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Abstract

This paper estimates a structural model of Medicare provider expenditure to investigate the cost-
quality tradeoff in health care and design contracts for a large physician incentive program. The setting
involves Accountable Care Organizations (ACOs), which are groups of health care providers that receive
incentive pay for spending below a cost target on shared patients. Estimation of the structural model and
counterfactual simulations reveal a cost-quality tradeoff affects less than one third of ACOs. Penalties for
overspending have little effect on simulated quality of care scores; however, after accounting for voluntary
participation in the incentive program, expected program savings is larger without penalties.

1 Introduction

In the United States health care sector, public and private insurers often implement physician incentive
programs and pay-for-performance initiatives to control the cost of care. Designing payment contracts for
these programs requires facing a fundamental challenge: physicians may decrease the quality of care they
provide in order to reduce cost. In this paper, I estimate a structural model of Medicare expenditure to
identify the extent to which quality of care decreases when providers are incentivized to decrease expenditure.
I use the structural model to conduct counterfactual analyses that highlight the role of the cost-quality
tradeoff in designing physician incentive programs.

The setting of this study is the Medicare Shared Savings Program (MSSP), a large incentive program
that involves 10.8 million Medicare beneficiaries and over $2.5 billion in provider incentives each year.! The
MSSP gives incentive pay to Accountable Care Organizations (ACOs), which are joint ventures of physicians,
group practices, and hospitals that form to coordinate care of their shared patients. An ACO earns incentive
pay through the MSSP if its members collectively reduce expenditure on health services. Because providers
might decrease the quality of care they provide in order to reduce expenditure, both tasks (monetary savings

and quality of care) determine ACO payment.
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What role does the cost-quality trade off play in determining optimal physician incentives? The answer
to this question is central the design of the MSSP, and furthermore will inform incentive and contract design
throughout the health care sector. I answer this question by building and estimating a structural model of
Medicare providers. In the model, Medicare providers with a shared patient strategically choose expenditures
based on their own preferences and the incentive pay offered by the MSSP. The expenditure choices form a
Nash equilibrium that describes the expenditure of a beneficiary assigned to an ACO.

In counterfactual analyses, I solve for the contract between ACOs and Medicare that maximizes the
quality-weighted cost savings of providers in the MSSP.? In this principal agent problem, Medicare is re-
stricted by federal regulation in such a way that it can only choose contracts that pay groups of providers
(the ACO), and not individual providers (the ACO participants). Federal regulation also restricts the spe-
cific ways that Medicare can define incentive pay for ACOs. First, Medicare can set the generosity of the
contract for a given level of quality of care and expenditure, and second, Medicare can require ACOs to make
penalty payments to Medicare if their expenditure exceeds its target. Knowing the magnitude of the tradeoff
between cost reduction and quality of care is critical for choosing these contract parameters. Depending on
the structural relationship between cost reduction and quality of care in health care, enforcing penalties with
low-powered contracts has the potential to greatly diminish quality of care. Moreover, because participation
in the MSSP is voluntary, contracts must not penalize overspending so much that ACOs exit the program.

My research design exploits observed variation in the well-defined contracts between Medicare and ACOs
in the MSSP to identify structural parameters. In the MSSP, an ACO is assigned a benchmark expenditure
for the health care services provided to its participants’ patients. If a year’s actual Medicare expenditure on
those beneficiaries is less than the benchmark amount, an ACO earns a portion of the difference, adjusted
by a quality score, as incentive pay (hence “sharing savings” with Medicare). These contracts are designed
by Medicare and are public information, so I observe cross-ACO variation in the marginal dollar of group
incentive pay for a given level of cost savings and quality of care. Under an equilibrium assumption, this
identifies parameters describing provider altruism and responsiveness to incentive pay.

I use observed ACO quality scores to infer the structural relationship between quality of care and health
expenditure. In short, I assume quality of care is determined by beneficiary health, and beneficiary health
is determined by a non-monotone health production function with a global maximum at ideal expenditure.
Within-ACO variation in quality scores and expenditure relative to benchmark expenditure are used to
identify the ideal expenditures of the representative beneficiaries of ACOs. Hence, I estimate the presence
of a cost-quality tradeoff at ACO-level, which is indicated by actual expenditure being less than ideal
expenditure, and on the domain of the health production function that is increasing in expenditure.

The conclusions of this work apply to both economics and policy audiences. I estimate a small structural
tradeoff between Medicare savings and quality of care. In the context of the MSSP, I provide evidence

through counterfactual simulations that the savings-quality tradeoff is neither large enough nor sufficiently

2For comparison, I also solve for contracts that are optimal by other definitions, including per-beneficiary objectives and
objectives accounting for voluntary participation in the MSSP.



common among ACOs to create significant quality decreases when ACOs are incentivzed to reduce cost.
I find imposing penalties on ACOs for having expenditure larger than benchmark expenditure, compared
to contracts without penalties, increases average program savings by $144 per beneficiary (0.3 standard
deviations). These “two-sided” contracts actually increase quality of care (as measured by lower ACO
quality scores) by driving expenditure from above the ideal level to below the ideal level. However, due
to the shape of the health production function, the change in quality score is very small, at less than 0.03
standard deviations, or 0.3% of mean quality score.

Under “one-sided” contracts, where ACOs are not penalized for overspending, simulations show per-
beneficiary savings is maximized at $47 with the optimal contract. The optimal sharing rate needed to
achieve this savings is 74%, which is on the high end of contracts offered by the MSSP. ACO quality scores
are maximized at sharing rate of 53%.

Two-sided contracts, where ACOs are penalized for having an expenditure larger than benchmark ex-
penditure, are able to incentivize ACOs to have a lower expenditures at lower sharing rate. Because of the
penalties, simulations show that two-sided contracts maximize total program savings at a slightly weaker
64% sharing rate. ACO quality scores are maximized at a much lower sharing rate of 12%. Weighting
program savings by quality scores decreases the optimal sharing rates by only a few percentage points.

In order to account for voluntary participation in the MSSP, I estimate a model of ACO exit, and compute
objectives weighted by the probability ACOs remain in the MSSP. These objectives imply that very high
sharing rates—above 90%—are optimal for both one-sided and two-sided contracts.

Ultimately, the results show that there is little Medicare can do, within the scope of the contract param-
eters analyzed, to meaningfully reduce costs. This paper empirically verifies the premonitions of Frandsen
& Rebitzer (2015) that organizational incentives within ACOs impose inefficiency larger than the efficiency
introduced by coordination. This paper goes a step further: the contract that maximizes (non-weighted) per
beneficiary program savings achieves a savings of $191 per beneficiary. Medicare Parts A and B spending
per enrolled beneficiary was $11,080 in 2021, and increased by an average of $166 every year since 2013.3
This means applying the ceiling level of ACO performance (ignoring incentive program participation and
quality of care) to the entirety of FFS Medicare would yield only a 1.7% cost savings. If the rate of increase
in spending is not also decreased, spending would return to the same level in less than two years. And, if
the population of health care providers in ACOs is representative of providers the in the general health care
market, this paper shows both public and private insurers should expect small efficiency gains from shared
savings programs.

Related Literature. This paper contributes to economics literature concerning health care provider pay-
ment systems and provider behavior in organizations (Gaynor, Rebitzer, & Taylor, 2004; Encinosa, Gaynor,
& Rebitzer, 2007; Choné & Ma, 2011; Rebitzer & Votruba, 2011; Ho & Pakes, 2014; Frandsen & Rebitzer,
2015; Grassi & Ma, 2016; Frandsen, Powell, & Rebitzer, 2019). More generally, this paper aligns with

3Source: Kaiser Family Foundation. “Medicare Spending per Beneficiary.” https://tinyurl.com/a56w8pbp.



the literature that studies the supply-side of health care, and examines the incentives faced and decisions
made by physicians, hospitals, and insurers (Gaynor, 2006; Chandra, Cutler, & Song, 2011; Gaynor, Ho, &
Town, 2015; Gowrisankaran, Joiner, & Léger, 2017; Einav, Finkelstein, & Mahoney, 2018; Eliason, Grieco,
McDevitt, & Roberts, 2018; Hackmann, 2019; Gaynor, Mehta, & Richards-Shubik, 2023).

Few studies in economics have discussed ACOs directly. Frandsen & Rebitzer (2015) calibrate a model
of ACO performance to examine the size-variance tradeoff in group payment mechanisms like the MSSP,
and they argue that ACOs will be unable to self-finance. That is, there is no contract with strong enough
incentives to overcome the incentive to free-ride among a group of physicians. The authors conclude with
a skeptical look at the MSSP, and mention the untenability of integrated organizations in the now very
fractured US health care market. Frech et al. (2015) study county-level entry of private and public ACOs.
The authors find small markets generally discourage ACO entry, and that public ACO entry is largely
predicted by higher Medicare spending, higher population, and lower physician site concentration. Frandsen
et al. (2019) discuss the MSSP’s impact on health care in the United States in the context of common agency,
where several payers motivate the same agent to improve care delivery and integration. The authors find
that unique equilibrium contracts from payers are lower powered in the presence of shared savings payments,
and ACO entry can possibly inspire other shared savings contracts in the private sector if they do not already
exist.

Two studies evaluate actual or simulated ACO performance with results comparable to those of this
paper. Aswani, Shen, & Siddiq (2019) study how to design MSSP ACO contracts. The authors focus on
asymmetric information between Medicare and ACOs, and write contracts such that ACO payment is a
function of underlying ACO type (benchmark expenditure per beneficiary). Unlike this paper, Aswani et
al. (2019) do not consider the cost-quality tradeoff in health care. Their results, in simulations that are
comparable, are similar. For example, optimal sharing rates for two-sided contracts in both papers are found
to be about 50-60%. Wilson et al. (2020) is short literature review of studies addressing ACO performance.
Projections of MSSP ACO cost savings from the reviewed studies are on the same magnitude of this paper,
ranging between -$107 to $857 per beneficiary.

This paper continues as follows: Section 2 gives a detailed overview of the MSSP and ACOs, including
descriptive ACO statistics. I outline my model of Medicare expenditure in Section 3. I describe identification
and estimation of model primitives in Section 4, and estimation results and model fit are in Section 5. I
present counterfactual analyses, including computation of savings-maximizing contracts between ACOs and

Medicare, in Section 6, and Section 7 concludes.

2 Background and Data

The MSSP, a part of the Patient Protection and Affordable Care Act of 2010 (ACA), is a policy response to

increasing health care costs in the United States. The premise of the program is that the United States is



inefficient at providing health care because care delivery is fragmented. That is, unique to the United States,
patients tend to see several distinct providers that belong to separate businesses with little incentive to
coordinate care. Patients therefore receive haphazard and/or redundant care, implying increased utilization,
cost, and risk of adverse health outcomes. A recent empirical analysis by Agha, Frandsen, & Rebitzer (2019)
examined the fragmentation of health care in the United States. Using Medicare claims data, the authors
show utilization increases in areas with more fragmented care, and patients substitute low cost services for
high cost services in areas with high fragmentation.

The MSSP gives providers financial motivation to integrate care delivery. To overcome institutional
boundaries to care integration, the program explicitly evaluates and pays Medicare providers based on group
performance. By law, a provider must start or join an existing Accountable Care Organization, or ACO,
to earn incentive pay from the MSSP. Formally, ACOs are joint ventures of health care providers; nearly
any Medicare provider—including individual physicians, group practices, and large hospital systems—can
start or participate in an ACO. Applications to join the MSSP are submitted by ACOs to the Centers for
Medicare and Medicaid Services (CMS), and CMS approves the applications of ACOs that meet a pre-
defined set of criteria. In particular, an ACO must appoint a governing board to oversee the clinical and
administrative aspects of operation, and it must show the presence of formal contracts between itself and its
member participants (including the distribution of any earned incentive pay). If approved for participation
in the MSSP, the ACO then enters into a five year agreement with CMS.* Each year of the agreement is
referred to as a “performance year.”

To explain how ACOs earn incentive pay through the MSSP, I will first describe how Medicare bene-
ficiaries are assigned to ACOs. Then, I will describe how an ACO’s spending target—called “benchmark
expenditure”—is determined. Finally, I will describe the determination of incentive pay, or “shared savings,”

given to ACOs.

2.1 Beneficiary Assignment

To be assigned to an ACO in a given performance year, a Medicare beneficiary must be enrolled in both Parts
A and B of Medicare (also known as Traditional or fee-for-service (FFS) Medicare). The beneficiary must
not be enrolled in any other Medicare group health plan, such as Medicare Advantage (MA) or the Program
of All-Inclusive Care for the Elderly (PACE). They also must not be assigned to providers participating in
a different Medicare incentive program.

Beneficiaries meeting this criteria are assigned to ACOs based on billed expenditure (specifically, Medicare-
allowed charges) on primary care services in the performance year. First, a consider a Medicare beneficiary

5

that has at least one primary care service furnished by a primary care practitioner.” The beneficiary is

4Before July 2019, agreements lasted three years.

5CMS defines primary care services based on CPT code: these include the standard office visit codes 99201-99205 and 99211-
99215, as well as codes for nursing facility care, home health care services, and specific outpatient hospital services. Primary care
practitioners are defined as those with specialty codes corresponding to general practice, family practice, internal medicine, pedi-
atric medicine, geriatric medicine, nurse practitioner, clinical nurse specialist, and physician assistant. See “Shared Savings and



assigned to the ACO of the provider(s) by which the plurality of primary care services (determined by
expenditure) are furnished. If the beneficiary receives more primary care services from primary care practi-
tioners not in an ACQO, then the beneficiary is not assigned to an ACO. If the beneficiary does not receive any
primary care services from a primary care practitioner, then they are assigned to the ACO of the specialist
practitioner(s) by which the plurality of primary care services are furnished. Again, if more primary care
services are furnished by specialists not participating in an ACO, then the beneficiary is not assigned to
an ACO. In short, beneficiary assignment is determined hierarchically, such that primary care expenditure
by primary care practitioners first determines assignment; if primary care is not provided by primary care
practitioners, then primary care expenditure by specialists determine assignment.

Because beneficiary assignment is not determined until the end of a performance year, ACOs do not
know the exact list of beneficiaries that they are assigned until after the year has ended and expenditure
decisions have been made. CMS provides all ACOs with prospective beneficiary assignment lists that are
updated quarterly throughout the performance year to keep providers up-to-date regarding beneficiaries
that will likely be assigned to their ACO. Lee, Polsky, Fitzsimmons, & Werner (2020) examine whether
the patient demographics of a provider changes after joining an ACO, and find no evidence of selection or
cream-skimming. CMS has a rule requiring ACOs to have at least 5,000 assigned beneficiaries; however, this
rule was seldom enforced, and ACOs were granted exceptions with the expectation they grow in future years.

Accordingly, this rule will be removed, and starting 2025, there is no minimum beneficiary requirement.

2.2 Determining Benchmark Expenditure

An ACO’s benchmark expenditure is based on the Medicare expenditure on beneficiaries that would have
been assigned to the ACO in the three years prior to the agreement period; these are called the “historical
benchmark years.” First, annualized expenditures are computed for every beneficiary assigned to the ACO in
each historical benchmark year. The per beneficiary expenditures of the first two years are trended forward to
match the third historical benchmark year based on the national growth rates in FFS Medicare expenditure,
where the national growth rate applied depends on the enrollment type of the beneficiary: Aged, Non-Dual
(typical Medicare beneficiaries qualifying through being age 65 or older); Aged, Dual (Medicare beneficiaries
qualifying through being age 65 or older that are also enrolled in Medicaid); Disabled (Medicare beneficiaries
qualifying through Social Security benefits); and ESRD (Medicare beneficiaries qualifying through diagnosis
of kidney-failure from the enactment of the Social Security Amendments of 1972).% Next, per beneficiary
expenditures in each historical benchmark year are risk-adjusted to the third benchmark year using CMS

Hierarchical Condition Category (CMS-HCC) risk scores.” These per-beneficiary expenditures are then

Losses and Assignment Methodology: Specifications.” https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/
sharedsavingsprogram/Downloads/Shared-Savings-Losses—-Assignment-Spec-V6.pdf.

6Enrollment types are hierarchical; if a beneficiary classifies as more than one enrollment type, then the assignment progresses
ESRD to Disabled to Aged, Dual to Aged, Non-Dual.

TCMS-HCC risk scores are an index representing the ratio of expected Medicare expenditure of a beneficiary to the Medicare
population. They are computed using demographic information (age and gender) and previously assigned diagnosis codes.



averaged across assigned beneficiaries within enrollment types and historical benchmark years, yielding the
average per beneficiary expenditure of assigned beneficiaries by enrollment type and year.

The risk-adjusted and trended historical benchmark year average expenditures are combined into a single
historical benchmark expenditure with a weighted average that puts 10% weight on the first benchmark year,
30% weight on the second benchmark year, and 60% weight on the third benchmark year, where the third
benchmark year is the year immediately preceding the first performance year of the agreement period. This
yields a weighted average annual per beneficiary expenditure for each enrollment type. To aggregate over
enrollment types, these average expenditures are weighted by the share of assigned beneficiaries in the
third historical benchmark year by enrollment typed and summed across enrollment types. This yields the
historical benchmark per beneficiary expenditure of the ACO.

To obtain the ultimate spending target, the ACO’s benchmark expenditure, for ACOs in their first
agreement period, CMS updates the historical benchmark expenditure for changes in ACO participants and
trends it forward to the performance year in question based on national growth in Medicare FFS spending
by enrollment type and shares of assigned beneficiaries in the performance year by enrollment type.

If ACOs are in their second agreement period, the historical benchmark per beneficiary expenditure is
“rebased” because the historical benchmark years of the second agreement period are the years of the first
agreement period; ACOs would otherwise be vulnerable to a “rachet” effect under which low expenditure
would disadvantage the ACO in later years with a lower benchmark expenditure. Accordingly, the historical
benchmark is rebased by taking a weighted average of the historical benchmark and a historical benchmark
computed from spending in the ACO’s regional service area; 25% weight is placed on the regional service
area’s benchmark for ACOs with higher spending than the region, and 35% weight is placed if the ACO has

lower spending than the region.®

2.3 Shared Savings and Losses

Payment of an ACO depends on the performance year’s Medicare expenditure on beneficiaries assigned to
the ACO, a quality of care score, and the contract the ACO has with Medicare. Payment is determined by
the difference between benchmark expenditure and the realized total Medicare expenditure on beneficiaries
assigned to the ACO. Importantly, it is not just the expenditure of providers participating in an ACO that
determines its expenditure; rather, it is the total Medicare expenditure on beneficiaries that are assigned to
the ACO that defines ACO expenditure, whether or not the spending was billed by a provider in the ACO.

A composite quality score between 0 and 1 also plays a role in determining payment. An ACQO’s overall
quality score is determined by the combination of 30-40 sub-measures of care quality. These sub-measures
fall into the domains of “Patient/Caregiver Experience,” “Care Coordination/Patient Safety,” “Preventative
Health,” and “At-Risk Population.” Some sub-measures are survey responses (e.g., “ACO2: How Well Your

Doctors Communicate”), while others are computed from Medicare Claims and aggregated to the ACO-level

8The regional service area of an ACO is defined as all the counties of residence of the beneficiaries assigned to an ACO.



(e.g., “ACO21: Proportion of Adults who had blood pressure screened in past 2 years”).”

If the ACO’s savings rate, defined as Benchmark Expenditure—Expenditure oy 0eds a predetermined minimum
’ Benchmark Expenditure ’

called the Minimum Savings Rate (MSR), and if the ACO meets minimum quality of care standards, it earns

and distributes to its members the amount

Shared Savings = Sharing Rate - Quality Score - (Benchmark Expenditure — Expenditure) , (1)

where “Sharing Rate,” a number between 0 and 1, is determined by the type of contract the ACO has with
Medicare. The MSR is determined by the number of beneficiaries assigned to an ACO, ranging from 2% for
ACOs with 60,000 or more assigned beneficiaries to 12.2% for ACOs with less than 500 assigned beneficiaries.

The overwhelming contract choice of ACOs from 2014 to 2018—the period of time considered by the
empirical analysis— was “Track 1,” which has a sharing rate of 50%. Under this contract, if a hypothetical
ACO with a benchmark expenditure of $186 million and an MSR of 0.02 had an expenditure of $180 million

with a quality score of 0.90, it would earn

0.5- 0.9 - ($186 million — $180 million) = $2.7 million (2)

in shared savings. Its savings rate is (186 — 180)/186 = 0.03, so the MSR is exceeded. Though paying a
subsidy, Medicare saves money as well: on net, this ACO contributed a $3.3 million decrease in Medicare
expenditure, as it was paid $2.7 million for saving $6 million.

While uncommon in the first few years of the MSSP, some contracts also penalize ACOs for having
expenditure larger than benchmark expenditure. These are called “two-sided” contracts. “Track 2” and
“Track 3”7 ACOs have two-sided contracts, and pay Medicare “Shared Losses” if their savings rate is less

than the Maximum Loss Rate (MLR, equal to the negative of the MSR):

Shared Losses = (1 — Sharing Rate - Quality Score) - (Benchmark Expenditure — Expenditure) .  (3)

Note that the value of this equation is negative when expenditure exceeds benchmark expenditure, and that
the value can be diminished by having a higher sharing rate or quality score. During the early years of the
MSSP, two-sided contracts came with higher sharing rates: 60% for Track 2 and 75% for Track 3 ACOs. In
2018, Track 1+ was introduced to the MSSP. This contract offers ACOs up to 50% of savings as incentive
pay, but requires ACOs to pay 30% of losses to Medicare if expenditure is much larger than benchmark
expenditure and savings is below the minimum loss rate.

For example, if a Track 3 ACO with a benchmark expenditure of $30 million and an MLR of —0.03 had

9See https://go.cms.gov/2xHy7Uo for a full list of ACO quality scores for every performance year.



an expenditure of $33 million and quality score of 0.80, then they would have shared losses

(1-0.75-0.8) - (330 million — $33 million) = —$1.2 million . (4)

This hypothetical ACO would offset the $3 million in expenditure above the benchmark with a $1.2 million
payment to Medicare.

The first six years (2013-2018) of the MSSP produced modest decreases in Medicare expenditure (McWilliams
et al., 2018). In an attempt to improve ACO performance, CMS made several changes to the MSSP with
its final rule named “Pathways to Success” (or “Pathways”). Changes in Pathways pertinent to this paper
regard the contracts between ACOs and Medicare. Tracks 1, 14, 2, and 3 are replaced with two Tracks:
“Basic” and “Enhanced.” Under the Basic Track, there are five levels, “A” through “E.” Under levels A
and B, ACOs earn up to 40% of savings and do not pay shared losses if expenditure exceeds benchmark
expenditure. Under levels C, D, and E, ACOs earn up to 50% of savings and pay an increasing amount of
shared losses if expenditure exceeds benchmark expenditure. An ACO is automatically advanced one level
(e.g., from level A to B) after each performance year. The Enhanced Track is equivalent to Track 3. Various
other changes were made to the MSSP in Pathways, including beneficiary assignment methodology, bench-
mark calculation, and assigning new ACO classifications (“low-renvenue” and “experienced”) that impact

the payment contracts available to an ACO.

2.4 Summary Statistics

In this paper, counterfactual predictions consider two dimensions of contracts: the fraction of savings shared
with an ACO and the presence of downside risk. These dimensions broadly account for all previous (Tracks
1, 14, 2, and 3) and current (Basic and Enhanced Tracks) contract options. Accordingly, in this analysis I
use data from all ACOs of all Tracks from 2014 to 2018. ACOs in the first year of the program, 2013, are
all assigned a quality score of 1, so I do not use them in this analysis. I stop at 2018 due to the changes in
program structure introduced with Pathways in 2019.

The data I use for all empirical analysis is from MSSP ACO Public Use Files, MSSP Participant Lists,
and MSSP ACO Performance Year Results Public Use Files. In short, the public data consists of ACO
expenditures, benchmark expenditures, quality scores (along with every quality sub-measure), various as-
signed beneficiary demographics, and various provider statistics. Little public information is available on
the characteristics of specific providers. Table 1 displays statistics describing ACOs. There is substantial
heterogeneity in the number of providers that join an ACO—some large hospitals are able to form an ACO
independently, and others are joint ventures of hundreds of providers.

ACO benchmark expenditures and realized expenditures are large: the means of total expenditure and
benchmark expenditures on assigned beneficiaries are approximately $190 million, with several ACOs having

expenditure over $1 billion. From 2014 to 2018, ACOs saved money on average. However, less than one



Table 1: Summary Statistics

Mean S.D. Min. Median Max.
Number of Assigned Ben. 18163 18052 152 11979 149633
Prop. of Assigned Ben: under 65 0.169 0.073  0.038 0.155 0.662
Prop. of Assigned Ben: over 85 0.122 0.032  0.028 0.119 0.309
Prop. of Assigned Ben: male 0.428 0.020  0.356 0.428 0.575
Prop. of Assigned Ben: nonwhite 0.165 0.146  0.015 0.123 0.951
Prop. of Assigned Ben: Aged, Non-Dual 0.772 0.131  0.122 0.806 0.967
Prop. of Assigned Ben: Aged, Dual 0.081 0.090  0.003 0.056 0.808
Prop. of Assigned Ben: Disabled 0.138 0.070  0.023 0.122 0.645
Prop. of Assigned Ben: ESRD 0.009 0.006  0.000 0.008 0.045
Total Providers 737 1073 1 340 11783
Provider per Assigned Ben. 0.041 0.051  0.000 0.027 0.673
1 {Exited Next Year} 0.122 0.327  0.000 0.000 1.000
Age 2.711 1.452  1.000 2.000 7.000
Sharing Rate 0.511 0.049  0.500 0.500 0.750
1 {Two-Sided} 0.074 0.262  0.000 0.000 1.000
Per Ben. Expenditure ($ thousand) 10.776 2.200  4.692 10.372 27.472
Expenditure ($ million) 186.859  184.506 1.413 122975 1632.292
Per Ben. Benchmark Expenditure ($ thousand) 10.920 2.288 5.115  10.488 29.223
Benchmark Expenditure ($ million) 188.801 186.677  1.476 124.919  170.496
Quality Score 0.826 0.089  0.107 0.845 0.976
1 {Earned Incentive Pay} 0.328 0.470  0.000 0.000 1.000
Earned Shared Savings/Losses ($ million) 1.478 3.601 -5.670 0.000 49.968
Earned Shared Savings/Losses per Provider ($ million) 0.012 0.109 -0.024 0.000 3.458

Notes: N = 2180. The sample includes all MSSP ACOs from 2014 to 2018, with 740 ACOs in an
unbalanced panel.

third of ACOs had a savings rate at least as large as their minimum savings rate, meaning most ACOs do
not actually earn incentive pay during this period. Average earned incentive pay is $1.5 million per ACO.

Per provider, average earned incentive pay is $12,000.

3 Model of Health Care Expenditure and Patient Health

This section lays out a model of expenditure decisions made by Medicare providers. Decisions are made
in a simultaneous move game among the providers that care for a specific Medicare beneficiary—that is,
among the care team of a beneficiary. Each provider chooses expenditure on a beneficiary to maximize

their individual payoff, which is the sum of profit (revenue from Medicare reimbursement minus the cost of
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providing care) and the altruistic utility derived from the health of the beneficiary. Health is determined
by a health production function that depends on the total Medicare expenditure on a beneficiary across
all providers in their care team relative to the ideal level of expenditure that maximizes that beneficiaries
health.

After solving for Nash equilibrium Medicare beneficiary expenditure, I extend the model to include
incentive pay for cost-reduction and quality improvement from the MSSP when a Medicare beneficiary is
assigned to an ACO. For a Medicare beneficiary assigned to an ACQO, providers on their care team (which
may or may not be members of the ACO) simultaneously choose expenditure on the beneficiary to maximize
their individual payoffs, which is the sum of profit, altruistic utility, and incentive pay from the MSSP. This
extension of the model ultimately yields a function for Medicare expenditure that depends MSSP contract
parameters and ACO performance (ACO savings and quality score) in addition to provider characteristics
that otherwise determine the provision of care. Crucially, I assume that the quality score of an ACO is a
measure of the average health production of beneficiaries assigned to the ACO.

The model is static, and I take the populations of Medicare providers and Medicare beneficiaries as
given. Formally, providers are indexed by ¢ € Z, and beneficiaries are indexed by a € A. I also take the care
teams of beneficiaries as given; these are denoted with the sets Z, C Z. Finally, ACOs indexed j € J are
taken as given, as is ACO beneficiary assignment and provider participation in ACOs. I denote the set of
Medicare beneficiaries assigned to ACO j with A; C A, and Z; C 7 is the set of Medicare providers that are
members of ACO j.!9 Because beneficiaries and providers are members of at most one ACO, A; N A; = @
and Z; NZ; = @ for j # j' € J. However, it not uncommon for a provider to be on the care team of
a beneficiary that is assigned to an ACO without themselves being a member of the same ACO: formally,

there exists ¢ € Z, with a € A; and yet ¢ € Z;.

3.1 Health Production and the Cost-Quality Tradeoff

The first component of the model to define is the health production function, which in this context is a
mapping of the total Medicare expenditure on a beneficiary to the beneficiaries health. Health production
functions are common in both theoretical and empirical health economics research. For example, the seminal
work of Grossman (1972) models the consumption of health services and the “healthy days” of an individual
as a function of their depreciating stock of health. More recently, Glied & Hong (2018) assumes a monotone
relationship between patient utility (i.e. health) and health care consumption to study demand spillover
from insurance expansions. Ho & Lee (2023) (based on the model of Einav, Finkelstein, Ryan, Schrimpf,

& Cullen (2013)) use a non-monotone (i.e. quadratic) health production function to study moral hazard in

L0Participation of Medicare providers in ACOs, and more generally the formation of ACOs, is deliberately not made endoge-
nous in the model. This simplification is necessary, as a formal model of endogenous ACO formation that addresses optimal
group size, provider networks, and multiplicity of equilibria is prohibitively complicated and not within the scope of this pa-
per given the available data. I discuss the consequences of this simplification, including the steps necessary for identification
of model parameters given endogenous ACO formation, in Section 4. I account for endogenous ACO exit when conducting
counterfactual simulations by estimating a simple model of ACO exit; this is discussed in Sections 4 and 6.
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the context of insurance plan choice. Gaynor et al. (2004) and Gaynor et al. (2023) likewise apply quadratic
health production functions in models of altruistic provider choice of care.

The non-monotonicity of a health production function is fundamental to both the cost-quality trade off
in health care and the implementation of physician incentive programs such as the MSSP. For regions of
the health production function that are increasing in health expenditure, there is a cost-quality trade off, as
increases in health expenditure are required for increases in health and thus quality of care. If expenditure is
at a level such that health is decreasing, then cost-savings and quality of care are complementary. Whether an
incentive program for cost-reduction in health care carries with it a risk for decreasing quality of care depends
on whether expenditure on a beneficiary is at an increasing or decreasing part of the health production
function.

To model patient health and the quality of care of an ACO, I follow the aforementioned studies and
specify a health production function that is quadratic in expenditure. The health of Medicare beneficiary

a € A is given by
1
h (éa - ea) = _5 (éa - ea)Z ) (5)

where e, > 0 is the total Medicare expenditure on health services for beneficiary a, and €, > 0 is the ideal
health expenditure of a; clearly é, = argmax., ~oh (€, — e,). Given the above health production function,
it is straightforward to derive a definition for a cost-quality tradeoff in health care. Beneficiary a faces a

cost-quality tradeoff if
h (o —€q) >0 < &, > e,. (6)

In other words, if health expenditure on e, is less than ideal expenditure €,, then there is a cost-quality
tradeoff for beneficiary a. Policies like the MSSP can induce cost-savings without decreases in quality of
care if there is initially overprovision of care, such that é, < e,. This is indeed the presumption of shared
savings programs, which acknowledge reimbursements from insurers for health services may induce health

expenditure that is larger than the ideal level.

3.2 Provider Expenditure Choice without Incentive Pay

The second component of the model is the game played by Medicare providers when choosing expenditure
on a beneficiary. This game determines the equilibrium level of Medicare expenditure on a beneficiary, hence
determining whether health expenditure is larger or smaller than ideal expenditure and whether the patient
faces a cost-quality tradeoff.

Beneficiary a receives services from providers on their care team i € Z,. Accordingly, the Medicare
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expenditure on a is equal to the sum of expenditures billed by each member of their care team, where

€a = Z Cia (7)
lEIC’
and e;, > 0 is the Medicare expenditure of provider i on beneficiary a. The profit earned by provider ¢

billing Medicare the amount e;, for services provided to beneficiary a is given by the function

2

_ Tia 8
s 5)

e

i (€ia) = €ia

where ~; > 0. This functional form is straightforward to interpret: provider revenue is equal to reimburse-
ments from Medicare for services provided to a, which is simply e;,. The parameter ~; is the amount of
reimbursements on a that maximizes i’s profit.!' The parameter ; varies over providers due to factors on
both the supply and demand side. For example, a capacity-constrained provider that is on the care team of
many individuals has a relatively small ;, whereas a provider in a low-demand elasticity market has a large
Yi-

To decide expenditure on patient a, a provider maximizes their profit plus altruistic utility derived from
the health of a. Providers ¢ € Z, solve

max i (€ia) + Qif(€a — €ia — €-ia), (9)

where a; > 0 parameterizes physician i’s level of altruism and e_;, = Ei,# €ei’q is the expenditure on a billed
by other providers. Taking the expenditure decisions of other providers as given, the first order condition

for optimal expenditure e}, is
Vi — €l + iy (6a — €, —e—ia) =0. (10)

Following previous literature on team production in health care (Gaynor et al., 2004; Frandsen & Rebitzer,
2015), I find the pure strategy Nash equilibrium expenditure of providers.!? Accordingly, given Equation 10

holds for all ¢ € Z,, the Nash equilibrium expenditure of provider ¢ on «a is

* (67903 ~
€ia = Vi 4+ — | e, — 0 . 11
LR Sy ( = 7) (11)

LeL,

Equilibrium total expenditure on beneficiary a is therefore

e: = Z efa _ Z’LGI{:, i ~a + ZlEIa Vi (12)

- & .
i€Z, L+ e, i L+ Y ez, @i

' This is because v; = arg maxe,_ >0 m; (€iq)-
12Proofs regarding the existence and uniqueness of Nash equilibrium are in Appendix A.
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Patient health in equilibrium, and likewise the equilibrium cost-quality trade off faced by beneficiary a, is

given by the difference between ideal expenditure and equilibrium expenditure:

~ * €a — ZiGIa Vi

g — € = . (13)
I+ Zz’eIa @i

This Nash equilibrium is straightforward to interpret. First, note that because provider provider profit
is in dollar units, v; must also be in dollar units, and «; is in dollar~! units. Thus, the term c;7; is unit-less
and describes the tendency of provider i to provide an expenditure at the ideal level. This tendency depends
on «a; due to provider altruism, and on -; from the curvature of i’s profit function. Specifically, a larger value
of profit maximizing expenditure ; implies the provider’s payoff derived from altruism is larger relative to
cost, so the effect of «; on expenditure is amplified by ~;.

Equation 11 shows that provider i’s expenditure on a is equal to the profit maximizing expenditure
for i, 7;, plus an adjustment term that depends on provider ¢’s altruism relative to their peers on the a’s
care team, %, and the difference between the ideal total expenditure on a and the total profit
maximizing expenditure of providers on a’s care team, &, — Zéela ~¢. If ideal expenditure is larger than
the expenditure that maximizes aggregate profit of Z,, then the adjustment term is positive, and provider ¢
increases their expenditure above their profit maximizing level. If ideal expenditure is smaller than aggregate
profit maximizing expenditure, then the adjustment term is negative, and the provider decreases expenditure
below their profit maximizing level. In both cases, the adjustment term is increasing in the level of altruism of
providers on the care team, and providers with larger altruistic preference adjust to the ideal level expenditure
by larger amounts.

Equation 12 shows that equilibrium total expenditure on a is linear in €,. The slope of this line depends
on the aggregate tendency to provide ideal care, >, ez, @i, such that more altruistic preference on the care
team of a implies a closer relationship between é, and €. The intercept depends on total profit maximizing
expenditure relative to aggregate tendency to provide ideal care.

Finally, Equation 13 shows that Nash equilibrium expenditure on a is equal to the ideal expenditure if
and only if ZieIa v; = €q. In other words, equilibrium expenditure on a is equal to ideal expenditure on a
only if ideal expenditure also happens to be the aggregate-profit maximizing expenditure of the providers
on a’s care team. Otherwise, whether a receives less than ideal expenditure, and hence faces a cost-quality
tradeoff, depends on whether aggregate profit maximizing expenditure is below the ideal level. This captures
the presumption of physician incentive programs mentioned above: if care teams Z, for a € A tend to have
Do ez, Vi > €aq, then reimbursements for services provided are above marginal cost, and there is overprovision
of health services and a margin by which expenditure can be reduced and quality of care improved.

Incentive dilution, as discussed in Gaynor et al. (2004) and Frandsen & Rebitzer (2015), is present as

providers do not account for the altruistic utility derived from other team members when choosing expendi-
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PS

ture. The provider surplus-maximizing total expenditure on a, e, is

PS (Ciez, @) Ciez. ) s

e _ 6.+ ZieIa Yi
¢ 1+ (Ziela a;) (ZiEIa i) ‘

1+ (Ziela a;) (ZiEIa Vi)

(14)

Because «;, y; > 0, health production is always larger in the socially-optimal case: h (éa — eaps) > h(é, —€r).
Note, however, e£’S < ¢, if and only if e} < é,, since provider surplus-maximizing expenditure is likewise

equal to ideal expenditure if and only if ZiEIa Y = €q-

3.3 Expenditure Choice with Incentive Pay

To examine the cost-quality tradeoff in the MSSP, I extend the model of expenditure choice to include the
incentive for additional income (or penalties) from the MSSP. First, consider an ACO j € J, which has
assigned beneficiaries @ € A;. Incentive pay to ACOs depends on total Medicare expenditure on assigned

beneficiaries, which is given by

Ej= > ea. (15)

CLEAj
It will be useful to define the total ideal expenditure for beneficiaries assigned to ACO j, given by

E; = €a, (16)
acA;
as well as the per-beneficiary expenditure terms e; = f—; and é; = %, where n; = |A,| is the total number of

beneficiaries assigned to ACO j. I refer to the quantities e; and €; as the expenditure and ideal expenditure
of the average or representative beneficiary assigned to ACO j.

In the MSSP, Medicare’s incentive contracts pay ACOs a fixed proportion of the cost-savings of an ACO,
weighted by the ACO’s quality score. ACOs with one-sided contracts earn incentive pay only if expenditure

on assigned beneficiaries, E;, is sufficiently less than the benchmark expenditure, BE;. Specifically, the

BE;—E;
BE;

savings rate of an ACO, given by , must be greater than the minimum savings rate, S, in order for

the ACO to earn a portion of the savings BE; — E; as incentive pay. The payment contract for one-sided

ACOs therefore has the form
PP%(Q;,BE; — E;) = F;Q; (BE; — E;)1{BE; — E; > S,;BE;} (17)

where @Q; € (0,1) is the quality score of the ACO, F; € [0,1] is the sharing rate, and 1{-} is the indicator

function.'® Two-sided contracts offer the same incentive pay as one-sided contracts, but also penalize ACOs

13Note that I do not include a threshold for Q; to represent meeting quality reporting standards. This is because the few
ACOs in the sample that fail to meet quality standards also all fail to meet the savings threshold for earning incentive pay.
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for savings rates less than the maximum loss rate:

PTS(Q;, BE; — E;) = F;Q; (BE; — E;)1{BE; — E; > S,;BE;}
+(1 - F;Q;) (BE; — Ej)1{BE; — E; < -S;BE;}. (18)

For simplicity, let T; € {0,1} indicate whether the ACO j has a two-sided contract, and define the ACO

contract with paramters F; and T} as

Shared Savings

P; (Q;,BE; — E;; F;,T;) = F;Q; (BE; — E;)1 {BEj - FE; > ﬁjBEj}

+T; (1 F;Q;) (BE; — E;)1{BE; — E; < —8,BE;}. (19)

Shared Losses

I assume an ACO’s quality score (); measures the average health of beneficiaries assigned to the ACO.

Specifically, ACO j’s quality score @); is given by

Qi=Q[n;' > h(ta—ea)+§ (20)
acA;
where @ : R — (0, 1) is a strictly increasing function, and &; € R represents ACO-specific factors determining
quality scores through determinants other than expenditure-determined health, h (€, — e,). I assume &; is
observed by providers, and is hence endogenous. In Section 4, {; is treated as ACO heterogeneity that is
unobserved by the econometrician.

The discontinuity of ACO payment contracts at expenditures E; = (1 — §j) BEjand E; = (1 + §j) BE;
presents a challenge for determining provider expenditures. In the extreme case, the payoffs of providers
in a two-sided ACO (T; = 1) may have three local-maxima (one at each region E; € (0,(1—S;) BE;],
E; € ((1 — ﬁj) BE;, (1 —|—§j) BEj), and F; € [(1 +§j) BEj,oo)), and so Nash equilibrium expenditures
may not be unique. To achieve a unique optimal expenditures, I again follow Gaynor et al. (2004) and
Frandsen & Rebitzer (2015) and assume that providers are uncertain about the cost savings generated by
the ACO. A sufficient level of uncertainty effectively smooths the shared savings contracts, and results in
provider objectives that are strictly concave, hence yielding a single optimum of the provider’s maximization
problem. Uncertainty is also important for model fit—it is ultimately a behavioral assumption regarding
the extent to which ACO providers are aware that ACO expenditure is near the threshold to earn shared
savings or avoid shared losses.'* Finally, the MSSP was designed with provider uncertainty in mind: the
minimum beneficiary threshold of 5000 was implemented so that providers were ultimately subject to lower

per-beneficiary uncertainty from idiosyncratic beneficiary health shocks.

Mgpecifically, a model without uncertainty generates ACO expenditure predictions that are more frequently just below
(1 fﬁj) BE; and just below (1 +§j) BE;. A model with uncertainty more often predicts expenditures that barely miss
earning shared savings or avoiding shared losses, which happens to be the case in the data from the MSSP.
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To formalize the uncertainty faced by ACO providers, I assume that providers view the benchmark
expenditure of ACO j, BEj;, as a random variable that is correlated with the the ideal expenditures of

assigned beneficiaries. Specifically, I assume

BE; =Y éa+na (21)
a€A;

where 7, € R are independent and identically distributed across beneficiaries in the same ACO. Specifically,
E[nala € Aj] = B; and Var (1,) = 0. The random variable 7, can be thought of as the bias or leniency
of benchmark expenditure for assigned beneficiary a. For example, a beneficiary that has larger health
needs than what is accounted for by the benchmark expenditure BE; would have a negative n,. Given the
large number of beneficiaries assigned to ACOs, I appeal to the central limit theorem, and conclude that
BE; ~ N (E‘j +n;py, anQ) from the perspective of ACO providers.

The objective of provider ¢ € Z, for a € A; is

max Ti(€ia) + ih (€4 — €q) +wiE [P (Q;, BE; — Ej;; F;,T5)] . (22)
The provider maximizes their usual payoff, plus the expected value of incentive pay from the performance
of ACO j. The expected value is taken over the distribution of BLE);.

The parameter w;; € [0, 1] is ¢’s share of ACO j’s earnings. This parameter is particularly important, as
it ultimately determines the responsiveness of provider ¢’s expenditure choice on a to the incentives offered
by the MSSP. I allow w;; = 0 for any provider ¢ € Z, but ¢ € Z;, as in this case the provider is on the care
team of a beneficiary assigned to ACO j but does not benefit from the performance of ACO j. This means

that > ;.7 wij < Ziezj wjj, where equality holds only if Z, C Z;. Furthermore, I allow ) w;j <1, such

i€,
that not all shared savings is necessarily allocated to providers—this is the case if the ACO keeps a portion
of incentive pay for operating expenses.

Parameterization of the allocation of incentive pay among ACO providers accounts for unobserved con-
tracts between ACOs and ACO participants (known as “ACO Participant Agreements”), which are generally
not publicly available.!> This approach is more general than that of Gaynor et al. (2004), who assume that

HMO group incentive pay is allocated among the group according to physician patient shares, and Frandsen

& Rebitzer (2015), who assume providers are identical and split incentive pay evenly.

15See https://go.cms.gov/2HiHgus for more detail.
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By integrating over the distribution of BE;, we get

E[P; (Qj, BE; — Ej; Fy, Tj)]

Ew+(Ej;EJ +n; B 7§j7\/”7j‘7)

- 7 ~ E,
i Ej +n;6; — 5 EBit+mibi — =5
= F;Q; | (Ej +n,B8; — E;) ® N | Ve NiC1y |
E; > E )
x5, — Ei —nib; s, Bl

+T; (1= FQ)) | (Ej +n;B; — Ej) ® +/njod (23)

A /nja

=0~ (E;;E;4n;6;,5,,/m50)

A /njo

where ® and ¢ are the standard normal cumulative and probability density functions. I use the shorthand
Ut (Ej; E; + ;85,95 ;o) = \Ilj+7 and likewise W' (E;; E; + 7B, S5,y /njo) = z/J;.r, for the first term in
square brackets and its derivative. The terms W and ¢; are similarly defined for the second term in square
brackets. 6

The first order condition for provider ¢ € Z, with a € A; is

Vi — €jq + @Yi (€q — €q)

b {5 [ 6 — ) Q) (B ~T0;) +.Q5 (0] = T30;)] + 505 ) =0, (28)

where Q) = Q' (nj—l zaeA]- h(éq —eq) + fj). Assuming that Equation 28 holds for all ¢ € Z, and taking

the sum of their first order conditions, I obtain the aggregated condition for equilibrium expenditure
S et (z 7) oo c)
€T, €T,

i (z wz-m) (P [ (60 — ) @) (W5 = T07) + Q; (67 ~Tyw)] + Ty} = 0. (29)

€L,

16To be clear, let Z;.r = (Ej +n;p; — 1;Eiéj)/‘/nja and Z; = (% — Ej — n]ﬂj)/./njo. Then,

Ut (Ej; By +n;B5, S, ynjo) = (Ej +ny8; — B;) @ (2]) + ymjoo (2)) = v (24)
’ I E;S,
U (Bj By +n;85,8;, yijo) = -0 (2]) - m¢ (z)) =vf (25)
U™ (Bj; By 405, 8,,v/mjo) = (Bj +n58; — B;) @ (27) + o (2 ) =5 (26)
., . B E;i(2+4S,)—2(E;+n;8;) (1+5. N
U (Bji By +n585, 8, /ago) = —@ (27) - — ( J)\/@g(@:s:);) ( J)‘f’(zj )=y (27)
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Finally Equation 29 can be solved for e} to yield the following implicit form for equilibrium expenditure:

o Sip ot (S i B (8 - T)
©o1+ Yiez, i t+ (Ziel'a wijVi) nleng- (\I/;r - TJ\I];)

iz, Vi + (Ciez, wisvi) (FjQﬂ/);_ +T; (1 - F;Q5) %_)
L+ ez, i + (Zieza wijYi) n;leQ;— (\Ilj - Tj\p;) .

a

+ (30)

This is implicit because each of @, \I/j, and ¥, and their respective derivatives are functions of e} through
EJ = ZaGAj 6:.
Equation 30 is the extension of Equation 12 that accounts for the incentives of the MSSP. First, recall

from Equation 12,

o — ZieIa (70 L ZieIa Vi
Ul e @i L Y, i

(31)

where aggregate altruism term Ziel’a a;7y; disciplines provider expenditures relative to ideal expenditure,
and ZieIa v; is the total-profit maximizing expenditure of Z,. The MSSP effects expenditure in two ways.
First, like the altruism term ZieIa ;7;, the effect of ACO quality scores is represented by the term

i€,

This term represents the expected marginal payment to providers on a care team for obtaining expenditure

er closer to é,. This term is strictly positive, since Q;- > 0 by assumption, \Ilj > 0, and \Ilj —-vo >0
Second, analogous to the term ZieIa v;, the effect of decreasing expenditure relative to the benchmark

is to increase the available incentive pay. This is represented by the term

(Z wiﬂi) (FiQiv7 +T; (1 = F;Qy) vy ) (33)
1€,

which represents the marginal increase in expected incentive pay to the care team of the representative
beneficiary from an increase in €. This term is negative, because increasing expenditure always decreases
the expected amount of incentive pay earned and increases expected payment of shared losses.

When does expenditure on a equal ideal expenditure? Similar to the case without incentive pay, we have
éa = 6: s éa = Z Yi + (Z wij%) (F]QJ’L/);'_ + Tj (1 — FJQ])wJ_) . (34)
i€ i€

Thus, the “optimal” ACO contract that implements ideal expenditure is one that corrects a’s care team’s
profit maximizing expenditure (given by the first term Zieza ~;) by an amount that exactly offsets its over-

expenditure with the contract parameters F; and T);. This optimal contract is neither unique nor guaranteed
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to exist for F; € [0,1]. For example, given e} > €, in the absence of incentive pay, the value of F} that
implements e} = &, is different for 7; = 0 and 7; = 1. Furthermore, for e} > é,, F; > 1 is nessecary to
implement ideal expenditure. On the other hand, if e < é&,, then there is no value of F}; and T} that can
implement e = é,, because the adjustment imposed by the MSSP contract is always negative (decreases e).
For these reasons, counterfactual simulations of this model will focus on find the value of F}; that maximizes

(per-beneficiary) program savings for a given T € {0,1} across all ACOs.

4 Identification and Estimation

In this section, I walk through the identification and estimation of all model parameters. Above, I showed
that the expenditure on a € A; is function of the aggregated parameters of the payoff functions of providers

on the care teams of a, Z,. Accordingly, I estimate the parameters o and w, defined

o= Z i (35)

1€1,

> D Wi (36)

aE.Aj 1€ZL,

€
It

which are, respectively, the average level of altruism and the average responsiveness to incentive pay of the

average ACO-assigned beneficiary’s care team. I also estimate -y;, defined

Vi = Z Vi s (37)
ieZ,
which is the aggregate profit maximizing expenditure for the care team of the average beneficiary in ACO j.
I also estimate 3; and o, which are the expected value and standard deviation of per-beneficiary benchmark
bias.
As described in Section 3, the parameters o and w represent the degree of altruism and the responsiveness

to incentive pay of Medicare providers. These can be rewritten

a=N- (MQM'Y + Ua"/) (38)

w=N- (Mw,u'y + o'w'y) ) (39)

where N is the team size, or number of providers, on the average beneficiary’s care team. The terms p,,
y, and p,, are the means of a;, ; and w;; of providers on the care team, and o4~ and o, the covariances
of v; with o; and w;;. Thus, larger values of a and w may correspond to larger team size, higher levels of
profit maximizing expenditure, higher levels of altruism, or higher levels of membership of providers on a
care team of a beneficiary to the ACO that the beneficiary is assigned to. Interestingly, the efficiency of

contracts between ACO participants and ACOs used to distribute shared savings is also captured by w; this
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is through the term oy,. If 7; and w;; have a larger covariance, then this means provider ¢ provides more care
to a beneficiary and that that that provider also earns a larger proportion of shared savings. This ultimately
brings expenditure closer to ideal expenditure and closer to the provider surplus maximizing expenditure.

To estimate model primitives, I use an unbalanced panel of ACO-level data on all ACOs from 2014 to
2018. Track 1 ACOs that have a sharing rate of I; = 0.5 and are one-sided with 7T} = 0 form the bulk of the
sample; Track 1+, Track 2, and Track 3 ACOs are two-sided with T; = 1, and have varying sharing rates of
F; = 0.5, F; = 0.6, and F; = 0.75, respectively. Later in this section, I explain how I leverage the variation
in ACO contracts to identify model parameters.

I estimate this model in two stages. First, I estimate per-beneficiary expected benchmark bias 3; and
standard deviation o by using the quality score data of ACOs. This yields estimates of these parameters,
Bj and &, as well as an estimate of ideal per-beneficiary expenditure, éj. Second, I estimate the parameters
a, w, and 7; with the aggregated first order conditions for the representative ACO beneficiary, analogous to
Equation 29. Both stages of estimation require accounting for unobserved ACO heterogeneity that is likely
correlated with per-beneficiary expenditure; in the first stage, I use ACO fixed-effects for identification,
and in the second stage, I instrument for per-beneficiary expenditure. At this point, I append the index

t € {2014, 2015, 2016,2017,2018} to variables that vary by year.

4.1 Identification and Estimation of Uncertainty Parameters

The first step to estimating this model is to estimate parameters of the distribution of BE};. Previously, I
showed that the benchmark expenditure of ACO j, from the perspective of a provider in ACO j, is a normally
distributed random variable: BE;; ~ N (njt Bijt, njta2), where §;; and o are the mean and standard deviation
of the uncertain component of per-beneficiary benchmark expenditure.

First, assuming the representative beneficiary in ACO j has equilibrium expenditure €5, = Ej /M,

Equation 20 implies ACO j’s quality score in year t is
Qjt =Q (h (& — e;t) +&5¢) (40)

where €;; is j’s representative beneficiary ideal expenditure in year ¢, €}, is expenditure on j’s representative

exp(-)
14+exp(+)

for the relationship between quality score and beneficiary health. This sigmoidal form fits observed quality

beneficiary, and &;; represents other determinants of quality score. I specify the logistic curve Q(-) =

score data, which ranges from 0 to 1, exclusive. Q(-) has the closed-form derivative

Q;t = th (1 - th) ) (41)

which imposes diminishing returns to quality score for high levels of beneficiary health. This assumption is

important for model fit, where quality score varies more for a given ACO at Q;; values closer to 0.5.
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Inverting Q(-), I obtain the expression

1-0Q; 1
—log ( Qsﬁ) =-3 (éjt — e;‘»lt)2 +&e (42)

Note that per-beneficiary benchmark expenditure, bej; = BEj;/nj; can be written

bejs = €51 + 5jt + Nt (43)
where 7;; ~ N (0, T‘l’—i) is the idiosyncratic variation in benchmark expenditure that is uncorrelated with
ACO characteristics. This means

1-Q; 1 2
— log S 7 L (bejt — ﬂjt — Nt — ejt) + gjt . (44)
Qjt 2

Expanding the quadratic term and taking the expected value over 7;;, I obtain

1-— Q it 1 % \2 0'2
]E |:— log <Czjtj>:| = —5 (bejt — ﬁjt - ejt) - th + fjt, (45)
which follows from [E [77]2‘:5] = Var (n;¢).
Next, I assume that &;; can be decomposed into an endogenous time-invariant component Zj that is
observed by the ACO, and an idiosyncratic component éjt that is not observed and hence operates like

classical measurement error. Then,

1—Qj 1 2 o? - .
—log | —2 | = —= (bejy — Bjr — eF,) " — — < it 46
g ( th ) 9 ( jt ﬁjt jt) 2njt +€] +£]t ( )
where the expectation operator is removed by absorbing mean-zero uncertainty into éjt.

Finally, I make the following two assumptions to identify B;; and o2 and estimate this equation with

nonlinear least squares (NLS) with ACO-level fixed-effects.

Assumption 4.1. Conditional on Ej, the time-varying unobserved quality score determinant fjt is mean-

independent, of bejq, 81, €5;, and nj;, such that E [éthj, beji, Bjt, €5, m50] = E [@t@] = 0.

Assumption 4.2. The expected value of per-beneficiary benchmark expenditure bias, 5, is strictly posi-

tive.

The first assumption provides moment conditions that are used to identify 3;; and o. Specifically, this
assumption states that variation in ideal expenditure and actual expenditure within ACO, as well as variation
in the number of assigned beneficiaries within ACO, is uncorrelated with other time-varying factors that
influence quality score @;;. Thus, o is identified from variation in quality score within the same ACO across
years that is correlated with the inverse of the number of beneficiaries assigned to the ACO and not accounted

for by variation in benchmark expenditure relative to realized expenditure. In other words, because o2 /2n;
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is inversely related to quality score in Equation 46, the variation in quality score that is not explained by
expenditure relative to ideal expenditure is larger in smaller ACOs with fewer assigned beneficiaries.

The second assumption is necessary to identify 3;; in a quadratic function. For fixed values of @, bejq,
€y Mt E]—, and éjt, there are two possible values of 3;; that satisfy Equation 46: one positive, and one
negative. Thus, the assumption that 5;; > 0 is required to resolve the indeterminacy and identify the model.

I emphasize that Assumption 4.2 is neither unrealistic nor particularly strong. First, as discussed in
Section 2, assignment of the benchmark expenditures of the MSSP follows a procedure that takes several
steps to avoid under-assignment. Specifically, an ACO’s benchmark expenditure is determined by the history
of Medicare expenditure on assigned beneficiaries in the three years prior to the current agreement period;
these are referred to as “historical benchmarks” For ACOs in their first agreement period (which are
1592 out of 2180 observations in the estimation sample), historical benchmarks are therefore computed
from expenditures determined outside of the MSSP. ACOs in their second agreement period have historical
benchmarks based on expenditure during their first agreement period, but these historical benchmarks are
adjusted by geographical region to not disproportionately disadvantage an ACO that decreased spending
their their first agreement period. Furthermore, historical benchmarks are risk-adjusted and trended to
account for national growth in Medicare expenditure.

Second, given be;js = €;¢ + [+ + njt, it is possible under Assumption 4.2 that realized per-beneficiary
benchmark expenditure is less than ideal expenditure; rather, this assumption regards the expected bias. It
is unlikely that Medicare providers would join an ACO with an expectation that the benchmark expenditure
assignment would be less than the ideal expenditure for their patients. For estimation, I parameterize
Bjt = exp (ﬁxﬁ), where x]% is a vector including a constant and variables describing the of characteristics

of the beneficiaries assigned to ACO j, and B is a parameter vector.
4.2 Identification and Estimation of Provider Payoff Parameters
To estimate provider payoffs, I begin by computing the fitted values of Bjt = exp (ﬁ/xﬁ), 4, and éjt from
the first stage of estimation. I use these to compute
\if;’; =yt (Ejt; Ejt + nthjtaﬁjt7 njta') (47)

+

as well as i’;, zﬁjt, and ﬁj_t Then, I use these values in the aggregated first order condition for expenditure

on the representative beneficiary of ACO j (analogous to Equation 29)

o = e + o (&je — €5)

o {FuQu [yt (& = ) (1= Quo) (¥ = T07 ) +0f =Ty | + Ty b, (48)
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where Q;t = Qjt+ (1 —Qj:). Because fitted variables from the previous stage of estimation are used to
estimate this stage of the model, I account for error propagation by bootstrapping for standard errors.

The strategy to estimate this model is to treat vy;;, a parameter measuring the profit-maximizing level
of expenditure for providers on the care team of the representative beneficiary in an ACO, as endogenous
variation in expenditure on the representative beneficiary. Moreover, v;; represents variation in expenditure
that is not explained by a provider’s altruistic preferences or by incentive pay through the MSSP, which
are accounted for by the second and third additive terms in the regression. Thus, we can interpret the
parameter « as the effect of a beneficiaries health state on expenditure, and w as the effect of incentive pay
on expenditure.

Clearly, estimation of this equation with ordinary least squares will lead to biased parameter estimates.
The outcome variable €], is present on both sides of the equation, and thus any term on the right hand side
that is a function of e, is by definition correlated with unexplained variation in ;¢. Thus, the standard
OLS moment conditions will lead to biased estimates. Moreover, because I use the fitted values of several
variables, non-classical measurement error threatens to attenuate the coefficients estimates.

I instruments to obtain consistent estimates of o and w in this linear regression. Valid instruments

in this setting are correlated with representative beneficiary expenditure ej;, but must be uncorrelated
with endogenous variation in +y;; that determines profit-maximizing expenditure of Medicare beneficiaries.
Therefore, I can use exogenous variation in incentive pay offered by the MSSP as instruments for the
endogenous terms.

First, I specify vj: = v'x§; + ¢, where x5, is a vector of ACO-specific characteristics describing both

provider and beneficiary characteristics. Next, I make the following assumption.

Assumption 4.3. Given xj;, J;: is mean-independent of Bjt, Fji, and T}, and [E ["yjt|x§t,ﬁjt,th,Tjt} =

E [;¢l25,] = 0.

In other words, I assume that conditional on the observed characteristics of ACO j, the expected bench-
mark bias Bjt and MSSP contract parameters Fj; and T} are uncorrelated with variation in ;. While F};
and T} are chosen by the ACO, I assume conditioning on ACO characteristics and incentive pay offered by
the ACO (the second additive term in Equation 48) is enough to eliminate selection bias. Moreover, the
latent efficiency of ACO operation, which is the most likely avenue for selection of ACOs by Fj; and T}y, is
parameterized by w through the covariance o,,,. Thus, this kind of endogeneity of F};; and T}; does not bias
w, but rather is a component of its magnitude.

Thus, I estimate Equation 48 with two-stage least squares (2SLS) using th Fj¢, and T)j; as instruments,

and x5, as controls. The first-stage relevance of these instruments is due to the MSSP itself: higher values
of each of these instruments increase the marginal payoff to providers for having e}, close to €;;, and thus

identify o and w through variation that is independent of ;.
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4.3 Accounting for Voluntary Participation in the MSSP

The final empirical analysis I perform accounts for voluntary participation in the MSSP when simulating
counterfactual contracts that may incentivize ACO exit through low or negative incentive pay. I assume
a simple non-strategic exit model, where ACO j exits the MSSP after year ¢ depending on the amount of
shared savings earned by the ACO and other observed components. Specifically, the probability that ACO

7 exits the MSSP after performance year ¢ is

! Exit
Pr {E.’l?’bt t‘Pt() XEacit _ 1} - exp (5OPJt () + 61th )
J J ’ -

gt ~ 1+4exp (60Pje () + 5/1XJEf“) ’

(49)

where Exit;; indicates the exit of ACO j after performance year t, Pji(-) = Pj (Qjt, BEj: — Eji; Fjt, T)t)
is the observed shared savings (or shared losses) earned by ACO j in year ¢, and xﬁ”t is a vector of ACO

characteristics. I estimate the parameters g and 4; with maximum likelihood.

5 Estimation Results and Model Fit

Table 2 shows the estimates for all parameters of the model. In order to generate the statistics presented,
I first estimate Equation 46 with NLS, Equation 48 with 2SLS, and Equation 49 with maximum likelihood
with the full estimation sample. Next, the same estimation is performed 1406 times with a re-sampled
dataset that has the same number of observations as the original estimation sample.!” Standard errors and
95% confidence intervals are generated from the empirical standard deviations and quantiles of the recorded
estimates.

Control variables in x?t include a constant term, the proportion of assigned beneficiaries in ACO j that
are under 65 years old, the proportion of assigned beneficiaries in ACO j that are over 85 years old, the
proportion of assigned beneficiaries in ACO j that are male, and the proportion of assigned beneficiaries
in ACO j with a Medicare-reported race other than “white.” These estimates indicate the benchmark bias
is slightly increasing in the share of young and old beneficiaries assigned the ACO, but these estimates are
imprecise. Bias is increasing in the share of nonwhite beneficiaries. The benchmark bias sharply decreases
in the share of male beneficiaries. The average value of Bjt across all ACOs is $417.55, meaning, benchmark
expenditure exceeds ideal representative beneficiary expenditure by just over $400 per beneficiary.

The estimate of o is quite large at nearly $50,000 per beneficiary. There are several factors that justify
this high estimate. First, average expenditure per beneficiary in the estimation sample is $10,776; however,
among beneficiaries enrolled in Medicare through a diagnosis of end-stage renal disease (ESRD), average
per beneficiary expenditure is $80,218. The high estimate of o is likely caused in large part by the dis-

proportionate uncertainty from ESRD patients. Second, note that o is the uncertainty in per-beneficiary

171 estimate the model 1500 times, and the NLS estimation fails to converge 94 times, yielding 1406 estimations from which
to compute standard errors and confidence intervals. The failure of NLS convergence is likely due to the sensitivity of numerical
optimization to initial conditions.
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Table 2: Parameter Estimates and Confidence Intervals

Estimates from variation in Q¢

Parameter

Estimate (S.E.)

95% CI

o (in $ thousands)

49.616 (10.815)

[12.638,54.872]

Constant

Proportion of assigned beneficiaries:
B  Proportion of assigned beneficiaries:

Proportion of assigned beneficiaries:

Proportion of assigned beneficiaries:

under 65
over 85
male

nonwhite

6.360 (2.714)
0.901 (1.749)
2.282 (4.607)
-18.751 (7.401)
1.316 (0.395)

[1.845, 12.926]
[-3.689, 3.242]
[-11.256, 7.973]
[-37.399, -7.402]
[0.663, 2.190]

Notes: N = 2180. Includes ACO fixed-effects. Standard errors (in parentheses) and 95%
confidence intervals are computed by bootstrapping with 1406 replications.

Estimates from variation in ej;

Parameter Estimate (S.E.)  95% CI

a 9.751 (1.581) [7.731, 13.782]

w 11.631 (3.331) [6.143, 19.108]
log(ACO providers per assigned beneficiary) 0.727 (0.202) [0.404, 1.216]
Proportion of assigned beneficiaries: under 65 -30.580 (27.685)  [-87.842, 22.003]
Proportion of assigned beneficiaries: over 85 48.276 (19.565) [-2.542, 79.842]
Proportion of assigned beneficiaries: male -54.392 (16.716)  [-83.169, -17.762]

7Y  Proportion of assigned beneficiaries: nonwhite 6.690 (2.568) [1.000, 10.990]

Proportion of assigned beneficiaries: Aged, Non-Dual 34.086 (8.083) [16.895, 48.607]
Proportion of assigned beneficiaries: Aged, Dual 34.513 (8.113) [17.117, 49.298]
Proportion of assigned beneficiaries: Disabled 67.433 (28.083) [11.980, 122.118]
Proportion of assigned beneficiaries: ESRD 135.072 (54.431)  [30.239, 243.730]

Notes: N = 2180. Standard errors (in parentheses) and 95% confidence intervals are computed
by bootstrapping with 1406 replications. First-stage F-statistics are a:: 63.3; w: 129.0. Sargan
J test of over-identifying restrictions: p = 0.51.

Estimates from variation in Exit;,

Parameter Estimate (S.E) 95% CI
do -0.155 (0.048) [-0.259, -0.079]
Intercept 1.816 (1.124) [-0.393, 4.051]
1{ACO age is equal to 3} 1.290 (0.151) [0.995, 1.587]
5, 1{ACO age is equal to 6} 1.168 (0.320) [0.474, 1.734]
log(n;) -0.530 (0.117)  [-0.763, -0.312]
log(ACO providers per assigned beneficiary) -0.223 (0.079) [-0.364, -0.064]

Notes: N = 2180. Standard errors (in parentheses) and 95% confidence intervals are computed

by bootstrapping with 1406 replications.
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benchmark expenditure perceived by providers in ACO j. Thus, o also captures uncertainty regarding ben-
eficiary assignment to ACOs, as well as (unmodeled) uncertainty regarding the expenditure choices of other
providers. Finally, though o is large, the overall variance of BE; remains reasonable: the average of |/mjo is
$6.084 million, meaning the total uncertainty in BE; is, on average, 4.37%. The benefit of a large estimate
of o is that there is no question as to whether provider payoffs are sufficiently smooth to obtain a unique
equilibrium.

The control variables in x5, include all but the constant in xﬁ, plus the share of assigned beneficiaries
by enrollment type. The shares of patient enrollment type sum to one, so a constant is not estimated in this

%3 this is to control for the effect

model. T also include the log number of ACO providers per beneficiary in x
of team size, which increases ;.

The principal parameters of the model, o and w, are identified with considerable precision. The first-
stage F'-statistics for the 2SLS estimation far-exceed the threshold to establish relevance (e.g. the well known
threshold of Stock, Wright, & Yogo (2002) is F' > 10).

Finally, control variables used in ijtz” included to explain variation in ACO exit that is driven by factors
other than incentive pay. Indicators for ACO age being equal to 3 or 6 are included because these are the
last years of the three year agreement periods of ACOs in the MSSP. The parameter dp translates (at the
mean of Pj;(-)) to approximately a 0.02 decrease in the probability of exit for each additional $1 million

earned in incentive pay.

5.1 Model Fit

I address model fit by simulating various measures of ACO performance and MSSP program savings in the
data.'® Table 3 shows the means of observed and predicted expenditure per beneficiary (in $ thousand) and
ACO quality score, where simulations are denoted with a *. The first row displays the means of observed
variables next to simulated variables in the full sample of 2180 observations. The second and third rows
show observed versus simulated means in the sub-samples with only one-sided (Tj; = 0) ACOs and only
two-sided (Tj; = 1) ACOs. Finally, the fourth, fifth, and sixth rows shows model fit by the type of two-sided
contract, where the sharing rate Fj; is 0.5 for Track 14, 0.6 for Track 2, and 0.75 for Track 3 ACOs.

Clearly, the simulations of ACO performance variables are extremely close to observed values. Simulated
per beneficiary expenditure, even among the small sub-samples of two-sided contracts, matches observed
per beneficiary expenditure up to the dollar. Quality scores are also nearly equal between observed and
simulated means.

Next, Table 4 displays model fit for variables related to ACO payment and exit: Pj(-) is the earned
shared savings (or losses) of an ACO (in $ million), Qual;'t =1{BE;; — Ej; > ﬁthEjt} indicates whether
the ACO achieved savings low enough to qualify for incentive pay, Qual;; =1 {BEjt - FEj; <=8 thEjt}
indicates whether the ACO expenditure was high enough to pay a penalty, and Ewit;; indicates whether

18The process of simulating counterfactual equilibrium ACO performance values is described in detail in Section 6.
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Table 3: Model Fit: ACO Expenditure and Quality Score

Sample N ¢}, & Ep—eh E—e, Qu  Qu
Full 2180 10.776 10.776  -0.274  -0.274  0.826  0.829

One-sided 2018 10.749 10.749  -0.287 -0.287  0.825  0.827
Two-sided 162 11.114 11.113  -0.113 -0.112 0.849  0.850

Track 14 92 11.283 11.282  -0.111 -0.111  0.852  0.852
Track 2 25 10.718  10.719 0.088 0.087 0.848  0.845
Track 3 85 11.127 11.126  -0.172 -0.172  0.847 0.851

Notes: This table compares various measures of ACO performance calcu-
lated in data and in simulations (denoted with *). e, is expenditure per
beneficiary (in § thousand); éjt — e, is the difference between ideal and ac-
tual expenditure per beneficiary (in $ thousand); Q;; is ACO quality score.

Table 4: Model Fit: ACO Payment and Exit

Sample N Pu() I:’j () Qual; Qﬁal; Qual, Q&al;t Exitj, E%itjt

Full 2180 1.478 1.514  0.328 0.328 0.187 0.187 0.122 0.122

One-sided 2018 1.394 1.432  0.306 0.307 0.189 0.189 0.119 0.120
Two-sided 162  2.527 2.529  0.599 0.593 0.160 0.167 0.154 0.154

Track 1+ 52 1.802 1.839 0.635 0.635 0.077 0.077 0.096 0.197
Track 2 25 2.704 2.670  0.720 0.720 0.120 0.120 0.240 0.170
Track 3 85 2919 2910 0.541 0.529 0.224 0.235 0.165 0.124

Notes: This table compares various measures of ACO performance calculated in data and
in simulations (denoted with %). Pj.(-) is shared savings earned by the ACO (in $ million);
Qualﬁ =1 {BEjt — Ejt 2 ﬁthEjt}; Qual;t =1 {BEjt — Ejt S —ﬁthEjt}; Em'tjt indi-
cates ACO exit.

ACO j exited the MSSP after performance year t.19 Again, simulated means are close to observed means:
average ACO earned incentive pay has an error of about 2.4% of mean pay. The proportions of ACOs that
qualify for incentive pay and qualify for paying penalties are matched to the hundredths place, with the
exception of Track 3 ACOs, which is off by 0.12. Observed exit proportions are also match closely in the full
sample and the sub-samples by one-sided and two-sided contracts; however, among two-sided contracts, the
model over-predicts exits among Track 1+ ACOs and under predicts for Track 2 and Track 3. This error
is likely due to all Track 1+ ACOs in the estimation sample being in their first performance year, as this
contract only became available in 2018.

Next, Table 5 shows model fit for variables regarded ACO savings and total program savings. The

19Note that Qualj_t is presented for the one-sided sub-sample as well as the two-sided sub-sample; only the two-sided ACOs
actually pay shared losses if expenditure exceeds the MLR.
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Table 5: Model Fit: Program Savings of the MSSP
Sample N  SPB; SPB; TS, TS, PSB; PSB;, TPS TPS

Full 2180 0.144 0.144 1942 2.008 0.039 0.040 1011 1078

One-sided 2018  0.130 0.130 1.747 1.818 0.031 0.033 7124 7774
Two-sided 162 0.312 0.312 4372 4.384 0.135 0.136  298.9 300.6

Track 1+ 52 0.265 0.265 4.268 4.319 0.151 0.151  128.2 128.9
Track 2 25 0.561 0.560 5.482 5.466 0.279 0.281  69.45 69.89
Track 3 85 0.267 0.268 4.110 4.106 0.084 0.084 101.2 101.7

Notes: This table compares various measures of ACO performance calculated in data and in
simulations (denoted with *). SPBj; = bej;, — e}, is savings per beneficiary (in $ thousand);
TSj: = BEj; — Ej; is ACO savings (in $ million). PSBj; average program savings per
beneficiary (in $ thousands); T'PS is total program savings (in $ million) (see Section 6 for
definitions).

variable SPBj; = bej; — €, is the savings per beneficiary of ACO j (in $ thousand); T'Sj; = BEj; — Ej; is
the total savings of an ACO (in $ million). Savings per beneficiary is matched to the dollar. For ACO total
savings, T'Sj;, simulation error is slightly larger, where in the full sample the average observed ACO savings

is $1.942 million, while the simulated average is $2.008 million (a difference of $66,000 per ACO or 3.4%).

*
gt

This error is due to aggregation: simulations are calculated for the variables e¥,, so error in simulation is
magnified when computing E;; by multiplying by the number of beneficiaries n ;.

The term PSBj; is the per-beneficiary program savings of an ACO (in $ thousands), and T'PS is the
total programs savings across all ACOs in the sample (in $ millions). These variables are computed by
subtracting ACO payment from ACO total savings, and represent the monetary savings of the incentive
program. Note that subtracting ACO payment from ACO total savings may result in a larger value if
the ACO is two-sided and pays a penalty. The total savings variables, along with their quality and exit
probability weighted analogs, are the counterfactual simulations of interest presented in Section 6, where
they are defined formally and discussed in more detail. For now, they can be interpreted as a representation
of Medicare’s preferences.

The error of average per beneficiary program savings is less than $10 for all sub-samples. Simulated total
program savings is also quite close to the observed value; despite the propagation of error from expenditure
per beneficiary to total ACO expenditure, and additional propagation when totalling program savings at the
ACO level across ACOs, observed total pogram savings in the full sample is $1.011 billion, while simulated
total program savings in the full sample is $1.078 billion: this is a difference of $67 million, or 6% of observed
total program savings. Among the sub-samples, error for total program savings is much smaller due to the

smaller sample sizes over which program savings is aggregated.

Finally, because the relationship between ACO expenditures and quality scores is at the heart of the
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theoretical and empirical questions of this paper, Table 6 shows the covariance and correlation matrices

of observed and simulated expenditure per beneficiary and quality scores. In both matrices, cells that

Table 6: Model Fit: Covariation in Expenditure and Quality Score

Covariance Matrix

e;t Data e;‘ft Simulated ;’ft Data Q;’ft Simulated
ej, Data 4.840
e;, Simulated 4.842 4.845
7+ Data -0.058 -0.058 0.008
Q7 Simulated -0.068 -0.069 0.006 0.007

Correlation Matrix

ej; Data e, Simulated (@7, Data 7 Simulated
ej; Data 1.000
e;; Simulated 0.999 1.000
Q; Data -0.296 -0.294 1.000
Q; Simulated -0.379 -0.380 0.819 1.000

Note: This table compares various relationships of observed and predicted ACO
per beneficiary expenditures e, and quality scores Q7,. Model fit is indicated by
numbers in same-colored cells sharing similar values. Bold numbers are Pearson
correlation coefficients of observed and simulated variables.

contain comparable pairs of data and simulated values are shaded the same color. The covariance of €7, (in $
thousands) in the data is 4.840 and in simulations it is 4.854—taking square roots, these values correspond to
a standard deviation of expenditure per beneficiary across ACOs of $2,200 thousand and $2,201, respectively.
Similarly, the values in the covariance matrix indicate the standard deviation of )} is 0.089 in the estimation
sample and 0.084 in the simulation. Comparing the green and yellow boxes in the covariance and correlation
matrices shows how well the model simulations can match the relationship of ACO expenditures and quality
scores in the data. The bold numbers in the correlation matrix are simply the Pearson correlation coefficients

of observed and simulated values.

5.2 Estimates of the Cost-Quality Tradeoff

To address the principal question of this study, I display histograms of ideal per beneficiary expenditure
(in $ thousand) éjt and actual per beneficiary expenditure ej, in Figure 1, and their difference éjt —ej, in
Figure 2. The average difference between ideal and actual expenditure is -$274 per beneficiary, meaning
the average ACO, even including the incentives of the MSSP, does not face a cost-quality tradeoff, and can

decrease expenditure without decreasing beneficiary health. In the sample, 27.2% of observations have ideal
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Figure 1: Histograms of Ideal and Actual per Beneficiary Expenditure

Note: This figure plots overlapping histograms of ideal expenditure éjt and actual expenditure e;ft. The distribution of ideal
expenditure is shifted slightly to the left of actual expenditure.
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Figure 2: Histogram of the Cost-Quality Tradeoff
Note: This figure plots a histogram of of ideal expenditure minus actual expenditure éjt — e;‘t. Positive values indicate a
cost-quality tradeoff. On average, ideal expenditure is $274 less than actual expenditure; health is increasing in expenditure
and a cost-quality tradeoff is present for 27.2% of observations in the estimation sample.
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expenditures larger than actual expenditures. As indicated in Table 3, two-sided ACOs tend to have closer

ideal and actual expenditures, with the difference éjt — ej, about $170 per beneficiary closer to zero.

6 Counterfactual Simulations

In this section, I use the estimated model of ACO performance to evaluate counterfactual contracts between
ACOs and Medicare in the MSSP. The main goal of this section is to simulate ACO performance under
stronger savings incentives (a higher sharing rate and two-sided incentives) to see whether the cost-quality
tradeoff causes decreases in the quality of care. In other words, I address whether increasing the incentive pay
per dollar saved or imposing two-sided contracts that include penalties for over-expenditure drive expenditure
per beneficiary low enough to decrease the quality of care measured by ACO quality scores.

This section begins with a simulation of ACO performance under all possible sharing rates F' € [0, 1],
and with and without two-sided risk 7" € {0,1}. I simulate expenditure per beneficiary, é3, (F,7), ACO
quality score Q) (é;ft; F,T), as well as exit probability ¢ (é;ft; F.T) = Pr {Ewitjt = 1|ﬁjt(-; F, T),ijt”t}.
The first results I display are the mean of simulated values of each of these variables, as well as the mean of
it — €5, (F,T), where all ACOs have the same contract (F,T).

After showing simulated expenditures, quality scores, and exit probabilities, I define various objectives
as potential representations of Medicare’s preferences. The objectives include total program savings, a
calculation of monetary savings; quality-weighted program savings, which weights monetary savings by the
quality score of an ACO; exit-weighed savings, which weights program savings by the probability the ACO
remains in the MSSP; and finally quality-and-exit-weighted savings.

The results regarding two-sided incentives and quality of care are surprising: I find that penalties for
overspending actually increase quality of care; however, the difference is extremely small. This is because the
average ACO spends more than the ideal expenditure, so two-sided incentives uniformly bring ACOs closer
to ideal spending. The change is small because of the non-monotone health production function. Going
from one-sided to two-sided incentives makes ACOs go from overspending to underspending, but the health
production function and accordingly the ACO’s quality score yields the same value for symmetric amounts
of over and underspending.

Unsurprisingly, penalties for over spending increase program savings per beneficiary by about $200. This
in turn yields an increase in total program savings across all ACOs increases by nearly $5 billion; however,
most of this increase is due to penalty payment or the threat of penalties. By weighing program savings by
ACO exit probabilities, one-sided contracts without penalties offer higher expected program savings than
two-sided contracts.

The optimal contract parameters of this section are not very different from those found by Aswani et
al. (2019). In particular, the optimal sharing rate F' for one-sided contracts is in the range of 0.5 to 0.6 in

Aswani et al. (2019), and here it is around 0.6 to 0.8, depending on quality weighting. When weighing by
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the probability of ACO exit, however, optimal values of F' I find are much higher, near 0.9.

The counterfactual simulations follow the these steps.

1. Define the functions

2 2 52 3
exp (<4 (B =)’ = o +6,)
2 2 6 3
e (<4 (F—ep)” — g 46

i+ _ gyt . 3 5
‘I’jt (ejr) =0 (njtejta Ej + njtﬂjtvﬁjta N0

Qi (ej¢) =

(and likewise for \i/;t (eje), 77?1; (ejt), and 1[); (ejt))

exp (30Pjt (th (ejt) , BEj; — njiejs; F, T) + JIXE"L“)
@jt (ejt; F, T) =

1+ exp (30Pjt (th (ejt) , BE; — njiej; F, T) + 61XE“t)

2. Specify F € [0,1] and T € {0,1} for the simulation.
3. Set tolerance for fixed point iteration: I set tol =1 x 1076,

4. Guess an initial value of per beneficiary expenditure, e?t.

5. Compute
L aron FQu () [1 - Qu ()] (¥ () - T ()
o PR ) [~ G (0] (45 () T3 ()
e+ (FQue () 52 (50) + T [1L = FQue (5)] 451 ()
1 oni F Qo (¢9) [1= Qi ()| (1 (¢9) = 795, (¢2))

6. Compute Aj; = |ef, — €.

(a) If Ajy > tol, replace €9, = e}, and go back to step 5.

(b) If Aj; <= tol, set &}, = e}, and go to step 7.

7. Simulated quality score and exit probabilities are

th( gtv aT) )

@it (&5 F.T) .

(54)

(55)

8. Compute counterfactual ACO performance measures: program savings T'P.S, quality-weighted program

savings PSQ, exit-weighted program savings PSX, and quality-and-exit-weighted program savings

PSQX (defined below). Theses values are taken to represent different specifications of Medicare’s

preferences for cost reduction and quality of care as the principal in the optimal contracting problem,
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Figure 3: Simulated Expenditure per Beneficiary
Note: This figure plots simulated average per beneficiary expenditure across ACOs, e*

Jt*
and each is defined formally as a function of counterfactual performance values €7, (F,T), th(é;ftF, T),

and Qjq (é}ft; F, T) in the following subsection.

6.1 Simulations of Expenditure, Quality Score, and ACO Exit

Figures 3, 4, 5, and 6 show the simulated values of per beneficiary expenditure, ideal minus actual expendi-
ture, quality score, and exit probability for values of F' € [0,1] (horizontal axis) and T € {0,1} (solid and
dashed lines, respectively). Figure 3 shows that the effect of two-sided contracts, should they be imposed
on all ACOs, is to decrease per-beneficiary expenditure by $199 (F = 0) to $38 (F = 1) relative to one-
sided contracts. Two-sided contracts achieve this additional savings across all ACOs through the threat of
penalization for over-expenditure.

Figure 4 shows that éjt - é;t(F, T) steadily grows larger for larger values of F'. Furthermore, because
of penalties imposed by two-sided contracts, a lower rate of shared savings is required to to achieve average
beneficiary expenditure closer to ideal expenditure. Figure 4 also indicates values of F' and T that are plau-
sibly optimal from the perspective of Medicare or an average health-maximizing social planner. Specifically,
(F,T)=(0.88,0) and (F,T) = (0.77,1) both implement €7, = &;; on average across ACOs.

Figure 5 displays simulated ACO quality scores. Two-sided ACOs have slightly higher quality scores on
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Figure 4: Simulated Ideal minus Actual Expenditure per Beneficiary
Note: This figure plots the average ideal expenditure per beneficiary minus simulated expenditure per beneficiary across ACOs,

éjt — e;‘.t. The intersection at éjt = e;t occurs at F' = 0.88 for one-sided contracts and F' = 0.77 for two-sided contracts.
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Figure 5: Simulated ACO Quality Scores
Note: This figure plots the average simulated quality score across ACOs, Q]-t. The maximum occurs at F' = 0.53 for one-sided

contracts and F' = 0.12 for two-sided contracts.

average. This is ultimately because the penalties on ACOs for overspending push expenditures closer to
the ideal level. Despite expenditure for two-sided ACOs at times decreasing below ideal expenditure, the
effect, on average, is still expenditures that are closer to the ideal level than one-sided contracts. Because
health is non-monotone in the difference €;; — e;;, being slightly above or slightly below ideal expenditure
has the same effect on quality score. This ultimately leads to very small changes in simulated quality score
for different values of F' and T.

Note that average quality score for two-sided contracts decreases above a low sharing rate of F' = 0.12;
likewise, one-sided contracts are high-powered enough to decrease quality score above F' = 0.53. The change
in quality score is so small, however, that this will not effect total program savings after weighting by quality

* . This is

score. These values that maximize quality score are different than those that impose éjt = €}

because average quality score is maximized where the average of (éjt — ejt) . th (1 — th) is equal to zero.

Finally, Figure 6 displays simulated exit probabilities for one-sided and two-sided contracts. On average,
the probability of exit increases by 0.06 to 0.13 when imposing two-sided contracts. Approximately one-in-
five ACOs are predicted to exit the MSSP should two-sided contracts be imposed; otherwise, the rate of exit

is about one-in-ten ACOs for one-sided contracts.

36



0.25 .

0.20 ]

0.15 .

Probability of Exit

0.10

0.05

0.00

0.00 0.25 0.50 0.75 1.00
Sharing Rate F

mm One-Sided m Two-Sided

Figure 6: Simulated ACO Exit Probabilities
Note: This figure plots the average simulated exit probability of ACOs, ¢;;. On average, two-sided contracts increase the
probability of exit by 13 percentage points (at F' = 0) to 6 percentage points (at F' = 1).
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6.2 MSSP Contract Comparisons

Here, I model incentive design in the MSSP as an optimal contracting problem and solve for contracts that
maximize a wide range of objectives. This model departs from typical models of incomplete contracting in
several ways. First, there are no actions or information that are necessarily hidden— rather, contracts are
incomplete and do not implement first best outcomes due to regulatory constraints on the manner in which
ACOs can be paid through the MSSP. Accordingly, I limit counterfactual simulations to varying the sharing
rate F' € [0, 1] and presence of penalties T € {0,1}.

Second, individual ACO contracts are not offered by the MSSP. Rather, the MSSP offers a limited menu of
contracts that ACOs can choose from, and does not define a specific contract for a specific ACO. Accordingly,
I solve for optimal contracts across the sample of ACOs, finding the contract that maximizes an objective
which is computed from the performance of all ACOs in the sample. This also means individual rationality
constraints are not included in simulations, as requiring that ACO pay not be negative for optimal two-sided
contracts for all ACOs in the sample results in a solution that is determined by the lowest value of F}j; for
which the worst-performing simulated two-sided ACO does not earn negative pay.2°

The objective functions I define should be interpreted as representations of the preferences of Medicare,
who is the principal in the optimal contracting problem that is designing ACO payment models in the
MSSP. The first definition is total program savings, TPS, defined as the sum of all ACO savings (accord-
ing to the defined benchmark expenditure BE;) minus the sum of all ACO incentive pay. Formally, let
{é;t (F,T) ,th (é;t; F, T) }jej be the simulated expenditure per beneficiary and quality scores of the sam-
ple of ACOs under counterfactual sharing rate F' € [0, 1] and risk model T' € {0,1}. Total program savings

is therefore

TPS <{é§t (F.T). Qe (€ F, T)}jef)

= {BEjt — et (F,T) - Py, (Qﬁ (e F.T) , BE; — njiely; F, T)} . (58)
JET
The first term in the summation, BE;; — n;€5,(F,T), is the predicted dollar amount of savings (or losses if
negative) of ACO j. The second term, Pj, (th (e;t; F, T) , BE; — njiej,; F, T), is the payment to the ACO.
According to this definition, Medicare’s objective is to maximize the total dollar savings to Medicare for the
ACOs in the simulation sample 7.
Medicare’s preferences, as defined by T PS, has two shortcomings. First, TPS depends on quality score
th (e;ft; F, T) only through ACO payment pjt('), and so it is decreasing in quality score. Second, particularly
for two-sided contracts, ACOs may exit the MSSP if they earn sufficiently low incentive pay. This means

TPS would predict high program savings for two-sided ACOs, where it would in fact be unlikely that those

20There are in fact several ACOs that, even with F = 1, earn negative incentive pay. This is because, despite the large
incentive to decrease expenditure, responsiveness to incentive pay (measured by w) is not large enough to reduce expenditure
to the point penalties are not paid.
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ACOs would remain the the MSSP (or have joined in the first place) if such contracts were imposed.
To address these problems, I define quality-weighted program savings PSQ, exit-weighted program sav-
ings PSX, and quality-and-exit-weighted program savings PSQX:

PSQ ({é;t (F.T), Q¢ (€54 F, T)}jej)
-y { [BEJt nu&5,(F,T) — P, (th( et F\T) , BE; —njiely; F), T) } Qi (€ FT) + 7 Q}
JjeJ

(59)

PSX ({eﬂ( T), th( JtyF T) ‘ﬁjt( jt7F T)}jej)

= > {[BEu — npeu(PT) = Pyt (Qui (¢} F.T) , BE; = ey FLT) = X
jeTJ

X [1—=@j (& F,T)| +X -4} (60)

PsQX ({&, (1), Qu (55 1) o (50 1)) )

-y {[BEjt — 0, (F,T) — Py, (Qﬁ (3 F,T), BE; — njie’,; F, T) T]
JjeET

xQuu (& FT) [1 = 350 (5 FT)] +X-Qa} . (61)

The quality-weighted measures multiply the savings of each ACO by quality score before summing over
the observations in the sample. Similarly the exit probability weighted measures multiply the savings of
each ACO by the probability they do not exit the MSSP before summing over observations. The term
X = minje 7 refo,1),7ef0,1) BEjt — i€, (1) — Pj;(+) is a normalizing value chosen so that only positive values
are multiplied by th(-) and ¢;,(-). Normalization is necessary to make the quality-weighted objectives
increasing in ACO quality score for all values of expenditure—without normalization, PSQ and PSQX
would be decreasing in th () if €3, is sufficiently high. Normalization is also performed for the exit-weighted
objective.?!

The quality-weighted objectives can be interpreted as the savings of ACOs such that every one dollar of
cost reduction of ACO j is worth Qﬁ € (0,1) dollars to Medicare. Likewise, the exit-weighted objectives
are (approximately) expected program savings, where with probability 1 — ¢;¢(-) the ACO did not join the
MSSP because they anticipated low (or negative) incentive pay.

The contract parameters (F,T) that maximize total program savings are not the same as the parameters

21Note that Y is multiplied by 5, @, or @ and added back onto weighted-savings. 5 is the mean of simulated quality score

across all simulations of F and T, and is similarly defined for @, or ng This adjustment is performed so that the levels of
PSQ, PSX, and PSQX are roughly the same as TPS.
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that maximize per-beneficiary savings. This is because ACOs that have the largest cost reductions have
disproportionately large number of assigned beneficiaries. In other words, the optimal F' and T from the
above defined objectives place more weight on ACOs with a larger number of beneficiaries. Therefore,
contract parameters chosen to maximize total savings favor ACOs that have large numbers of beneficiaries,
while contract parameters chosen to maximize per-beneficiary savings (at the ACO level) may be more
representative of optimal contracts for the average Medicare provider. For this reason, I present average

per-beneficiary savings for an objective:

JjeT
» BE;; —njués,(F,T) — Py (Qﬁ (e*: F\T), BE; — njie’,; F, T)
=717y

Jts jts
JET

62
. (62)
Quality-weighted and exit-weighted per-beneficiary objectives are presented as well.

Figure 7 plots the objective functions for all four of of the different preference specifications for Medicare.
Each line in the figure is a graph of F' vs. TPS, PSQ, PSX, or PSQX for F € [0,1], T =0and T = 1.

Figure 8 shows the per-beneficiary average program savings.

6.2.1 Optimal Sharing Rates

Optimal sharing rates for the various objectives are marked in Figure 7 by stars. These values range from a
sharing rate of 59% (two-sided quality-weighted) to a sharing rate of 91% (two-sided exit-weighted), which
are higher-powered than most existing MSSP contracts that offer a sharing rate of only 50%, 60% , or 75%.
When not weighting by ACO exit probability, optimal contracts are weaker. However, due to the increase
in exit probability for lower earned incentive pay, exit-weighted objectives push the optimal sharing rate to
88% and above. Weighting by quality score has the overall effect of shifting the levels of these objective
functions, but the shape of the objective functions are mostly unchanged. Conditional on exit-weighting,
optimal sharing rates are hardly changed between quality weighted and non-quality weighted objectives.
The per beneficiary objectives in Figure 8 yield similar solutions for all objectives, except for two-sided
contracts without exit-weighting. Specifically, the per-beneficiary average savings is maximized for two-sided
contracts at very low values of 8% (two-sided) and 14% (two-sided quality weighted). This is due to both
decreased expenditures due to the threat of penalty and actual penalties paid for overspending. When ACO
exit is accounted for, the optimal sharing rate changes drastically, and becomes as high as 99% (two-sided

exit-weighted).

6.2.2 One-Sided vs. Two-Sided Contracts

Implementing two-sided contracts, where health care providers are penalized for overspending, is a primary

goal of policy-makers involved with the MSSP. These simulations indicate why: ACOs are predicted to save
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Figure 7: Simulated Total Program Savings
Note: This figure plots simulated total program savings. Simulations vary MSSP contracts by sharing rate (horizontal axis)
and presence of penalties (solid line is without penalties, dotted line is with penalties). Objectives vary by color depending
on their quality score or exit probability weight: blue is no weighting, red is quality score weighting, black is exit probability

weighting, and gold is quality score and exit probability weighting. Stars are placed at the maximum of their respective line.
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Figure 8: Simulated Average Savings per Beneficiary
Note: This figure plots simulated average program savings per beneficiary. Simulations vary MSSP contracts by sharing rate
(horizontal axis) and presence of penalties (solid line is without penalties, dotted line is with penalties). Objectives vary by
color depending on their quality score or exit probability weight: blue is no weighting, red is quality score weighting, black is
exit probability weighting, and gold is quality score and exit probability weighting. Stars are placed at the maximum of their
respective line.
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substantially more when facing downside risk. Specifically, total program savings would increase by over
$4 billion in the estimation sample if penalties were imposed on all providers. Per-beneficiary spending
decreases by $240 (F' = 0) to $47 (F = 1). At F = 0.5, a 50% sharing rate, savings per beneficiary increases
by $158, which is a 0.25 standard deviation decrease.

When exit-weighting is not used, both quality-weighted and non-quality-weighted objectives are larger
for two-sided contracts. However, exit-weighting the objectives reverses this result: even with high-powered
(larger F') contracts, the PSX and PSQX are much higher for one-sided ACOs due to their lower probability

of exit from not facing downside risk.

7 Conclusion

Incentive design is used by firms, governments, households, educators, and many others to achieve a variety
of ends. Accordingly, designing effective incentives is a popular topic of study in all fields of economics. It
is particularly important in the United States health care sector, where physician incentive programs and
pay-for-performance initiatives impact the quality of life and spending of individuals in 3.5 trillion dollar
industry. In this paper, I investigate the empirical role of the cost-quality tradeoff the design of physician
incentive programs, specifically in the context of the Medicare Shared Savings Program and Accountable
Care Organizations. I identify the cost-savings tradeoff experienced by ACO providers and accordingly
design MSSP contracts that maximize the quality-weighted incentive program savings, while accounting for
free-riding of health care providers induced by ACO payment.

I estimate a model of Medicare expenditure and simulate the program savings of the MSSP under coun-
terfactual contracts. I find that most ACOs do not face a cost-quality tradeoff, and that two-sided incentives
likely will not decrease the quality of care provided to Medicare beneficiaries. Counterfactual policy analysis
shows that if ACOs are required to pay penalties to Medicare for spending too much, savings increases
modestly, though participation in the program drops significantly. Without accounting for voluntary par-
ticipation, optimal contracts are two-sided and moderately powered with a sharing rate around 60-70%.
However, adjusting by the probability of ACO exit, optimal contracts are one-sided and much higher pow-

ered with a sharing rate around 90%.
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Appendix

A On Existence and Uniqueness of Equilibrium

This appendix derives conditions under which game in Section 3 has a unique equilibrium. The proof

provided shows that this is a concave game, as in Rosen (1965), and thus equilibrium exists and is unique.

A.1 Provider Expenditure Choice without Incentive Pay

Recall from Section 3 that providers ¢ € Z, simultaneously solve

1_na>>% i (€ia) + a;h(€q — €iq — €—ia) s (63)

(€q — ea)Q, and v;,a; > 0. The first order condition for

N[

2
where 7;(€iq) = €iq — ;C; and h (&, —eq4) = —

provider expenditure is

158 4 0 (G0 — €y — ecia) =0 (64)

Vi

The second order condition that implies strict concavity is,

—fy;l—ai<0; (65)
this is always true from the assumption that a;,~y; > 0.
To solve this for closed forms of e, and e’ (Equations 11 and 12), first assume all providers i € Z,, choose

expenditure ej, that solves Equation 64, and let e; = >, 7 ej,. Then

a

Vi — el aivi(qg—er)=0 (66)
Yi — €ia ~ *
— - _ _ 67
(e, =) (67)
Then, for providers i, ¢ € 7,,
) * 8
Vi — €iq _ Ve — €yq (68)
;% Qe
This means
€hn = V0 — oy - L o (69)
ta Qi
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Summing over ¢ € Z,:

S o e

.
= tez, i

Plugging this in to the FOC:

- ; — €,
Vi = € T Qi [ea - e+ (Z ae’Ye) L m] =

= (ez, i
Vi = €+ Yifa — i Y e+ <Z O‘ZW> (Vi —€ia) =0
tez, (€1,
Vi <1 + Z Oéé”ﬂ%) — €4 (1 + Z 04@71&) +aivi€a — Z Ye=0
= tez, tez,

Finally, isolating e}, :

€ia (1 + Z cvmz) =% <1 + Z 0447@) + Qi léa - Z W]

LeT, LeT, LeT,

* [e790 ~
Cin="YitTT—=——"— 1€ — E .
ia k3 1 Z[e ’ Ve ( a ’y[)

LeT,

For e, simply sum over ¢ € Z,:

ZiEI Qi
e = i+ —="—| €&, — ;
a Z ’Y’L 1 + Ziez{l az’yZ a Z ’Y’L

i€, i€,
o — 2iez, Wi e 1o Diez, MY Z i
I+ Y, @ivi 1+ ez, i i€T, l
o — 2iez, Vi s 2iez, i
O+ Yer, 0% L+ Vg, i

(77)

(78)

(79)

Because optimal provider expenditure choices are guaranteed to exist, be unique, and be strictly positive

when a;,7; > 0, then (ej,);c7, is the pure strategy equilibrium of this game.

A.2 Provider Expenditure with Incentive Pay

Characterizing Nash equilibrium pay of beneficiaries assigned to ACOs isn’t as straightforward as the game

without incentive pay. The game without incentive pay is played among the care team of a, i € Z,, while

the game for a beneficiary assigned to an ACO is among all i € Use4;Z,. This is because ACO expenditure

is the sum of expenditure across all beneficiaries assigned to ACOs, and beneficiary expenditure is the sum

. . o . .
of expenditure across their care team: E; = ZaEAj er = ZaeAj > iez, Ciar
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Nonetheless, for the purposes of this study it will suffice to show that an optimal e}, exists and is unique
conditional on the expenditures of other providers (esq),e {Vaea, TN (i} This is of course done by showing
aca;Ta

the objective

max m(em) + Olih (éa — G(L) + w,;j]E [PJ (Qja BEJ — Ej; Fj, T])] (80)

€ia

is strictly concave, where again

E[P;(Q;, BE; — Ej; Fy, T})]

= F;Q;W* (Ej; Ej 41,85, 8;, o) + T; (1 — F;Q;) V™ (Ej; Ej +n;B, 85, /nj0) . (81)

and
Ut (Ej; By +n585, 85, ymjo) = (Ej +n;8; — Ej) ® (Z]) + /rjoo (Z]) = v (82)
/ i E;S;
U (Ej; By +n;B5, 85, /m50) = = (Z]) — m(b (Z}) =] (83)
U™ (Bj; By + 1,85, 8, y150) = (Ej + 18 — E;) @ (Z)) + /06 (Z;) = ¥ (84)

E; (2+5;) —2(E; +n;8;) (1+5;)
Vo (1+5;)°

U (B3 By + 05,85, /j0) = =@ (Z7) — ¢(Z7)=v;  (8)

for Zj+ = (E’j +n;B; — %)/,/nja and Z; = (lf—é? — Ej — njﬁj)/q/nja. Thus, I must establish

_ o
—; l—ai+wija7]E [P (Qj, BEj — Ej; F}, T5)] < 0. (86)

This is obviously true for any 7 € Z; N Z,, as in this case w;; = 0 or ej, = 0 by definition. For the remaining
providers that are both on a’s care team and a member of the ACO to which a is assigned, this inequality
holds if w; %]E [P;(-)] is sufficiently small in comparison to v; * + ;. Furthermore, a larger value of | /njo
means %IE [P;(-)] is smaller. Both conditions almost certainly hold given model estimates: in particular,

o is large.
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