a larger share of the gains to consumers.

6.2 Quality Bonus Program

In this section, we quantify QBP’s overall effects and to decompose them into the

contributions of QBP’s three constituent changes: (I) making both λ and η dependent on

star rating r; (II) increasing the bonus rate λ on average; and (III) reducing the rebate rate

η on average.

Figure 4 summarizes the counterfactual design. The scenario labeled “Data” at the

right end of Figure 4 corresponds to the post-QBP environment in 2017, in which each

plan’s subsidy depends on its star rating r according to λQBP(r) and ηQBP(r). Comparing

observed outcomes in “Data” and the simulated outcome in “No-QBP” therefore yields

the overall effects of QBP.

Figure 4: CF Design: Effect of QBP and Decomposition

λpre

ηpre

No-QBP

λQBP(r)− ∆λ

ηQBP(r) + ∆η

CF3

λQBP(r)
ηQBP(r) + ∆η

CF4

λQBP(r)
ηQBP(r)

Data

Change I Change II Change III

Note: (∆λ, ∆η) solves avgr(λQBP(r)− ∆λ)=λpre and avgr(ηQBP(r) + ∆η)=ηpre.

To decompose these overall effects, we consider two additional counterfactual sce-

narios, CF3 and CF4. Specifically, we introduce the three changes sequentially as we

move from “No-QBP” to “Data”: we add Change I when moving from No-QBP to CF3,

Change II from CF3 to CF4, and Change III from CF4 to “Data”. In CF3, the subsidy
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parameters are λQBP(r) − ∆λ and ηQBP(r) + ∆η, where ∆λ = avgr(λ
QBP(r)) − 1 and

∆η = 0.75 − avgr(η
QBP(r)), where the average is taken over the star rating categories.

Thus, moving from No-QBP to CF3 incorporates Change I (the positive dependence of

subsidies on star ratings) while holding the average values of the subsidy parameters at

their pre-QBP levels. In CF4, we further incorporate Change II by increasing the bonus

rate by ∆λ. Finally, moving from CF4 to “Data” incorporates Change III, which reduces

the rebate rate by ∆η.

The nonlinearity of the model implies that, in principle, the order in which each

change is implemented could affect the decomposition results. In Appendix SE, we demon-

strate robustness to all possible alternative orders.

Table 6: Effects of QBP

(1) (2) (3) (4)
QBP Change I Change II Change III

Overall Star Rating Higher Lower
Effect Dependent Bonus Rate λ Rebate Rate η

(Data−No-QBP) (CF3−No-QBP) (CF4−CF3) (Data−CF4)

Plan-Level Average Outcomes
(1) Star rating 0.25 0.35 0.06 -0.16
(2) Supplemental benefits ($) -55 7 21 -83
(3) Gain-loss ($) 92 -15 24 83
(4) Bid ($) 93 -15 18 91
(5) Rebates ($) -87 174 203 -463
(6) Subsidy ($) 42 182 246 -386
(7) Premium ($) -5 -190 -201 386
Aggregate Outcomes
(8) MA share (%) 2.46 11.40 5.86 -14.80
(9) Government spending ($b) -2.39 6.86 7.02 -16.28

(9a) Payment to MA ($b) 6.28 53.14 30.82 -77.69
(9b) Payment to TM ($b) -8.67 -46.28 -23.80 61.41

(10) Total CS ($b) 1.71 7.71 4.51 -10.51
(11) Total PS ($b) 2.59 6.03 3.89 -7.33

We find that the QBP, which was designed to incentivize plans to provide higher qual-

ity, indeed increases quality. The average star rating rises by 0.25 (row (1), column (1)),

which is about 7% of the average star rating and is equivalent to a premium decrease of

about $192 for low-SES consumers and $294 for high-SES consumers. This increase in

star ratings is driven almost entirely by making subsidies dependent on star ratings (row

(1), column (2)). When subsidies depend on star ratings, higher plan quality increases

demand not only directly (because consumers prefer plans with higher star ratings) but
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also indirectly through higher subsidies and lower premiums (because consumers prefer

plans with lower subsidized premiums).

At the same time, QBP reduces average supplemental benefits by $55 (row (2), column

(1)), which is about 7% of the average level of supplemental benefits. This reduction is

driven by QBP lowering the rebate rate η (row (2), column (4)). Because a lower rebate

rate shifts effective demand inwards, it reduces a plan’s marginal profit from increasing

supplemental benefits.

QBP also leads to higher gain-loss and therefore higher bids (rows (3) and (4), column

(1)), again mainly driven by the decrease in the rebate rate η (column (4)). Although a

reduction in the rebate rate shifts effective demand inward, it also rotates effective de-

mand so that demand becomes less sensitive to bids. In our simulations, the latter effect

dominates, resulting in bids that are $91 higher on average (row (4), column (4)). This

rotation effect is strong because a reduction in the rebate rate mechanically reduces the

pass-through from bids to premiums, making demand less sensitive to bids.

Average rebates decrease (row (5), column (1)). Specifically, the effects of the three con-

stituent changes in QBP on rebates largely offset one another, yielding an overall change

of -$87 per plan on average (about 4% of the average rebate).

Overall, the average subsidy (i.e., CMS payment) increases by $42 per enrollee (row

(6), column (1)), while the average premium decreases by $5 (row (7), column (1)). The

increase in subsidies is a result of higher bids and higher bonus rates despite lower rebate

rates. Premiums barely change because lower supplemental benefits and higher subsidies

are offset by higher bids.

Turning to the aggregate outcomes, we find that these changes in plan quality, pre-

miums, and other characteristics increase the share of Medicare beneficiaries enrolled in

MA and reduce government spending (rows (8)–(9), column (1)). Specifically, the MA

share increases by 2.46 percentage points. The increase in MA enrollment, together with

higher subsidies per enrollee, implies that total CMS payment to MA plans rises by $6.28

billion. At the same time, CMS saves $8.67 billion in TM expenditures. The net effect on

government spending is therefore a decrease of $2.39 billion.

Overall, QBP increases both consumer and producer surplus while reducing govern-

ment spending. Consumer surplus increases by $1.71 billion, corresponding to $45 per

beneficiary (row (10), column (1)). Producer surplus increases by $2.59 billion (row (11),

column (1)).

The decomposition results show that while Change III contributes to the reduction
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in government spending, Changes I and II contribute to the increases in consumer sur-

plus and producer surplus. Specifically, Change III (lowering the rebate rate) reduces

quality and supplemental benefits while raising bids and premiums, resulting in a $10.51

billion decline in consumer surplus (row (10), column (4)). It also reduces subsidies per

enrollee and MA enrollment, leading to a $7.33 billion reduction in producer surplus (row

(11), column (4)). While total surplus falls by $17.84 billion, government spending falls

by a smaller amount ($16.28 billion in row (9), column (4)). In contrast, Changes I and

II increase total surplus more than government spending, making up the lost surplus

without undoing savings in government spending. These two changes together increase

consumer surplus by $12.22 billion (row (10), columns (2)–(3)), producer surplus by $9.92

billion (row (11), columns (2)–(3)), and government spending by $13.88 billion (row (9),

columns (2)–(3)).

In sum, QBP increases MA plan quality, but plans also bid higher and reduce sup-

plemental benefits. Overall, consumer surplus and producer surplus increase while gov-

ernment spending decreases. The decomposition shows that Changes I and II increase

total surplus by more than the associated increase in government spending. Moreover,

the increase in consumer surplus is about two thirds of the increase in producer sur-

plus. Change III appears necessary to curb government spending growth; however, it has

negative welfare effects, reducing total surplus by more than the associated savings in

government spending.

6.3 Firm Responses

To highlight the importance of accounting for firm responses in both quality and bids

when evaluating the QBP, we now analyze two counterfactual scenarios where firms do

not respond to QBP at all in one scenario (CF5) and respond only by adjusting quality—

the direct target of QBP—in the other scenario (CF6).

Specifically, in CF5, we restore all endogenous firm variables—quality, supplemental

benefits, and gain-loss amounts—to their no-QBP levels and then compute how QBP af-

fects subsidies, premiums, consumer behavior, and welfare outcomes. In CF6, we allow

firms to adjust only quality by restoring supplemental benefits and gain-loss amounts

to their no-QBP levels and then compute equilibrium quality and the resulting market

outcomes under QBP. The comparison between CF5 and No-QBP therefore captures the

effects of QBP absent any firm responses. The comparison between CF6 and No-QBP

captures the effects of QBP when firms respond only in quality, while holding their other
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Table 7: QBP Effects under No, Partial, or Full Firm Responses

(1) (2) (3)
No Firm Partial Firm Full Firm

Responses Responses (Quality) Responses

(CF5−No-QBP) (CF6−No-QBP) (Data−No-QBP)

Plan-Level Average Outcomes
(1) Star rating – 0.32 0.25
(2) Supplemental benefits ($) – – -55
(3) Gain-loss ($) – – 92
(4) Bid ($) – – 93
(5) Rebates ($) -151 12 -87
(6) Subsidy ($) -119 61 42
(7) Premium ($) 119 -60 -5
Aggregate Outcomes
(8) MA share (%) -2.16 6.55 2.46
(9) Government spending ($b) -2.70 -1.29 -2.39
(9a) Payment to MA ($b) -12.73 24.18 6.28
(9b) Payment to TM ($b) 10.03 -25.48 -8.67
(10) Total CS ($b) -1.08 4.11 1.71
(11) Total PS ($b) -1.29 1.64 2.59

decisions fixed. We report these results in Table 7, with CF5−No-QBP shown in column

(1) and CF6−No-QBP shown in column (2). For comparison, we also reproduce column

(1) of Table 6, which reports the effects of QBP with full firm responses, as column (3) of

this table.

Column (1) of Table 7 corresponds to the scenario with no firm responses. Rows (5)–

(7) confirm that QBP mechanically affects rebates, subsidies, and premiums. In particular,

the average per-enrollee rebates and subsidy both decrease. This is primarily driven by

the decrease in rebate rates. In the scenario with no firm responses, the averages of firm

decisions in rows (1)–(4), of course, do not change. However, their sales-weighted aver-

ages change under the QBP. Specifically, the sales-weighted average star rating increases

by 0.18, indicating that consumers reallocate from low-quality plans to high-quality plans

in response to QBP.

Comparing the no-response scenario in column (1) with the full-response scenario in

column (3) shows that ignoring firm responses leads to wrong predictions of the effects

of QBP. Column (3) shows that QBP leads firms to increase plan quality, reduce supple-

mental benefits, and raise bids. These firm responses alter the effects driven by consumer
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responses alone: both consumer surplus and producer surplus increase instead of de-

creasing (rows (10)–(11)), and government savings are smaller (row (9)).

Comparing the partial-response scenario in column (2), in which firms adjust only

quality, with the full-response scenario in column (3) shows that ignoring firm responses

in bids and supplemental benefits leads to an overestimation of the increase in consumer

surplus and an underestimation of the increase in producer surplus. Consumer gains are

overstated because this scenario ignores increases in bids and reductions in supplemen-

tal benefits, both of which reduce consumer welfare. Producer surplus is understated

because this scenario omits key margins through which firms adjust to the new market

environment.

Overall, these results demonstrate that the welfare effects of QBP depend on both

consumer and firm responses and that evaluating such programs requires accounting

jointly for firms’ responses in quality, pricing, and other product attributes.

7 Conclusion

This paper studies how subsidy design affects prices, quality, enrollment, and wel-

fare in markets where private firms provide publicly subsidized services. We focus on

Medicare Advantage program and its Quality Bonus Program, which links key subsidy

parameters to plan quality. Using a structural model of consumer choice and insurers’

pricing, quality, and benefit decisions, we quantify the effects of QBP and compare alter-

native approaches to linking subsidies to quality.

We find that QBP increased plan quality and MA enrollment, while inducing firms to

raise bids and reduce supplemental benefits. Overall, consumer and producer surplus

increased while government spending declined. Our decomposition shows that linking

subsidy parameters to quality accounts for most of the welfare gains, whereas the reduc-

tion in the rebate rate restrained government spending but generated welfare losses.

A central finding of the paper is that the design of the linkage matters. Linking the

rebate rate—the parameter governing pass-through from bids to premiums—to quality

is particularly effective. This design strengthens incentives for quality provision while

simultaneously disciplining prices by increasing demand sensitivity to prices at higher

quality. As a result, it delivers larger welfare gains and a more favorable distribution of

surplus between consumers and firms without an additional fiscal cost.

More broadly, our results highlight the importance of accounting for firms’ endoge-
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nous responses in both pricing and quality when evaluating subsidy programs. They

also illustrate how creating a linkage between quality and both the subsidy amount and

the pass-through from firm to consumer prices can promote quality and discipline prices

simultaneously. These insights are relevant beyond Medicare Advantage. They provide

a principle for subsidy design: linking a desirable product attribute not only to the sub-

sidy level but also to price pass-through can strengthen incentives for that attribute while

limiting firms’ ability to capture the subsidy through higher prices.
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Supplemental Appendix

SA Bid Relative to Benchmark

Although this issue is not central to our analysis, we clarify why most plans bid below

the benchmark.

At first glance, one might think that plans should always bid above the benchmark.

When a plan bids above the benchmark, a one-dollar increase in its bid b leads to a one-

dollar increase in the subsidy it receives. By contrast, when a plan bids below the bench-

mark, a one-dollar increase in b leads to an increase in the subsidy of only 1 − η < 1

dollars. However, this intuition is misleading because, as clarified by the stylized model,

a plan’s profit margin is independent of the subsidy payment. Whether a plan bids above

or below the benchmark, a one-dollar increase in the bid b always increases the profit

margin (b + x − mc) by one dollar.

The key consideration instead is the discrete change in the relationship between bid

and premiums at the benchmark. This incentivizes plans to bid below the benchmark,

because the subsidy affects the premium and thus consumer demand. When the plan

bids below the benchmark, a one-dollar increase in b leads to an increase in p of η < 1

dollars, whereas when the plan bids above the benchmark, the same one-dollar increase

in b raises p by one dollar. As a result, the marginal profit of increasing the bid exhibits

a discrete drop once b crosses the benchmark from below, which tends to push optimal

bids below the benchmark.

Figure SA.1: Profit As Bid Varies: π(b, ·)
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That said, it is possible for an optimal bid to be above the benchmark, especially when

a plan faces an inelastic demand. Figure SA.1 plots the profit of a plan as a function of

b when it faces inelastic demand in the left panel and elastic demand in the right panel.
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Specifically, the thick black line in both panels represents the profit function π(b, ·). To

illustrate the kink in the profit function (i.e., the discrete decrease in the slope ∂π
∂b ), we

also plot two auxiliary profit functions, namely (b + x − mc)s(p, r), where p is always b +

x − λB (the above-benchmark premium) in the dotted line and p is always x − η(λB − b)

(the below-benchmark premium) in the dashed line. This figure shows that it is indeed

possible for some plans to bid below the benchmark while others bid above it.

SB Details on Sample Construction and Measurement

SB.1 Sample Construction

Our plan-county-year level data include all plans except for regional PPO plans, em-

ployer group waiver plans, and special needs plans.18 We exclude counties with market

sizes below five thousand Medicare beneficiaries, because such small markets are un-

likely to play a major role in firms’ plan-design decisions, and county characteristics de-

scribed in Section 3.2 are commonly missing for these markets. These excluded counties

represent 6% of the total market size. Within each county, we aggregate all plans whose

enrollment shares are below 1% of total MA enrollment in that county into a single fringe

plan and define its characteristics as the average of such plans. We include the fringe plan

in each county when estimating and computing demand, but treat it as non-strategic on

the supply side.

For our individual-level data, we exclude individuals who enroll in only Medicare

Part A (inpatient/hospital care) but not Part B (outpatient/medical care). Most such in-

dividuals are enrolled in employer-sponsored insurance and enroll in Part A (which has

no premium) as a secondary payer. Essentially all Part-A-only enrollees are in TM as all

MA plans cover both Part A and Part B.

SB.2 Imputing Missing Bidding Variables

The CMS spreadsheets recording bidding data are subject to a censoring rule prior

to public release that affects certain bidding variables in certain years. If a plan-year

experiences censoring, the variables basic benefits bbjt, cost-sharing csjt and gain-loss ρjt

18Regional PPO plans serve beneficiaries across states, are subject to different CMS payment rules, and
have a total MA share of less than 1%. Employer group waiver plans are offered by employers or unions
to their Medicare-eligible retirees with standard Medicare rules waived. Special needs plans require con-
sumers to have specific conditions to enroll.
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are set to missing. The variables benchmark Bjt, bid bjt, supplemental benefits xjt, stars rkt

and non-medical costs cadmin
jt are still observed in those plan-years. Two-thirds of sample

plans experience no missingness in any year. Missingness is not strongly related to plan

size or whether a plan is newly introduced.

The majority of missingness represents a single year of missingness for a given plan;

all bidding variables are observed for that plan in adjoining years. Our strategy leverages

this pattern. Specifically, we predict net basic benefits bbjt − csjt using bbj − csj, bjt, and

year fixed effects, where bbj − csj represents the average value of bbjt − csjt for this plan

in all years observed, bjt is the bid for this plan-year (always observed), and year fixed

effects account for time-specific factors. We impute missing values of bbjt − csjt using the

coefficients from this regression; we find that the predicted values have a correlation of

0.98 with the observed values for non-missing observations. We then calculate the gain-

loss ρjt from the accounting identity for bid (equation (1)) using imputed bbjt − csjt and

observed non-medical costs cadmin
jt .

SB.3 Characteristics of Traditional Medicare as the Outside Option

We characterize the outside option TM in a way that is comparable to MA plan bene-

fits. To obtain cost-sharing in TM, we leverage a public dataset where we observe county-

year costs in TM across all services and by service category (Centers for Medicare and

Medicaid Services, 2022b). Within each service category, we apply the cost-sharing rules.

For example, for Part B services, we apply the Part B deductible (since CMS reports nearly

all beneficiaries use some Part B services) and infer cost-sharing of 20% for amounts above

the deductible. Computing the cost-sharing for Part A services (largely, hospitalizations

and skilled nursing facilities) is more challenging. We compute the cost-sharing paid un-

der the inpatient deductible using the dataset’s record of the number of individuals per

county-year with a covered stay. We assume 2% cost-sharing on Part A services beyond

the deductible. The 2% is calibrated to match CMS estimates that cost-sharing represents

about 14% of total Medicare costs nationwide (Centers for Medicare and Medicaid Ser-

vices, 2026).

SB.4 Mapping from Star Rating to Bonus and Rebate Rates

Mappings by Years. While Figure 1 reported the 2017 bonus and rebate rate mappings,

the mapping varied slightly over the years 2012-2017. Figure SB.1 presents the bonus and
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rebate rates by star rating for each year from 2010 to 2017.

Figure SB.1: Bonus Rates and Rebate Rates from 2010 to 2017

(a) Bonus Rates (b) Rebate Rates

Notes: Panels (a) and (b) represent (standard) bonus rates λkt and rebate rates ηkt over the years 2010–2017.
The y-axis represents the bonus or rebate rate in that year, while the numbers denote the star rating that
corresponds to that bonus or rebate rate in that year.

Double Bonus and Benchmark Caps In addition to the core QBP policy that maps star

ratings to bonus and rebate rates as shown above, there are two county-specific policies:

“double bonuses” and benchmark caps.

“Double bonuses” refers to a policy that doubles quality-related benchmark adjust-

ment for around 200 counties designated in the Affordable Care Act (ACA). For exam-

ple, for a plan with a star rating of at least 4, the standard quality bonus raises the

county benchmark by 5 percentage points (see Figure SB.1). In a qualifying “double-

bonus county,” the benchmark increase is instead 10 percentage points. These double

bonuses accrued to plans in proportion to enrollment in double bonus counties.

At the same time, starting in 2015, a statutory benchmark cap can also prevent a plan

from receiving the full increase. Under the ACA, a county’s final benchmark (including

quality bonus adjustments) cannot exceed what the benchmark would have been under

the pre-ACA rules for that county. Because historical spending and pre-ACA caps vary

across counties, a high-quality plan’s 4- or 5-star quality bonus may be fully realized in

one county yet capped in another.19

These county-specific policies imply that the mapping from the star rating to the bonus

rate is actually plan-specific. We ignore this detail in our main text for expositional sim-

19These caps were enacted in the ACA but were suspended for 2012-2014 as part of the Quality Bonus
Program Demonstration that superseded the ACA subsidy parameters for those years.
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plicity but fully incorporate the plan-specific mapping in our empirical analysis.20

SC Robustness: Lagged Quality Ratings

Since CMS needs to set subsidy parameters (i.e., the rebate rate and the bonus rate)

before firm decisions and consumer choices, CMS uses lagged star ratings to determine

the subsidy parameters and thus premiums. However, contemporaneous star ratings are

advertised to consumers at the time of enrollment decisions.

Our baseline specification ignores this timing issue, which has implications for the

supply-side estimation. This simplification does not affect our demand estimation be-

cause we use the true consumer-facing premium (computed using lagged star rating)

and the contemporaneous star rating that is advertised to consumers. For the supply

side, a firm’s quality choice in year t affects its profit through three channels: (1) current

marginal cost, (2) current effective demand via consumer tastes for quality, and (3) next

year’s effective demand via its effect on subsidy parameters and thus premiums. In our

baseline estimation, we consider all three channels to be contemporaneous, which is a

good approximation if preferences, costs, and market structure evolve slowly. In a ro-

bustness analysis, we allow the first two channels to be contemporaneous and the last

channel to depend on market conditions in the following period.

Specifically, in the robustness analysis, the effective demand is:

s̃jct(ρct, xct, rct−1, qct) = Eτct

[
sjct

(
pct(ρct, xct, rct−1), xct, rct(qct + τct)

)]
, (SC.1)

and when firm f chooses qkt for k ∈ K f st, its objective function is the sum of the profit in

20The CMS spreadsheets provide county-specific mappings. We construct the plan-specific mapping
based on the directly-observed county-specific mapping following the CMS procedure, and confirm that
our plan-specific mapping evaluated at each plan’s observed star rating is consistent with the observed star
rating of the plan.
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two periods:

∑
j∈Jkt

[
(ρjt + xjt + ajt)− mcjt(xjt, qk(j)t︸︷︷︸

channel 1

)
]
× ∑

c∈Cjt

Mct s̃jct(pct(ρct, xct, rct−1), xct, qct︸︷︷︸
channel 2

)

+ ∑
j∈Jkt+1

{[
(ρjt+1 + xjt+1 + ajt+1)− mcjt+1(xjt+1, qk(j)t+1)

]
×

∑
c∈Cjt+1

Mct+1Eτct

[
s̃jct+1(pct+1(ρct+1, xct+1, rct( qct︸︷︷︸

channel 3

+ τct)), xct+1, qct+1)
]}

.

(SC.2)

In this model, the quality choice in year t, qkt, affects current marginal cost mcjt in

channel (1), shifts current demand via consumer taste for quality in channel (2) , and in

channel (3) affects next year’s demand through affecting future subsidy parameters and

thus future premiums. While this specification more accurately captures the fact that a

firm’s current quality choice affects both current and future profits, it requires the strong

assumption that firms have perfect foresight about both the market environment and the

endogenous choices for all firms in the following period: Jkt+1, Cjt+1, ρjt+1, xjt+1, ajt+1. In

addition, we must drop the data from the last year from estimation.

Table SC.1 reports the supply-side estimates under this model. The estimates of the

supplemental-benefit cost parameter is virtually unchanged, while the quality cost pa-

rameter is somewhat larger. As we show in Table SC.2, the resulting counterfactual con-

clusions remain similar. The first two columns compare quality incentives that load fully

on the bonus rate (column (1)) or rebate rate (column (2)). As in Table 5, we find that the

rebate rate incentive induces higher quality and lower bids and premiums, generating

a larger increase in consumer and producer surplus than the bonus rate quality linkage.

When considering the effect of QBP, we first regenerate our baseline contemporaneous-

quality counterfactual since the effect of QBP are potentially slightly different in 2016.

Then we account for the dynamic effects of quality by applying the two-period objec-

tive function SC.2. We find the same general effects of QBP: quality improvements from

QBP’s quality incentive, but higher bids related to the rebate rate reductions. Government

spending falls slightly, although the reforms generate consumer surplus nonetheless.
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Table SC.1: Estimates of Marginal Cost Parameters: Lagged Quality

Est SE

Supplemental benefits (γx) 1.088 0.002
Quality (γq) 2.017 0.072

Table SC.2: Counterfactual Results: Lagged Quality

Quality Linkage QBP Effect

(1) (2) (3) (4)
Objective Function SC.2 SC.2 11 SC.2

Bonus Rate Rebate Rate QBP – NoQBP QBP – NoQBP
Plan-Level Average Outcomes
(1) Star rating 0.09 0.31 0.26 0.18
(2) Supplemental benefits ($) -12 78 -64 -68
(3) Gain loss ($) 19 -59 91 90
(4) Bid ($) 18 -66 94 93
(5) Rebates ($) 20 91 -86 -85
(6) Subsidy ($) 79 38 61 61
(7) Premium ($) -42 -19 -34 -39
Aggregate Outcomes
(8) MA share (%) 1.61 9.01 3.53 2.36
(9) Government spending ($b) 0.13 0.01 -4.48 -1.51

(9a) Payment to MA ($b) 5.96 35.44 8.02 5.73
(9b) Payment to TM ($b) -5.83 -35.42 -12.50 -7.23

(10) Total CS ($b) 0.97 5.94 2.27 1.00
(11) Total PS ($b) 1.73 5.93 3.08 -1.77

Notes: κλ = 0.986 and κη = 1.342. The simulations were conducted for the year 2016.

SD Robustness: Risk Selection

Risk Adjustment and Risk Selection. CMS uses risk adjustment to scale its plan pay-

ments to the predicted health spending of enrollees. Specifically, it uses a projected risk

score rsproj
jt (in practice, the plan’s lagged risk score) to determine the subsidy (i.e., the

CMS payment) for the purpose of determining premiums at the time of consumer enroll-

ment, and uses an updated risk score rsjt based on the actual enrollment to determine

the actual CMS payment to plan j. Table SD.1 summarizes key variables at the time of

enrollment and whether they are updated for payment based on the actual enrollment,

where (B1
jt, b1

jt) are the risk-neutral benchmark and bid and (Bjt, bjt) represents their risk-
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inclusive values. The table shows that the only post-enrollment update is to one compo-

nent of the subsidy: the non-rebate part.

Table SD.1: Key Bidding and Payment Variables

variable at enrollment update for payment

risk score rsproj
jt rsjt

rebate rsproj
jt · ηkt(λktB1

jt − b1
jt) Not updated

subsidy

{
rsproj

jt · b1
jt + rebatejt if b1

jt ≤ λktB1
jt

rsproj
jt · λktB1

jt if b1
jt > λktB1

jt

{
rsjt · b1

jt + rebatejt

rsjt · λktB1
jt

premium Equation (2), where Bjt = rsproj
jt · B1

jt and bjt = rsproj
jt · b1

jt Not updated

Sources: Scheinker et al. (2026); Centers for Medicare & Medicaid Services (n.d., 2015); Medicare Payment
Advisory Commission (2021, 2024)

Since the composition of enrollees and their utilization of a plan directly affect both the

updated risk scores rsjt and marginal costs mcjt for the plan, a firm may take into account

how its decisions affect consumer enrollment and utilization, which in turn affect rsjt and

mcjt and thus its profit. In other words, firms may engage in risk selection.

How Our Model Treats Selection. We treat the projected risk scores rsproj
jt as exogenous

to firm decisions. This exogeneity assumption is plausible because at the time of con-

sumer enrollment, the projected risk score is in practice the plan’s lagged risk score.

We also treat the updated risk score rsjt in the subsidy as exogenous to firm decisions.

Since the updated risk score rsjt reflects actual enrollment, to the extent that firms take into

account how their decisions affect rsjt, our model omits such strategic considerations.

We allow marginal cost to depend on both plan quality and supplemental benefits.

Therefore, this specification captures both their mechanical effects on costs and their ef-

fects on costs through selection—that is, how these plan choices affect the risk composi-

tion of enrollment and the utilization of enrollees—in a reduced-form way.

A full treatment of selection would require linking each Medicare beneficiary’s demo-

graphics and risk score to her plan choice and spending. While the MBSF dataset reports

demographic characteristics at the individual level, we do not observe risk scores, diag-

noses, or utilization at the individual level.21

21Vatter (2025) uses data from the Medicare Current Beneficiary Survey (MCBS) to construct proxies for
the predictors that CMS uses to compute risk scores. However, as explained in footnote 13, this dataset is
not suitable for our analysis due to its limited county coverage.
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Robustness: Demographic Projection of Risk Scores Because we treat the risk score as

exogenous, we fix it in our counterfactual simulations. This means that we could mis-

specify CMS payments if plans’ counterfactual choices generate substantial changes in

the risk composition of enrollment, either across MA plans or between MA and TM.

To address this potential concern, we recompute CMS payments in our counterfac-

tual simulations based on demographic-specific risk scores in this section as a robustness

check. Specifically, we carry out this exercise in two steps.

First, we construct a risk score for each demographic group based on realized plan-

level risk scores (Centers for Medicare and Medicaid Services, 2021d) and the demo-

graphic composition of each plan’s enrollees. We do so by regressing rsjt for plan j on

its enrollment shares EnrollmentSharejgt where g = 1, ..., 24 indexes demographic groups

formed as the combination of sex, race (white / non-white), age category (< 65, 65–74,

75+), and SES (low / high). The estimated coefficients therefore capture the average risk

score associated with each demographic group. We run this regression for 2017—the year

in which all counterfactual simulations are conducted. The predicted values r̂sjt from this

regression have a correlation of 0.73 with the actual risk scores, indicating that demo-

graphic composition explains a large portion of the variation in risk scores across plans.

We repeat the exercise for TM: using the TM risk score in each county and the demo-

graphic composition of TM enrollment, we generate a second set of average risk scores

specific to TM enrollees.

Second, in each counterfactual, we compute an updated risk score for each plan based

on the demographic-specific risk score and the equilibrium demand for each demographic

group. We then use the updated risk scores to recompute CMS payments to the plans.

Next, we multiply the unit cost by the ratio of realized and predicted risk scores. Finally,

we recompute plan profits and producer surplus. In addition, we recalculate government

spending, reflecting the updates to government subsidies to MA plans and rescaling TM

spending in each county by the ratio of realized and predicted risk scores.

Table SD.2 reports these outcome variables for the overall effects of QBP, effects of

the bonus-rate linkage, and effects of the rebate-rate linkage based on the updated risk

scores. For comparison, we also copy the outcomes in our baseline results in this table.

The comparison shows that our results are robust.
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Table SD.2: Robustness Analysis: Updating Risk Scores Based on Counterfactual Enroll-
ment

(1) (2) (3)
Bonus-Rate Linkage Rebate-Rate Linkage QBP Overall Effect
Baseline Updated Baseline Updated Baseline Updated

Plan-Level Average Outcomes
(6) Subsidy ($) -28 -41 -8 -25 42 39
Aggregate Outcomes
(9) Government spending ($b) -0.01 -0.04 -0.04 0.26 -2.39 -1.90

(9a) Payment to MA ($b) 4.14 3.77 29.56 29.26 6.28 5.90
(9b) Payment to TM ($b) -4.14 -3.81 -29.60 -29.00 -8.67 -7.80

(11) Total PS ($b) 1.01 1.25 2.93 3.06 2.59 2.94

SE Robustness: Alternative Decompositions of the Over-

all QBP Effects

QBP involves three changes. There are six possible orders to introduce these three

changes sequentially for decomposing the overall QBP effects into those attributable to

each change. The baseline decomposition follows a specific order: Changes I, II, and III.

Figure SE.1 depicts the counterfactual design for the other five alternative orders. Table

SE.1 presents the simulation results.

Our decomposition results are robust to ordering. Specifically, the following results

are common across all six alternative decompositions. First, Change I increases both con-

sumer surplus and producer surplus, with the increase in total surplus larger than the

associated increase in government spending when it increases. Second, while Change II

always increases government spending, its effect on consumer surplus or producer sur-

plus can be positive or negative. Third, Change III reduces both consumer surplus and

producer surplus, with an associated saving in government spending smaller than the

reduction in total surplus.

SF Robustness: Year-Specific Cost of Quality

In our baseline specification, we assume that the marginal cost of quality, γq, is con-

stant over time. However, the star rating is constructed from a set of underlying qual-

ity measures whose composition and relative weights have changed over time (Vatter,
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Figure SE.1: Alternative Decompositions of the Overall QBP Effects
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Table SE.1: Effects of QBP: Alternative Decompositions

Change I Change II Change III
Star Rating Higher Lower

Dependence Bonus Rate λ Rebate Rate η

Alternative 1
MA share (%) 11.40 2.68 -11.62
Government spending ($b) 6.86 0.99 -10.25

Payment to MA ($b) 53.14 11.65 -58.51
Payment to TM ($b) -46.28 -10.65 48.26

Total CS ($b) 7.71 1.76 -7.76
Total PS ($b) 6.03 1.83 -5.27

Alternative 2
MA share (%) 18.10 -0.84 -14.80
Government spending ($b) 11.04 2.85 -16.28
Payment to MA ($b) 84.36 -0.40 -77.69
Payment to TM ($b) -73.33 3.25 61.41
Total CS ($b) 12.76 -0.53 -10.51
Total PS ($b) 10.40 -0.48 -7.33

Alternative 3
MA share (%) 12.82 -0.84 -9.52
Government spending ($b) 0.10 2.85 -5.34

Payment to MA ($b) 51.77 -0.40 -45.10
Payment to TM ($b) -51.67 3.25 39.76

Total CS ($b) 7.28 -0.53 -5.03
Total PS ($b) 7.66 -0.48 -4.59

Alternative 4
MA share (%) 12.64 2.68 -12.86
Government spending ($b) -0.33 0.99 -3.06

Payment to MA ($b) 50.93 11.65 -56.31
Payment to TM ($b) -51.27 -10.65 53.25

Total CS ($b) 6.70 1.76 -6.75
Total PS ($b) 7.64 1.83 -6.88

Alternative 5
MA share (%) 12.82 2.50 -12.86
Government spending ($b) 0.10 0.56 -3.06

Payment to MA ($b) 51.77 10.81 -56.31
Payment to TM ($b) -51.67 -10.25 53.25

Total CS ($b) 7.28 1.19 -6.75
Total PS ($b) 7.66 1.81 -6.88
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2025). As a result, a one-point increase in our quality score may represent different im-

provements in the underlying dimensions of care in different years, and thus may entail

different costs. In addition, advances in medical technology and insurers’ accumulated

experience with quality improvement could also cause the cost of providing a given level

of measured quality to change over time. To assess whether imposing a constant marginal

cost of quality affects our estimates and counterfactual results, we also consider a more

flexible specification that allows γq to vary by year.

Table SF.1 reports cost estimates under this alternative marginal-cost specification. Al-

lowing a year-specific cost of quality does not change our estimated cost of supplemental

benefits, which is identical to the baseline estimate of 1.087. In contrast, the estimated

marginal cost of quality exhibits meaningful variation over time. It rises from 1.081 in

2010 to 1.982 in 2013, remains between roughly 1.742 and 1.802 from 2014 to 2016, and

then increases to 2.281 in 2017. Hence, while the pattern is not strictly monotonic, the es-

timates suggest an overall upward trend in the marginal cost of measured quality over the

sample period. This pattern is consistent with the possibility that changes in the compo-

sition and weights of the underlying measures used to construct the quality score altered

the cost of achieving a given increase in measured quality. Importantly, the baseline es-

timate of γq = 1.679 falls within the range of the year-specific estimates, suggesting that

the baseline specification captures a reasonable average cost of quality over the sample

period.

Table SF.2 repeats our main counterfactual exercises using the 2017 year-specific cost

estimate of $2,281. The key takeaways remain the same. Thus, allowing the marginal

cost of quality to vary flexibly over time affects certain quantitative magnitudes but does

not alter the paper’s central qualitative conclusions–particularly, the relative advantage

of linking the rebate rate rather than the bonus rate to quality.
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Table SF.1: Estimates of Cost Parameters: Year-Specific Cost of Quality

Est SE

Supplemental benefits (γx) 1.087 0.001
Quality (γq)

2010 1.081 0.094
2011 1.302 0.100
2012 1.519 0.096
2013 1.982 0.097
2014 1.802 0.097
2015 1.815 0.106
2016 1.742 0.097
2017 2.281 0.100

Table SF.2: Counterfactual Results: Year-Specific Cost of Quality

(1) (2) (3)
Bonus-Rate Linkage Rebate-Rate Linkage QBP Effect

Plan-Level Average Outcomes
(1) Star rating 0.09 0.25 0.18
(2) Supplemental benefits ($) -47 6 -51
(3) Gain loss ($) 36 -52 78
(4) Bid ($) 41 -48 81
(5) Rebates ($) -87 21 -79
(6) Subsidy ($) -57 -18 39
(7) Premium ($) 47 -28 -12
Aggregate Outcomes
(8) MA share (%) -0.12 5.38 1.38
(9) Government spending ($b) 0.05 0.03 -2.23

(9a) Payment to MA ($b) -0.87 22.09 2.26
(9b) Payment to TM ($b) 0.92 -22.06 -4.49

(10) Total CS ($b) 0.05 3.40 1.07
(11) Total PS ($b) 0.61 1.85 1.76

Notes: κλ = 0.9618 and κη = 1.160. The simulations were conducted for the year 2017.
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